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INTRODUCTION

1 Scope

1.1 These requirements cover commercial-industrial gas burners with input ratings over 400,000 Btu per
hour (117.23 kW) intended for installation in heating equipment such as, but not limited to, appliances,
furnaces, heaters, ovens, water heaters, and incinerators. These gas burners are required to be equipped
with integral automatic primary safety controls to restrict the abnormal flow of gaseous fuel in case of

ignition failure

and/or flame failure.

1.2 Additional installation and operation requirements are available for commercial-industrial gas burners,
as defined by the National Fuel Gas Code, NFPA 54 and by the Liquefied Petroleum Gas Code, NFPA

58, as applic
2 Compone
2.1 Except as

requirements|
requirements.

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

a) Iny
produ

b) Is

L

]
LA~

indicated in 2.2, a component of a product covered by this standard shall ¢
for that component. See the individual sections of this Standard fg

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superseded by a requirement in this standafd.

2.3 A compo
use.

2.4 Specific

ent shall be used in accordance with'its rating established for the intendeg

mponents are incomplete inveonstruction features or restricted in performang

bmply with the
r component

hent in the

conditions of

e capabilities.

Such compongnts are intended for usesonly under limited conditions, such as certain temperatures not

exceeding sp

3 Units of Measurement

3.1 Values st
approximate i

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

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

hformatiofn¢

explanatory or
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4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be

interpreted as

5 Glossary

referring to the latest edition of that code or standard.

5.1 For the purpose of this standard, the following definitions apply.

5.2 AIR SHUTTER - An adjustable device for varying the size of the air inlet or inlets regulating
primary or secondary air.

5.3 AIR SHU

atic control.

5.4 ALUMIN
and the alumi

5.5 BURNEHR
combustion zq

5.6 BURNER
and ignited aU

5.7 BURNER
and ignited ur

5.8 BURNEHR
mechanism ajs

5.9 BURNEHR
the flue to ind

5.10 BURNE
contains the g

5.11 COMBUY
to Chimneys,

5.12 COMBLU
contact with h

A H atd ol £
AT Al orutivT UpTtTdlTu vy Al auty

UM-COATED STEEL — An aluminum coated steel in which the bond bétwee
num is an iron-aluminum alloy.

ne.

, AUTOMATICALLY LIGHTED — One where fuel to the main burner is norm
tomatically.

, MANUALLY LIGHTED — One where fuel to thermain burner is turned on o
der supervision.

, MECHANICAL-DRAFT — A burner that includes a power-driven fan, blowe
b the principal means for supplying.air,for combustion.

, NATURAL-DRAFT — A burnerithat depends principally upon the natural dr
Lice into the burner the air required for combustion.

R HEAD — That portion‘of a burner beyond the outlet end of the mixer tube
orts.

STIBLE AND NON-COMBUSTIBLE — Refer to the Standard Glossary of Te
Vents, and Hedt-Producing Appliances, ANSI/NFPA 97.

STIBLE-MATERIAL — Combustible material as pertaining to materials adjac
pat-producing appliances, chimney connectors and vent connectors, steam &

pipes, refers t

h the steel

, GAS — A device for the final conveyance of the gas, or a mixture of gas and air, to the

ally turned on

nly by hand

r, or other

aft created in

which

'ms Relating

ent to or in
nd hot water

b material made of or surfaced with wood, compressed paper, plant fibers, 0

r other

material that will ignite and burn. Such material shall be considered as combustible even through

flameproofed,

fire-retardant treated, or plastered.

5.13 COMBUSTION — As used herein, the rapid oxidation of fuel accompanied by the production of
heat, or heat and light. Complete combustion of a fuel is possible only in the presence of an adequate
supply of oxygen.

5.14 COMBUSTION CHAMBER — The portion of an appliance within which combustion occurs.

5.15 COMBUSTION DETECTOR — That part of a primary safety control which is responsive directly to
flame properties.
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5.16 COMBUSTION PRODUCTS - Constituents resulting from the combustion of a fuel with the
oxygen of the air, including the inerts, but excluding excess air.

5.17 CONDENSATE — The liquid which separates from a gas, including flue gases, due to a reduction
in temperature.

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

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

5.20 CONTROE-OPRPERATHNG con rettHran e tettoek—to—stard or regulate
burner firing according to load demand and to stop or regulate fire on satisfaction of demand or upon

reaching normal temperature or pressure in the device being fired. Operating control§'may also actuate
auxiliary equigment.

5.21 CONTHOL, PRIMARY SAFETY — An automatic control that monitors the-operation ¢f a gas-fired
or an oil-fired |purner. It normally consists of the following sections that may,be integrated into a
common unit pr may be separate units, interconnected by wiring:

a) A glevice that programs the burner through start-up and shutdown operations in response to
signals from regulating, limiting, and monitoring devices./It"also provides the necegsary timings,
in proper sequence, for purging, pilot flame ignition, main flame ignition, and in case of ignition
or flampe failure, for safety shutdown (lockout).

b) A glevice that is responsive to flame properties. It monitors the flame at the point of flame
superyision and transmits a signal to the.programming unit, indicating absence or presence of
flame

5.22 CONTHOL, SAFETY — Automatic controls, including relays, switches, and other auxiliary
equipment usgd in conjunction therewith.to form a safety control system, that is intended tp reduce the
risk of fire, elgctric shock, or injury to persons during operation of the controlled equipment.

5.23 DAMPHR — A valve or plate for regulating draft or flow of flue gases. A damper is ggnerally
considered ag being located ‘on the downstream side of the combustion chamber, usually |n a flue
passage of thg appliance«orin the chimney connector.

5.24 DAMPHR, AUTOMATICALLY OPERATED — A damper operated by an automatic cqntrol.

5.25 ELECTRICAL CIRCUITS:

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

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts alternating-
current (42.4 volts peak) or direct current and supplied by:

1) A Class 2 transformer, or by a battery, by a battery and fixed impedance, or by a
transformer and fixed impedance each of which, as a unit is in compliance with what is
required for a Class 2 transformer; or
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2) Is limited to a maximum of 100 volt-amperes. A circuit derived from a source of
supply classified as a high-voltage circuit, by connecting resistance in series with the
supply circuit as a means of limiting the voltage and current, is not considered to be a
low-voltage circuit.

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

5.26 EXCESS AIR — Air which passes through the combustion area and the appliance flues in excess
of that which is theoretically required for complete combustion.

5.27 FLAME FAILURE REACTION TIME — The interval between the occurrence of flame
extinguishment and de-energizing the safety shutoff means.

5.28 HEATING SURFACES — All surfaces which transmit heat directly from flame or flue|gases to the
medium to be|heated.

5.29 IGNITIQN, CONTINUOUS - Ignition by an energy source which is continoously maintained
throughout the¢ time the burner is in service, whether the main burner is firing ar not.

5.30 IGNITIQN, DIRECT — An automatic ignition that uses an electrically energized device to ignite
fuel at a main|burner.

5.31 IGNITIQN, DIRECT SPARK — An automatic ignition systém that uses an electric spark to ignite
fuel at a main|burner.

5.32 IGNITIQN, DIRECT WITH GAS ASSIST — An ignition system with an ancillary burngr located at
the main burner intended to assist in the safe and smoaoth ignition of the main burner flame in a direct
ignition system and provided with a separate fuel piping arrangement downstream of the main safety

shutoff valves|of the gas-fired burner assembly.

5.33 IGNITIQN, HOT SURFACE — An automatic ignition system that uses a hot surface igniter to
ignite fuel at 4 main burner.

5.34 IGNITIQN, INTERMITTENI % Ignition by an energy source which is continuously maintained
throughout the time the burner(is)firing.

5.35 IGNITIQN, INTERRUPRTED - Ignition by an energy source which is automatically energized each
time the main|burner is\fired and subsequently is automatically shut off during the firing cyfle.

5.36 IGNITIQN,-MANUAL - Ignition by an energy source that is manually energized and where the
fuel to the pilgttis)lighted automatically when the ignition system is energized.

5.37 IGNITION, PILOTED - An automatic ignition system that uses a small burner, referred to as a
pilot, to ignite the main burner and provided with a separate fuel piping arrangement upstream of the
main safety shutoff valves of the gas-fired burner assembly. The pilot may be ignited from a direct spark
or hot surface ignition system.

5.38 INTERLOCK — A control to prove the physical state of a required condition, and to furnish that
proof to the primary safety control circuit.

5.39 LIQUEFIED-PETROLEUM GAS - Fuel gases, including commercial propane, predominantly
propane or propylene or commercial butane, predominantly butane, isobutane, and/or butylene.
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5.40 LOW-FIRE HOLD INTERLOCK — A control other than an operating or safety control or interlock,
responsive to changes in temperature, to retain the burner at low fire until such time as the heating
appliance has obtained the normal minimum operating temperature .

5.41 LP-GAS AIR MIXTURE - Liquefied-petroleum gases distributed at relatively low pressures and
normal atmospheric temperatures which have been diluted with air to produce desired heating value
and utilization characteristics.

5.42 MAIN BURNER FLAME-ESTABLISHING PERIOD — The interval of time the main burner fuel
safety shutoff valves are permitted to be open before the primary safety control is required to supervise
the main burner flame.

543 MAN'F [ mY Tl il £ ol H hialk. IH 3 YN Ha-chivsial L
. vy -y T LUiuuit Ul a Ut vivT wWimivlT oUpPpIic o HGO W anre mmidrvivgudar vurttict.

5.44 MIXER] GAS — The combination of mixer head, mixer throat, and mixer tube,

a) Thpat portion of an injection type burner, usually enlarged, into whichCprimary air flows to mix
with the gas stream.

b) Thpt portion of the mixer which has the smallest cross-sectional area and which lies
betwelen the mixer head and the mixer tube.

c) That portion of the mixer which lies between the thréat and the burner head.
5.45 MIXER|FACE, GAS — The air inlet end of the mixer head.

5.46 NORMAL CARE - The periodic tasks usually performed to operate and maintain an|appliance,
such as air, fyel, pressure, and temperature regulation, cleaning, lubrication, resetting of cpntrols.

5.47 PILOT FLAME-ESTABLISHING PERI@D - The interval of time fuel is permitted to Qe delivered to
a proved pilot|before the primary safety control is required to detect pilot flame.

5.48 PILOT,|INTERMITTENT — A pilot'which is automatically lighted each time there is a|call for heat
and which bufns during the entire period that the main burner is firing.

5.49 PILOT,|INTERRUPTED # A pilot which is automatically lighted each time there is a [call for heat.
The pilot fuel |s cut off automatically at the end of the main burner flame-establishing peridd.

5.50 PILOT,[PROVED - A pilot flame supervised by a primary safety control which sensgs the
presence of the pilot flame prior to permitting the main burner fuel to be delivered for comipustion.

5.51 PORT — Any opening in a burner head through which fuel or an air-fuel mixture is discharged for
ignition.

5.52 PRIMARY AIR — The air introduced into a burner which mixes with the fuel before it reaches the
ignition zone.

5.53 PROOF OF CLOSURE SWITCH — A non-field adjustable switch installed in a safety shutoff valve
by its manufacturer that activates only after the valve is fully closed.

5.54 PURGE — To introduce air into the combustion chamber and the device flue passages in such
volume and manner as to completely replace the air or gas-air mixture contained therein.
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5.55 PURGE PERIOD — The period of time during the burner start-up in which air is introduced into
the combustion chamber and the associated flue passages in such volume and manner as to
completely replace the air or fuel-air mixture contained therein prior to initiating ignition.

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

5.57 REGULATOR, GAS-PRESSURE — A device for controlling and maintaining a uniform outlet gas
pressure.

5.58 SAFETY SHUTDOWN (LOCKOUT) — The action of shutting off of all fuel and ignition energy to
the device by means of a safety control or controls such that restart cannot be accomplished without a
manual reset.

5.59 SECONDARY AIR — The air externally supplied to the flame at or beyond the Qeint pf ignition.

5.60 SERVIGING — The periodic tasks usually performed to operate and mainfain an appliance, such
as air, fuel, pressure, and temperature regulation, cleaning, lubrication, and resetting of coptrols. Repair
and replacement of parts other than those expected to be renewed periodically is not congidered to be
servicing. Some examples of servicing are:

a) Clganing or replacing nozzles, atomizers, and pilots.
b) Setting ignition electrodes.
c) Clganing strainers or replacing strainer or filtet~element.
d) Rgsetting safety control.
e) Rdplacing igniter cable.
5.61 SPECIAL TOOLS — Those tools-that are not available on the open retail market.

5.62 TRANSFORMER, HIGH VOLTAGE — A transformer directly supplying a high voltagg circuit, as
defined by thi$ Standard, see 5.25(a).

5.683 TRANSFORMER, LQW VOLTAGE - A transformer directly supplying a low voltage gircuit, as
defined by thi$ Standard;see 5.25(b).

5.64 TRIAL-FOR-IGNITION PERIOD — That period of time the main burner fuel is permitied to be
delivered into [theJignition zone before the main flame-sensing device is required to detect main flame.

5.65 VALVE, MANUAL GAS SHUTOFF — A manually operated valve in a gas line for the purpose of
completely turning on or shutting off the gas supply.

5.66 VALVE, SAFETY SHUTOFF — A valve that is automatically closed by the safety control system or
by an emergency device. Such valve may be of the automatic or manually opened type.
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CONSTRUCTION
6 General

6.1 Fuel confining parts, or operating parts if failure of the part will allow unsafe leakage of fuel, or unsafe
operation, or prevent a safety device from functioning, shall be of sufficient strength, durability, and
resistance to fire to insure safe and reliable service of the parts and the assembly. Such parts shall be
made of material having a melting point (solidus temperature) of not less than 950°F (510°C) and a tensile
strength of not less than 10,000 psi at 400°F (204°C). Such parts shall not sag, distort, melt, oxidize, or
show leakage of fuel during any of the tests specified herein.

6.2 Fuel-confining parts not conformmg to 6.1 may be employed if a fu3|ble I|nk valve or the equivalent is
included in the : ery of excessive

temperature o

6.3 Soft solddg
fuel. Soft-sold

6.4 The burng

not include ch

6.5 Electrical
during normal
contact with w

6.6 Attachme
of the circuit 4

fire, electric shock, or injury to persons.

6.7 The gas

as appropriatg,

7 Corrosion

7.1 Iron and
equivalent mg
condition.

r fire in the vicinity of such parts.

r shall not be used on any fuel-handling parts if melting of the solder may al
red joints, where permitted, shall be made mechanically secure before sold

r shall function so as to reduce to a minimum the generation*of/unburned vay
lambers or pockets in which unburned vapors may accumulate.

equipment and wiring shall be arranged so that oil"or water will not drip o
ater from humidifiers.

nt plugs or separable connectors shall note used in circuits when the break
y such devices may result in operation of'the equipment in a manner that inv
purner shall be constructed sueh-that supervised firing with operation as spq
may be accomplished without further adjustment.

Protection

Steel parts shall (be protected against corrosion by painting, galvanizing, p
ans if the malfunction of such unprotected part would be likely to result ir

Exception: C

be protected Tgainst corrosion.

ast-iron~parts, cast-aluminum parts and ASME coded pressure vessels are

ow leakage of
bring.

pors, and shall

r run on them

usage or from a connection required to be uncoupled for servicing the devicg¢ also to avoid

ing or making
olves a risk of

cified in 46.3,

ating or other

a hazardous

ot required to
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8 Protection of Users and Service Personnel

8.1 An uninsulated high-voltage live part and a moving part that may involve a risk of 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.

Exception: A moving part is not required to comply with 8.1 if the part is unlikely to be contacted through

the opening b

ecause of fixed components, including baffles.

8.2 Service functions which may have to be performed with the equipment energized include:

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

b) Re
c) Op

d) Ad

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

8.3 The requ
performed wit

8.4 Adjustabl
respect to un
operation can
that may invo

a) Ng

b) Ar
guard

8.5 An electri
while energize
components &
subjecting the
contact from 4

setting control trip mechanism;
erating manual switches; or

usting air-flow dampers.

rements of 8.1 are not applicable to mechanical setvice functions which arg
n the equipment energized.

b or resettable electrical control or manual switehing devices may be located g
nsulated live parts, so that manipulation~0f the mechanism for adjustment
be accomplished in the normal direction of access if uninsulated live parts o
ve a risk of injury to persons are:

t located in front, in the directien-of access, of the mechanism; and

Bd.

cal control compaenent that may require examination, adjustment, servicing, o
d, not including_voltage measurements, shall be located and mounted with rg
ind grounded ‘metal parts so that it is accessible for electrical service fun
serviceman-to a risk of electric shock from adjacent uninsulated live parts or t
djacent-moving parts that may involve a risk of injury to persons.

8.6 Accessibi

b not normally

r oriented with
, resetting, or
 moving parts

b not located within 6 inches’ (152 mm) on any side or behind the mechanisn, unless

I maintenance
spect to other
ictions without
b unintentional

ity.and protection from a risk of fire, electric shock, or injury to persons may K

e obtained by

mounting the control components in an assembly so that unimpeded access is provided to each
component through the access cover or panel in the outer cabinet and the cover of the control assembly
enclosure with the following arrangement:

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

of the

access opening.

b) Uninsulated live parts outside the control assembly projected clear space (except for live
parts within a control panel) or unguarded moving parts that may involve a risk of injury to
persons are located not closer than 6 inches (152 mm) from any side of the access area. The
projected clear space is considered to be bounded on the sides by the projection of the
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smallest rectangular perimeter surrounding the outside edge of the components or control
enclosure when provided. The access area is considered to be bounded on the sides by the
projection of the perimeter of the access opening in the outer cabinet to the closest rectangular
perimeter surrounding the outside edge of the component or control enclosure.

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

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

E 3 4 £ baldl ol Halk ool o btk 3 1 ~ bl
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enclogure are to be located so that:

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

2) They are not immediately adjacent to uninsulated live_parts outside the|control
assembly enclosure, unless guarded.

Also see Figufe 8.1.
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Figure 8.1
Accessibility and protection
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8.7 Components in a low-voltage circuit shall comply with the requirements of 8.5 in their relation to
uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

8.8 The following are not considered to be uninsulated live parts:
a) Coails of controllers;
b) Relays and solenoids;
c) Transformer windings, if the coils and windings are provided with insulating overwraps;

d) Enclosed motor windings;

e) Indulated terminals and splices; and
f) Insplated wires.

8.9 Moving parts such as fan blades, blower wheels, pulleys, belts, and the like; which magy cause injury
shall be enclosed or guarded. If the removal of doors, panels or shields will’expose such moving parts;

a) The opening or removal of the door, panel or shield shall require the use of todls; or
interlocking device shall shut off the mechanism;\or
c) The door, panel, or shield shall be marked in aceordance with 63.19.

Exception: A moving part is not required to comply with 8.9 if the part is unlikely to be confacted through
the opening because of fixed components, including baffles.

8.10 The distance from an opening in a requifed guard or enclosure to the moving part megntioned in 8.9
shall be in aqcordance with Table 8.1, but-the minor dimension of the opening shall nqt in any case
exceed 3 inches (76.2 mm). For an opening having a minor dimension intermediate betwg¢en two of the
values includgd in the table, the distanee from the opening to the moving part shall be not|less than that
found by apprppriate interpolation between the corresponding values in the right-hand colunin of the table.
The minor dimpension of the opéning is determined by the largest hemispherically tipped cylindrical probe
that can be ingerted through'the opening with a force of 5 pounds (22 N).
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Table 8.1
Dimensions of openings

Minor dimensions of opening, Minimum distance from opening to moving part,
inches? (mm) inches? (mm)
1/4 (6.4) 1/2 (12.7)
3/8 (9.5) 1-1/2 (38.1)
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 (25.4) 6-1/2 (165)
1 (25.4) 6-1/2 (165)
1172 (38.1) 10-1/2 (287)
4 (50.8) 14-1/2 (349)
over 2 (over 50.8) 30 (742)

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

9 Enclosures

9.1 General

9.1.1 Uninsulgted live high-voltage parts shall be enclosed or guatded to prevent unintentignal contact by
persons during normal use of the appliance. This applies to such parts located in a compartment where
access is reqyired for normal care of the appliance, such as,resetting controls, replacing filtgrs, lubrication,

cleaning, and [the like.

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

a) Megchanical strength;

b) Rdgsistance to impact;

c) Mgqisture-absorptive properties;
d) Cgmbustibility;

e) Rgsistance to*gorrosion; and

f) Resgistance to distortion at temperatures to which the enclosure may be subject¢d under

condifions.of normal or abnormal use.

For a nonmetallic enclosure or part of an enclosure, all these factors are considered with respect to
thermal and chemical aging according to the requirements in the Standard for Polymeric Material — Use
in Electrical Equipment Evaluations, UL 746C. An enclosure complying with the requirements of the
Standard for Industrial Control Panels, UL 508A, would be considered to comply with the requirements of

(@) = ().
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9.1.3 The enclosure shall reduce the likelihood of the emission of molten metal, burning insulation,
flaming particles, or the like through openings onto combustible material, including the surface on which
the equipment is mounted.

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

9.1.5 Electrical parts within the outer cabinet need not be individually enclosed if the assembly conforms
with all of the following:
a) Their design and location with respect to openings in the outer cabinet will not result in the
for me—or1 retat-thre i -the-cabine i be-shown that

cated which

c) The part is not in proximity to combustible material other than, électrical insulatipn;

d) The part is not located closer than 5 inches to the outer,cabinet unless the thickness of
sheet|metal is in compliance with Table 9.1;
e) The part is not located in an air-handling compartment;

f) The thickness of the outer cabinet is not less-than two-gage thicknesses thinnef than
indicafed in Table 9.1 for the maximum dimensions of the cabinet enclosure.

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

9.1.6 The requirements of 9.1.5 apply-only to parts of high-voltage circuits as defined by §.25.

9.1.7 All interjded mounting positions ‘of the unit are to be considered when determining if if complies with
the requirement of 9.1.3.

9.1.8 Equipment enclosurés and cabinet compartments housing gas piping and confrols shall be
designed to prevent.¢ombustible accumulation of gases within the cabinet. Louverq or openings
positioned to allow leaking gas to escape the enclosure or cabinet are deemed to meet this requirement.
When a burngr assembly is designed to fire a gaseous fuel having a Specific Gravity greater than 1.0
(e.g., propane)),\the louvers or openings shall be provided below the level of the fuel train. Qther methods
to prevent combustible accumulation of gases within the cabinet can be considered if they are deemed
reliable through test or calculation.

9.1.9 Steel enclosures shall be protected against corrosion by painting, plating, or equivalent means.
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9.1.10 The thickness of a sheet metal enclosure shall be as indicated in Tables 9.1 and 9.2.

Exception: When the design and location of components and the strength and rigidity of the outer cabinet
warrant, an individual enclosure thinner than specified in Tables 9.1 and 9.2 is able to be employed.

Table 9.1
Minimum thickness of sheet metal for enclosures — carbon steel or stainless steel
Without supporting frame? With supporting frame or Minimum thickness,
equivalent reinforcing inches (mm)
Maximum Maximum Maximum Maximum length Uncoated Metal coated
width? length® width?
inches [cmy—mches—(cmy) [ Inches——(cmy)— | Inches——(CIm) (MSGY (GSG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020  (0.51) | 04023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (P4)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026  (0.66)_|0.029 | (0.74)
7.0 (17.8) | 875 (222) | 100 (25.4) | 125  (31.8) (22) (22)
8.0 (20.4) Not limited 12.0 (30.5) Not limited 0.32 (0.81) | 0.034 | (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) | 0.045 | (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)
18.0 (45.7) Not limited 33.0 (83.8) Not limited 0.060 (1.53) | 0.063 | (1.61)
25.0 (63.5) 31.0 (78.7) 35.0 (89.0) 43.0 (109.2) (15) (15)
25.0 (63.4) Not limited 39.0 (99.1) Not limited 0.067 (1.70) | 0.070 | (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.0) | 51.0, “(129.5) (14) (14)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.04) | 0.084 | (2.13)
35.0 (89.0) 47.0 (1194) | 54.0 (137.1) |\ 66.0 (167.6) (13) 13
42.0 [(106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) | 0.097 | (2.46)
42,0 |(119.4)| 59.0 (149.9) | 68.0 (1727) | 84.0 (213.4) (12) (12)
52.0 |(135.1) Not limited 80.0 *(2083.2) Not limited 0.108 (2.74) | 0.111 (2.80)
60.0 |(152.4) | 74.0 (188.0) | 84.0°:-(213.4) | 103.0 (261.6) (11) ({R)]
63.0 |(160.0) Not limited 97,0  (246.4) Not limited 0.123  (3.12) | 0.126 | (3.20)
73.0 |(185.4) | 90.0 (228.6) ] 103.0 (261.6) | 127.0 (322.6) (10) (o)
a A suppdrting frame is a structure_of angle or channel or a folded rigid section of sheet metal which is rigidly
attached o and has essentially the* same outside dimensions as the enclosure surface and which has sufficient
torsional figidity to resist thebending 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 designg that will
produce 4 structure which'is a rigid as one built with a frame of angles or channels. Construction considdred to be
without sypporting frame includes:
1) singlexsheet with single formed flanges (formed edges),
P) a single sheet which is corrugated or ribbed, and
3) an enclosure surface loosely attached to a frame, for example, with spring clips

inch (12.7 mm) wide.

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

¢ For panels which are not supported along one side, e.g., side panels of boxes, the length of the unsupported
side shall be lifted to the dimensions specified unless the side in question is provided with a flange at lease 1/2
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Table 9.2
Minimum thickness of sheet metal for enclosures - aluminum, copper, or brass
Without supporting frame? With supporting frame or equivalent Minimum thickness
reinforcing?

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

inches (cm) inches (cm) inches (cm) inches (cm) (mm) | (AWG)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58)
3.5 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (22)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) (20)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (1657 8.0 (20-3) 5.0 (S8. 1) 8.0 (4577 (WEs))
8.0 (2013) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (2411) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (16)
12.0 (3015) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 (356) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (14)
18.0 (4517) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (5018) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7) (12)
25.0 (6314) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (7317) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (10)
37.0 (9410) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (104.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (8)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (1523.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (6)

a A supporting f
has essentially
bending momer
equivalent reinf
of angles or cha

1) si

2)a

3) an
® The width is t
enclosure may
¢ For panels wh
shall be limited
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he same outside dimensions as the enclosure surface and which has sufficient torsional rigidity]
ts which may be applied via the enclosure surface when it is deflected. Construction that is con
rcing may be accomplished by designs that'will produce a structure which is as rigid as one byilt with a frame

nnels. Construction considered to be wjthout supporting frame includes:
gle sheet with single formed flanges, (formed edges),

bingle sheet which is corrugated-of_ribbed, and

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

e smaller dimension of a, rectangular sheet metal piece which is part of an enclosure. Adjacent

have supports in commeniand be made of a single sheet.

ich are not supported.along one side, for example, side panels of boxes, the length of the unsu
to the dimensions 'specified unless the side in question is provided with a flange at lease 1/2 in
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bported side
h (12.7 mm)

9.1.11 Sheet
than 0.032 ing

metal t0.which a wiring system is to be connected in the field shall have a thic
h (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034 inch (0.84

GSQG) if galva

nized steel, and not less than 0.045 inch (1.14 mm) if nonferrous.

kness not less
mm) (No. 20

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

source.

9.1.13 Terminal housings of motors, to which connections are to be made in the field, shall be of metal
and shall be sized in accordance with the National Electrical Code, NFPA 70.
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9.1.14 A junction box partially formed by another part such as a fan scroll or a motor casing is to fit such
that:

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

b) An opening between the box and motor frame having no dimension exceeding 1/2 inch (12.7
mm) does not permit the entrance of a 13/64 inch (5.2 mm) diameter rod.

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

a) A UPUII;IIH that VV;” IIUt PUIIII;t Ulltlcll |\ -] Uf [=} 3[’4 ;ll\Jll (13.1 IIIIII) d;ClIIIUtUI IUd ;‘ aCCeptable

if:

1) A probe, as illustrated in Figure 9.1, cannot be made to touch any uninsulated live
part when inserted through the opening; and

2) A probe, as illustrated in Figure 9.2, cannot be made t0\teuch enamel insulated wire
when inserted through the opening.

b) Anl opening that will permit entrance of a 3/4 inch dianiefer rod is acceptable upder the
condifjions described in Doors and covers, 9.3.

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

9.2 Accessiljility of uninsulated live parts and film-coated wire - general

9.2.1 During [the examination of a produckto determine whether it complies with the| requirements
concerning agcessibility of uninsulated livesparts and film-coated wire:

a) A part of the enclosure that-may be opened or removed by the user without using a tool, (to
attach an accessory, to make an operating adjustment, or for other reasons) is to pe opened or
removed;

b) Inqulated brush.:caps are not required to be additionally enclosed;
c) The probes-shall be applied to any depth that the opening will permit; and shall be rotated or

angledl before, during, and after insertion through the opening to any position that |s necessary
to exgmine the enclosure; and

d) The probes shall be used as measuring instruments to judge the accessibility provided by an
opening, and not as instruments to judge the strength of a material; they shall be applied with
the minimum force necessary to determine accessibility.
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9.2.2 The criteria for judging an opening in an electrical enclosure are given in (a) — (b) and the related
figures:

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

1) A probe as illustrated in Figure 9.1 cannot be made to touch any uninsulated live
part when inserted through the opening; and

2) A probe as illustrated in Figure 9.2 cannot be made to touch film-coated wire when
inserted through the opening.

b A i tbaot L it £ £ /4 . [N
UPUIIIIIH uiat wilh poriminmt ©rmrarivt vr a o7 miort

(4.0
\ J.
under|the conditions described in Doors and covers, 9.3.

1 IIIIII) d;aIIIUtUI ILI\A.JI ;O ab“eptable
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Figure 9.1
Probe for uninsulated live metal parts
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Figure 9.2
Probe for film-coated wire
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Figure 9.3
Opening in enclosure
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The opening is acceptable if, within the enclosure, there is no uninsulated live part or enamel-insulated wire:

a) Less than X inches (mm) from the perimeter of the opening, as well as

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane. X equals five times the

diameter of the largest diameter rod which can be inserted through the opening, but not less than 4 inches (102 mm).
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9.3 Doors and covers

9.3.1 A cover or access panel of an enclosure for uninsulated live parts shall be provided with means for
securing it in place.

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

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

9.3.4 A requi

a door or covt

operable motd

project outsidg the boiler assembly enclosure.

9.3.5 An oper
the entrance (¢
lever, or hand

9.3.6 A fuseh
live parts with
or wiring termy
fuses. An insd
not less than

9.3.7 The dod
protective dev
in connection
protective dev

Exception: A

a) Cd
than &

d protective device shall be wholly inaccessible from outside the assembly-
, except that the operating handle of a circuit breaker, the operating ufton

ithout opening
of a manually

r protector, the reset button of a manually resettable pressure switch, and sinpilar parts may

ing in an enclosure to provide clearance around a dial, knob,léver, or handle
f a rod having a diameter of 9/64 inch (3.6 mm) at any sétting or position of
e.

plder shall be so constructed, installed, or protected that adjacent uninsulate
n 4 inches (102 mm), other than the screw shell*of a plug fuseholder, cartri
inals to the fuseholder, will not be exposed 10 contact by persons removin
lating barrier of vulcanized fiber or equivalent material employed for this pu
D.028 inch (0.71 mm) in thickness.

r or cover of an enclosure shall be‘hinged if it gives access to fuses or any 1
ce, the normal functioning of which requires renewal, or if it is necessary to g
ith the normal operation of the protective device such as resetting a manual
ice.

hinged cover is nat'required for a device in which the only fuses enclosed 3

ntrol-circuit fuses of 2 amperes or less, provided the fuses and control-circu
fixed controlzcircuit load, such as pilot lamp, are within the same enclosure

b)

c) F

E:Lractor—type fuses each with its own enclosure; or

shall not allow
the dial, knob,

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

notor overload
pen the cover
reset overload

re.

{ loads, other

es)in low-voltage circuits.

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

9.3.9 A spring latch, a magnetic latch, a dimple or any other mechanical arrangement that will hold the
door in place and would require some effort on the user’s part to open, is an acceptable means for holding
the door in place as required in 9.3.8.
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9.3.10 A door or cover giving direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4 inch (6.4 mm) rabbet or the equivalent, or shall have either turned flanges for the full length
of four edges or angle strips fastened to it. Flanges or angle strips shall fit closely with the outside of the
wall of the box proper and shall overlap the edges of the box not less than 1/2 inch (12.7 mm). A
construction which affords equivalent protection, such as a fuse enclosure within an outer enclosure, or a
combination of flange and rabbet, is acceptable.

9.3.11 Strips used to provide rabbets, or angle strips fastened to the edges of a door, shall be secured
at not less than two points, not more than 1-1/2 inches (41.1 mm) from each end of each strip and at
points between these end fastenings not more than 6 inches (152 mm) apart.

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

not less than:

a) 0.¢

having a 1/4 inch (6.4 mm) maximum dimensions; and

b) 0.4

having a 1-3/8 inch (34.9 mm) maximum dimensions.

A closure for & larger hole shall have a thickness equal to that required-for the enclosure o

a standard kn

9.3.13 An ele

9.4 Field wiring system connection

9.4.1 If threagq
or if an equivd
in the metal, 3

9.4.2 If threadls for the connection of gohduit are not tapped all the way through a hole in

wall, conduit |
smooth, round
that provided
same as that

9.4.3 An enc
engaging with

14 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous métal fo

27 inch (0.68 mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal fo

bckout seal shall be used. Such plates or plugs shall*be securely mounted.

ctron tube or similar glass-enclosed device shalkbe protected against mecha

s for the connection of conduit are. tapped all the way through a hole in an e
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ed inlet hole for the_conductors which shall afford protection to the conductor
py a standard condyit bushing and which shall have an internal diameter app
bf the corresponding trade size of rigid conduit.

osure threaded for support by rigid conduit shall provide at least five fu
the conduit.

9.4.4 A knodg

a hole

a hole

the device or

nical damage.

nclosure wall,
In five threads
e attached.

an enclosure
ere shall be a
5 equivalent to
roximately the

Il threads for

Kout in a sheet metal enclosure shall be capable of being removed

vithout undue

deformation of the enclosure.

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

10.1 Wire connectors shall comply with the Standard for Wire Connectors, UL 486A-486B.

10.2 Thermoplastic wiring material shall comply with the Standard for Thermoplastic-Insulated Wires and
Cables, UL 83.

10.3 Flexible cords and cables shall comply with the Standard for Flexible Cords and Cables, UL 62.

10.4 Fittings for conduit and/or metal clad cable shall comply with the Standard for Conduit, Tubing, and

Cable Fittings

, UL 514B.

10.5 Fuseholge

4248-1, and t
10.6 Fuses s
248-1; and th
and another 4

10.7 Circuit 4
Switches and

10.8 Terminal

10.9 ElectricH
Standard for N

CONSTRUCT]
11 Field Wiri
11.1 General

11.1.1 Provis
in accordance

11.1.2 Thelo
be such that t

11.1.3 The cq
and the cover

b applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that-comply
pplicable UL standard for fuses are considered to comply with this requiremg

reakers shall comply with the Standard for Molded-Case,_Circuit Breakers,
Circuit-Breaker Enclosures, UL 489.

blocks shall comply with the Standard for Terminal Blocks, UL 1059.

| (Junction) boxes shall comply with the Standard for Metallic Outlet Boxes, U
lonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, as apj

ION — ELECTRICAL COMPONENTS

ng

on shall be made for:connection of a wiring system that would be suitable fol
with the National Electrical Code, NFPA 70.

Cation of ansoutlet box or compartment in which field wiring connections are to
hese conngections may be inspected after the equipment is installed as inten

nnections shall be accessible without removing parts other than a service

Molded-Case

L 514A or the
blicable.

power supply

be made shall
led.

tover or panel

of.the outlet box or compartment in which the connections are made. A compq

nent intended

for use as the cover of an outlet box or compartment may serve as a cover.

11.1.4 The size of a junction box in which field-installed conductors are to be connected by splicing shall
be not less than that indicated in Table 11.1. A conductor passing through the box is counted as one
conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).
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Table 11.1
Size of junction boxes
Size of conductor Free space within box for each conductor,
AWG (mm?) cubic inches (cm?3)
16 or smaller (1.3 or less) 1.5 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
10 (5.3) 2.5 (41.0)
8 (8.3) 3.0 (49.2)

11.1.5 A knockout for connection of a field wiring system to a terminal box or compartment shall
accommodateconduit of the trade Size determined by apptying 1apie 1:2-

Table 11.2
Trade size of conduit in inches
Wige size Number of wires
AWG (mm2) 2 3 4 5 6
14 2.1) 1/2 1/2 1/2 1/2 1/2
12 (3.9) 1/2 1/2 12 3/4 3/4
10 (5.3) 1/2 1/2 12 3/4 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13.3) 3/4 1 1 1-1/4 1-1/4
4 (21.1) 1 1 1-1/4 1-1/4 1-1/2
3 (26.7) 1 1-1/4 1-1/4 1-1/2 1-1/2
2 (33.6) 1 1544 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1/4 1-1/2 2 2
0 (53.5) 1-1/4 1-1/2 2 2 2-1/2
2/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2
4/0 (107.2) 2 2 2-1/2 2-1/2 3

Note — This tablg is based on the assumption, that all conductors will be of the same size and there will be no njore than six
conductors in thg conduit. If more than six\conductors will be involved or if all of them are not of the same size, [the internal
cross-sectional grea of the smallest conduit that may be used is determined by multiplying by 2.5 the total crosg-sectional area of
the wires, based on the cross-sectional area of type THW wire.

11.1.6 Wiring| exterior 4e-an appliance assembly between the burner assembly and a Ijmit control, a
primary safety control,_or a motor controller, that can be done readily using the following wiring methods
in accordance] with the National Electrical Code, NFPA 70, need not be furnished by the manufacturer as
part of the applianCe assembly if adequate instructions for installing such wiring are furnished with each
appliance assembly. See 12.17.4.

a) Wire enclosed in conduit;
b) Metal-clad cable; or

c) Exposed Run Tray Cable, Type TC-ER, that complies with the requirements for Power and
Control Tray Cable, UL 1277 or, for applications not exceeding 150 volts and/or 5 amps,
Exposed Run Instrumentation Tray Cable, Type ITC-ER, that complies with the requirements of
Instrumentation Tray Cable, UL 2250. The cable utilized shall:
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1) Comply with the crush and impact requirements of the Standard for Metal Clad

Cables, UL 15609;
2) Be secured and supported at intervals not exceeding 6 feet (1.8 m).

3) Have voltage and temperature ratings suitable for the intended applicat

ion.

11.1.7 A box or enclosure, included as part of the assembly and in which a branch circuit supplying power
to the appliance assembly is to be connected, shall not require that it be moved for normal care of the
unit. This requirement does not apply to separate limit controls and stack switches, where permitted, to

which metal-cl

ad cable or flexible metallic conduit is to be directly attached.

] H hicak-fiaoldl & iollacl ol £ EP- N ol H-W= H
T OTTUIVOUTO 1T WITTUIT TTCTU TTTotlAdllCu UUTITUUULIVTO AT TU VO UUTTITICULITU do 1TTUiy

ated in 11.1.5

11.1.8 A box
-11.1.7, and
the box likely
(60°C) tempe

11.1.9 Excep
devices not at
located, shall
wiring method

a) En
b) Ac
c) Ex
Powe
applic

Type
cable

11.1.10 The

11.1.9 shall be so located that the temperature of conductors within the bex
0 be in contact with the conductors will not exceed that specified for a Wwire h
ature rating when the assembly is tested in accordance with these requirem

as otherwise permitted by 18.3.1, wiring to be done in the field between the
ached to the appliance assembly or between separate deviceswhich are fiel
conform to these requirements if done with a 140°F (60°C) Tated wire using
S:

closed in suitable conduit;

ceptable metal-clad cable in accordance with these requirements; or

bosed Run Tray Cable, Type TC-ER, that'complies with the requirements fo
and Control Tray Cables with Optiopal Optical-Fiber Members, UL 1277 or,
ptions not exceeding 150 volts and/or 5 amps, Exposed Run Instrumentatior
TC-ER, that complies with thexfequirements of Instrumentation Tray Cable,
utilized shall:

1) Comply with the crush and impact requirements of the Standard for Mg
Cables, UL 1569;

2) Be secured)and supported at intervals not exceeding 6 feet (1.8 m).
3) Have'voltage and temperature ratings suitable for the intended applicat

viring of the appliance may terminate in a length of flexible metal conduit with

or surfaces of
aving a 140°F
bnts.

assembly and

l installed and
) the following

Electrical
for

Tray Cable,
L 2250. The

tal-Clad

ion.

an outlet box,

control box, o

equivalent enclosure intended for connection of the product to the wiring sy

5tem specified

in 11.1.1. If the conduit terminates in an outlet box larger than 4 by 4 by 2 inches (102 by 102 by 51 mm)
for splice connection, locknuts on the fittings are not acceptable as a means to prevent loosening of the
conduit fittings. A grounding conductor of the size specified in the National Electrical Code, NFPA 70, shall
be included unless:

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

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

ampe

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

11.2 Leads a

nd terminals

11.2.1 Wiring terminals or leads not less than 6 inches (152 mm) long for connection of field-wiring
conductors of at least the size required by the National Electrical Code, NFPA 70, corresponding to the
marked rating of the assembly shall be provided.

11.2.2 Leads may be less than 6 inches (152 mm) in length if it is evident that the use of a longer lead
might result in a risk of fire, electric shock, or injury to persons.

etief if stress on
ead to separate

11.2.3 Leadsyt ced © 0 v 5 vieawith
the lead may be transmitted to terminals, splices, or internal wiring which may cause the\l
from its termi
withstanding 2

11.2.4 Anide
switching devi

11.2.5 At tern
and from cont
soldering lugs
slot-type conn
resulting from
insulating tubi

the clamping means. The thickness of the insulation on the shanks shall be not less than 0.

mm).

11.2.6 Field
between surfd
result in redud

rivets; by squgre shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strg

into an adjacq

11.2.7 Condy
a white or gra
other than wh
a metallic-pla
terminals, or i

bcting dead metal parts. This may be accomplished 6y, use of pressure-termi

ector shall not be used unless it is constructed:to reduce the likelihood of
loosening of the clamping means. The shanks.of terminal connectors shall b
hg, or the equivalent, if the required spacings may be reduced as a result g

iring terminals shall be secured.io their supporting surfaces by methods oth
ces so that they will be prevented from turning or shifting in position if suc
tion of spacings to less than those required. This may be accomplished by

nt part; or by some_othér equivalent means.

ctors intended for connection to a grounded neutral line shall be identified, t
color. All ether current-carrying conductors visible to the installer shall be fin
te, gray,-ef-green. A terminal for connection of a grounded conductor shall b
ed coating, substantially white in color and shall be readily distinguishal
shall’be identified in some other manner, such as on an attached wiring dia

crimped eyelets, soldering all strands of the wiréA4ogether, or equivalent me¢

al connectors,
ans. An open
disconnection
b protected by
f loosening of
D28 inch (0.71

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

nat is, finished
shed in colors
e identified by
le from other
gram.

11.2.8 Leads provided for spliced connections to an external high-voltage circuit shall not be connected
to wire-binding screws or pressure terminal connectors, located in the same compartment as the splice or
visible to the installer, unless the screws or connectors are rendered unusable for field wiring connections
or the leads are insulated at the unconnected ends.


https://ulnorm.com/api/?name=UL 295 2019.pdf

32 COMMERCIAL-INDUSTRIAL GAS BURNERS - UL 295 FEBRUARY 8, 2017

11.2.9 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors secured in place in accordance with the requirements in 11.2.5, 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.

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

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

not larger than 14 AWG (2.1 mmP).

2. A Nl o [0 o pooon oo

Exception No
AWG (1.3 or

11.2.11 Ater
thickness for
for a wire larg
in the metal.

11.2.12 A ter
extruded at th

11.2.13 A wir

12 Internal Wiring

12.1 General
12.1.1 The w

12.1.2 Wiring
temperature r.

shall be not spaller than 18 AWG'(0.82 mm?).

12.1.3 Excep
manufacturer

12.1.4 If insul

H igunaat ) o L, o £ +h rH
Z. 7 VO O (O- o 1T 1hajor_ arartieter )~ Serew - iriay ot asStUu 101 e COrmietiion

D.82 mm?) control-circuit conductor.
inal plate for a wire binding screw shall be of metal not less than 0.080 inc

14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch\(1.27 m
er than 14 AWG (2.1 mm?); and in either case there shall be nottess than t

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

b binding screw shall thread into metal.

ring of high-voltage circuits shall-conform to the requirements in this Section
shall be done with insulated conductors having current carrying capacity
btings consistent with their use. A conductor, other than an integral part of
as indicated in_12.2.2, the wiring for each device assembly circuit shall be fu

ps part of the\burner assembly.

ated conductors rated for use at temperatures in excess of 140°F (60°C) are

wiring shall be

factory-located ‘ep the equipment.

furnished as part of the assembly and the devices to be connected by such

ofa 16 or 18

(0.76 mm) in
) in thickness
vo full threads

ave the metal

voltage, and
a component,

rnished by the

required, such
wiring shall be
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12.2 Methods

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

such part shall not unduly twist, bend, or pull the wiring.

12.2.2 Except as permitted by 12.2.15, conductors shall be:

a) E

the St
tubing
Stand

b) Wi

c) Ex
Powe
applic
Type

cable

Exception: F
same assemb
cord, provideq

a) It

b) Th
maint

1 ol H o it e ot L e il (aX} ol ol £ ol | Jal |\ ol O

Vo u vwiuimmT vuriuurt trrat UUIIIFIIUO VWILIT UTC AT IuUdAru 1UT T TOUATVIC TvicwAalr UuUTl
andard for Electrical Rigid Metal Conduit — Steel, UL 6, as applicable, eleétti
that complies with the Standard for Electrical Metallic Tubing — Steel, UL 79
ard for Extruded Insulating Tubing, UL 224, metal raceway electrical enclosu

thin metal-clad cable that complies with the Standard for Metal-Clad Cables,
bosed Run Tray Cable, Type TC-ER, that complies with the fequirements fo
and Control Tray Cables with Optional Optical-Fiber Members, UL 1277 or,
ptions not exceeding 150 volts and/or 5 amps, Expgsed Run Instrumentatiorn
TC-ER, that complies with the requirements of Instrumentation Tray Cable,
utilized shall:

1) Comply with the crush and impact requirements of the Standard for Me
Cables, UL 1569;

2) Be secured and supported at-intervals not exceeding 6 feet (1.8 m).
3) Have voltage and temperature ratings suitable for the intended applicat
actory wiring involving .a“potential of not more than 300 volts between parts §
ly with a predetermined fixed relationship one to the other may be done with 1]
all of the following conditions are fulfilled:

5 not practiealNfo do the wiring in accordance with 12.2.2;

e cordiis-not required to be bent, twisted, or otherwise displaced to render n
bnance and service; and

duit, UL 1 or
cal metallic
7 or the

re;

UL 1569; or
Electrical
for

Tray Cable,
UL 2250. The

tal-Clad

ion.

ttached to the
[ype SO or ST

brmal

c) The length of cord exterior to the assembly is not more than 4 inches (102 mm) and strain
relief is provided.

12.2.3 Group A of Table 12.1 includes some wiring materials suitable for use if enclosed as indicated in

12.2.2.
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resistance, flam

nability, and the like.

Table 12.1
Typical wiring materials
Group Type of wire, cord, or Wire Size Insulation thickness
appliance wiring AWG (mm2) Inch (mm)
material with
insulation thickness
shown at the right
corresponding to
wire sizes indicated
A FFH-2, TF, TFF, TFN, 10 and smaller (5.3) 2/64 (0.8)
;FHFI\IQHS:-éHS\;F-TZ‘ 8 (8.3) 3/64 (1.2)
THW XHHW MTW 6 (13.3) 4/64 (1.6)
THWN, TW, PF, PFF, 4 (21.2) 4764 (1.6)
PGF, PGFF, RFH-2, 3 (25.7) 4/64 (1.6)
RFHH-2, RFHH-3 or 2 (33.6) 4/64 (1.6)
thermoplastic 1 (42.4) 5/64 (2.0
apﬁ“a_”lce wining 1/0 (53.5) 5/64 (2.0)
materia 2/0 (67.4) 564 2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.0) 5/64 (2.0)
SEO, SEQO, SJE, 18 (0.82) 4/64 (1.8)
SJEO, SO, ST, SJO, 16 (1.3) 4/64 (1.6)
SJT, S, SE, SJ, SJOO,
SJTO, SJTOO, SO0, 14 &) 5/64 (2.0)
B STO, STOO, or 12 (8.3) 5/64 (2.0)
appliance wiring 10 (5.3) 5/64 (2.0)
material with
thermoplastic or 8 (8:3) 6/64 (2.4)
neoprene insulation 6 (13.3) 8/64 (3.2)
Thermoplastic wWiring materials, as referenced in group A, with'insulation thickness of 2/64 inch (0.8 mm) for 16 pr 18 AWG (1.3
or 0.82 mm?) and 3/64 inch (1.2 mm) for 14, 12, 10, or. § AWG (2.1, 3.3, 5.3, or 8.3 mm?), are considered equijalent to the
wiring material referenced in group B, when the conductors are covered with 1/32 inch (0.8 mm) wall thickness fhermoplastic
insulating tubing| of a type suitable for the purpose(from the standpoint of dielectric properties, heat resistance, moisture-

12.2.4 Flexibl
This does not

12.2.5 Flexibl
and within 12

(914 mm) where flexibility is necessary.

e metal conduit, if«wsed, shall be not smaller than 3/8 inch (9.5 mm) electri

e metal coriduit shall be mechanically secured at intervals not exceeding 4-1/
inches (385 mm) on each side of every junction box except for lengths not ¢

12.2.6 All spl

apply to parts oficomponents, such as conduit protecting flame sensor leads.

cal trade size.

P feet (1.37 m)
ver 36 inches

ces and connections shall be mechanically secure and bonded electrical

y. A soldered

connection shall be made mechanically secure before being soldered if breaking or loosening of the
connection may result in risk of fire, electric shock, or injury to persons.

12.2.7 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 is not ensured.
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12.2.8 A splicing device, such as a fixture-type splicing connector, pressure wire connector, and the like,
may be employed if the device has insulation suitable for the voltage to which it is subjected.
Thermoplastic tape wrapped over a sharp edge is not acceptable.

10.2.9 Each splice shall be enclosed by being installed in a junction box, control box, or other
compartment in which high-voltage wiring materials may be employed.

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

12.2.11 A splice is considered to be adequately enclosed when installed in a junction box, control box, or
other enclosed compartment in which wiring materials, as specified in Group A of Table 12.1, may be

employed. S
compartment

12.2.12 At al
abrasion. If m
conductors an
bushing or its

12.2.13 A wileway shall be such that the interconnection of sections’ and fittings will g

mechanical a

burrs and shafp corners or edges which might cause damage te/the insulation on wires.

12.2.14 Allw

12.2.15 Cord
the wiring is &

a) Th
the w

b) If
c) Lo
diame

than 1

d) Og

comprrtment may be open provided all sides of the compartment extend to the flo

IH H 1 ol i 4 3 3 b, PN £ Al
(VT O 1T TTIVIVOTU TTTALTiricry  LUTTTVArtamivinoe dic v vo oTLUTTU TU " d TIATU 1

50 that they are not subject to movement or damage during servicing.
points where conduit or metal tubing terminates, the conductor shall be f
btal-clad cable is used, an insulating bushing or its equivalent shall_be’provide

d the metal cladding, and the connector or clamp shall be of such.design thaf
equivalent will be visible for inspection.

Esembly and ensure electrical conductivity. The interior of the wireway shal

ring shall be supported and routed to prevent damage due to sharp edges or

5 or appliance wiring material as referenced in Group B of Table 12.1 may [
nclosed by a casing or compartment;conforming to all of the following:

Ere are no openings in the bottom, unless a U-shaped channel or trough is |
ring and the wires do not project through the plane of the top of the trough @

e appliance is for installation only on noncombustible flooring, the bottom o

ter of 1/2 inch~(12.7 mm), and openings for such items as pipe or conduit ar,
/2 inch indiameter larger than the object that will be installed through the of

enings are not closer than 6 inches (152 mm) to the wiring unless metallic b

nember in the

rotected from
d between the
the insulating

rovide a rigid
be free from
moving parts.
e employed if
bcated under
r channel;

such
or level;

Iivers or openings in other than the bottom will not permit entrance of a rod having a

e not more
ening;

arriers or

baffles

b ‘are placed between the wiring and the openings; and

e) Combustible material, other than electrical insulation, located within the casing or
compartment is separated from such wiring material.

12.2.16 With reference to 12.2.15(e), plastic materials shall be classified as Type V-0, V-1, V-2, 5V, HF-1,
or HF-2 in accordance with requirements in the Standard for Tests for Flammability of Plastic Materials
for Parts in Devices and Appliances, UL 94, and other nonmetallic materials shall have equivalent
characteristics.
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12.2.17 Cords and other wiring material permitted in accordance with 12.2.15 shall be arranged to avoid
being physically damaged, such as by closely following surfaces, and shall be supported. Strain relief,
where required, shall be provided.

12.2.18 Holes in walls or partitions through which insulated wires or cords pass and on which they may
bear shall be provided with smoothly rounded bushings or surfaces upon which the wires or cords may
bear, to prevent abrasion of the insulation. Bushings, if required, shall be ceramic, phenolic, cold-molded
composition, fiber, or equivalent material.

12.2.19 A fiber bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall be so located that it
will not be exposed to moisture, and shall not be employed where it will be subjected to a temperature

higher than 194°F (90°C) under normal operating conditions.

12.2.20 To p
requires roll
conforming to

12.3 Short-ci

12.3.1 Condu
overcurrent p
short-circuit tg

Exception: G

a) Cd
condy

b) Cd
provig
ampe
accep
this s

c) Cd
does

12.3.2 Factor
insulation, SP
insulation of 4

ovide an acceptable unbushed opening in sheet metal, not requiring a ‘by
br extrusion of the metal around the opening, or both, or the insettion
12.2.18.

rcuit protection

otected and wired for connection to one supply line’ shall withstand the ¢
st without creating a risk of fire or electric shock. See,Short-Circuit Test, Seq

onductors that conform to the following are considered acceptable without te

nductors that have not less than one-thira~the ampacity of the required bran
ctors; or

nductors that are 18 AWG (0.82 mn¥) or larger and not more than 4 feet (1
ed that the circuit will be protected by a fuse or HACR Type circuit breaker
res or less as specified on the-product nameplate or provided as part of the
table for branch-circuit protection. This applies to any of the wiring materials
andard, including those ‘enclosed those enclosed in raceways; or

nductors that serfve as jumper leads between controls providing the length o

hot exceed 3 ifches (76 mm) or the conductors are located in a control pang

T-2 cotd-or appliance wiring material having neoprene, thermoplastic, or e
quivalent thickness, or power limited circuit cable, if such wiring is located

shing, usually
pf a grommet

ctors of motor circuits having two or more motors, one ‘er more of which @re thermal or

onditions of a
tion 55.

st:

ch-circuit

2 m) in length
ated 60

product and
specified in

f the leads
l.

y wiring-0f a low-voltage safety circuit may be done with SP-2 cord having all-neoprene

qually durable
in a cavity or

compartment

bf\ah appliance and is adequately shielded from harm.
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13 Separation of Circuits

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

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

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

nless the

a) Fig
condy

lal i iaolladl L £ 3 H ialladl ol 3 ool 3l H H

A ImrotAancyu aArmu |autu|_y MmMiolAallCu VUTTUULUIVUTO UUTTTTCULITU TV Clll_y vuiieT vimtvurtt,

ctors of both circuits are insulated for the maximum voltage of either circuit;
b) Uninsulated live parts of any other circuit; and
c) An
may T
which
that c

12.1 3
70.

y uninsulated live parts whose short-circuiting may permit operation of the appliance that
esult in a risk of fire, electric shock, or injury to persons excéeptthat a constriiction in
field-installed conductors may make contact with wiring términals is acceptaple, provided
bnductors having insulation at least equivalent to those, referenced in group A of Table

re or will be installed when wired in accordance withthe National Electrical Code, NFPA

ted to different
or the various
o0 likelihood of

13.4 Segregation between field installed conductors and from-uninsulated live parts connec
circuits may be accomplished by arranging the location~6f'the openings in the enclosure f

conductors, W
the intermingl

a) Th
wiring
purpo
conne

b) Md
enteri
and ¢
to be

th respect to the terminals or other uninsulated live parts, so that there is n
ng of the conductors or parts of different circuits. If:

E number of openings in the englosure does not exceed the minimum requir
and if each opening is located opposite a set of terminals, it is to be assum
e of determining compliance with 13.3, that the conductors entering each of
cted to the terminals opposite the opening.

re than the minimum number of openings are provided, the possibility of cor

bntacting insulated conductors or uninsulated live parts connected to a differ
nvestigafed:

in service an

13.5 To deteJ'n

ine if an appliance complies with the requirements of 13.3, it is to be wired

pd for proper
bd, for the
bening will be

ductors

ng at points other than opposite the terminals to which they are intended to lpe connected

ent circuit is

as it would be
the enclosure,

in.doing a reasonable amount of slack is to be left in each conductor within

and no more than average care is to be exercised in stowing this slack into the wiring compartment.

13.6 If a barrier is used to provide separation between the wiring of different circuits or between operating
parts and field installed conductors, it shall be of metal or insulating material and shall be held in place.
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13.7 A metal barrier shall have a thickness at least as great as that required by Table 9.1 or 9.2,
whichever applies, based on the size of the barrier. A barrier of insulating material shall be not less than
0.028 inch (0.71 mm) in thickness and shall be of greater thickness if its deformation may be readily
accomplished so as to defeat its purpose. Any clearance at the edges of a barrier shall be not more than
1/16 inch (1.6 mm) wide.

13.8 Openings in a barrier for the passage of conductors shall be not larger than 1/4 inch (6.4 mm) in
diameter and shall not exceed in number, on the basis of one opening per conductor, the number of wires
which will need to pass through the barrier. The closure for any other opening shall present a smooth
surface wherever an insulated wire may be in contact with it; and the area of any such opening, with the

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

13.9 The outpt

provided as
transformer @

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

13.10 Two o
provided as a

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

maintained.
14 Bonding 1

14.1 Exposeq
may be conta
when the appl
ground.

14.2 Except 3
and mounting
interconnectin
contacted by

14.3 Metal ps
a) Ad

outsid
metal

o2 &l O C P cl cl T & & O VO

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

more transformer devices supplying circuits classified as Class 2, low-v
part of the appliance shall be treated as two separate circuits\edach having its|

or Grounding

or accessible noncurrent carrying metal parts’which may become energiz
cted by the user or by service personneldduring service operations likely to
ance is energized, shall be electrically connected to the point of connection of

s indicated in 14.3, uninsulated metal parts of cabinets, electrical enclosures

brackets, controller mounting brackets, capacitors and other electrical
g tubing and piping valyés;and the like, are to be bonded for grounding i
he user or serviceman.

rts, as described below, need not be grounded:
hesive-attached metal-foil markings, screws, handles, etc., which are locateq

e of enclosures or cabinets and isolated from electrical components or wiring
parts;

age circuit and

another such
minals of the
her device.

pltage circuits
own separate
ration shall be

bd, and which
be performed
an equipment

motor frames
components,
they may be

on the
) by grounded

rews, and

b) Isd

lated metal parts, such as magnet frames and armatures, small assembly s¢

the, which are separated from wiring and uninsulated live parts;

c) Panels and covers which do not enclose uninsulated live parts if insulated parts and wiring
are separated from the panel or cover; or

d) Panels and covers which are insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material
not less than 1/32 inch (0.8 mm) thick.
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14.4 A component, such as a switch, likely to become separated from its normal grounding means for
purposes of testing or adjustment while the equipment is energized, is to be provided with a grounding
conductor not requiring removal for such service.

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

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

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

protected from mechanical damage, such as by being located within the cov|1fines of the
enclosure or frame; and

a) Be
outer

b) Nd
groun
of the

t be secured by a removable fastener used for any purpose othef’than bond
Hing unless the bonding conductor is unlikely to be omitted after removal anc
fastener.

ng for
| replacement

14.8 The bor
connection, of
than 850°F (4
vitreous enam

d or screwed
) point greater
th as paint or

ding shall be by a positive means, such as by clamping, riveting, bolte
by welding, soldering, or brazing with materials havihg a softening or meltin
54°C). The bonding connection shall penetrate fivnconductive coatings su
el.

14.9 A conne

ction that depends upon the clamping action exerted by rubber or similgr materials is

acceptable if
device and if

thermal degra

maintenance
clamping devi

14.10 Where

single screw 4

14.11 If the 4
conductor is S
means does r

t complies with 14.11 under any degree of compression permitted by a var
the results are still acceptable aftergexposure to the effects of oil, grease,
dation which are likely to occur in-service. The effect of assembling and disa
burposes, such a clamping device is to be considered with respect to the Ik
Ce being reassembled in its intended position

the bonding means depend on screw threads, two or more screws or two fy
ngaging metal is considered in compliance with 14.8.

dequacy of a bonding connection cannot be determined by examination, g

ot open:

a) W
branc

ll:en carrying for the time indicated in Table 14.1 twice the current equal to th

able clamping
moisture, and
ssembling, for
elihood of the

Il threads of a

r if a bonding

maller thanwrequired by 14.12 — 14.14, it shall be considered acceptable if the connecting

o rating of the

=eircuit overcurrent device required to protect the equipment; and

b) During a short-circuit test in series with a fuse of proper rating. See Short-Circuit Test,
Section 55.
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Table 14.1

Duration of current flow, bonding-conductor test

Rating of overcurrent device,

Minimum duration of current flow,

Amperes minutes
30 or less 2

31 -60 4
61— 100 6
101 — 200 8

14.12 The size of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
based on the rating of the branch-circuit overcurrent device to which the equipment will be connected.

Except as ind|

Table 14.2

Bonding wire conductor size

Cated 411, the size of the conductor or strap shattbe i accordance with Table 14.2.

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

15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) 8 (8.3)
60 10 (5.3) 8 (8.3)
100 8 (8.3) 6 (13.3)
200 6 (138) 4 (21.2)

2 Or equivalent pross-sectional area.

14.13 A bond
size of the co

14.14 If morg
conductor is

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

14.15 The fol

ne motor:

ing conductor to a component®or electrical enclosure is not required to be |
nductors supplying power tathe component(s) within the enclosure.

than one size of branch-circuit overcurrent device is involved, the size d
to be based on the‘rating of the overcurrent device intended to providg
the component-borided by the conductor. For example, if a motor is individgally protected
rcuit overcurrent’device smaller than other overcurrent devices used with thg
ictor for thatimotor is sized on the basis of the overcurrent device intended f

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

hrger than the
f the bonding
e ground-fault

equipment, a
br ground-fault

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

b) In equipment intended to be connected by a nonmetal-enclosed wiring system, for example,
metal-clad cable — An equipment grounding terminal or lead.
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14.16 A terminal for connection of an equipment-grounding conductor shall be capable of securing a
conductor of the size required for the particular application, in accordance with the National Electrical
Code, NFPA 70.

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

14.18 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green colored head that is hexagonal, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be identified by being marked “G”, “GR”, “"GROUND”,
"GROUNDING”, by the symbol in Figure 14.1, or by a marking on a wiring diagram provided on the
equipment. The wire-binding screw or pressure wire connector shall be secured to the frame or enclosure
and shall be gotecated-thatitistnliketyto-beremoved-dutingrotmat-servicirg—At-a-wire-pinding screw,
upturned lugs| or the equivalent, shall be provided to retain the conductor. If a pressure,cennector is used
adjacent to thp connectors intended for the supply conductors and if it could be mistaken for the neutral
of a grounded|supply, a marking shall be additionally provided indicating "EQUIPMENT GRPUND” and/or
identifying the| connector by a green color.

Figure 14.1
Grounding symbol

14.19 The surface of an insulated lead intended for the connection of an equipment-grounding conductor
shall be finished continuous green color or a continuous green color with one or more yellow stripes, and
no other lead visible to the installer shall be so identified.
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14.20 Grounding and bonding equipment used to comply with this Section and other applicable
requirements of this Standard shall comply with the Standard for Grounding and Bonding Equipment, UL
467.

15 Mounting of Electrical Components

15.1 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from
turning, except as noted in 15.2 and 15.3.

15.2 The requirement that a switch be prevented from turning may be waived if all of the following
conditions are met:

a) The-switch—is-of-aphingerorotheriype-that-doeshottenctorotate-whenoperated. A toggle
switcH is considered to be subject to forces that tend to turn the switch during netmal operation
of the|switch;

b) The means for mounting the switch makes it unlikely that operation ©f the switdh will loosen

it;

¢) The spacings are not reduced below the required values if the Switch rotates; gnd

d) The normal operation of the switch is by mechanical mieans rather than by direft contact by

persops.

15.3 Alamph
in which the I3

blder of the type in which the lamp cannot be replaced, such as a neon pilot of indicator light
mp is sealed in a nonremovable jewel, need-not be prevented from turning if fotation cannot

reduce spacin

15.4 The mea
washer which
preventing a
turning.

15.5 Uninsula
prevented fro
the acceptabl

!

gs below the required values.

ns for preventing turning is to consist of more than friction between surfaces.
provides both spring take-up<and an interference lock is acceptable as f{

A toothed lock
he means for

small stem-mounted switch>or other device having a single-hole mounting means from

turning or shifting‘in position if such motion may result in a reduction of s
values.

ted live parts shallthbe so secured to the base or mounting surface that they will be

bacings below
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16 Motors
16.1 General

16.1.1 The enclosure of a motor shall have no openings which will permit a drop of liquid, or a particle
falling vertically onto the motor, to enter the motor as applied to the assembly.

16.1.2 Conformance to 16.1.1 may be provided by the motor frame or by another enclosure, structure,
shield, or a combination of two or more such items, and is to be determined with the motor applied to the
assembly.

16.1.3 Motors having openings in the enclosure or fram

e shall be installed or shielded to prevent particles
from falling o fthif :

_________ V.

16.1.4 The requirement in 16.1.3 will necessitate the use of a barrier of nonflammabléymaterial under an
open type motor unless:

a) The structural parts of the motor or the burner such as the bottom closure, proyide the
equivalent of such a barrier; or
b) The motor overload protection device provided with a single-phase motor is su¢h that no
burnirlg insulation or molten material falls to the surface that'supports the appliance when the
motor|is energized under each of the following fault conditions, as applicable to the¢ particular
type gf motor:

1) Open main winding;

2) Open starting winding;

3) Starting switch short-circuited; and

4) Capacitor shorted, permanent split capacitor type; or
c) The motor is provided with a motor protector in accordance with 16.2 that will grevent the
tempgrature of the motor windings from becoming more than 275°F (125°C) undel| the

maxinmum load below which the motor will run without causing the protector to cycle and from
becoring more than 302°F (150°C) with the rotor of the motor locked.

d) The motor-complies with the requirements for impedance-protected motors see| 16.2.5 and
the mptor winding will not exceed a temperature greater than 302°F (150°C) during the first 72
hours|of.operation with the rotor of the motor locked.

16.1.5 The barrier mentioned in 16.1.4 shall be horizontal, and shall have an area extending beneath the
motor encompassing the openings in the motor housing and extending at least 5 degrees beyond their
area. Openings for drainage, ventilation, and the like, may be employed in the barrier provided that such
openings would not permit molten metal, burning insulation, or the like to fall on combustible material.
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Figure 16.1
Location and extent of barrier

oM |
|

B ~ ]
X//\ 4\\\‘/ C
_)\\ ~ /

B120A

A — Regions to be shielded by barrier. This will consist of the entire component if it is not otherwise shielded and will consist of the
unshielded portion of a component that is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C - Inclined line that traces out minimum area of barrier. This line is always (1) tangent to the component, (2) 5 degrees from the
vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced by the inclined
line C and the horizontal plane of the barrier.
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16.1.6 A motor shall be designed for continuous duty as indicated by the designation “CONTINUOUS” or
“CONT” on the nameplate.

16.1.7 Motors shall comply with the Standard for Rotating Electrical Machines — General Requirements,

UL 1004-1.

16.2 Motor overload protection

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

16.2.2 In no case shall interruption of the circuit to a motor by the overcurrent or thermal protective device

result in a ris
discharge of f
electrical valv
protective deyf

16.2.3 Autom
to the motor b
of the equipm

16.2.4 Overc
applicable shq
the requireme

16.2.5 All sin

a) A
perce

b) A
proted
than t

c) At
Overh
softwa
proted
Comp
Contr

£ £ 1 ¢ PH | 1 H rS Al H F'H £ il
nUrninmeg,  CICUuUiv  olf'fUUNK,  UI |||_|u|_y 3 }JUIOUIIO UUIIIIH U'JUICJ.UUII v uire Uq
Liel that may result in a risk of fire or injury to persons. If a burner depends’s
b to stop the flow of fuel to the burner, the interruption of the circuit €0, the

ice shall also cause the interruption of the circuit to the valve.

ptic-reset type protective devices shall not be used if the automatic reclosin
y the device may result in a risk of fire, electric shock, or injuryto persons dy
bnt.

irrent protective devices and thermal protective {devices for motors shal
rt-circuit requirements for the class of protective device and shall, in additio
hts of the Short-Circuit Test, Section 55.

hle-phase motors shall be protected by one‘or more of the following:

beparate device responsive to motorcetrrent and rated or set to trip at not m

beparate overload device, which combines the functions of overload and ove
tion and is responsive to-motor current. Such a device shall be set at values
he percentages of the metor nameplate full-load current rating as specified T}

eating Protection for Motors, UL 2111. If a motor protective electronic circuit
ire as a protective component, that part of the software providing the require
tion shall’comply with software Class 1 in the Standard for Software in Prog
onents,"UL 1998 or software Class B in Annex H of the Standard for Automa
bls. for"Household and Similar Use, Part 1: General Requirements, UL 60730

htage of the motor nameplate full-lead current rating as specified in Table 16

ipment or the
olely upon an
motor by the

y of the circuit
ring operation

comply with
n, comply with

bre than the
1.

rcurrent
not greater
able 16.1.

hermal protective device or impedance protection complying with the Standalrd for

relies on

d motor
fammable
tic Electrical
1.

d) Impedance protection complying with the Standard for Impedance Protected Motors, UL
1004-2.

Exception:

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

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

e) A protective device integral with the motor that complies with the Standard for Thermally
Protected Motors, UL 1004-3. A motor intended to move air only, by means of an air-moving
fan that is integrally attached, keyed, or otherwise fixed to the motor, is required to have locked-
rotor protection only.
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f) Protective electronic circuits integral to the motor that comply with the Standard for
Electronically Protected Motors, UL 1004-7.

g) Protective electronic circuits that comply with 16.2.7.

h) Other protection that is shown by test to be equivalent to the protection specified in (a) — (g).

16.2.6 In reference to 16.2.5 (a) and (b), if the percentage protection specified in Column A of Table 16.1
does not correspond to the percentage value of an overload device of a standard size, the device of the
next higher size may be used. However, the device of the next higher size shall provide protection no
higher than that indicated in Column B of Table 16.1.

Talhbla- 416 14

TAaviv 1TV.1

Overload relay size

Maximum percentage protection
A B
Motor with a mafked service factor no less than 1.15 125 140
Motor with a mafked temperature rise no more than 72°F 125 140
(40°C)
Any other motor| 115 130

16.2.7 Excep
shall comply

a) Te
proted
softwa
Progr.
shall

vith one of the following:

e considered software Class 1,

as indicated in 16.2.5 (c) and (f), a protective electronic circuit providing metor protection

5ts for Safety-Related Controls Employing~Solid-State Devices, UL 991. When the

tive electronic circuit is relying upon software as a protective component, that part of the
ire providing the required motor protection shall comply with the Standard fof Software in
mmable Components, UL 1998. lfsoftware is relied upon to perform a safefy function, it

b) Standard for Automatic Eleetrical Controls for Household and Similar Use, Part[1: General

Requi

Fements, UL 60730-1 as well as the Standard for Automatic Electrical Contrals for

Housghold and Similar Use, Part 2: Particular Requirements for Temperature Senging Controls,

UL 60
softwd

Exception: A
or UL 60730-
protective ele
60730-1 can |

ire Class B.

730-2-9. If software"is relied upon to perform a safety function, it shall be copsidered

protectivelelectronic circuit providing motor protection is not required to comgly with UL 991

if there-is no risk of fire, electric shock or casualty hazard during abnormal testing with the
Cironic circuit rendered ineffective. The need for software to comply with UL 1998 or UL
pe.based on the actual construction and operation of the motor within the equipment. This

could include a consideration of the protective electronic circuit being provided with independent
redundant protective devices.

16.2.8 With reference to 16.2.7, the factors outlined in Table 16.2 shall be considered when judging the
acceptability of a protective electronic circuit.
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Table 16.2
Factors for judging protective electronic circuits

Conducting failure-mode and effect analysis (FMEA) for the protective circuits and functions.

2 | Electrical supervision of critical components resulting in the control becoming permanently inoperative and disconnecting
power.
3 | Temperature ranges as follows:
Indoor Equipment: 32.0 £3.6°F (0.0 +2°C) and 104 +3.6°F (40.0 £2°C)
Outdoor Equipment: minus 31.0 +3.6°F (minus 35.0 +2°C) and 104 £3.6°F (40.0 +2°C)
4 | Cycling test duration: 14 days
5 | Endurance test duration: 100,000 cycles
6 | Radio-frequency electromagnetic field immunity:
A. To conducted disturbances? — test level 3
B. To radiatgd electromagnetic fields — field strength of 3 V/m
7 | Humidity exposure:
Indoor Equ|pment: 70 — 80°F (21.1 — 26.7°C) and minimum 50 percent relative humidity
Outdoor Equipment: minimum 98 percent relative humidity
8 | Electrical fagt transient/burst immunity:
Outdoor Equipment: test level 4
For all equipment other than outdoor use: test level 3
9 | Surge immuhity:
Outdoor Equipment: - installation Class 4
For all equipment other than outdoor use: installation Class 3
10 | Electrostatid Discharge® with a Severity Level of 3 having contact discharge,at,6 kV to accessible metal parts and Air
discharge af 8 kV to accessible parts of insulating material

@ The noted fact]
Controls Employling Solid-State Devices, UL 991 are applied.

brs are exempt from being considered when requirements _from the Standard for Tests for Safet

-Related

16.2.9 Threeqphase motors shall be protected by:

a) Three properly rated overcurrent units; each complying with the applicable req

16.2.

- 16.2.8; or

b) Thermal protectors, combinatien of thermal protectors and overcurrent devices,
methqgds of protection may be*employed where the specific protective arrangemen
investjgated and found to_provide proper protection under primary single-phase fai
condifions when supplied from transformers connected wye-delta or delta-wye. As
investjgated shall be\marked to indicate that the motor is protected under primary
condifions. This marking may be a paper sticker, decal, or an attached wiring diag

uirements of

or equivalent
t has been
ure

semblies so
s5ingle-phase
ram.
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17 Overcurrent Protection of High-Voltage Control-Circuit Conductors
17.1 General

17.1.1 For the purpose of the requirements in 17.2.1 — 17.4.2, a control circuit is one that carries electric
signals to operate a controller that, in turn, governs power delivered to a motor or other load in the
product. A control circuit does not carry main-power current. If a control circuit is supplied through a
transformer provided as part of the product, see Overcurrent Protection of Transformers, Section 18, for

additional requirements.

17.2 Direct-connected high-voltage control circuit

17.2.1 For thg
is supplied fro
It is not tappe
within the pro

17.3 Tapped

17.3.1 For th
tapped within
a circuit shall

17.3.2 A high
control equip
National Elec

17.3.3 A tapp
rating of the o

Exception No
m) long betwe
rated 60 amp

Exception No
withstand sho

Exception No|

i

M a branch circuit separate from a branch circuit that supplies other loads with
0 from the load side of the overcurrent device or devices of the controlléd ci
juct. See 63.8.

high-voltage control circuits

b purpose of these requirements, a tapped high-voltage‘control circuit is a
he burner on the load side of the overcurrent device oy devices for the control
be protected in accordance with 17.3.3 — 17.4.2.

-voltage control circuit that is tapped from the tnain power circuit at a point
ent enclosure shall be protected as specified in Column A of Table 43
cal Code, NFPA 70.

ed high-voltage control-circuit condugctor shall be provided with overcurrent g
vercurrent-protective device shall not exceed the value specified in Table 17

1: A 18, 16, or 14 AWG (0.82; 1.3, or 2.1 mm?) conductor that is not more t
en points of opposite polatity may be protected by a fuse or an HACR Type
bres or less.

2: An overcurrent=protective device of a higher rating may be used if t
(i-circuiting when tested as specified in 55.13.

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

overcurrent protection.

Exception No

uit is one that
n the product.
cuit or circuits

circuit that is

ed load. Such

outside of the
D-72(b) of the

rotection. The
1.

nan 4 feet (1.2
icircuit breaker

he conductors

provided with

4. A control-circuit conductor, supplied from the secondary of a single-pha

e transformer

that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device located in the primary side of the transformer if:

a) This protection is in accordance with the requirements specified in Overcurrent Protection of
Transformers, Section 18, and

b) The rating of the device does not exceed the applicable value specified in Table 17.1
multiplied by the ratio of secondary-to-primary rated transformer voltage.
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Table 17.1
Overcurrent protective device rating for control circuit conductors
Tapped control-circuit conductor, size, Minimum rating of overcurrent protective device, amperes
Conductors contained in control Conductors extending beyond control-
equipment enclosure equipment enclosure
AWG (mm?) Copper Aluminum? Copper Aluminum?
18 0.82 25 - 7 -
16 1.3 40 - 10 -
14 2.1 100 - 45 -
12 3.3 120 100 60 45
10 5.3 160 140 90 75
La ger tnart TU 8] 8] C C
@ Includes coppér-clad aluminum.
b 400 percent offvalue specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA 7.
¢ 300 percent of|value specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSI/NFPA 70.
17.4 Overcuilrent-protective devices
17.4.1 Overclirrent protection for a tapped high-voltage control-circuit éonductor, as required by 17.3.3,

shall be provig
63.6.

Exception: T
the marked r4
does not excq

he overcurrent device or devices need not be provided as part of the produ

ed the values specified in Table 17.1.

17.4.2 A contyol-circuit overcurrent-protective devicé shall:

c) Ha

The device sh
of an accepta

Exception: If
for overcurre

provided for all ungrounded cefductors;
of a size in accordance-with the requirements in 17.3.3; and
ve a voltage rating.not less than the circuit in which it is used.

all be a circuit\breaker or a fuse that is acceptable for branch-circuit protect
ble fuse are.a Class CC, G, H, J, K, L, or R cartridge fuse and a Type S plu

the control circuit is tapped from a circuit supplying other loads in the product,

ed as part of the product. If a fuse is used, the produgt, shall be marked in ag

ting of the product, the rating of the branch-circuit overcurrent-protective dey

cordance with

Ct if, based on
ice or devices

on. Examples
y fuse.

a device used

nt protection may be of the supplementary type provided it has a shon

acceptable fo

[-circuit rating

the circuit in which it is used. See Table 55.1. If the supplementary device Wised is a fuse,

the product shall be marked in accordance with 63.7.
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18 Overcurre

18.1 High-vol

nt Protection of Transformers

tage transformers — General

18.1.1 A transformer, as defined by 5.64 and other than as described in 18.4.1 and 18.4.2, is considered
to be a high-voltage transformer and shall:

a) Be provided with thermal-overload protection in accordance with the requirements in 18.2.1;

or

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

18.3.1

;or

c) C

Exception:
investigated i
Transformers,

18.2 High-vol

18.2.1 If a hig
be arranged f{
overload cond
Test, High-Vo

Exception: If
test is to be
Section 57.

18.2.2 A the
Requirements|

have an end{rance rating of not less”than 6000 cycles and shall comply with the reg
temperature-limiting \eontrols in the Standard for Temperature-Indicating arn
| 873. Complianc¢e)with the Standard for Automatic Electrical Controls for H
art 1: General\Requirements, UL 60730-1, and/or the applicable Part 2 star

calibration of
Equipment, U
Similar Use, H
UL 60730 ser

L

ply with the requirements in the Burnout Test, High-Voltage Transformers)
is requirement is not applicable to an interchangeable ignition transformer
accordance with the requirements for ignition transformers in _the-Standar
UL 506.

tage transformers — Thermal protection

tions to those acceptable for the class of insulatien employed in the windings.
tage Transformers, Section 56.

mal cutoff shall comply with the requirements in the Standard for Th
and Application Guide, JL:60691. A manually or automatically reset thermal

es fulfills the\UL 873 requirements.

h-voltage transformer is provided with a thermal-ovefload-protective device, t
b interrupt primary current and shall limit temperatures of the transformer w

the thermal-overload-protective device provided is a nonrenewable thermal ci
conducted in place of the overload test. See Burnout Test, High-Voltage

Section 57.

that has been
) for Specialty

e device shall
indings under
See Overload

toff, a burnout
Transformers,

ermal-Links —
protector shall
uirements for
d -Regulating
ousehold and
dard from the
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18.3 High-voltage transformers — Overcurrent protection

18.3.1 Each overcurrent device that protects a high-voltage transformer shall comply with the
requirements specified in 18.3.2, 18.3.3 and 18.5.1 — 18.5.3.

18.3.2 A high-voltage transformer shall be protected by an overcurrent device, or devices, that is located
in the primary circuit and that is rated or set as indicated in Table 18.1 for the primary. See 18.3.3 and

18.5.1.

Table 18.1
Maximum rating of transformer overcurrent protective device

Rated primafy or secondary current, Maximum rating of overcurrent device, percent of transformer current
amperes rating, when in:
Primary Secondary
Less than 2 3002 167
2 or more, legs than 9 167 167
9 or more 125bP 125b

2 Does not ap
b If 125 perce
standard ratin
45, 50, and 6

ply to an autotransformer; may be increased to 500 percent if transformer, supplies a motor con

ht of the current does not correspond to the standard rating of fuse or cifcuit breaker, the next i

h may be used. For the purpose of this requirement, standard ratings are 1, 3, 6, 10, 15, 20, 25
amperes.

rol circuit.
ighest
, 30, 35, 40,

18.3.3 Ifthe g
than 250 perd

ircuit supplying a transformer is provided with overcurrent protection rated or s
ent of the rated primary current of the transfermer, additional overcurrent pr

required in th

primary circuit provided the secondary circuit is protected by a protective d

set as indicatg¢d in Table 18.1 for the secondary.

18.4 Low-vo

18.4.1 Excep
1000 volt-amg
located in the
167 percent o

18.4.2 A tran
requirements
and the Stand
either limit thq
or devices (ng

age transformers — General

as specified in 18.4.2, a transformer having a rated output of not more tha
eres (Class 1, power-limited-¢ircuit) shall be protected by an overcurrent devi
primary circuit. The overcurrent device, or devices, shall be rated or set at
f the primary currentirating of the transformer. See 18.5.1.

sformer that directly supplies a Class 2 circuit [see 5.25(b)] shall, in accord
n the Standard. for Low Voltage Transformers — Part 1: General Requiremer]
ard for LeWw.Voltage Transformers — Part 3: Class 2 and Class 3 Transforme
output{current (inherently-limiting transformer) or be equipped with an overg
ninhérently-limiting transformer).

et at not more
ptection is not
evice rated or

h 30 volts and
ce, or devices,
not more than

ance with the
ts, UL 5085-1
rs, UL 5085-3,
urrent device,
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18.5 Low-voltage transformers — Overcurrent protective devices

18.5.1 Overcurrent protection in the primary circuit of a transformer, as described in 18.3.2 and 18.4.1,
need not be provided as part of the product if, based on the marked rating of the product, the rating of the
branch-circuit overcurrent-protective device, or devices, does not exceed the values specified in 18.3.2 or
18.4.1, as applicable.

18.5.2 Overcurrent protection in the secondary circuit of a transformer, as required by 18.3.3 shall be
provided as part of the appliance. If a fuse is used, the appliance shall be marked in accordance with 63.6.

18.5.3 A required transformer overcurrent-protective device provided as part of the product shall:

a) B
b) Be
c) Ha

The device sh
of an accepta

Exception: I
used for overd

dadl £ Ll dacl ol 4+
}JIUVIUUU or dan UIIHIUUIIUUU CUTTUuULivT o,
of a size in accordance with the requirements in 18.3.2 — 18.4.1, as applica
ve a voltage rating not less than the circuit in which it is used.

all be a circuit breaker, or a fuse, that is acceptable for branch-Circuit protect
ple fuse are a Class CC, G, H, J, K, L, or R cartridge fuséand a Type S plu

a transformer supply is tapped from a circuit supplying other loads in the g
urrent protection may be of the supplementary type’provided that the fuse has

rating acceptagble for the circuit in which it is used. See Table 55.1. The product shall

accordance wW

19 Switches

19.1 A contrd

ith 63.7.
and Controllers

ller(s) for controlling the loads involved shall be provided for all assemblieg

more than ong¢ motor intended for connection to the same power supply.

Exception: A
fuse size doe
not more tharn

19.2 Motor ¢
ungrounded ¢

19.3 A single
controlled. Th

controller is not required-for-an assembly with more than one motor if the ma
5 not exceed 20 amperes’at 125 volts or less or 15 amperes at 600 volts o
6 amperes full-load“eurrent for each motor.

pntrollers shalllbe arranged so that they will simultaneously open a sufficig
pbnductors te-.interrupt current flow to the motor.

ble;

on. Examples
y fuse.

roduct, a fuse
a short-circuit
be marked in

incorporating

ked maximum
less and with

ent number of

ombined load

controller may control more than one motor if the controller is rated for the (
b assembly shall be marked in accordance with 63.9 if the same controller ¢

ntacts handle
a remote motgr(s) in addition to the motor(s) in the unit containing the controller. T

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

19.5 A controller that may be called upon to break a motor load under locked-rotor conditions shall have
a current-interrupting capacity not less than the locked-rotor load of the motor controlled.
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19.6 If the controller is cycled by the operation of an automatic-reset overload device, it is to withstand an
endurance test under locked-rotor conditions without malfunction. The endurance test is to be of a
duration equivalent to that required for the overload device and at an equivalent rate.

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

19.8 If the marked maximum fuse size of the appliance assembly does not exceed the maximum size for
protecting the motor of the smallest rating, two or more motors each having individual running overcurrent
protection may be connected to the same power supply if it can be determined that a fuse of the marked
size will not open under the most severe conditions of service that might be encountered.

19.9 As appli

98, the Stand
Part 1: Gener

19.10 Contro
a) Th

b) Th
60947

c) Th
Motor

d) Th
Devic

20 Capacitorns

20.1 A motor
protect the pl
material resul
be of metal p
thick.

20.2 The ind
mounted in a
case, or the i

kLl Halk hall 1 HE Y N Y S ol o f | 1 ol ol P~ I
LAVIC, OWILLITU O oliall \JUIII}JI_y wWILIT U710 vldlniudiu 1UT L TTU1VOoT U dilfu o au™t 1uUTl
brd for General-Use Snap Switches, UL 20, or the Standard for Switches'fo
bl Requirements, UL 61058-1.

lers shall comply with the following, as applicable:
e Standard for Industrial Control Equipment, UL 508;

e Standard for Low-Voltage Switchgear and Controlgear— Part 1: General R
-1 ;
b Standard for Low-Voltage Switchgear and Controlgear — Part 4-1: Contactg
Starters — Electromechanical Contactors and*Motor-Starters, UL 60947-4-1;

e Standard for Low-Voltage Switchgear.and Controlgear — Part 5-2: Control
ps and Switching Elements — Proximity* Switches, UL 60947-5-2.

starting or running capaeitor shall be housed within an enclosure or conf
htes against mechanicat-damage and that will prevent the emission of flg
ing from malfunctiontof the capacitor. Except as noted in 20.2 and 20.3, the
oviding strength @nd protection not less than that of uncoated steel 0.020 ir

vidual container of a capacitor may be of material other than metal if th

e, is acceptable for the enclosure of current-carrying parts.

Switches, UL
Appliances —

ules, UL
rs and
or

Circuit

ainer that will
me or molten
container shall
ch (0.51 mm)

e capacitor is

h enclosure that houses other parts of the device assembly, and provided fhat such box,

20.3 If the container of an electrolytic capacitor is constructed of metal, it shall be insulated from dead
metal parts in accordance with Table 22.1.

20.4 A capacitor employing a liquid dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium when tested in accordance with the applicable performance
requirements of this standard, including faulted overcurrent conditions based on the circuit in which it is
used. See Short-Circuit Test, Section 55.

Exception: If the available fault current is limited by other components in the circuit, such as a motor start
winding, the capacitor may be tested using a fault current less than the test current specified in Table 55.1,
but not less than the current established by dividing the circuit voltage by the impedance of the other
component(s).
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20.5 Capacitors shall comply with the Standard for Capacitors, UL 810.

21 Electrical

Insulating Materials

21.1 Material for the mounting of current-carrying parts shall be porcelain, phenolic composition,
cold-molded composition, or equivalent material.

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

21.3 An msulatmg liner or barrier of vulcamzed flber varnlshed cloth mica, phenollc composition, or

similar materi
inch (0.71 mn
may be used
required. The
thickness may

CONSTRUCT]

)in thlckness except that a Ilner or barrler not less than 0. 013 inch (0.33 mn
in conjunction with an air spacing of not less than one-half of the.throug
liner shall be located so that it will not be damaged by arcing. Material h
be used if it has equivalent insulating, mechanical, and flammability’ propert

ION — ELECTRICAL SPACINGS

22 High-Voltage Circuits

22.1 Except g

s noted in 22.2 — 22.4, the spacings between uningulated live parts of opposi

between an unminsulated live part and a dead metal part shall beinot less than the values ind

ess than 0.028
n) in thickness
h air spacing
hving a lesser
es.

te polarity and
cated in Table

22.1.
Table 22.1
Minimum, spacings
Ratihgs Minimum spacings?, inch (mm)

Volt-amperes Volts Through air Over surface To|enclosure®
0 — 2000 0 — 300° 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
0-150 1/8¢ (3.2) 1/4 (6.4) 1/2¢8 (12.7)
m°£ggga” 151 — 300 /A (6.4) 3/8 (9.5) 1/2¢ (12.7)
301 — 600 3/8 (9.5) 1/2de (12.7) 1/2¢ (12.7)

a See 21.3.

b If over 300 vol
¢ The spacings

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

s, spacings iq last line of table apply.

etween wiring terminals of opposite polarity, or between a wiring terminal and grounded metal,
4 mm), ‘exeept that if short-circuiting or grounding of such terminals will not result from projectin
il not be.greater than that given in the above table. Wiring terminals are those connected to the

shall not be less
b strands of wire,
field and not

h terminal.

pasurements are to be made with solid wire of adequate ampacity for the load connected to ea

d Includes fitting

s for conduit or metal-clad cable.

€ The spacings at wiring terminals of a motor shall be at least 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.

22.2 The through-air and over-surface spacings at an individual component part are to be judged on the
basis of the total volt-ampere consumption of the load(s) that the component controls. However, the
spacing from the component to the enclosure shall be judged 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
which controls only a motor is judged on the basis of the volt-ampere of the motor. A component that
controls loads in addition to the motor is similarly judged on the basis of the sum of the volt-ampere of the
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loads so controlled; however, a component that independently controls separate loads is judged on the
basis of the volt-ampere of the larger load. The volt-ampere values for the load referred to above are to
be determined by the measured input.

22.3 The spacing requirements in Table 22.1 do not apply to the inherent spacings of a component which
is judged on the basis of the requirements for the component. However, the electrical clearance resulting
from the installation of a component, including clearances to dead metal or enclosures, shall be those
indicated.

22.4 All uninsulated live parts connected to different circuits, except subdivided or branch circuits of the
same voltage from the same feeder, shall be spaced from one another as though they were parts of
opposite polarity in accordance with the requirements indicated in 22.1 — 22.3 and shall be judged on the
basis of the h

=N 3 1+ H 1 ol
UI 1ol VUILGHU LA A% A AA"F

22.5 For circ
motors may b
where 3/8 inc

i terminals of
By be 1/4 inch

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

23 Low-Voltgge Circuits

23.1 The spq
motor overloal
in a risk of firg

23.2 The spal

the connectiof of conduit or metal-clad cable shall be notess than 1/8 inch (3.2 mm). Se

23.3 The spa

cings for low-voltage electrical components that are/installed in a circuit t
i protective device, or other protective device, wherg a short or grounded cir
, electric shock, or injury to persons shall comply‘with 23.2 — 23.4.

Cing between an uninsulated live part and the wall of a metal enclosure inclu

Cing between wiring terminals regardless of polarity, and between the wiring

dead metal part (including the enclosure and fittings for the connection of conduit) which ma

when the dev

23.4 The spd
part and a ded
shall be not lg|
will be definitd

23.5 The spa
specified.

ce is installed shall be not less<than 1/4 inch (6.4 mm).

cing between uninsulated\live parts, regardless of polarity, and between an
d metal part, other thanthe enclosure, which may be grounded when the dey
5s than 1/32 inch (0.8.mm), provided that the construction of the parts is such
ly maintained.

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

!

hat includes a
cuit may result

ing fittings for
22.4.

erminal and a
y be grounded

insulated live
ice is installed
that spacings

h 23.1 are not
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CONSTRUCTION — CONTROLS AND SAFETY DEVICES

24 Assembly

24.1 Except as indicated in 24.2, 24.3, 24.5, and 24.6, a burner shall be factory-built and shipped as a
unit assembly and shall include all the essential parts necessary for its intended function when installed

as intended. The equipment may be shipped as two or more subassemblies.

24.2 The burner may incorporate individual assemblies which are installed remotely from the burner.
Such individual assemblies shall be marked in accordance with 63.4.

24.3 In accordance with 24.1, the complete primary safety control shall be furnished with each burner by

the burner m

24.4 Parts of

£ e
ToTaCtorerT:

a safety control that are required to be burner-mounted shall be factory-a

combustion detector is burner-mounted but the safety switch is not, the burner shall be mar

the safety swi

24.5 The bu
subassemblie

ch with which it is to be used.

rner equipment, if not manufactured as a unit assembly; shall cons
5 as practicable. Except as indicated in 24.6, each subassembly shall be ca

incorporated rfeadily and correctly into the final assembly without requiring alteration, cutt

welding, or §
relationship tg
marked so tha

24.6 Burner (]
valve, pressur
with standard

milar tasks by the installer. Two or more subasSemblies which must b
each other for the proper and safe operation ©f the equipment shall be
t they may readily be incorporated into the finahassembly in their correct rel

iping components such as the main automatic gas shutoff valve, main mant
e regulator, etc., may be furnished as separate parts provided they can be joi
piping. The standard piping may be furnished, cut, and threaded by the field

24.7 The burner shall provide a uniform andxdefinite supply of fuel and air for combustion

and adjusted

n accordance with the manufacturer’s installation instructions.

24.8 The burper and/or subassemblies-shall incorporate provisions for support, adjustment,

to the heating
prevent its twi

24.9 A burne
and, for an ad
position.

plant or to the foundation on which it rests in order that installation can be
sting, sliding, or dropping out of the intended position.

of the ”"swing:type” shall be provided with means for locking the burner in thg
tomatically-lighted burner, to prevent it from discharging fuel when in other

ttached. If the
ked to declare

st of as few
bable of being
ng, threading,
car a definite
designed and
btionship.

al gas shutoff
ned in the field
installer.

when installed

and attaching
50 made as to

firing position
than the firing

24.10 An adjysted or movable part shall be provided with a locking device to prevent acci

jental shifting.

24.11 The base or frame on which burner parts are mounted shall be made of noncombustible material.

24.12 Bolt holes shall not intersect gas ways unless provision is made to provide gas tightness.
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24.13 Burner heads, mixer heads, and mixer tubes shall be of metals having a melting point, solidus
temperature in excess of 1450°F (787.8°C).

24.14 A ribbon burner shall be so constructed that the ribbon assembly can be removed, cleaned, and
replaced without the need for special tools.

24.15 The burner orifice and orifice holder shall be made of a material having a melting point, solidus
temperature of not less than 1450°F (787.8°C) for use with manufactured and mixed gases and not less
than 1100°F (593.3°C) for natural, LP-Gas, and LP-Gas-air mixtures.

24.16 Main burner gas orifice spuds shall be threaded into their holders with at least 3-1/2 full threads

balt a3 Exy I~ P2y hiack dat bhacf = £ 1l I~ L
2417 SCI‘eW\. O O0TS TSttt attaCT pPpartS wincral S UCtacrCUTOT SCTVICT g OT theouT T 1ieT- St a" be Capable

of holding upgn the application of the torques indicated in Table 24.1 after removal and‘réplacement.

Table 24.1
Torque requirements for screws or bolts

American standard screw size Torque 1.S.0. screw Torfjue
size
No. mm Ib-in N-m mm N-m Ib-in
- - - - 4 1.8 14
8 4.2 18 2.0 4.5 2.6 23
10 4.8 30 3.4 5 4.2 37
Inch mm Ib-in N-m mm N-m Ib-in
1/4 6.3 100 11.3 6 8.7 77
- - - = 7 15.0 133
5/16 7.9 200 22.6 8 23.5 208
- - - - 9 33.6 297
3/8 9.5 350 39.6 10 45.2 400
7/16 11.1 575 65.0 12 81.0 715
1/2 12.7 850 96.0 14 128.0 1130
9/16 14.3 1200 136.0 - - -
5/8 15.9 1600 181.0 16 185.0 1640

24.18 Flame ppreaders and flame spreader supports used with upshot type burners shall he constructed
so that they cpnnot be incorrectly fitted together, or they shall be marked to indicate the gorrect method
of assembly. When it iSdtecessary for service or assembly to remove the flame spreader. [It shall not be
threaded to it§ suppert-unless the support is readily removable.

24.19 Flame [spreader supports used with upshot type burners shall be so constructed fhat the flame
spreader cannot be supported at other than the correct distance above the burner.

24.20 Burners shall be provided with means to prevent disintegrated ceramic flame spreader material
from falling into the burner port(s). They shall also be designed so that disintegration of the ceramic will
not cause a hazardous change in the operating characteristics of the burner.
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24.21 Joints in the pressure zone or in the burner head of a burner assembly, shall be gastight and shall
not depend for mechanical strength nor primarily for tightness on cement or other sealing material, except
where such joints form part of the port area. Joints shall be bolted, screwed, machined, welded, brazed
or of equivalent construction.

25 Accessibility for Servicing
25.1 All parts requiring adjustment or manipulation by the user in the course of operation of the burner
shall be accessible and easily moved. Any part that may normally come in contact with the operator’s

hand during usage shall be free from sharp edges or projections and projecting sharp screw ends.

25.2 Accessibility shall be afforded to all burner parts, controls, and safety devices requiring servicing.

ot il

The dispositig
following rem
parts of the ag
shall accomp3d

26 Fan Housings and Air Tubes

26.1 A fan hq
durability to n

26.2 The extd
firing end and
shall be madsg

26.3 An oute
strength, rigid
having a thick
of not less thd

27 Combustion Air Control

27.1 An air shutter shall be capable of being adjusted readily to any desired setting and bg

means for pre

27.2 The air
specified draf
intended. All {
thorough mixi

LI Uf 'JCJ.I{O ;II thc GOOUIIIb:y IUIII\JVUC!I fUI DUIVIU;IIy oha” bU ouuh tlla.l L1
bval, will not necessitate their realignment to secure their intended relations
sembly. Special facilities that may be required for servicing to be perfortned b
ny the burner to the user.

using and an air duct shall be made of noncombustible ‘material having thg
bt be damaged during test under these requirements.

rior portion of a firing head within 6 inches (152 mm) ‘measured parallel to its
all parts which may be in contact with masonry:when the burner is installe
of iron or steel. Interior parts shall be made of‘ materials conforming with 6.1

shell of a blast tube or firing head, if\ made of sheet metal, shall be such
ty, durability, resistance to corrosiongand other physical properties equivalent
hess of not less than 0.053 inch (4435 mm) or Type 309 stainless steel havi
n 0.026 inch (0.66 mm).

venting accidental change in setting.

nlet shall be\of sufficient area to supply adequate air for complete combus|

conditionfand at the maximum rate of firing when the burner assembly
he air vequired for complete combustion shall be introduced in a manner wh
ng.of the fuel and air.

ir restoration,
hip with other
y the operator

strength and

axis, from the
i as intended,
- 6.4.

as to assure
to sheet steel
hg a thickness

provided with

tion under the
s installed as
ch will assure

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

27.4 Sheet metal air shutters shall be of a thickness not less than 0.0254 inch (0.65 mm). If sheet metal
air shutters are of a thickness less than 0.0508 inch (1.29 mm), they shall have the outer edges turned at
right angles or be otherwise properly reinforced.
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27.5 An air shutter shall by its design or assembly and selection of materials be guarded against sticking
or corroding in position. Screws or bolts used for attaching or adjustment shall be of corrosion resistant
material.

27.6 An adjustable part shall be guided to prevent its movement from its normal path during adjustment,
and the means for adjusting the part shall be readily accessible.

27.7 A burner assembly, when adjusted according to the manufacturer’s instructions furnished with the
equipment, shall maintain complete and stable combustion at all firing rates called for by the input and the
air-gas ratio controls.

27.8 Linkage for operating air and fuel controls shall be designed to reliably maintain the correct fuel-air

ratio and to r

27.9 If air ung
means shall b
gas and air su
available and,

27.10 If air fo
provision shal
the air supply
loss of combt
burner operat

Exception: F|
for a burner tf

27.11 With rg
need not resu
air flow has b

P~ 3 el ol ol ol £
OTol ALUIUTTIIAl Udril IGHU AU UiovTl |3aycl LA~ 1Y)

er pressure is mixed with the gas supply in a mixer and is automatically.contr
e provided to prevent air from passing back into the gas line, or gas inte' the
pply shall be suitably controlled to prevent gas from entering buragrs until th
in the event of air failure, to shut off the gas supply.

r combustion is supplied mechanically by a source from which the flow may
be made to shut off the fuel supply to the main burner ‘and pilot assembly
For a burner assembly having an input in excess ¢f2,500,000 Btu per hou
stion air shall result in safety shutdown so that a/manual reset is required

on.

Liel shutoff and safety shut-down, if applicable, upon failure of combustion air
at is equipped with a supervised secondary pilot as described in 36.8.

spect to 27.10, loss of air during prepurge or any time at start-up prior to d

ben reestablished and the required prepurge has been completed. See 37.1

27.12 A gas-{ired burner assembly shall be equipped to provide preignition purging in ac

37.1 except s

Lich preignition purging is not required if the device is equipped with a cont

source (ie. pilpt) and the assenibly is arranged so that any and all gas from the burner port

lighted and bu

rned.

blled, effective
ir supply. The
e air supply is

be interrupted,
ipon failure of
(732 kW) the
to restore the

s not required

Elivery of fuel,

t in safety shutdown. However'\no delivery of fuel shall be initiated before the combustion

and 37.2.

cordance with
nuous ignition
5 will be safely
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28 Fittings, and Piping and Tubing

28.1 An opening threaded for pipe connection shall be threaded in accordance with the Standard for Pipe
Threads, General Purpose (Inch), ANSI/ASME B1.20.1.

28.2 An opening for field attachment to pipe larger than nominal 3 inch ANSI/ASME B1.20.1 pipe size
shall be provided with a flanged pipe connection conforming to Class 25, 125, 250, and 800 requirements
of the Standard for Cast Iron Pipe Flanges and Flanged Fittings, ANSI/ASME B16.1.

28.3 A fitting, other than one conforming with the appropriate American National Standard, having
openings threaded for pipe connections, shall be capable of withstanding, without damage or leakage, the
turning effort (torque), see Table 28.1, exerted as if to screw the fitting onto a pipe or into a pipe fitting.

Exception: Rittings that comply with the Standard for Tube Fittings for Flammable, and Combustible
Fluids, Refrigeration Service, and Marine Use, UL 109, having appropriate ratings for.the infended use are
excluded from the requirements of 28.3.

Table 28.1
Torque requirements for pipe connections

Pipe size ANSJ/ASME Outside diameter Torque
B36.10
Nominal in¢ghes Inches (mm) Pound-inches Nem
1/8 0.405 (10.29) 150 17
1/4 0.540 (13.72) 250 28
3/8 0.675 (17.15) 450 51
1/2 0.840 (21.34) 800 90
3/4 1.050 (26.67) 1000 113
1 1.315 (33.40) 1200 137
1-1/4 1.660 (42.16) 1450 164
1-1/2 1.900 (48.26) 1500 175
2 2.375 (60.33) 1650 186
2-1/2 2.875 (73.03) 1750 198
3 3.500 (88.90) 1800 203
4 4500 (114.30) 1900 215

28.4 A tool which fits snugly about the fitting, or to a section of the shank shaped for a wrench, if such
section is provided, is, t0de utilized to apply the turning force. The turning force is to be applied to the hex
of the fitting afljacent.to’where it is attached to piping or, if no hex is provided in this positign, to the body
of the fitting. TThe meéasured torque specified in Table 28.1 is to be applied to the fitting to s¢rew it onto an
extra-heavy pipe.or into a pipe fitting of appropriate size. After the force has been applied, the fitting is not
to leak when subjected to a hydrostatic pressure equivalent to one and one-half times the maximum
working pressure.

28.5 Tapped holes for gas valves, pilots, or other branch supply lines shall have not less than 3-1/2 pipe
threads.
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28.6 Iron or steel, gas-supply pipe employed on devices shall comply with the Standard for Welded and
Seamless Wrought Steel Pipe, ANSI/ASME B36.10M. If brass or copper pipe is employed, it shall be
dimensionally equivalent to iron pipe. Substantial malleable iron, steel, brass, or copper pipe fittings shall

be used with pipe. Unions, where used, shall be the ground-joint type or the equivalent.

28.7 Ends of

piping and tubing shall be reamed to remove obstructions or burrs.

28.8 Compounds used on threaded joints of gas piping shall be resistant to the action of liquefied
petroleum gases.

28.9 Bent supply piping shall have the bends smoothly made without any appreciable reduction in the

cross-sectional are
if necessary te

28.10 Tubing
contour of the
fittings with st
be used.

28.11 If a ve
piping shall bg
instructions sh

28.12 Seamld

equipment shall be not less than 1/4 inch (6.35 mm) outside diameter and shall have a wal

less than that

28.13 Alumin
(371.1°C) ang
neutral reactia

28.14 Steel tlibing of the seamless, brazed, or welded type shall be not less than 1/4 in

outside diame

o imperfections o

a, shall reveal n

ccasioned by the bending process, sha

shall be arranged to avoid being physically damaged, such as by _closely
burner assembly. Tubing connections shall be made by means of compressia
bel or brass nuts. A fitting requiring the use of a gasket to obtainCa gas-tight

tical section of piping is supplied on the upstream side 6f the gas controls
supplied by the manufacturer. If a vertical section of piping is not supplied,
all require the installation of a trap at the inlet of the gas connection of the

ss drawn aluminum or copper tubing employed in the fabrication of factd
shown in Table 28.2.

im tubing shall not be exposed togcondensate or to temperatures in exg
shall not be acceptable for use where it passes through insulating materia
n unless the tubing is adequately protected from the insulation.

ter and shall have a wall-thickness not less than shown in Table 28.2.

Table 28.2
Wall thickness for aluminum, copper, and steel tubing

Il be annealed
cles.

following the
n or flare type
joint shall not

a trap in this
he installation
nit.

ry assembled
thickness not

ess of 700°F
of other than

ch (6.35 mm)

Outgide diameter, Minimum wall thickness, inches? (mm)
inches (mm) Aluminum and copper Steel

1/8 (3.2) 0.029 (0.74) 0.028 (0.71)
3/16 (4.8) 0.029 (0.74) 0.028 (0.71)
1/4 (6.3) 0.029 (0.74) 0.028 (0.71)
5/16 (7.9) 0.029 (0.74) 0.028 (0.71)
3/8 (9.5) 0.032 (0.81) 0.028 (0.71)
7116 (11.1) 0.032 (0.81) 0.028 (0.71)
1/2 (12.7) 0.035 (0.89) 0.028 (0.71)

9/16 (14.2) 0.038 (0.96) - -
5/8 (15.9) 0.038 (0.96) 0.035 (0.89)
3/4 (19.1) 0.045 (1.14) 0.035 (0.89)
7/8 (22.2) 0.045 (1.14) 0.049 (1.24)
1 (25.4) 0.049 (1.24) 0.049 (1.24)
1-1/8 (28.6) 0.049 (1.24) 0.049 (1.24)

Table 28.2 Continued on Next Page
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Table 28.2 Continued

Outside diameter, Minimum wall thickness, inches? (mm)
inches (mm) Aluminum and copper Steel
1-1/4 (31.7) 0.055 (1.40) 0.049 (1.24)
1-3/8 (34.9) 0.055 (1.40) - -
1-1/2 (38.1) - - 0.065 (1.65)

@ Nominal wall thickness of tubing will have to be greater than the thickness indicated to maintain the minimum wall thickness.

28.15 Steel tubing having a wall thickness of 0.053 inch (1.35 mm) or less shall be constructed of
corrosion resistant material such as stainless steel or shall be plated, dipped, coated, or otherwise treated
to resist external corrosion.

28.16 Cadmilllm plating shall have a thickness of not less and 0.0003 inch (0.0076 mm)_ex

where threads
shall be not |
0.0005 inch (d
case the thick]

28.17 Coppe
tinned or eq
temperatures

28.18 Flexibl
The applicati
or abrasion.

is caused by

a) Th

b) The Standard for Connectorsfor Gas Appliances, ANSI Z21.24. Further, if the

is to b
Stand

28.19 A fuell
line opening s

28.20 A 1/81in
shall be furni
burner.

constitute the major portion of the area, in which case the thickness of.the c4

bss than 0.00015 inch (0.0038 mm). Zinc plating shall have a thigkness of
.013 mm) except on a part where threads constitute the major portion of the
hess of the zinc plating shall be not less than 0.00015 inch.

hivalently treated to resist sulphur corrosion. Sueh tubing shall not b
n excess of 350°F (176.7°C).

metallic hose shall be confined to applications where rigid piping or tubing
shall not subject the flexible metallic hose to ‘excessive torsion, tension, vibr
lexible metallic hose shall not be used inr¢onjunction with safety devices or |
utomatic operation. Flexible metallic hose shall comply with one of the folloy

e Standard for Flexible Metallic Hose, UL 536 or
e installed outdoors the/flexible metallic hose shall comply with the requirem
ard Connectors for Outdoor Gas Appliances and Manufactured Homes, ANS

ne shall terminate in a manner which will permit connection to the burner as
hall be plugged.or capped to prevent entrance of foreign material prior to ins

ch (3.18-mm) iron pipe size or larger plugged tapping, accessible for test gau
bhed  dewhstream from the last main line gas control for measuring gas p

cept on a part
dmium plating
not less than
area, in which

tubing or tubing with internal copper surfaces, used for ¢onveying gas, shall be internally

D
C

exposed to

is impractical.
ation, bending
vhere bending
ving:

end product
ents in the
| Z21.75.

sembly. A fuel
tallation.

je connection,
essure at the
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29 Valves and Regulators
29.1 Automatic safety shutoff valves — General

29.1.1 The pressure rating of a valve shall be not less than the maximum operating pressure of the
fuel-burning device.

29.1.2 Safety shutoff valves shall be constructed so that they may not be restrained or blocked in the
open position. Such valves shall close upon being de-energized regardless of the position of damper
operating lever or reset handle.

29.1.3 An electrically operated safety shutoff valve shall not depend on electricity to shut off the fuel flow.

29.1.4 A pres

29.1.5 A byp3d
only. A bypag
safety shutoff

29.1.6 Each main burner supply line shall be equipped with a safety shutoff valve or val

close, indepet
operating con

a) Either two valves in series, one of which is a safety shutoff valve, or one safety

of the
comb
arrang

b) Tw
proof
2,500

c) Tw

closure switch when the maximum firing rate per combustion chamber exceeds 5,

per hd
12,50

shall also includesa normally open 3/4 inch (19.1 mm) or larger electrically operate

vent |

Exceq

sure operated safety shutoff valve shall close upon failure of pressure.
ss to provide for minimum flame may be installed around a valve used to reg

s shall not be installed around a safety shutoff valve or a combkination inp
valve.

dent of external force and with sufficient closing force-to‘provide tight shutoff
Jitions. The following arrangements comply with this requirement:

type incorporating a proof of closure switch, when the maximum firing rate g
istion chamber does not exceed 2,500,000.Btu per hour (732 Kw). The two
ement may be incorporated into a single ‘control body;

pf closure switch, when the maximum firing rate per combustion chamber ex|
000 Btu per hour but is not mere than 5,000,000 Btu per hour (1.46 MW); o
o safety shutoff valves in-series, one of which is of the type incorporating a

ur. Burners havingya maximum firing rate per combustion chamber in exces
D,000 Btu per hour and equipped to fire fuel gas having a specific gravity les

ne located between the two safety shutoff valves.

tion; »If an automatic valve proving system is installed to verify that both

valves

ilate fuel input
ut control and

ves which will
under normal

shutoff valve
er
valve

o safety shutoff valves in series, or\one safety shutoff valve of the type incofporating a

ceeds

broof of
D00,000 Btu
5 of

s than one
d valve in a

safety shutoff

are leak-free during each burner cycle and functions to prevent light-off in

the event of a

leak, a normally open vent valve is not required to be used.

29.1.7 Each pilot supply line shall be equipped with a safety shutoff valve. This may be incorporated into
a main line combustion gas valve.
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29.1.8 Gas safety shutoff valves shall shut off after being de-energized within the time limits specified in
Table 36.1.

29.1.9 Means shall be provided to facilitate testing automatic gas valves for leakage when in the closed
position.

29.1.10 Automatic safety shutoff valves shall be constructed and tested in accordance with the Standard
for Electrically Operated Valves, UL 429 or equivalent nationally recognized automatic valve safety
standard.

29.2 Manually operated valves

29.2.1 Manua randle which is

operatet & ctO o PO oto & v cl creeel C

positioned pa
so that they 4
may be by mq
and perpendid
both fully ope

29.2.2 A mar
burners of ead
shutoff valves

29.2.3 In add
in the gas ling
testing of the

Exception: T
manufacturer
and the instrul

29.2.4 A man

29.2.5 Manud

Valves for Flammable Fluids, UL[)842, or equivalent nationally recognized manual valve s3

allel to the gas flow when the valve is in the open position. These valves-gh
re accessible and they shall have indicated “ON” and “OFF” position§.\Thg
ans of a line on the valve stem which is parallel to the flow of gas when the
ular to the flow of gas when the valve is closed. The valve shall @lso incorp
h and fully closed positions.

ually operated main burner shutoff valve shall be installed in the line supg

h gas device and shall be located upstream of main burner gas control and al

tion to the manual value required in 29.2.2, a manually operated gas valve sh
of the main burner, located downstream of alhautomatic safety shutoff valve
safety shutoff valves for leakage.

he manual valve specified above ismot required if other means is provided
to independently test each automatic safety shutoff valve. Any special tools
ctions needed to perform the leakage testing shall be provided by the burner

pally operated pilot shutoff\yalve shall be located in the gas supply line to the

lly operated valves ‘'shall be constructed and tested in accordance with the

all be located
se indications
valve is open
brate stops for

lying all main
tomatic safety

all be installed
5 to permit the

by the burner
or equipment
manufacturer.

pilot burner(s).

Standard for
fety standard.
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29.3 Gas pressure regulators

29.3.1 Spring or weight loaded regulators shall have springs or weights covered by a housing. A weight

and lever type of regulator shall not be used.

29.3.2 The diaphragm housing of a gas pressure regulator shall be made so that a vent pipe may be

connected. See Markings, 63.2, for tagging of vent line connection.

Exception: When the gas pressure regulator is provided with an integral leak limiting orifice, the vent pipe

connection and marking of the connection need not be provided.

29.3.3 The gas pressure regulator shall be located upstream of all automatic gas controls except as

indicated in 29-34-

29.3.4 The gas pressure regulator may be located downstream of the automatic safety s
provided the Qurner is marked as indicated in 63.18.

29.3.5 Except as indicated in 29.3.6, a gas pressure regulator(s) shall be furnished.
29.3.6 A burner or device may be furnished without a pressure regtlator provided it i
marked to dedlare that a regulator capable of being adjusted to the equipment’s designed b
pressure shall be installed at the time of installation of the equipment. See 63.3.

29.3.7 Gas p
Appliance Prg

ressure regulators shall be constructed and tested in accordance with ANS

30 Bleeds and Vents

30.1 A bleed|line from a diaphragm valve and-an atmospheric vent line from a gas-press
pressure intefflock switch or any other gas‘train component that requires atmospheric g
balance a diaphragm, shall be provided with-threaded pipe connection for venting in accor
manufacturerg instructions. Unless the-butnhers are equipped for constant-burning pilot only
of a regulator [shall not vent into the combustion chamber. Bleed lines shall be not less tha
mm) outside diameter tubing.

30.2 Bleed lirfes from diaphragm control valves and vent lines from gas-pressure regulators
the combustign chambersshall terminate in burner tips made of a metal having a melting p
of 1450°F (788°C). Théy shall be located so that the escaping gas will be readily ignited
flame and the|heat liberated will not impair the operation of the thermal element. Bleed line
be securely held so that the ports are in a fixed position relative to the pilot flame.

hutoff valve(s)

5 permanently
Lrner manifold

Z21.18, Gas

ssure Regulators, or equivalent nationally recognized pressure regulator safety standard.

sure regulator,
ir pressure to
lance with the
, the vent line
n 1/4 inch (6.4

5 that vent into
oint in excess
from the pilot
burners shall

30.3 A vent line from a gas-pressure regulator shall not be connected into a common line with a bleed
line from a gas-operated diaphragm or from a relief valve.

30.4 Atmospheric vent lines, when manifolded, shall be connected to a common vent line having a cross
sectional area not less than the area of the largest vent line plus 50 percent of the areas of all the
additional vent lines.
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30.5 Gas vent lines with normally open, fully ported, electrically operated valves shall be sized in

accordance with Table 30.1.
Table 30.1
Vent line sizing
Fuel line size, nominal pipe size, inches Vent line size, nominal pipe size, inches
Up to 1-1/2 3/4
2 1
2-1/2 1-1/4
3 1-1/4
4 2
5 2
6 2-1/2
8 3
31 Gauges
31.1 A pressyure gauge, when used, shall have a scale range of at least*one and one-half times the

maximum inte
as well as th

nded operating pressure of the burner and greater than,the maximum oper
e pressure obtained at the maximum setting of any, relief or pressure-re

included as part of the burner equipment.

32 Ignition Systems — General

32.1 The ele
constructed a

ctric igniter, pilot burner, and pilot apd~main burner flame-sensing dey
nd supported so that each will be fixed.in its intended position.

32.2 The medns for ignition shall be so designed and located as to avoid the collection

other material
accordance w|

32.3 The cor

, or the dislocation, distortion,*or’ burning of parts when the burner assemb
th these requirements.

struction of a burner.assembly shall be such that the igniter assembly n

withdrawn from and replaced in the\burner assembly during servicing of the igniter assem

assembly with

a) Rsg
metal

b) Ch

out resulting in;

duction of the ‘clearances between bare current carrying parts, electrodes, a
parts;

anges'in the air gap at electrode tips;

hting pressure

gulating valve

ices shall be

of carbon and
ly is tested in

ay be readily
bly and burner

nd grounded

¢) Reduction of the spacings between the high potential cables and grounded metal parts; or

d) Changes in the position of the igniter or pilot relative to the area at which ignition is to be
initiated.
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32.4 The lighting of the main burner flame shall be accomplished by a pilot flame or by an electric igniter
complying with 32.5 or 32.6 and 32.7.

32.5 For an automatically ignited mechanical draft burner, the lighting of the main burner flame may be
accomplished directly by an electric igniter if the burner, in conjunction with the appliance on which it is
used, complies with Delayed Ignition Test, Section 51. However, the maximum fuel input that is ignited
directly by an electric igniter shall not exceed 2,500,000 Btu per hour. See 32.7.

32.6 For an automatically ignited mechanical draft burner, ignition of the main burner flame may be
accomplished by an interrupted or intermittent direct ignition with gas assist, see 5.32, that is piped
downstream of the main safety shutoff valves. When the direct ignition with gas assist provides interrupted
ignition, the gas aSS|st system shall have a separate SSOV to mterrupt the fueI Th|s system shall be

evaluated as g

71 The gas-fired

burner assem 3Iy shall comply W|th the Delayed Ignltlon Test, Sectlon 51. The maximum-fugl input that is

ignited directly
32.7.

32.7 If the maximum firing rate of a gas burner on which the main burner flame is lighted

electric igniter
exceed 2,500
arrangements

a) A

b) A
input

c) St
(see 4
energ

32.8 The igni
zone and sha
off at the term
flame electric
required upon

by an electric igniter (direct ignition system) shall not exceed 2,500,000, Btu

exceeds 2,500,000 Btu per hour per combustion chamber,. thenitial ignition
000 Btu per hour. The ignition input shall be controlled*oy “one or more o

ow-fire start-up proved by a low-fire hold interlock.arrangement;

Elow-opening gas valve arranged so that in 5'seconds after the valve is ener
ate to the burner does not exceed 2,500,000 Btu per hour; or

tged fuel input by either a step-opening valve or an arrangement of two sepg
9.1.5). The second stage input shall'be delayed not less than 5 seconds fro
zation of the first stage.

ion system for the main-burner shall be activated before the delivery of fuel
| remain active during the‘main burner flame-establishing period. If means fo
nation of the main burner flame-establishing period, the ignition (pilot and an
igniter) shall remain off for the duration of that firing cycle and for the p
attempting the.next firing cycle in accordance with 36.3.

per hour, see

directly by an
input shall not
the following

gized the fuel

rate valves
m the

to the ignition
ignition is cut
y pilot or main
Lirge period(s)
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33 Electric High-Tension Ignition
33.1 Spark igniters

33.1.1 Current carrying parts, such as a bus bar, electrode, or terminals, shall be enclosed or insulated
to provide protection against accidental contact.

33.1.2 If an adjustable air deflector or similar part is employed in the vicinity of bare conductors, the
construction shall be such that the part may be securely fixed to maintain any spacing required to conform
to 33.2.2.

33.1.3 The ignition system shall be subjected to the test specified in 58.2.1 and 58.2.2.

33.2 Electrode and bus bars
33.2.1 Bare dlectrodes and bus bars shall be self-supporting when in place.

33.2.2 An electrode or bus bar supporting an electrode shall be designed solthat it may |be fixed in its
proper positiop, and will maintain the desired gap.

33.2.3 A setsfrew shall not bear directly against an insulator. The design shall be such that an insulator
is not likely tojbe damaged when tightening the securing means.

33.2.4 An eleftrode shall be prevented from rotating within jts.insulator, unless such rotation will not result
in any chang¢g in spacing or alignment.

33.2.5 An eleftrode tip shall be of such design and material that extreme burning of its point will not result
when the burper is tested in accordance with these requirements. A high-temperature plloy steel, or
equivalent material, shall be used for the electrode tip.

33.3 Insulatars

33.3.1 An insplator shall be made of ceramic insulating material or the equivalent, impervjous to oil and
moisture and ¢leanable by wiping. 'See 58.3.1 and 58.3.2 for the test method to confirm conformance with
this clause.

33.3.2 An insplator shallsprovide a distance, as measured across the surface of the insulator, between
the nearest ppint of bare-current carrying parts and the nearest electrically grounded mdtal surface as
indicated in Table 33,1~
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Table 33.1
Spacing over surface of insulators

Secondary voltage of ignition Minimum surface distance over insulator?, inches (mm)
transformer
Not more than 6,000 1 (25.4)
Not more than 10,000 1-1/2 (38.1)
Not more than 15,000 2 (50.8)

the dielectric test in 58.2.1.

2 For burners equipped with solid state ignition modules, the over-surface spacing shall be based on peak voltage of the
ignition system. For solid state ignition systems, the over-surface spacing may be reduced upon successful completion of

ormer having a

secondary vol age of not more than 6, 000 need not conform to 33 3.2 and Table 33 1 ifignition is to be

for combustible air-gas mixtures only within or adjacent to a pilot tip or nozzle.

33.3.4 An insplator shall be so located that no detrimental accumulations of carbon will fgrm on it when

the burner is fested in accordance with these requirements.

33.4 Leads

33.4.1 Ignitio; cable shall have a voltage rating equal to or greaterdhan the rated secondary voltage of

the ignition tr.

ignition modules shall be based on the peak voltage of the ighition system. If the ignition
the peak rating shall be determined by multiplying the RMS rating by 1.4.
ad shall be provided with a fixed loop, eyelet; or connector to facilitate and enpure adequate

an RMS ratini,
high-tension |

nsformer. The peak voltage rating of the ignition cable for burners equipped with solid state

table has only
Fach end of a

connection to|the terminal. A high-tension lead or cable shall be run individually in a manner to avoid

sharp bends.

33.4.2 The rgquired voltage rating(s) of the ignition cable shall be determined utilizing the

test methods

of the Standaid for Appliance Wiring Material,"UL 758 or the Standard for Gas-Tube-Sign Gable, UL 814.

33.5 Transfofmers

33.5.1 A tran
location shall
assembly is in
the case withi

33.5.2 A spa

5former shall be mouinted as closely as possible to the spark gap to avoid

be such that it"will not be placed within 1 inch (25.4 mm) of the floor wh
stalled in acéordance with the manufacturer’s installation instructions unless
h 1 inch (25.4 mm) of the floor is waterproof.

ong leads. Its
en the burner
that portion of

Cing ©f "at least 1/8 inch (3.2 mm) shall be provided between a transformer secondary

terminal insuleftor and any adjacent metal part other than the transformer case.

33.5.3 The preceding requirements for electric high-tension ignition systems are based upon the use of
ignition energy that is essentially sinusoidal. Other types of systems employing ignition energy that is not
essentially sinusoidal may be considered. Among the factors taken into consideration in determining the
acceptability of such systems are dielectric properties, electrical spacings, the true root-mean-square
(rms) value and the peak voltage of the system, the average pulses, duration of the pulses, and duty

cycles.
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34 Gas Pilots

34.1 Except as indicated in 32.4, each main burner unit shall be equipped with a proved pilot to
accomplish proper ignition of the main burner. If multiple burners are operated as a unit, a sufficient
number of pilots shall be employed to accomplish the ignition of all main burners smoothly. The input to
a pilot or the total input to all pilots being ignited simultaneously shall be in accordance with the Delayed
Ignition Test, 51.1 and shall not exceed 5 percent of the maximum input of the main burner or total

maximum input of all burners being operated as a unit for the following burners:

a) Fo

b) Fo

r an atmospheric natural draft burner; and

r any burner employing intermittent pilots.

34.2 If the ing

ut to a pilot or total input to all pilots being ignited simultaneously exceeds-4(

hour the burngr in conjunction with the appliance on which it is used shall comply withthe D

Test, Section

34.3 The gas|
burner gas re(
from all main

34.4 Primary

34.5 A pilot b
that their posi
and means sh
in relation to t

34.6 Clearan
gas tubing.

34.7 If a pilot
side or top of
regulators.

1.

supply pressure to the pilot or a group of pilots shall be regulated separate
ulator. The pilot-supply line shall be connected, or arranged te'permit connec
burner valves and the main burner regulator.

ir openings and orifices shall be accessible for serviging.

urner, electric igniter, and pilot flame-sensing device shall be supported in s
ion relative to each other and to the ports of\the main burner or burners wi
all be provided to prevent the accidental incorrect assembly or mounting of a
he burner being served.

e shall be provided for removal and replacement of the pilot burner without k

burner supply line is takenfrom a horizontal line, the connection shall be mag
the pipe. The pilot supply line shall be connected upstream of all main burr]

0,000 Btu per
blayed Ignition

ly of the main

tion, upstream

uch a manner
| remain fixed
ny pilot burner

nking the pilot

e either at the
er valves and
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35 Control Applications

35.1 A safety-control circuit shall be two-wire, one side grounded, having a nominal voltage of not more
than 120V. A safety control or protective device shall interrupt the ungrounded conductor.

35.2 With respect to 35.1, the safety control circuit is defined as any low or high voltage circuit (see 5.25)
in which at least one of the controls and safety devices described in Sections 29, 32, 33, 34, 36, 37, and
38, is located and powered.

35.3 The safety control circuit shall be constructed so that a safety control or protective device cannot be
rendered ineffective by short-circuit(s) to ground. Safety-control-circuit arrangements other than described

in 35.1 shall provide equivalent protection.

35.4 The req
extension of

35.5 A safety]
circuit that ca
the electrical

35.6 All safet

35.7 As appli
will remain in
each control i

35.8 Nothing
or allowing firi

35.9 Where ¢

Lirement of 35.1 does not apply to a supervised circuit within a safety ‘€0
uch circuit to a separate element of the control, such as a flame-sensing, de

control circuit shall be arranged so that it may be connected tora’power
N be protected against overcurrent at not more than the value appropriate fqg
omponents included in the circuit.

controls shall be accessible, with respect to inspection ‘and servicing.
cable, a safety control shall be supported in such‘a manner that it and its se
he intended position. It shall be possible to determine by observation or test
5 in its intended location.

shall be provided for the purpose of permitting any safety control to be rendg
ng of the burner without the protection of each of the required safety control

0 specified, safety shutdown may be provided either by employing manual 1

controls or it may be affected remotely by utilizing the manual reset feature of another contr

primary safety
as a visual ing
causes safety|

35.10 A burn
manual restar

control. For systems whére the reset feature is remote from the limit control
ication or annunciation,shall be provided to indicate the limit control has op
shutdown.

er assembly not) equipped to provide automatic restarting shall be arrang
after any _eontrol functions to cause the fuel supply to be shut off and follow

of an interrupted powefsupply.

35.11 A burn

r assembly shall permit the installation of a limit control(s) to prevent excessi

temperature in the appliance being fired.

hirol or to the
ice.

supply branch
r the rating of

nsing element
whether or not

red ineffective

D.

eset type limit
pl, such as the

means, such
crated when it

ed to require
ng restoration

Ve pressure or

35.12 The safety control circuit of a burner intended for use with a limit control, which functions to
interrupt or reduce the delivery of fuel for combustion by opening an electrical circuit, shall be arranged to
permit the limit control to be wired into the circuit so as to effect the direct opening of that circuit, whether
the switching mechanism is integral with the sensing element or remote from same.
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35.13 The purpose of the requirement in 35.12 is to prevent interposing in the limit-control circuit with
other safety controls, the failure of which may result in a condition the limit control is intended to prevent.
For this purpose, a limit control may interrupt the pilot circuit of a magnetic-type motor controller which, in
turn, directly opens the desired circuit when it is necessary to interrupt a single-phase circuit carrying a
load greater than the capacity of available limit controls, or to interrupt a multiphase circuit.

35.14 A limit control which functions by opening a switch shall directly interrupt the power supply to the
safety shutoff valve(s) except when two safety shutoff valves are used in the main burner supply line, see
29.1.6. One of the valves may be controlled through a contactor of a type that complies with the
requirements for use in a safety control circuit.

35.15 Each burner assembly circuit shall be arranged to prevent feedback by a motor capacitor, or similar
deVICe from e IUIH;I_;IIH (=3 fUU: VCJ.:VU A4 ;Ull;t;ull dGV;UU.

36 Primary Safety Controls

36.1 Each aspembly shall be provided with a primary safety control that will deenergize the main burner
safety shutoff valve upon loss of flame at point of supervision.

36.2 Loss of {lame at the point of supervision shall result in de-energization of the safety shutoff valve by
the primary sdfety control and safety shutdown for the following burners:

a) Power burners and mechanical draft burners havingian‘input in excess of 2,500,000 Btu per
hour (732 Kw) firing gas;

b) Any type of burner equipped with a manually~lighted continuous ignition source|(iel pilot);
and

c) A burner employing direct electric ignition of main burner gas.

36.3 Following the loss of flame at the pojnt-of supervision and de-energization of the safety shutoff valve
within the timg interval specified in Table86.1, the ignition means may be automatically reagctivated for an
attempt to restart the burner under the-following conditions:

a) For a power burner(or'a mechanical draft burner having an input not exceedind 2,500,000
Btu pé¢r hour (732 Kw) firing gas after completion of the purge in accordance with 7.1 or 37.2;
and

b) For any natdral draft gas burner after a 5 minute delay if the burner has unrestficted air
passages.or after a 90 second delay after opening of an automatic damper.

36.4 A primary safety control shall conform to the requirements of 36.5 — 36.8 and provide programming
and monitor burner operation in accordance with Table 36.1 as appropriate.

36.5 The operation of the primary safety control shall be such that after the end of the main burner flame
establishing period the combustion detector is responsive only to the properties of main burner flame.
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36.6 The control system for a burner assembly equipped with a pilot for ignition of main burner flame shall
be arranged so that no gas can flow to the main burner or burner group operating as a unit unless the
pilot is proved. See 34.1.

36.7 Pilot supervision by the primary safety control shall be only at the point where the pilot flame will
effectively ignite the gas at the main burner or burner group with the pilot burning with any flame capable
of actuating the safety control.

36.8 If a pilot is not proved, the gas to the pilot shall be automatically shut off and safety shutdown
established. In the event of pilot extinguishment the gas to such pilots shall be shut off within the time
interval specified in 36.12. A pilot, independently supervised, having an hourly input of 5000 Btu per hour
or less, intended to light a larger pilot which is supervised in accordance with 36.6 and 36.12, is
acceptable.

36.9 When an automatically ignited pilot is used, the pilot flame shall be proved beforé the main fuel valve
is energized. Fuel to the pilot shall be shut off and safety shutdown shall occur,if the pilgt flame is not
proved.

36.10 If burngr assemblies are designed for multiple installation in single“devices, the au
control mechanism of each burner assembly shall operate independently:of'the other, or eq
features shall|be provided so that in no case can any one burner operate unsafely.

36.11 With respect to 36.6, 36.8, and 36.10 for an atmospheric‘hurner consisting of sectior]
burners wher¢ each section or group is ignited by its own preved pilot and each pilot ¢
section or groyp is supervised by its own primary safety control, each section or group is to
as an individupl burner. If a pilot is not proved during the-trial for ignition or if a pilot flame i
during the burner operation, safety shutdown of that particular section or group only needs

tomatic safety
Livalent safety

s or groups of
r main burner
be considered
5 extinguished
to be effected

and the oper

Combustion Tlest requirements in 43.1 — 43.3.

ion of all other groups may continuertnaffected, provided the appliance complies with the

36.12 The time required to prove an expanded pilot, the pilot flame-establishing period for intermittent and
interrupted pilpts, and the main burneg-flame-establishing period for a burner ignited by a pilot or directly
by an electricfigniter, shall be as indicated in Table 36.1, as applicable.

Table 36.1

Required programming and timings based on maximum fuel input rating

Operation

Maximum firing rate per combustion chamber

Above 400,000 Btuh
(117,228 W) to
2,500,000 Btuh (732,

Above 2,500,000 Btuh
(732,678 W) to
5,000,000 Btuh

Above p,000,000 Btuh
(1,465,358 W) to
12,5p0,000 Btuh

578 W)

(1,465,356 W)

(3,663,389 W)

Prepurge

Pilot type and flame establishing period

Main burner flame establishing period
Ignited by pilot
Direct ignition

Four air changes in 90
seconds with proven
airflow, or at 60 percent
damper opening, with
both damper opening
and airflow proven
Intermittent or
interrupted, 15 seconds
maximum®

15 seconds maximum
4 seconds maximum

Four air changes at 60
percent damper
opening with both
damper opening and
airflow proven

Interrupted, 10 seconds

maximum

10 seconds maximum
4 seconds maximum?

Four air changes at 60
percent damper
opening with both
damper opening and
airflow proven

Interrupted, 10 seconds

maximum

10 seconds maximum
4 seconds maximum?

Table 36.1 Continued on Next Page
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Table 36.1 Continued

Operation

Maximum firing rate per combustion chamber

Above 400,000 Btuh
(117,228 W) to
2,500,000 Btuh (732,
678 W)

Above 2,500,000 Btuh
(732,678 W) to
5,000,000 Btuh
(1,465,356 W)

Above 5,000,000 Btuh
(1,465,358 W) to
12,500,000 Btuh

(3,663,389 W)

de-energization

Proven low fire start

Flame failure reaction timeP
Safety shutoff valve closing time after

Action required on flame failure

4 seconds maximum
5 seconds maximum

One recycle permitted

4 seconds maximum
1 second maximum

One recycle permitted

4 seconds maximum
1 second maximum

Safety shutdown

Combustion air proving

Gas pressure syipervision

Action required pn loss of combustion air

Safety shutdown except
may recycle once. See
27.10

Low and high gas
pressure switches
required for direct
ignition, Not required
for piloted ignition
systemsd

required
Not required Required Required
Required Required Requiredl

Safety shutdown except
may recycle once. See
27.10

Low and high gas
pressure switches
required

Safety-shutdown

Low and high gas
pressurg switches
required

34.2.
d See 38.1.

a8 Maximum fuellinput at light off not to exceed 2,500,000 Btu per hour (732,678W)) See 32.5.
b The flame-failfire reaction time is to be considered, the interval between the ‘actual flame extinguishment and the time the
safety shutoff d¢vice (such as a gas valve) is de-energized.
¢ The pilot flamg establishing period shall not exceed 4 seconds if the pilot input exceeds 400,000 Btu per hour| (117 Kw). See

36.13 Supervjsion of the main gas burner flame.is*not required on a burner equipped with gn intermittent
pilot that is slipervised throughout the burner operating cycle in accordance with the Pilpt Supervision
Test, 48.2 angl the Ignition Test, Gas-Electric High Tension 49.1, provided the maximum/firing rate per
combustion chhamber does not exceed.the-following:

a) 2,900,000 Btu per houf\(732,678 W) for a mechanical draft burner; or

b) 5,900,000 Btu pef hour (1,465,356 W) for an atmospheric burner.

36.14 Superyision of ¢he' main gas burner flame only shall begin at the end of thel main burner

flame-establishing period if:

a) Thesmaximum firing rate per combustion chamber is more than 2,500,000 Btu per hour

(732,678 W) Tor a mechanical draft burner and 5,000,000 Biu per hour (1,465,356 W) for an

atmospheric burner;

b) The burner assembly is equipped with an interrupted pilot or an electric igniter for ignition of

the main burner gas; or

¢) The maximum firing rate per combustion chamber is more than 2,500,000 Btu per hour
(732,678 W) and modulating or high-low firing is employed.

If the main burner flame is not proved, safety shutdown shall be established.
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36.15 A primary safety control shall be constructed and tested in accordance with the Standard for
Automatic Electrical Controls for Household and Similar Use — Part 2: Particular Requirements for Burner
Ignition Systems and Components, UL 372.

37 Purge and Combustion Air Monitoring Controls

37.1 A forced or induced draft burner assembly shall provide preignition purging for the combustion
chamber, heat exchanger, and flue passages of the device to which the burner assembly is to be applied,
immediately before ignition of an interrupted or intermittent pilot or before delivery of fuel to the main
burner for direct ignition by an electric igniter, whichever is applicable. Purging shall continue for a
sufficient time to make sure a minimum of four air changes of this volume. With the air flow proven and
the air dampers proven to be open the air flow rate shall be at least equivalent of that provided for
combustion a

FaYaY  of o dacl bl £ H 3
oo pPCTCCT o teTatCtT g i S putt

Exception: R

purging may |
than 90 secor

37.2 Purge p
providing purg

a) A
for col

b) A
for col
obtain

37.3 A purge
marking on tH

or a burner assembly having an input not exceeding 2,500,000 Btuti\(73
be accomplished at a damper opening that provides at least four air ¢hange
as.

briods at air flow rates not less than those indicated in (a) and (b) may be
ing in accordance with 37.1:

burge period of 30 seconds, during which time air flow at a rate equivalent tg
Mmbustion at rated, high-fire input of the burner assembly or device is obtaine

purge period of 60 seconds, during which time-air flow at a rate equivalent tg
mbustion at 60 percent of rated, high-fire.input of the burner assembly or de
ed.

of a shorter time than specified ini37.2 is acceptable for a burner that is dg
e burner for use only on a spécific appliance and it is determined that th

provides at le
passages of t

than equivalent to that provided for combustion at 60 percent of the maximum rated high-fir¢
the purge the [air flow and the damper position shall be proven.

37.4 With respect to 37.1 —37.3 if there is a loss of air during the purge, a complete req
four air changgs or the regulired period of purge shall be provided after reestablishment of

37.5 The purging petiods required by 37.1 and 37.2 shall either be provided as part of the

past four complete air changes- for the combustion chamber, heat exchange
e appliance. However, the purging shall be accomplished with the air flow at

2 678 W), the
bS in not more

considered as

that provided
d; and

that provided
ice is

signated by a
e shorter time
r and the flue
A rate not less
e input. During

uired purge of
air flow.

primary safety

control progrgmming or by a separate device, arranged so that the ignition of the bur

er cannot be

initiated if the Pevice has failed in a manner that will not provide purging in accordance with B7.1 and 37.2.

37.6 An atmospheric or natural draft burner equipped with an automatically operated air shutter and/or
draft damper which is closed or positioned so as to restrict the passage of air when the burner is not firing
shall provide means to open such air shutters to the high-fire position and/or dampers for a period of at
least 90 seconds immediately before each light-off cycle is initiated.
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37.7 For convenient reference, the requirements for purge and action required on loss of combustion air
are also included in Table 36.1.

38 Gas Pressure Controls

38.1 A burner shall be equipped with low and high gas pressure switches if:

a) The maximum firing rate per combustion chamber exceeds 2,500,000 Btu (732,678 W) per
hour; or

b) Regardless of the firing rate, the burner is equipped with an electric igniter for direct ignition

of the

main burner gas.

The switches

shall cause a safety shutdown in the event the gas pressure varies by £50

rated pressur¢ downstream of the main burner regulator. The low gas pressure switch 'sh

upstream of th
gas pressure

38.2 With res|
regulator and

e safety shutoff valve(s). The high gas pressure switch shall be located dow
regulator and may be located downstream of all main burner gas(upply con

pect to 38.1, the high gas pressure switch may be located dewnhstream of th
upstream of the safety shutoff valves if it can be determined the burner

operation at the intended pressure settings. A burner incorporating a’zero governor co

valve(s) that

cause safety shutdown and lockout if the combination gas valve’s gas re

deemed to mget the intent of the requirements for high gas-pressure supervision.

38.3 Gas pre
Controls, UL

39 Interlockg

39.1 A contrg
similar purpog

5sure switches shall be constructed and tested in accordance with the Star
53.

| device provided as an interlock’in the burner fuel supply-combustion air sy
e shall comply with the requitements specified in the Standard for Limit Cor

40 Combination Gas-Oil Burners

40.1 A combi
being fired wi
intended to b4

40.2 A combi
from one fuel

nhation burner inténded to burn only one fuel at a time shall be arranged so th
| be shut off automatically when the burner for that fuel is not in firing pog
fired.

nation\burner intended to burn only one fuel at a time, equipped to change
to the other, shall be arranged so that the fuel being fired is shut off before th

delivered to tH

percent of the
all be located
hstream of the
trols.

e main burner
is capable of
mbination gas
julator fails is

dard for Limit

stem, or for a
trols, UL 353.

at the fuel not
ition or is not

automatically
e other fuel is

é.ignition zone. The ignition system for the fuel to be fired shall provide a

predetermined

trial-for-ignition period and shall be activated simultaneously with or before the initial delivery of the fuel to
the ignition zone.

40.3 A burner intended to burn both gas and oil simultaneously shall be arranged so that the maximum
operating input cannot exceed the maximum capacity of the burner as fired.
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40.4 An automatically or remotely lighted combination burner shall be equipped so that no gas can flow
to the main burner or burner group operating as a unit unless satisfactory ignition of the main gas burner
is assured (proved pilot).

40.5 A combination gas-oil burner intended to burn one fuel at a time shall be provided with a fuel selector
switch connected to the burner control circuit so that it permits firing only the selected fuel. For the
purpose of changeover from one fuel to the other, the switch may be operated either manually or
automatically, such as by the outside temperature. It's operation and marking shall be arranged in
accordance with 40.6 — 40.8.

40.6 The fuel selector switch, when switched from one fuel to the other, shall be arranged to activate
simultaneously and make effective all the required ignition devices, fuel control valves, interlocks and any
other safety ¢ }

S [l H £ EYN [l ool £
PprtrOTSTeCUTCUTOT e~ STTCCTCU—ToOC

40.7 The fuel|selector switch shall be arranged to operate in accordance with one of the fpllowing:
a) Th

opera

e fuel changeover can be affected only at the time the burner is_shut down b
ing control;

y an

b) If the fuel changeover can be effected at the time the burnekis in operation and preignition
purgirlg is not specified for the newly selected fuel, the burner‘eperation is to be irfterrupted for
a sufficiently long time so that ignition of the newly selected, fuel can not be effectgd by the

previdusly fired fuel, as determined by Fuel Changeover/Test, Section 54; or

c) Ift
purge
after ¢
safety

40.8 Foram
fuel and the o

PERFORMAN
41 Test Meth
41.1 Firing c

41.1.1 The cd
below unless

nhe fuel changeover can be effected at the timethe burner is in operation ang
is specified for the newly selected fuel, thefuel changeover shall be accomj
L burner shut-down. The restart with the newly selected fuel shall provide all
functions, including the preignition. purge.

hnual fuel selector switch, the switch position shall be clearly marked indicat
ff position. See 63.15.

CE
ods
pnditions

nditions-for firing burners during tests outlined in these requirements are to bq
btherwise directed by an individual test requirement.

preignition
lished only
the required

ng the type of

b as described

41.1.2 The draft is to be as recommended by the manufacturer.

41.1.3 The firing rate at high fire is to be equivalent to the rated input of the equipment being fired.

41.1.4 The fir

ing rate at intermediate fires is to be as recommended by the manufacturer.
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41.2 Temperature measurements

41.2.1 Unless otherwise indicated, surface temperatures are to be determined by a potentiometer and
bead type thermocouples not larger than 24 AWG.

41.2.2 If electrical conductors are involved, temperatures are to be measured on surfaces of the
conductor insulation, which conductors are to be placed against enclosure surfaces they are likely to
touch. The junction of the thermocouple should be held in good thermal contact with the surface of
electrical conductors, preferably with an adhesive or cement. Pressure sensitive tape may be used,
provided good thermal contact is achieved, and provided the application of the tape does not create air
spaces adjacent to the conductor or between layers of tape and provided that the tape has an emissivity

comparable to that of the conductor.

41.2.3 Therm
brazing. The

brazing metal
temperature
provided that

41.2.4 Therm
or taped to th

41.2.5 Unless
measured dur

41.2.6 Tempsg

consecutive rgadings taken 15 minutes apart at observed maximum temperature points.

41.3 Test installation

41.3.1 The by

the burner to e tested, except that a burher intended for application to a specific appliance

as applied to
designed.

41.3.2 All hed
fired for the tg

pcouples are to be attached to metal surfaces at high temperature by weldin
httachment should be made with a minimum projection of the thermo€ouplg
outward from the metal surface. Thermocouples may be attached to.metal su
vith cement or pressure sensitive tape, provided good thermal(contact is
he tape does not create an air space adjacent to the metal surfaces.

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

otherwise indicated, the limits are based upon the rise in temperature aboyv
ng the test as described below.

ratures are to be ascertained by temperature changes of not more than 5°F

rner is to be installed for testiin an appliance of a size commensurate with th

that appliance or an.appliance representative of the appliance for which

ting surfaces in_contact with combustion products and the flue pipe of the a
st are to be.thioroughly cleaned before the combustion test is begun.

41.3.3 The

y, soldering or

lead and the
faces at lower
achieved and

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

e the ambient

3°C) for three

e firing rate of

may be tested
the burner is

ppliance to be

blirner_is\e be arranged for operation in accordance with the instructions fufnished by the
manufacturerrr.]‘The burner is to be fired at a rate within the rating of the burner. A fire box,

like, as recommended or furnished by the manufacturer, is to be provided.

hearth, or the

41.3.4 The burner is to be fired with each of the specified gases for which the burner is rated and the
air-fuel ratio adjusted in accordance with the manufacturer’s instructions. The draft over fire is to be the
value recommended by the manufacturer. Voltage is to be adjusted to the normal test voltage specified in
Table 41.1.
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41.4 Test voltage

41.4.1 Unless otherwise specified, burners are to be tested at the potentials indicated in Table 41.1 for

each test.

Table 41.1
Test voltages

Rated voltage Normal test voltage Overvoltage Undervoltage?
110 — 120 120 132 102
208 208 229 177
220 — 240 240 264 204
254 + 277 277 305 235
440 1- 480 480 528 408
550 + 600 600 660 510
Other Rated 110 percent rated 85 percgnt rated
2 Values in thig column are applicable to alternating-current potentials. Undervoltage tests for a\direct-current purner or
component arg to be conducted at 80 percent rated voltage.

42 Power Input Test

42.1 The pow
appliance.

42.2 To deteqmine if an appliance complies with the requirement specified in 42.1, the po
be measured ith the appliance at the temperature attainéd under intended operating cond
conditions, and while connected to a supply circuit of\rated voltage as specified in 41.4.1.

43 Combustion Test

43.1 Combustion shall be complete in the'space provided by the device or, if a burner as
space recommended by the manufacturer;,” and no carbon monoxide in concentration in e
of 1 percent ghall be present in air free’samples of the flue gases taken over the full oper
the burner agsembly. The rate(s) shall be defined as the manufacturer's specified mi
maximum inplit(s) for which thé burner (or device) is intended to operate.

43.2 Complete and stableicombustion shall be maintained at the minimum rate of firing
sudden chanjge in the{gas firing rate between maximum and minimum rates. Ign
accomplished|safely:

er input to an appliance shall be no more than 140, percent of the marked rating of the

wer input is to
tions, full-load

sembly in the
cess of 4/100
ating range of
himum and/or

or during any
tion shall be

43.3 The performance of a burner assembly or device during shall be such that:

a) Ignition is obtained on each cycle within the expected safe period of time;

b) Ignition is obtained at each cycle without flash of flame outside the heating dev
fired and without damage to parts of the device;

c) Stable fires are obtained at all operating firing rates;

d) No soot has been deposited on surfaces of the heat exchanger, flue passages,
connector of the heating device fired for the test;

ices being

or vent
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e) Surfaces of the fire box, hearth, electrodes, and igniters and their insulators are free from
detrimental formation of carbon, soot, and tar, and;

f) A pilot does not deposit detrimental carbon when adjusted according to the manufacturer’s
instructions.

44 Endurance Test
441 The burner is to be fired until steady-state combustion conditions exist. Observations are to be made

for each operating fire. For a modulating burner, these observations are to be made at minimum,
intermediate, and maximum operating fires. The observed carbon monoxide concentration on an air-free

sample is not

44.2 A burne
intermittent fir

44.3 A modu
minutes on hi
intermittent fir

44.4 During test periods, observations and recordings are to be made of the draft on each

ignition, and ¢

44.5 The fuel
each operatin
operated as in
sections or gr

to exceed 4/100 of 1 percent.

assembly of the “on” and “off” type is to be fired 10 minutes “on” and 10'm
ng tests.

ating burner assembly is to be fired in successive cycles, eachy€ycle co
ph fire, 10 minutes on intermediate fire, 10 minutes on minimum fire, and 10
ng tests.

bmbustion characteristics, combustion-chamber conditions, and any unnatura

burning rate, draft over fire, CO,, NO,, and any>CO are to be observed an
b fire. For an atmospheric burner consisting ‘of sections or groups of burne
dividual burners (see 36.11), tests are to be‘conducted with different combina
bups operating at a time.

nutes ”off” for

nsisting of 10
minutes off for

bperating rate,
performance.

0 recorded for
rs that can be
ions of burner

44.6 The duration of these tests is to be that required to obtain conclusive performance data.

45 Combustion Air Failure Test

45.1 A mech
upon restorati

45.2 The initi
Combustion T
the fan supply
electrical circd

hnical-draft burner assembly or device shall not operate unsafely during in
bn of the combustion air supply, as determined by test in accordance with 44

bl conditions for_the test to determine conformance to the preceding are to
est, Section-48. While the burner assembly or device is being fired at any
ng air fofs\combustion is to be stopped, that is, by disconnecting the fan moto

Fuel to the mTin burner is to be shut off in accordance with 45.3.

it, by diseconnecting any flexible coupling, or by removing any belt needed to

terruption and
.2 and 45.3.

be as for the
pperating rate,
r only from the
drive the fan.

45.3 The fuel shall be shut off due to the inherent design of the burner assembly or by action of a control
before any conditions develop that may cause a risk of fire or explosion. For an automatically lighted
burner assembly whose maximum rated input does not exceed 2,500,000 Btu per hour (732 kW) the light
off may be accomplished automatically upon restoration of the air supply after completion of the purge in
accordance with 37.1 — 37.4. For a manually lighted burner and for an automatically lighted burner whose
maximum rated input is in excess of 2,500,000 Btu per hour a manual reset shall be necessary to restart
the burner after restoration of the air supply.
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