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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 gpplicable.

2 Compongnts

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall cbmply with the
requirements| for that component. See the individual sections of this/ Standard for component
requirements

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

a) Invplves a feature or characteristic not required insthe application of the conjponent in the
produgt covered by this standard, or

b) Is stiperseded by a requirement in this standard.

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

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

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are gxplanatory or
approximate information.

4 Undated Referenees

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

5 Glossary
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 AIRSHUTTER, AUTOMATICALLY OPERATED - An air shutter operated by an automatic control.
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5.4 ALUMINUM-COATED STEEL — An aluminum coated steel in which the bond between the steel and
the aluminum is an iron-aluminum alloy.

5.5 BURNER, GAS — A device for the final conveyance of the gas, or a mixture of gas and air, to the
combustion zone.

5.6 BURNER, AUTOMATICALLY LIGHTED — One where fuel to the main burner is normally turned on
and ignited automatically.

5.7 BURNER, MANUALLY LIGHTED — One where fuel to the main burner is turned on only by hand and
ignited under supervision.

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

5.9 BURNER, NATURAL-DRAFT — A burner that depends principally upon thejnatural draft created in
the flue to indyce into the burner the air required for combustion.

5.10 BURNHR HEAD - That portion of a burner beyond the outlet end*of the mixer tube which contains
the ports.

5.1 COMBUSTIBLE AND NON-COMBUSTIBLE — Refer to the{Standard Glossary of Terms Relating to
Chimneys, Vepts, and Heat-Producing Appliances, ANSI/NFPA97.

512 COMBUSTIBLE MATERIAL — Combustible material as pertaining to materials adjacent to or in
contact with heat-producing appliances, chimney conhectors and vent connectors, steam and hot water
pipes, refers tp material made of or surfaced with.wood, compressed paper, plant fibers, or pther material
that will ignite]and burn. Such material shall be Considered as combustible even through flameproofed,
fire-retardant tfeated, or plastered.

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

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

5.15 COMBUSTION.DETECTOR — That part of a primary safety control which is respondive directly to
flame propertigs.

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 CONTROL, OPERATING — A control other than a safety control or interlock, to start or regulate
burner firing according to load demand and to stop or regulate fire on satisfaction of demand or upon


https://ulnorm.com/api/?name=UL 295 2022.pdf

JULY 20, 2022

UL 295

reaching normal temperature or pressure in the device being fired. Operating controls may also actuate
auxiliary equipment.

5.21

CONTROL, PRIMARY SAFETY — An automatic control that monitors the operation of a gas-fired or

an oil-fired burner. It normally consists of the following sections that may be integrated into a common unit
or may be separate units, interconnected by wiring:

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

b A cn\lir\a that ic racnanciva ta flamao nraonartiaec It manitare tha flaoma ot tha
HEE—tHat—5—85PoRSHVE8—o0—ae—prope i8S —+—HRoHHOSH! tHe—taHe—at—tHe

oint of flame

supeny
flame.

5.22 CONT
equipment us|
of fire, electrig

5.23 DAMP
considered as
of the applian

5.24 DAMP

5.25 ELECT

a) Hig
charag

b) Low
(424

ision and transmits a signal to the programming unit, indicating absence|g

ROL, SAFETY - Automatic controls, including relays, switches; and ¢
ed in conjunction therewith to form a safety control system, that is intended to
shock, or injury to persons during operation of the controlled egdipment.

EFR — A valve or plate for regulating draft or flow of . fluie gases. A dampe
being located on the downstream side of the combustion chamber, usually in
Ce or in the chimney connector.

ER, AUTOMATICALLY OPERATED — A damper operated by an automatic con

RICAL CIRCUITS:

n-Voltage Circuit — A circuit involying a potential of not more than 600 volts ang
teristics in excess of those of a lew-voltage circuit.

-Voltage Circuit — A circuitinvolving a potential of not more than 30 volts alte
olts peak) or direct current and supplied by:

1) A Class 2 transformer, or by a battery, by a battery and fixed imped
transformer anhd) fixed impedance each of which, as a unit is in complianc
required fora'Class 2 transformer; or

2) Is limited to a maximum of 100 volt-amperes. A circuit derived from a so|

r presence of

ther auxiliary
educe the risk

br is generally
h flue passage

trol.

having circuit

nating-current

ance, or by a
e with what is

urce 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-v

bltage 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

5.29

heated.

throughout the time the burner is in service, whether the main burner is firing or not.

IGNITION, CONTINUOUS - Ignition by an energy source which is continuously maintained
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5.30

at a main burner.

5.31

at a main burner.

5.32

IGNITION, DIRECT — An automatic ignition that uses an electrically energized device to ignite fuel

IGNITION, DIRECT SPARK — An automatic ignition system that uses an electric spark to ignite fuel

IGNITION, DIRECT WITH GAS ASSIST — An ignition system with an ancillary burner located at the

main burner intended to assist in the safe and smooth 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 g

5.33

as-fired burner assembly.

IGNITION, HOT SURFACE — An automatic ignition system that uses a hot surface igniter to ignite

fuel at a main

5.34 IGNITIC
throughout the

5.35 IGNITI(
time the main

5.36 IGNITI(
to the pilot is li
5.37 IGNITIC

to ignite the n
safety shutoff
surface ignitio

5.38 INTERL
to the primary

5.39 LIQUEHR
propane or prq

5.40 LOW-F
responsive to
appliance has

burner.

DN, INTERMITTENT - Ignition by an energy source which is continlous
time the burner is firing.

pburner is fired and subsequently is automatically shut off during the firing cycle

DN, MANUAL - Ignition by an energy source that is4manually energized and
phted automatically when the ignition system is energized.

DN, PILOTED — An automatic ignition system,that uses a small burner, referre
hain burner and provided with a separate fUel piping arrangement upstrear
valves of the gas-fired burner assembly)\ The pilot may be ignited from a direg
N system.

safety control circuit.

IED-PETROLEUM GAS - Fuel gases, including commercial propane,
pylene or commercial butane, predominantly butane, isobutane, and/or butyle

RE HOLD INTERLOCK — A control other than an operating or safety contrg
changes{in-temperature, to retain the burner at low fire until such time a
obtained the normal minimum operating temperature .

y maintained

DN, INTERRUPTED - Ignition by an energy source which issautomatically energized each

vhere the fuel

J to as a pilot,
h of the main
t spark or hot

OCK — A control to prove the physical state of a required condition, and to furfiish that proof

bredominantly
he.

| or interlock,
s the heating

541 LP-GAY

b AIR MIXTURE - Liquefied-petroleum gases distributed at relatively low p

ressures and

normal atmospheric temperatures which have been diluted with air o 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
5.44 MIXER,

MANIFOLD — The conduit of a device which supplies gas to the individual burner.

GAS — The combination of mixer head, mixer throat, and mixer tube.

a) That portion of an injection type burner, usually enlarged, into which primary air flows to mix with
the gas stream.
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b) That portion of the mixer which has the smallest cross-sectional area and which lies between the
mixer head and the mixer tube.

¢) That portion of the mixer which lies between the throat 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, fuel, pressure, and temperature regulation, cleaning, lubrication, resetting of controls.

5.47 PILOT FLAME-ESTABLISHING PERIOD — The interval of time fuel is permitted to be delivered to a
proved pilot before the primary safety control is required to detect pilot flame.

5.48 PILOT,
which burns d

INTERMITTENT — A pilot which is automatically lighted each time there is a.Call for heat and
uring 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

5.50 PILOT,
of the pilot fla

5,51 PORT

s cut off automatically at the end of the main burner flame-establishing period.

PROVED - A pilot flame supervised by a primary safety ‘eontrol which senses
Me prior to permitting the main burner fuel to be delivered for combustion.

— Any opening in a burner head through which.ftiel or an air-fuel mixture is

5 the presence

discharged for

ignition.

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

it reaches the

5.53 PROO
by its manufa

- OF CLOSURE SWITCH — A non-field adjustable switch installed in a safet
Cturer that activates only after;the valve is fully closed.

y shutoff valve

5.54 PURG
volume and n

To introduce air,into the combustion chamber and the device flue pas
anner as to complétely replace the air or gas-air mixture contained therein.

sages in such

5.55 PURG
combustion G
replace the ai

duced into the
to completely

E PERIOD —The period of time during the burner start-up in which air is intro
hamber and“the associated flue passages in such volume and manner as
[ or fuelair mixture contained therein prior to initiating ignition.

5.56 READI'.Y ACCESSIBLE — Capable of being reached easily and quickly for operatio
and inspection.

n, adjustment,

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 point of ignition.

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

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

b) Setti

c) Clea

ng ignition electrodes.

ning strainers or replacing strainer or filter element.

d) Resetting safety control.

e) Replacing igniter cable.

5.61 SPECIA

5.62 TRANS
defined by this

5.63 TRANS
defined by this

5.64 TRIAL-
delivered into

5.65 VALVE,
completely tur

5.66 VALVE,

by an emergency device. Such valve may be of the automatic or manually opened type.

CONSTRUCT]
6 General

6.1 Fuel con
operation, or
resistance to

AL TOOLS — Those tools that are not available on the open retail market.

FORMER, HIGH VOLTAGE - A transformer directly supplying a high volts
Standard, see 5.25(a).

FORMER, LOW VOLTAGE - A transformer directly supplying a low volta
Standard, see 5.25(b).

FOR-IGNITION PERIOD - That period of time the~tain burner fuel is pe
he ignition zone before the main flame-sensing devic€'is required to detect mg

hing on or shutting off the gas supply.

SAFETY SHUTOFF — A valve that.is)automatically closed by the safety con

ON

ining parts, or operating parts if failure of the part will allow unsafe leakage of
prevent a safety device from functioning, shall be of sufficient strength, d

made of mate

ire to insure safe and reliable service of the parts and the assembly. Such

ge circuit, as

ge circuit, as

rmitted to be
in flame.

MANUAL GAS SHUTOFF — A manually operated valve in a gas line for the purpose of

frol system or

uel, or unsafe
urability, and
parts shall be
and a tensile

strength of not lessithan 10,000 psi at 400°F (204°C). Such parts shall not sag, distort, m¢lt, oxidize, or

show leakage

Lal havihg a melting point (solidus temperature) of not less than 950°F (510°C

f fuel during any of the tests specified herein.

6.2 Fuel-confining parts not conforming to 6.1 may be employed if a fusible-link valve or the equivalent is
included in the assembly of the burner so as to shut off the fuel supply in the event of excessive
temperature or fire in the vicinity of such parts.

6.3 Soft solder shall not be used on any fuel-handling parts if melting of the solder may allow leakage of
fuel. Soft-soldered joints, where permitted, shall be made mechanically secure before soldering.

6.4 The burner shall function so as to reduce to a minimum the generation of unburned vapors, and shall
not include chambers or pockets in which unburned vapors may accumulate.

6.5 Electrical equipment and wiring shall be arranged so that oil or water will not drip or run on them
during normal usage or from a connection required to be uncoupled for servicing the device also to avoid
contact with water from humidifiers.
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6.6 Attachment plugs or separable connectors shall not be used in circuits when the breaking or making
of the circuit by such devices may result in operation of the equipment in a manner that involves a risk of
fire, electric shock, or injury to persons.

6.7 The gas burner shall be constructed such that supervised firing with operation as specified in 46.3,
as appropriate, may be accomplished without further adjustment.

7 Corrosion Protection

7.1 Iron and steel parts shall be protected against corrosion by painting, galvanizing, plating or other
equivalent means if the malfunction of such unprotected part would be likely to result in a hazardous
condition.

Exception: C3gst-iron parts, cast-aluminum parts and ASME coded pressure vessels are not{required to be
protected agginst corrosion.

8 Protectioh of Users and Service Personnel

8.1 An uningulated high-voltage live part and a moving part that may ‘involve a risk of injury to persons
shall be locatéd, guarded, or enclosed so as to reduce the likelihood-of unintentional contagt 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 jf.the part is unlikely to be confacted through
the opening because of fixed components, including baffles.

8.2 Service functions which may have to be performed with the equipment energized includle:
a) Adjlisting the setting of temperature controls with or without marked dial settings;
b) Redetting control trip mechanism;
c) Opgrating manual switches; ‘or

d) Adjlisting air-flow dampers.
A factory set and sealed control is not considered to be adjustable.

8.3 The reqpirements’ of 8.1 are not applicable to mechanical service functions which arg not normally
performed witr the equipment energized.

8.4 Adjustable or resettable electrical control or manual switching devices may be located or oriented
with respect to uninsulated live parts, so that manipulation of the mechanism for adjustment, resetting, or
operation can be accomplished in the normal direction of access if uninsulated live parts or moving parts
that may involve a risk of injury to persons are:

a) Not located in front, in the direction of access, of the mechanism; and

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

8.5 An electrical control component that may require examination, adjustment, servicing, or maintenance
while energized, not including voltage measurements, shall be located and mounted with respect to other
components and grounded metal parts so that it is accessible for electrical service functions without
subjecting the serviceman to a risk of electric shock from adjacent uninsulated live parts or to unintentional
contact from adjacent moving parts that may involve a risk of injury to persons.
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8.6 Accessibility and protection from a risk of fire, electric shock, or injury to persons may be 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
perime
The ac
access
edge o

c) The
openin
wiring.

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

other ¢

e) Extr
areto

Also see Figut

is considered to be bounded on the sides by the projection of the smalle:
ter surrounding the outside edge of the components or control enclosure’w
Cess area is considered to be bounded on the sides by the projection of the pe
opening in the outer cabinet to the closest rectangular perimeter surroundi
f the component or control enclosure.

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

bmponents or by wiring in this assembly.

pctor-type fuseholders and snap switches mounted through the control assen
e located so that:

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

2) They are not immediately*adjacent to uninsulated live parts outside the cor
enclosure, unless guarded.

e 8.1.

st rectangular
hen provided.
rimeter of the
g the outside

o the access
bns, including

of access by

bly enclosure

pening in the

trol assembly
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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) Coils of controllers;

b) Relays and solenoids;

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

d) Enclosed motor windings;

e) Insu

f) Insul

8.9 Moving g
shall be enclos

a) The

b) An ipterlocking device shall shut off the mechanism; or

c) The

Exception: A 1
the opening b4

8.10 The dis
shall be in acc
3 inches (76.2
included in the
appropriate in
minor dimensi
can be inserte

ated terminals and splices; and

hted wires.

arts such as fan blades, blower wheels, pulleys, belts, and the like;.which ma
ed or guarded. If the removal of doors, panels or shields will expose such moy

ppening or removal of the door, panel or shield shall require\the use of tools; o

Hoor, panel, or shield shall be marked in accordanee with 63.19.

noving part is not required to comply with8.9 if the part is unlikely to be conf
bcause of fixed components, including baffles.

ance from an opening in a required*guard or enclosure to the moving part me
prdance with Table 8.1, but the ‘minor dimension of the opening shall not in any
mm). For an opening having a minor dimension intermediate between two
table, the distance fromrthe opening to the moving part shall be not less than
ferpolation between the corresponding values in the right-hand column of t
pbn of the opening is.determined by the largest hemispherically tipped cylindri
d through the opening with a force of 5 pounds (22 N).

Table 8.1
Dimensions of openings

 cause injury

ing parts;

acted through

ntioned in 8.9
case exceed
of the values
that found by
he table. The
cal probe that

Minor dimensions of opening, Minimum distance from opening to moying part,
inches® (mm) inches? (mm)
1/4 (6.4) 1/2 (12.7)
3/8 (9.5) 1-1/2 (38.1)
12 (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)
1-1/2 (38.1) 10-1/2 (267)
2 (50.8) 14-1/2 (369)
over 2 (over 50.8) 30 (762)

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

9.1 General

9.11

Uninsulated live high-voltage parts shall be enclosed or guarded to prevent unintentional contact

by persons during normal use of the appliance. This applies to such parts located in a compartment where
access is required for normal care of the appliance, such as resetting controls, replacing filters, lubrication,

cleaning, and

the like.

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

a) Mechanical strength;

b) Reg
c¢) Moi
d) Con
e) Reg

f) Res
condit

For a nonme
thermal and g
Electrical Eq
Standard for

(@) - ().

9.1.3 The e
flaming partic
the equipmen

9.1.4 Whers
warrant, an in
may be empld

9.1.5 Electri
with all of the

istance to impact;
sture-absorptive properties;
nbustibility;

istance to corrosion; and

istance to distortion at temperatures to which theSenclosure may be su
ons of normal or abnormal use.

tallic enclosure or part of an enclosure, all these factors are considered v
hemical aging according to the requiremeni§’in the Standard for Polymeric Mz
lipment Evaluations, UL 746C. An enclosure complying with the require

nclosure shall reduce the likelihood of the emission of molten metal, burn
es, or the like through openings onto combustible material, including the suf
t is mounted.

the design and location of the component and the strength and rigidity of the
dividual enclosure of thinner metal than specified in Table 9.1 or Table 9.2 whig
yed.

cal parts-within the outer cabinet need not be individually enclosed if the asse
following:

bjected under

ith respect to
terial — Use in
ments of the

ndustrial Control Panels, UL 508A, would be considered to comply with the r¢quirements of

ing insulation,
face on which

outer cabinet
hever applies,

mbly conforms

a) Their design and location with respect to openings in the outer cabinet will not result in the
emission of flame or molten metal through openings in the cabinet or if it can be shown that failure
of the component would not result in a risk of fire;

b) There are no openings in the bottom of the compartment in which the part is located which would

permit

c) The

dropping of molten metal, and the like, onto combustible material;

part is not in proximity to combustible material other than electrical insulation;

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 thinner than indicated in
Table 9.1 for the maximum dimensions of the cabinet enclosure.
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g) The part is not subject to unintentional contact by persons. See Protection of Users and Service
Personnel, Section 8.

9.1.6 The requirements of 9.1.5 apply only to parts of high-voltage circuits as defined by 5.25.

9.1.7 Allintended mounting positions of the unit are to be considered when determining if it complies with
the requirement of 9.1.3.

9.1.8 Equipment enclosures and cabinet compartments housing gas piping and controls shall be
designed to prevent combustible accumulation of gases within the cabinet. Louvers or openings
positioned to allow leaking gas to escape the enclosure or cabinet are deemed to meet this requirement.
When a burner 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. Othér methods to
prevent comblstible accumulation of gases within the cabinet can be considered jf.they are deemed
reliable through test or calculation.

9.1.9 Steel

9.1.10 Thet

closures shall be protected against corrosion by painting, plating,|or equivalent means.

ickness of a sheet metal enclosure shall be as indicated intTable 9.1 and Tablg 9.2.

Exception: WRHen the design and location of components and the strength and rigidity of the|outer cabinet
warrant, an indlividual enclosure thinner than specified in Table 9% anhd Table 9.2 is able to be employed.

Table 9.1
Minimum thickness of sheet metal for enclosures — carbon steel or stainless steel

With supporting-frame or equivalent Minimum thickness,
Without qupporting frame® reinforcing inches (mm)
Maximum width® | Maximum length® | Maximum-width® | Maximum length Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)
4.0 (10 Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.p23 (0.58)
4.75 (12. 5.75 (14.8) 6.75 (17.1) 8.25 (21.0) (24) (24)
6.0 (15.2 Not limitéd 9.5 (24.1) Not limited 0.026 (0.66) 0.p29 (0.74)
7.0 (17.8 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) (22)
8.0 (20.4 Nohlimited 12.0 (30.5) Not limited 0.32 (0.81) 0.p34 (0.86)
9.0 (22.9 1.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)
12,5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.p45 (1.14)
14.0 (35.6 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 (119.4) 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 (172.7) 84.0 (213.4) (12) (12)
52.0 (135.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.80)

Table 9.1 Continued on Next Page
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Table 9.1 Continued
With supporting frame or equivalent Minimum thickness,
Without supporting frame? reinforcing inches (mm)

Maximum width® | Maximum length® [ Maximum width® | Maximum length Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)

60.0 (152.4) 74.0 (188.0) 84.0 (2134) | 103.0 (261.6) (11) (11)

63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)

73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) (10)

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dlmensmns as the enclosure surface and which has suff|C|ent torsmnal r|g|d|ty to resist the bending

moments which

reinforcing may pe accomplished by designs that will produce a structure which is a rigid as one built with a frame

channels. Constfruction considered to be without supporting frame includes:

1) sinjgle sheet with single formed flanges (formed edges),

2) a gingle sheet which is corrugated or ribbed, and

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

ave equivalent
f angles or

® The width is th¢ 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 whigh are not supported along one side, e.g., side panels of boxes, the l€ngth of the unsupported side{ shall be lifted to

the dimensions

pecified unless the side in question is provided with a flange at lease 1/2 inch (12.7 mm) wide.

Table 9.2
Mihimum thickness of sheet metal for enclosures - aluminum, copper, or brass

Without $upporting frame @

With supporting/frame or equivalent
reinforcing?

Maximum wid}h®

Maximum length®

Maximum'width®

Maximum length

Minimum thickness

inches (cr) inches (cm) inches (cm) inches (cm) (mm) (AWG)
3.0 (7.) Not limited 7.0 (17.8) Not limited 0.023 (0.58)
35 8.p) 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 (152) N6t limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16]5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (18)
8.0 (20]3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (24]1) 115 (29.2) 210 (53.3) 250 (63.5) (16)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (14)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7) (12)
25.0 (63.4) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (10)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) | 1140  (289.6) (8)
52.0 (132.1) Not limited 1230  (3124) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) | 130.0 (330.2) | 160.0  (406.4) (6)

Table 9.2 Continued on Next Pade
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Table 9.2 Continued

Without supporting frame ?

With supporting frame or equivalent
reinforcing?

inches (cm

Maximum width®

Maximum length® Maximum length

Maximum width®

(em) | inches  (cm) | inches  (cm) (mm)

)

inches

Minimum thickness

(AWG)

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

1) single sheet with single formed flanges (formed edges),

2)as
3)an

b The width is the
enclosure may h

¢ For panels whid
limited to the dim

ngle sheet which Is corrugated or ribbed, and

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

hve supports in common and be made of a single sheet.

h are not supported along one side, for example, side panels of boxes, the length(©f the unsupport
Ensions specified unless the side in question is provided with a flange at lease 1/2 inch (12.7 mm)

smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjdcent surfg

ces of an

ed side shall be
ide.

9.1.11 Sheet
than 0.032 ing
GSQG) if galvar

9.1.12 Ifinsd
is given to the
source.

9.1.13 Termi
and shall be si

metal to which a wiring system is to be connected in the field shall have a thic
h (0.81 mm) (No. 20 MSGQG) if uncoated steel, not lessithan 0.034 inch (0.86
ized steel, and not less than 0.045 inch (1.14 mm){dfnonferrous.

lating material other than electrical insulation is.provided within the enclosure,
burning characteristics and combustibility~6f the material and the proximity

hal housings of motors, to which _connections are to be made in the field, sha
zed in accordance with the National Electrical Code, NFPA 70.

tion box partially formed by another part such as a fan scroll or a motor casin

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

9.1.14 Ajun
that:
a)An o
does n
b) An

mm) dges not.permit the entrance of a 13/64 inch (5.2 mm) diameter rod.

9.1.15 The

pening between the box and motor frame having no dimension exceeding

ness not less
mm) (No. 20

consideration
of an ignition

Il be of metal

g is to fit such

ch (12.7 mm)
nd

1/2 inch (12.7

iteria for judging an opening in an electrical enclosure are given in the follow

ing items 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 uninsu
when inserted through the opening; and

2) A probe, as illustrated in Figure 9.2, cannot be made to touch enamel i
when inserted through the opening.

lated live part

nsulated wire

b) An opening that will permit entrance of a 3/4 inch diameter rod is acceptable under the
conditions 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.
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9.2 Access

ibility of uninsulated live parts and film-coated wire — general

9.2.1 During the examination of a product to determine whether it complies with the requirements
concerning accessibility of uninsulated live parts 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 be opened or
removed,

b) Insulated 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
angled_before, during, and after insertion through the opening to any paosition that is necessary to

exami

d) The

ne the enclosure; and

openirlg, and not as instruments to judge the strength of a material; they.shall be a

minim

9.2.2 The cijiteria for judging an opening in an electrical enclosure are.given in (a) — (b)

figures:

a) An

b) An
the co

Um force necessary to determine accessibility.

bpening that will not permit entrance of a 3/4 inch (3¥9:4/mm) diameter rod is ac

when inserted through the opening; and

inserted through the opening.

nditions described in Doors and-covers, 9.3.

probes shall be used as measuring instruments to judge the accessibility grovided by an

bplied with the

dnd the related

Ceptable if:

1) A probe as illustrated in Figure 9.1 cannot be made to touch any uninsylated live part

2) A probe as illustrated in Figure 9.2 cannot be made to touch film-coaled wire when

ppening that will permit entranee-of a 3/4 inch (19.1 mm) diameter rod is acgeptable under
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Figure 9.

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.

9.34 A req
opening a do
manually ope
parts may pro

9.3.5 An op
allow the entr
knob, lever, o

9.3.6 Afuse
live parts with
wiring terming
An insulating
than 0.028 ing

lired protective device shall be wholly inaccessible from outside the. ass
br or cover, except that the operating handle of a circuit breaker, the' operati
Fable motor protector, the reset button of a manually resettable pressure swit
ject outside the boiler assembly enclosure.

ening in an enclosure to provide clearance around a dial;_kriob, lever, or hg
ance of a rod having a diameter of 9/64 inch (3.6 mm) at-any setting or posit
handle.

holder shall be so constructed, installed, or protected that adjacent uninsulate
n 4 inches (102 mm), other than the screw shell of a plug fuseholder, cartridg
Is to the fuseholder, will not be exposed ta contact by persons removing or re
barrier of vulcanized fiber or equivalent\material employed for this purpose sh
h (0.71 mm) in thickness.

9.3.7 The d¢or or cover of an enclosure shall-be hinged if it gives access to fuses or any 1

protective de
in connection
protective de

Exception: A

ice, the normal functioning ef'which requires renewal, or if it is necessary to ¢
with the normal operation of the protective device such as resetting a manual
ice.

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

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

than a

b) Ext

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

actor-type fuses each with its own enclosure; or

embly without
ng button of a
ch, and similar

ndle shall not
on of the dial,

d high-voltage
b fuse clips, or
placing fuses.
all be not less

hotor overload
pen the cover
reset overload

it loads, other

¢) Fuses in Tow-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.

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
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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 |

ess than:

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

b) 0.02
1-3/8 i

A closure for g
standard knoc

7 inch (0.68 mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal for a
ch (34.9 mm) maximum dimensions.

larger hole shall have a thickness equal to that required for the enclosure of t
kout seal shall be used. Such plates or plugs shall be securely mounted.

9.3.13 An elgctron tube or similar glass-enclosed device shall be protected against mechan

9.4 Field wiffing system connection

9.4.1 |If threq
or if an equivg
in the metal, a

9.4.2 If threq
wall, conduit H
smooth, round
that provided

same as that g

9.4.3 An en
engaging with

944 A kno
deformation of

ds for the connection of conduit are tapped alkthe way through a hole in an e
lent construction is employed, there shall bé&’not less than three nor more tha
hd the construction of the device shall be 'such that a conduit bushing can be a

ds for the connection of conduit aré 'not tapped all the way through a hole in
ub, or the like, there shall be ngbless than 3-1/2 threads in the metal and th
ed inlet hole for the conductors which shall afford protection to the conductorg
by a standard conduit bushing and which shall have an internal diameter app
f the corresponding trade-size of rigid conduit.

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

ckout in~a. sheet metal enclosure shall be capable of being removed W
the enclosure.

hole having a

ne device or a

ical damage.

nclosure wall,
h five threads
tached.

an enclosure
bre shall be a
equivalent to
oximately the

Il threads for

ithout undue

9.4.5 A knockout shall be provided with a flat surrounding surface for seating of a conduif

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.

10 General Components and Devices

10.1 Wireco

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

bushing, and

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.
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10.5 Fuseholders shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, and the applicable Part 2 (e.g. UL 4248-9 for Class K).

10.6 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL
248-1; and the applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and
another applicable UL standard for fuses are considered to comply with this requirement.

10.7 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures, UL 489.

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

10.9 Electriq
Standard for |

CONSTRUC

11 Field Wi

11.1 General

11.1.1  Provi
in accordancs

11.1.2 The |
shall be such

11.1.3 The
and the cover
for use as the

11.1.4 The s
be not less {
conductor, an
conductor for

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

[ION — ELECTRICAL COMPONENTS

fing

s5ion shall be made for connection of a wiring system that would be suitable fo
with the National Electrical Code, NFPA 70.

pcation of an outlet box or compartment.in’ which field wiring connections a

onnections shall be accessible without removing parts other than a service

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

ize of a junction boxtin which field-installed conductors are to be connected b
pan that indicated™in Table 11.1. A conductor passing through the box is c(
d each conductor terminating in the box is also counted as one conductor. A
high-voltage Gircuits is considered to be not smaller than 14 AWG (2.1 mm?).

Table 11.1
Size of junction boxes

JL 514A or the
cable.

power supply

'e to be made

that these connections may be inspected after the equipment is installed as intended.

cover or panel

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

y splicing shall
unted as one
field-furnished

Size of conductor
AWG (mm?)

Free space within box for each conductor,

cubic inches (cm?)

16 or smaller (1.3 or less)
14 (2.1)
12 (3.3)
10 (5.3)
8(8.3)

1.5 (24.6)
2.0 (32.8)
2.25 (36.9)
2.5 (41.0)
3.0 (49.2)

11.1.5 A knockout for connection of a field wiring system to a terminal box or compartment shall
accommodate conduit of the trade size determined by applying Table 11.2.
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Table 11.2
Trade size of conduit in inches
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 12 12 12 12
12 (3.3) 12 12 12 3/4 3/4
10 (5.3) 12 12 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 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 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 more than six
conductors in th¢ conduit. If more than six conductors will be involved or if all of tHem are not of the same size, the |nternal cross-
sectional area ofl the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectiona| area of the
wires, based on fhe cross-sectional area of type THW wire.

11.1.6  Wiring
primary safety
accordance w
of the applian

appliance ass¢mbly. See 12.1.4.

a) Wire

b) Metal-clad cable; or

c) Exp
Contro
Run |

Instrumentation Tray Cable, UL 2250. The cable utilized shall:

exterior to an appliance assembly between the burner assembly and a li
control, or a motor controller, that can’be done readily using the following wiri
th the National Electrical Code, NFPA 70, need not be furnished by the manufg
ce assembly if adequate instructions for installing such wiring are furnish

enclosed in conduit;

bsed Run Tray- Cable, Type TC-ER, that complies with the requirements fi

nstrumentation Tray Cable, Type ITC-ER, that complies with the req

mit control, a
ng methods in
cturer as part
ed with each

br Power and

Tray Cable;"UL 1277 or, for applications not exceeding 150 volts and/or 5 amps, Exposed

uirements of

4\ 1 bl 4l 1 b - - - £ Ll O (] £ AA o Il
1) CUITIPTY WILT UTE CIUSIT altad TmipgdUL TEYQUITTTTIETTLS U UTE oldiudiu 101 Vicdl

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 application.

Clad Cables,

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.

11.1.8 A box or enclosure in which field installed conductors are to be connected as indicated in 11.1.5 —
11.1.7, and 11.1.9 shall be so located that the temperature of conductors within the box or surfaces of the
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box likely to be in contact with the conductors will not exceed that specified for a wire having a 140°F
(60°C) temperature rating when the assembly is tested in accordance with these requirements.

11.1.9 Except as otherwise permitted by 18.3.1, wiring to be done in the field between the assembly and
devices not attached to the appliance assembly or between separate devices which are field installed and
located, shall conform to these requirements if done with a 140°F (60°C) rated wire using the following
wiring methods:

a) Enclosed in suitable conduit;
b) Acceptable metal-clad cable in accordance with these requirements; or

c) Expased Run Tray Cable, Type TC-ER, that complies with the requirements for Electrical Power
and Cpntrol Tray Cables with Optional Optical-Fiber Members, UL 1277 or, for applications not
exceefling 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 ulilized shall:

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

2) Be secured and supported at intervals not exceeding 6-feet (1.8 m).

3) Have voltage and temperature ratings suitable fof. the intended application.

11.1.10 The|wiring of the appliance may terminate in a length of flexible metal conduit with an outlet box,
control box, gr equivalent enclosure intended for connection of the product to the wiring system specified
in 11.1.1. If the conduit terminates in an outlet box largéer'than 4 by 4 by 2 inches (102 by 102 by 51 mm)
for splice connection, locknuts on the fittings are notiacceptable as a means to prevent lopsening of the
conduit fittings. A grounding conductor of the size specified in the National Electrical Code, NFPA 70, shall
be included upless:

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

b) No| circuit conductor pretected by an overcurrent-protective device rated at more than 20
ampergs is included; and

¢) Thg conduit is naNarger than 3/4 inch trade size, or the fittings for the conduit arfe identified as
provid|ng grounding.

11.2 Leads Iand 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.

11.2.3 Leads intended for connection to an external circuit shall be provided with strain relief if stress on
the lead may be transmitted to terminals, splices, or internal wiring which may cause the lead to separate
from its termination or result in damage to the lead from sharp edges. Each lead shall be capable of
withstanding a pull of 10 pounds (44.5 N) for 1 minute without damage to the assembly.
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11.2.4 An identified (grounded) terminal or lead shall not be electrically connected to a single-pole
manual switching device which has an OFF position or to a single-pole overcurrent (not thermal) protective
device.

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

11.2.6 Field wiring terminals shall be secured to their supporting surfaces by methods othlr than friction

between surfgces so that they will be prevented from turning or shifting in positiomjif-suc
result in redugtion of spacings to less than those required. This may be accomplished by {
rivets; by square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting stra

into an adjace

11.2.7 Cond
a white or gray
other than whi
metallic-plated
terminals, or it

11.2.8 Leads
to wire-binding
visible to the i
or the leads an

11.2.9 Termi
pressure term
for 10 AWG (5
clamps or wi
equivalent, to

11.210 A wi
than No. 10 (4

nt part; or by some other equivalent means.

Ictors intended for connection to a grounded neutral line shall be identified, th
color. All other current-carrying conductors visible to thie installer shall be fini
te, gray, or green. A terminal for connection of a grounded conductor shall be
coating, substantially white in color and shall*be readily distinguishab
shall be identified in some other manner, such:as on an attached wiring diagral

provided for spliced connections to an external high-voltage circuit shall not
screws or pressure terminal connectors, located in the same compartment a
nstaller, unless the screws or connectors are rendered unusable for field wirin
e insulated at the unconnected ends.

nal parts by which field-wiring connections are made shall consist of sold
nal connectors secured‘in’place in accordance with the requirements in 11.2
.3 mm?) and smallef.wires, the parts to which wiring connections are made n
e binding screws\with cupped washers, terminal plates having upturned
nold the wire in(position.

re binding<crew at a high-voltage wiring terminal for field connection shall n
8 mm'major diameter).

N motion may
WO SCrews or
p or clip fitted

at is, finished
shed in colors
dentified by a
e from other
m.

be connected
5 the splice or
j connections

ering lugs or
5, except that
nay consist of
lugs, or the

ot be smaller

Exception No.

1:~A No. 8 (4.2 mm major diameter) screw may be used for the connection d

f a conductor

not larger than 14 AWG (2.1 mm?).

Exception No. 2: A No. 6 (3.5 mm major diameter) screw may be used for the connection of a 16 or 18
AWG (1.3 or 0.82 mm?) control-circuit conductor.

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

11.2.12 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the tapped hole for the binding screw so as to provide two full threads.

11.2.13 A wire binding screw shall thread into metal.
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12

12.1

12.11

Internal Wiring
General

The wiring of high-voltage circuits shall conform to the requirements in this Section.

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

12.1.3 Except as indicated in 12.2.2, the wiring for each device assembly circuit shall be furnished by the

manufacturer

as part of the burner assembly

12.1.4 Ifins

wiring shall b¢ furnished as part of the assembly and the devices to be connected by.such

factory-locate|
12.2 Metho

12.2.1
arranged so t
Conductors tq
wiring to a pa
to the nozzle
part by mean;s
part shall not

12.2.2 Exce

a) Eng

Standard for Liquid-Tight Flexible-Metal Conduit, UL 360, or the Standard for Electri

Condd

b) Eng
Tubing

c¢) Eng

d) Wit

Electrical wiring to a part which must be moved for normal,maintenance and ser

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

d on the equipment.

s

hat the part may be moved without breaking soldered connections or disconn
be disconnected from terminals of such part shall¢erminate in eyelets or cor
It which functions also as an access plate or cover, that is, a transformer clos
assembly, is not readily detachable, the assembly shall include provision for
other than the wiring when the part is moved for servicing. Any allowable moy
induly twist, bend, or pull the wiring.

pt as permitted by 12.2.15, conductors shall be:
losed within conduit that complies with the Standard for Flexible Metal Con
it — Steel, UL 6, as applicable;

losed within electrical metallic tubing that complies with the Standard for Ele
— Steel, UL 797 or the Standard for Extruded Insulating Tubing, UL 224;

osed within-a metal raceway electrical enclosure;

nin metal-clad cable that complies with the Standard for Metal-Clad Cables, UL

e) Ex

required, such
wiring shall be

vicing shall be
bcting conduit.
nectors. If the
ng the access
support of that
ement of such

duit, UL 1, the
tal Rigid Metal

ctrical Metallic

1569; or

osed Run Tray Cable, Type TC-ER, that complies with the requirements for E

ectrical Power

and Control Tray Cables with Optional Optical-Fiber Members, 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:

1) Comply with the crush and impact requirements of the Standard for Meta
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 application.

[-Clad Cables,

Exception: Factory wiring involving a potential of not more than 300 volts between parts attached to the
same assembly with a predetermined fixed relationship one to the other may be done with Type SO or ST
cord, provided all of the following conditions are fulfilled:
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a) It is not practical to do the wiring in accordance with 12.2.2;

b) The cord is not required to be bent, twisted, or otherwise displaced to render normal
maintenance and service; and

¢) 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

Table 12.1
Typical wiring materials
Type of wire, cord, or appliance wiring Wire Size Insulation thickness
material with insulation thickness shown
atfthe right corresponding to wire sizes )
Group inflicated AWG (mm?) Inch (mm)
10 and smaller (5.3) 2/64 (0.8)
8 (8.3} 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
FHH-2, TF, TFF, TFN, TFFN, SF-2, SFF-2,
R, RHH, RHW, T, THW, XHHW, MTW, 3 (257) 4/64 (1.6)
A THWN, TW, PF, PFF, PGF, PGFF, RFH-2, 2 (33.6) 4/64 (1.6)
REHH-2, RFHH-3 or thermoplastic appliance
wiring material. { (42.4) S/6e4 (2.0)
1/0 (53.5) 5/64 (2.0)
2/0 (67.4) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.0) 5/64 (2.0
18 (0.82) 4/64 (1.8)
16 (1.3) 4/64 (1.6)
SHO, SEOO, SJE, SJEQ, SO, ST, SJO, SJT, 14 (2.1) 5/64 (2.0)
S,|SE, SJ, SJOO, SJTO) SJITOO, SO0,
B STO, STOO, or appliance wiring material 12 (3.3) 5/64 (2.0)
with thermoplastic'or neoprene insulation 10 (5.3) 5/64 (2.0)
8 (8.3) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
Thermop|astic W ring mnh:\rinle, as referenced.in group A’ with-insulation thickness of 2/64 inch (ﬂ 8 mm) for16.0r18 AWG (1 3or

0.82 mm?) and 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.3 mm?), are considered equivalent to the wiring
material referenced in group B, when the conductors are covered with 1/32 inch (0.8 mm) wall thickness thermoplastic insulating
tubing of a type suitable for the purpose from the standpoint of dielectric properties, heat resistance, moisture-resistance,
flammability, and the like.

12.2.4 Flexible metal conduit, if used, shall be not smaller than 3/8 inch (9.5 mm) electrical trade size.
This does not apply to parts of components, such as conduit protecting flame sensor leads.

12.2.5 Flexible metal conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet (1.37
m) and within 12 inches (305 mm) on each side of every junction box except for lengths not over 36 inches
(914 mm) where flexibility is necessary.
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12.2.6 All splices and connections shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered if breaking or loosening of the
connection may result in 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.

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.

12.2.9 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 injajunction box, control box, or
other enclosgd compartment in which wiring materials, as specified incGroup A of Table[12.1, may be
employed. Splices in enclosed machinery compartments are to be secured to a fixed member in the
compartmentiso that they are not subject to movement or damageduring servicing.

12.2.12 At all points where conduit or metal tubing termjnates, the conductor shall be protected from
abrasion. If meetal-clad cable is used, an insulating bushing or’its equivalent shall be providgd between the
conductors and the metal cladding, and the connector er¢lamp shall be of such design thaf the insulating
bushing or its|equivalent will be visible for inspection.

12.2.13 A wireway shall be such that the interconnection of sections and fittings will provide a rigid
mechanical assembly and ensure electrical*conductivity. The interior of the wireway shall be free from
burrs and sharp corners or edges which might cause damage to the insulation on wires.

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

12.2.15 Corfls or appliance~wiring material as referenced in Group B of Table 12.1 may lbe employed if
the wiring is enclosed by a‘casing or compartment conforming to all of the following:

a) Thegre are noyopenings in the bottom, unless a U-shaped channel or trough is locgated under the
wiring fand thexswires do not project through the plane of the top of the trough or channjel;

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

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

d) Openings are not closer than 6 inches (152 mm) to the wiring unless metallic barriers or baffles
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
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Parts in Devices and Appliances, UL 94, and other nonmetallic materials shall have equivalent
characteristics.

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.

12220 To

requires roll
conforming to

12.3 Short-g

12.3.1 Cond
overcurrent pr
circuit test with

Exception: Co

a) Cor
condud

b) Con|
provided
orless
branch

rovide an acceptable unbushed opening in sheet metal, not réequiring a bu
r extrusion of the metal around the opening, or both, orithe insertion g
12.2.18.

ircuit protection

ictors of motor circuits having two or more mators, one or more of which &
btected and wired for connection to one supply\ine shall withstand the conditig
out creating a risk of fire or electric shocksSee Short-Circuit Test, Section 55.

hductors that conform to the followingare considered acceptable without test:

ductors that have not less than one-third the ampacity of the required
tors; or

ductors that are 18 AWG/0.82 mm?) or larger and not more than 4 feet (1.1
d that the circuit will'be protected by a fuse or HACR Type circuit breaker rate
as specified on the\product nameplate or provided as part of the product and
Lcircuit protection.” This applies to any of the wiring materials specified in

including those enclased those enclosed in raceways; or

c) Con
not exd

Huctors(that serve as jumper leads between controls providing the length of t
eed 3inches (76 mm) or the conductors are located in a control panel.

5hing, usually
f a grommet

re thermal or
ns of a short-

branch-circuit

P m) in length
0 60 amperes
hcceptable for
this standard,

e leads does

12.3.2 Factory wiring of a Tow-voltage safety circuit may be done with SP-2 cord having all-neoprene
insulation, SPT-2 cord or appliance wiring material having neoprene, thermoplastic, or equally durable
insulation of equivalent thickness, or power limited circuit cable, if such wiring is located in a cavity or
compartment of an appliance and is adequately shielded from harm.

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

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

b) Uninsulated live parts of any other circuit; and

c) Any uninsulated live parts whose short-circuiting may permit operation of the appliance that may
result in a risk of fire, electric shock, or injury to persons except that a construction in which field-
installed conductors may make contact with wiring terminals is acceptable, provided that
conductors having insulation at least equivalent to those referenced in group A of Table 12.1 are or
will be installed when wired in accordance with the National Electrical Code, NFPA 70.

13.4 Segredation between field installed conductors and from uninsulated live parts
different circuits may be accomplished by arranging the location of the openings in thelen
various condictors, with respect to the terminals or other uninsulated live parts,|so th

likelihood of t

a) The
wiring
purpos
conne

e intermingling of the conductors or parts of different circuits. If:

number of openings in the enclosure does not exceed thesminimum requ
and if each opening is located opposite a set of terminals,/ it is to be asg
e of determining compliance with 13.3, that the conductors entering each o
cted to the terminals opposite the opening.

connected to
Closure for the
at there is no

red for proper
umed, for the
pening will be

b) More than the minimum number of openings are provided, the possibility of conddictors entering

at poi
contag
investi
13.5 To detsg
in service ang
and no more f{

13.6 If a bg
operating part
place.

13.7 A met3
whichever ap
0.028 inch (O
accomplished

nts other than opposite the terminals to which*they are intended to be ¢
ting insulated conductors or uninsulated live, parts connected to a different
gated.

rmine if an appliance complies with'the requirements of 13.3, it is to be wired
in doing a reasonable amount ef slack is to be left in each conductor within
han average care is to be exercised in stowing this slack into the wiring compa

rrier is used to provide_separation between the wiring of different circui
s and field installed eonductors, it shall be of metal or insulating material and s

| barrier shallthave a thickness at least as great as that required by Table 9.

onnected and
Circuit is to be

as it would be
the enclosure,
rtment.

s or between
hall be held in

| or Table 9.2,

blies, based-on the size of the barrier. A barrier of insulating material shall bg
.71 mm)in thickness and shall be of greater thickness if its deformation n
so.as.to defeat its purpose. Any clearance at the edges of a barrier shall be

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

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

maintained.
14 Bonding

14.1

for Grounding

Exposed or accessible noncurrent carrying metal parts which may become energized, and which

may be contacted by the user or by service personnel during service operations likely to be performed
when the appliance is energized, shall be electrically connected to the point of connection of an equipment

ground.

14.2 Except as indicated in 14.3, uninsulated metal parts of cabinets, electrical enclosures, motor frames

and mounting

brackets, controller mounting brackets, capacitors and other electrical

components,

interconnectin
contacted by t

14.3 Metal p

a) Adh
of encl
parts;

b) Isolg

j tubing and piping valves, and the like, are to be bonded for groundingnf]
e user or serviceman.

brts, as described below, need not be grounded:

bsive-attached metal-foil markings, screws, handles, etc., which,are located ¢
psures or cabinets and isolated from electrical components_or wiring by gr

ted metal parts, such as magnet frames and armatures, small assembly scr

which are separated from wiring and uninsulated live patrts;

c) Pan
separa

d) Pan
insulati

bls and covers which do not enclose uninsulated live parts if insulated parts &

fed from the panel or cover; or

bls and covers which are insulated from electrical components and wiring b
hg barrier of vulcanized fiber, varnished cloth, phenolic composition, or simils

less th@n 1/32 inch (0.8 mm) thick.

14.4 A comgy
purposes of te
conductor not

14.5 Splices

14.6 Metal-tg
grounding.

onent, such as a switch; likely to become separated from its normal ground

requiring removal fer'such service.
shall not be employed in wire conductors used for bonding.

-metal (hinge bearing members may be considered as a means for bondi

they may be

n the outside
bunded metal

ews, and the,

nd wiring are

y an attached
r material not

ng means for

sting or adjustment while the equipment is energized, is to be provided with a grounding

ng a door for

14.7 A sepa

ate bonding conductor stattbeof Tmateriat Tatedforuseasametectricaitomd

uctor. Ferrous

metal parts in the grounding path shall be protected against corrosion by enameling, galvanizing, plating,
or equivalent means. A separate bonding conductor or strap shall:

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

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

14.8 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed
connection, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 850°F (454°C). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.
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14.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if it complies with 14.11 under any degree of compression permitted by a variable clamping
device and if the results are still acceptable after exposure to the effects of oil, grease, moisture, and
thermal degradation which are likely to occur in service. The effect of assembling and disassembling, for
maintenance purposes, such a clamping device is to be considered with respect to the likelihood of the
clamping device being reassembled in its intended position

14.10 Where the bonding means depend on screw threads, two or more screws or two full threads of a
single screw engaging metal is considered in compliance with 14.8.

14.11 If the adequacy of a bonding connection cannot be determined by examination, or if a bonding
conductor is smaller than required by 14.12 — 14.14, it shall be considered acceptable if the connecting
means does njot open:

a) When carrying for the time indicated in Table 14.1 twice the current equalio thg rating of the
branch-circuit overcurrent device required to protect the equipment; and

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

55.
Table 14.1
Duration of current flow, bonding-conductor test
Rating of overcurrent device, Minimum duration of current flgw,

Amperes minutes
30orless 2

31-60 4

61— 100 6
101 —200 8

14.12 The sjze of a conductor or strap’employed to bond an electrical enclosure or motor [frame shall be
based on the| rating of the branchxcircuit overcurrent device to which the equipment will pe connected.
Except as ind|cated in 14.11, the size of the conductor or strap shall be in accordance with Table 14.2.

Table 14.2
Bonding wire conductor size

Size of bonding conductor?
Rating of overcurrent Copper wire Aluminum wire
device, amperes AWG (mm?) AWG (mm?)
15 14 2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) 8 (8.3)
60 10 (5.3) 8 (8.3)
100 8 (8.3) 6 (13.3)
200 6 (13.3) 4 (21.2)

@ Or equivalent cross-sectional area.
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14.13 A bonding conductor to a component or electrical enclosure is not required to be larger than the
size of the conductors supplying power to the component(s) within the enclosure.

14.14 If more than one size of branch-circuit overcurrent device is involved, the size of the bonding
conductor is to be based on the rating of the overcurrent device intended to provide ground-fault protection
for the component bonded by the conductor. For example, if a motor is individually protected by a branch-
circuit overcurrent device smaller than other overcurrent devices used with the equipment, a bonding
conductor for that motor is sized on the basis of the overcurrent device intended for ground-fault protection
of the motor.

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

\ knockout or
and

b) In eguipment intended to be connected by a nonmetal-enclosed wiring_system/| for example,
metal-¢lad cable — An equipment grounding terminal or lead.

14.16 A terninal for connection of an equipment-grounding conductor shall be capable |of securing a
conductor of {he size required for the particular application, in accordance with the Natignal Electrical
Code, NFPA

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 wiretbinding screw intended for the connection of an equipment-grounding condugtor shall have
a green coloted head that is hexagonal, slotted;Sor 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 14.4, or by a marking on a wiring diagram pr¢vided on the
equipment. The wire-binding screw or pressure wire connector shall be secured to the framg or enclosure
and shall be sp located that it is unlikely:tobe removed during normal servicing. At a wire-binding screw,
upturned lugs/ or the equivalent, shall be provided to retain the conductor. If a pressure connector is used
adjacent to thI connectors intended for the supply conductors and if it could be mistaken for|the neutral of
a grounded slipply, a marking shall 'be additionally provided indicating "EQUIPMENT GRQUND" and/or
identifying the[connector by a.green color.

Figure 14.1

Grounding symbol
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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.

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 switd
turning, excef

15.2 The re
conditions are

a) The
switch
the sw

b) The
c) The

d) The
persof|

15.3 A lamp
light in which

h, fuseholder, lampholder, or similar electrical component shall be mounted to
tas noted in 15.2 and 15.3.

guirement that a switch be prevented from turning may be waivédif all o
met:

switch is of a plunger or other type that does not tend torotate when oper
is considered to be subject to forces that tend to turn the-switch during norm
itch;

means for mounting the switch makes it unlikely that operation of the switch w
spacings are not reduced below the required values if the switch rotates; and

normal operation of the switch is by mechanical means rather than by dir|
S.

holder of the type in which the<lamp cannot be replaced, such as a neon pi
the lamp is sealed in a nonremovable jewel, need not be prevented from tur

cannot reducg spacings below the required values.

154 The m
lock washer |
preventing a
turning.

15.5 Uninsu
prevented fro

bans for preventing.furning is to consist of more than friction between surfa
vhich provides bath) spring take-up and an interference lock is acceptable as
small stem-mounted switch or other device having a single-hole mountin

ated<live parts shall be so secured to the base or mounting surface thg
m turping or shifting in position if such motion may result in a reduction of spac

prevent it from

the following

ated. A toggle
al operation of

Il loosen it;

ect contact by

ot or indicator
hing if rotation

tes. A toothed
the means for
) means from

t they will be
ngs below the

lues

acceptable vd
16 Motors
16.1

16.1.1

General

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 frame shall be installed or shielded to prevent
particles from falling out of the motor onto combustible material located within or under the assembly.


https://ulnorm.com/api/?name=UL 295 2022.pdf

40

UL 295

JULY 20, 2022

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

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

of such

a barrier; or

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

1) Open main winding;

2) Open starting winding;

c) The

tempenature of the motor windings from becoming more than 275°F.(125°C) under
low which the motor will run without causing the protector to cycle and from bgcoming more

load bg
than 3(

d) The

4) Capacitor shorted, permanent split capacitor type; or

3) Starting switch short-circuited; and

motor is provided with a motor protector in accordance with® 16.2 that wi

2°F (150°C) with the rotor of the motor locked.

motor complies with the requirements for impedance<protected motors see 1

| prevent the

the maximum

6.2.5 and the

motor Winding will not exceed a temperature greater than, 302°F (150°C) during the fifst 72 hours of

operatipn 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 extendin

motor encomy
area. Opening
openings wou

assing the openings in the motor heusing and extending at least 5 degreeg
s for drainage, ventilation, and theJike, may be employed in the barrier provi
d not permit molten metal, burning insulation, or the like to fall on combustible

g beneath the

beyond their

ded that such
Mmaterial.
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Figure 16.1

Location and extent of barrier

[
5° i
|

[ N \\\\

EBT120A

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

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 ther

Fuses shall not be used as motor overload protective devices unless the motor is adequately

al protective

device result i
discharge of fi
electrical valv
protective dev

16.2.3 Auton
to the motor b

the equipment,

16.2.4 Overq
applicable shd
the requireme

16.2.5 All sin

a)As
percen

q

b) A g
protect

the per

c) A thermal protective” device or impedance protection complying with the

Overhsg

N a risk of fire, electric shock, or injury to persons during operation of the equ
el 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 to the
ce shall also cause the interruption of the circuit to the valve.

natic-reset type protective devices shall not be used if the automatic reclosing
the device may result in a risk of fire, electric shock, or injaryto persons durin

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

gle-phase motors shall be protected by.ane or more of the following:

pparate device responsive to motor current and rated or set to trip at not 1
fage of the motor nameplate fullsload current rating as specified in Table 16.1.

eparate overload device,»which combines the functions of overload an
on and is responsive to motor current. Such a device shall be set at values ng

ating Protection for Motors, UL 2111. If a motor protective electronic cir|

softwa

protectjon shall comply with software Class 1 in the Standard for Software in H
Compdnents, UL 1998 or software Class B in Annex H of the Standard for Autom
Contro|s.for'Household and Similar Use, Part 1: General Requirements, UL 60730-1.

e as a protective component, that part of the software providing the re

centages of the motdr.nameplate full-load current rating as specified Table 16.].

ipment or the
plely upon an
motor by the

y of the circuit
g operation of

comply with
, comply with

nore than the

i overcurrent
t greater than
[

Standard for
cuit relies on
quired motor
rogrammable
atic Electrical

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.

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.
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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 th

at indicated in Column B of Table 16.1.

Table 16.1
Overload relay size

Maximum percentage protection
A B
Motor with a mgrked service factor no less than 1.15 125 140
Motor with a mgrked temperature rise no more than 72°F 125 140
(40°C)
Any other moto 115 180

16.2.7 Exce
shall comply

a) Tes
electrg
provid
Progre
shall b

b) Sta

Requifements, UL 60730-1 as well as the Standard for Automatic Electrical Controls

and Si
If softyv

Exception: A
or UL 60730-
protective elg
60730-1 can
could includg
redundant prq

pt as indicated in 16.2.5 (c) and (f), a protective electronic circuit providing m
vith one of the following:

s for Safety-Related Controls Employing Solid-State ‘Devices, UL 991. When
nic circuit is relying upon software as a protective component, that part o)
ng the required motor protection shall coemply with the Standard fo
mmable Components, UL 1998. If softwaré’is relied upon to perform a saf
e considered software Class 1.

ndard for Automatic Electrical Controls for Household and Similar Use, P

milar Use, Part 2: Particular Requirements for Temperature Sensing Controls,
are is relied upon to perform-a safety function, it shall be considered software

brotective electronic ‘circuit providing motor protection is not required to comp
[ if there is no risk of fire, electric shock or casualty hazard during abnormal t
ctronic circuit kendered ineffective. The need for software to comply with U

y
L

a consideration of the protective electronic circuit being provided with
tective devices.

16.2.8 With

reference to 16.2.7, the factors outlined in Table 16.2 shall be considered wh

acceptability of a protective electronic circuit.

btor protection

the protective
f the software

Software in

ety function, it

art 1: General
for Household
UL 60730-2-9.
Class B.

with UL 991

psting with the

1998 or UL

pe based on the actual construction and operation of the motor within the equipment. This

independent

en judging the
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Table 16.2
Factors for judging protective electronic circuits

1 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

Endurance test duration: 100,000 cycles

6 Radio-frequency electromagnetic field immunity:
A. To conducted disturbances?® — test level 3
B. To ragiated electromagnetic fields — field strength of 3 V/m

7 Humidity exposure:
Indoor Equipment: 70 — 80°F (21.1 — 26.7°C) and minimum 50 percent relative humidity
Outdoof Equipment: minimum 98 percent relative humidity

8 Electricql fast transient/burst immunity:
Outdoof Equipment: test level 4
For all e|quipment other than outdoor use: test level 3

9 Surge impmunity:
Outdoof Equipment: - installation Class 4
For all equipment other than outdoor use: installation Class 3

10 Electrosfatic Discharge® with a Severity Level of 3 having contact discharge at 6 kV to accessible metal pafts and Air
discharge at 8 kV to accessible parts of insulating material

@ The noted factrs are exempt from being considered when requirements from the Standard for Tests for Safety-Related Controls
Employing SolidiState Devices, UL 991 are applied.

16.2.9 Threg-phase motors shall be protected by:

a) Three properly rated overcurrent-units, each complying with the applicable requirements of
16.2.51 16.2.8; or

b) Thefmal protectors, combination of thermal protectors and overcurrent devices,|or equivalent
methods of protection may be employed where the specific protective arrangement has been
investigated and found to provide proper protection under primary single-phase faillire conditions
when gupplied from\transformers connected wye-delta or delta-wye. Assemblies s¢ investigated
shall b¢ marked4o-indicate that the motor is protected under primary single-phase cgnditions. This
marking maybe.a paper sticker, decal, or an attached wiring diagram.

17 OvercurrentProtection 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 the purpose of these requirements, a direct-connected high-voltage control circuit is one that
is supplied from a branch circuit separate from a branch circuit that supplies other loads within the product.
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It is not tapped from the load side of the overcurrent device or devices of the controlled circuit or circuits
within the product. See 63.8.

17.3 Tapped high-voltage control circuits

17.3.1 For the purpose of these requirements, a tapped high-voltage control circuit is a circuit that is
tapped within the burner on the load side of the overcurrent device or devices for the controlled load. Such
a circuit shall be protected in accordance with 17.3.3 — 17.4.2.

17.3.2 A high-voltage control circuit that is tapped from the main power circuit at a point outside of the
control equipment enclosure shall be protected as specified in Column A of Table 430-72(b) of the National

Electrical Cod

e, NFPA 70.

17.3.3 Atap

rating of the overcurrent-protective device shall not exceed the value specified in Table,17.1,

Exception No
m) long betws
rated 60 amp

Exception Nd
withstand shd

Exception Ng
overcurrent p

Exception No
that is conne
overcurrent d

ped high-voltage control-circuit conductor shall be provided with overcurrent

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

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

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

4: A control-circuit conductor, supplied from the secondary of a single-pha
cted so that only a 2-wire (single voltage) secondary is used, may be prn
pvice located in the primary sideof the transformer if:

rotection. The

han 4 feet (1.2
circuit breaker

he conductors

provided with

e transformer
ptected by an

a) This protection is in accordance with the requirements specified in Overcurrent Protection of
Transformers, Section 18, and
b) Thqg rating of the device*does not exceed the applicable value specified in Table [I7.1 multiplied
by the|ratio of secondary-to-primary rated transformer voltage.
Table 17.1
Overcurrent protective device rating for control circuit conductors
Minimum rating of overcurrent protective device, amperes
Tapped control-circuit conductor, Conductors contained in control Conductors extending beyond
size, equipment enclosure control-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
Larger than 10 b b c c

2 Includes copper-clad aluminum.
b 400 percent of value specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA 70.
¢ 300 percent of value specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSI/NFPA 70.
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17.4 Overcurrent-protective devices

17.4.1 Overcurrent protection for a tapped high-voltage control-circuit conductor, as required by 17.3.3,
shall be provided as part of the product. If a fuse is used, the product shall be marked in accordance with
63.6.

Exception: The overcurrent device or devices 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 Table 17.1.

17.4.2 Acon

a) Be drovided for all ungrounded conductors;

b) Be

c) Hav

The device sh
an acceptable

Exception: If t
for overcurrer
acceptable for

trol-circuit overcurrent-protective device shall:

a size in accordance with the requirements in 17.3.3; and

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

bl be a circuit breaker or a fuse that is acceptable for branch-cirCuit protection
fuse are a Class CC, G, H, J, K, L, or R cartridge fuse and-a.Type S plug fuse.

he control circuit is tapped from a circuit supplying ether loads in the product,
t protection may be of the supplementary typé. provided it has a shor
the circuit in which it is used. See Table 55.1. If'the supplementary device U

. Examples of

B device used
-circuit rating
sed is a fuse,

the product shall be marked in accordance with 63.7.

18 Overcurnent Protection of Transformers
18.1

High-voltage transformers — General

18.1.1  Atran
to be a high-vg

sformer, as defined by 5.64.and other than as described in 18.4.1 and 18.4.2,|is considered

Itage transformer and shall:

n18.2.1;

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

b) Be f
or

rotected by an overcurrent device or devices in accordance with the requirements in 18.3.1;

c) Comply with.the requirements in the Burnout Test, High-Voltage Transformers, Section 57.

I - 3 '3 4 I h £ Lat h hl L D £ £
Exception: Thfs—fegtirerrentis—rot-applcable—to—an—irterchangeable—gnitton—transformerthat has been

investigated in accordance with the requirements for ignition transformers in the Standard for Specialty
Transformers, UL 506.

18.2 High-voltage transformers — Thermal protection

18.2.1 If a high-voltage transformer is provided with a thermal-overload-protective device, the device
shall be arranged to interrupt primary current and shall limit temperatures of the transformer windings
under overload conditions to those acceptable for the class of insulation employed in the windings. See
Overload Test, High-Voltage Transformers, Section 56.

Exception: If the thermal-overload-protective device provided is a nonrenewable thermal cutoff, a burnout
test is to be conducted in place of the overload test. See Burnout Test, High-Voltage Transformers, Section
57.
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18.2.2 A thermal cutoff shall comply with the requirements in the Standard for Thermal-Links —
Requirements and Application Guide, UL 60691. A manually or automatically reset thermal protector shall
have an endurance rating of not less than 6000 cycles and shall comply with the requirements for
calibration of temperature-limiting controls in the Standard for Temperature-Indicating and -Regulating
Equipment, UL 873. Compliance with the Standard for Automatic Electrical Controls for Household and
Similar Use, Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 standard from the
UL 60730 series fulfills the UL 873 requirements.

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.

that is located
ee 18.3.3 and

18.3.2 Ahig
in the primary
18.5.1.

h-voltage transformer shall be protected by an overcurrent device, or devices,
circuit and that is rated or set as indicated in Table 18.1 for the primary. S

Table 18.1
Maximum rating of transformer overcurrent protective device

Maximum rating of overcurrent device, percent of transformer ¢urrent rating,
Rated primary or secondary current, when in:
amperes Primary Secondafy
Less than 2 300° 167
2 or more, less fhan 9 167 167
9 or more 125° 128b

@Does not appl

b If 125 percent
may be used. Fi

to an autotransformer; may be increased t0'500 percent if transformer supplies a motor control ci

of the current does not correspond to the(standard rating of fuse or circuit breaker, the next highes
br the purpose of this requirement, standard ratings are 1, 3, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, g

Feuit.

I standard rating
nd 60 amperes.

18.3.3 If thg
more than 25
not required i

D percent of the rated\primary current of the transformer, additional overcurre
n the primary circuit provided the secondary circuit is protected by a protectiv

circuit supplying a transformer is provided with overcurrent protection rated or set at not

nt protection is
e device rated

or set as indidated in Table,18.1 for the secondary.

18.4 Low-voltage transformers — General

18.4.1 Except as-specified in 18.4.2, a transformer having a rated output of not more than 30 volts and
1000 volt-amperes{Class4-poewerlimited-cireuity-shallbeprotested-byan-overcurrent-devite, or devices,
located in the primary circuit. The overcurrent device, or devices, shall be rated or set at not more than 167
percent of the primary current rating of the transformer. See 18.5.1.

18.4.2 A transformer that directly supplies a Class 2 circuit [see 5.25(b)] shall, in accordance with the
requirements in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1
and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3,
either limit the output current (inherently-limiting transformer) or be equipped with an overcurrent device,
or devices (noninherently-limiting transformer).

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
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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) Be provided for all ungrounded conductors;

b) Be of a size in accordance with the requirements in 18.3.2 — 18.4.1, as applicable;

c) Hav

avaoltaaae ratina notless-than thae circuit inwhich it ice ucad
S-OHage- et g RO +18SStHa - Re-GHetHt W HERHHSHSea-

The device sh
of an acceptal

Exception: If g
for overcurren
rating accepts
accordance wi

19 Switched and Controllers

19.1 A contr
more than ong

Exception: A
fuse size does
more than 6 a

19.2 Motor ¢
ungrounded ¢

19.3 A singlg

controlled. The assembly shall be marked in accordance with 63.9 if the same controller con

remote motor(|

19.4 A contr

all be a circuit breaker, or a fuse, that is acceptable for branch-circuit protecti
le fuse are a Class CC, G, H, J, K, L, or R cartridge fuse and a Type S pldg fus

transformer supply is tapped from a circuit supplying other loads in the produg
t protection may be of the supplementary type provided that‘the fuse has
ble for the circuit in which it is used. See Table 55.1.-The product shall
th 63.7.

bller(s) for controlling the loads involved shall be provided for all assemblies
motor intended for connection to the same power supply.

ontroller is not required for an assembly with more than one motor if the mar
not exceed 20 amperes at 125 valts or less or 15 amperes at 600 volts or les
mperes full-load current for each motor.

ontrollers shall be arranged so that they will simultaneously open a sufficie
bnductors to interrupticurrent flow to the motor.

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

5) in addifion to the motor(s) in the unit containing the controller.

blleror switch shall be rated for the load that it controls. The load controlled is

load external t

pn. Examples
e.

t, a fuse used

a short-circuit

be marked in

incorporating

ed maximum
s and with not

nt number of

ombined load
acts handle a

o include any

b the assembly for which connections in the controller or switch circuit are prov

ided.

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.

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 cur

19.8

rent, and ten times the full-load current rating if direct current.

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
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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 applicable, switches shall comply with the Standard for Enclosed and Dead-Front Switches, UL
98, the Standard for General-Use Snap Switches, UL 20, or the Standard for Switches for Appliances —

Part 1: General Requirements, UL 61058-1.

19.10 Controllers shall comply with the following, as applicable:

a) The

Standard for Industrial Control Equipment, UL 508;

b) The Standard for Low-Voltage Switchgear and Controlgear — Part 1: General Rules, UL 60947-

1;

c) The
Starte

d) The
and S

20 Capacitors

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

20.2 The in
mounted in &
case, or the li

20.3 If the d
metal parts in

20.4 A capd
against expul
requirements
used. See Sh

Standard for Low-Voltage Switchgear and Controlgear — Part 4-1: Caontactg
s — Electromechanical Contactors and Motor-Starters, UL 60947-4-1; on

Standard for Low-Voltage Switchgear and Controlgear — Part 5427 Control (
vitching Elements — Proximity Switches, UL 60947-5-2.

r starting or running capacitor shall be housed within an enclosure or con
ates against mechanical damage and that willprevent the emission of flg
ting from malfunction of the capacitor. Except as noted in 20.2 and 20.3, the

dividual container of a capacitor may be of material other than metal if th
h enclosure that houses other*parts of the device assembly, and provided
e, is acceptable for the enclesure of current-carrying parts.

accordance with Table 22.1.

citor employing.a liquid dielectric medium more combustible than askarel sha|
sion of the) dielectric medium when tested in accordance with the applicabls
of this standard, including faulted overcurrent conditions based on the circu
bri-Circuit Test, Section 55.

rs and Motor-

Circuit Devices

tainer that will
me or molten
container shall

roviding strength and protection not less:than that of uncoated steel 0.020 inch (0.51 mm)

e capacitor is
hat such box,

ontainer of an electrolytic capacitor is constructed of metal, it shall be insulated from dead

[l be protected
b performance
t in which it is

Exception: If

te-avaitabte faatt current s fimited by othrer components i the Tircuit, such a

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).

20.5 Capacitors shall comply with the Standard for Capacitors, UL 810.

21 Electrical Insulating Materials

211 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
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21.3 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material employed where spacings would otherwise be insufficient, shall be not less than 0.028
inch (0.71 mm) in thickness, except that a liner or barrier not less than 0.013 inch (0.33 mm) in thickness
may be used in conjunction with an air spacing of not less than one-half of the through air spacing
required. The liner shall be located so that it will not be damaged by arcing. Material having a lesser
thickness may be used if it has equivalent insulating, mechanical, and flammability properties.

CONSTRUCTION — ELECTRICAL SPACINGS
22 High-Voltage Circuits

221 Except as noted in 22.2 — 22.4, the spacings between uninsulated live parts of opposite polarity and
between an uninsulated live part and a dead metal part shall be not less than the values indifated in Table
22.1.

Table 22.1
Minimum spacings
Ratings Minimum spacings®;inch (mm)

Volt-amperep Volts Through air Over surface To enjclosure®
0-2000 0-300° 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
0-150 1/8° (3.2) M4 (6.4) 1/2¢ (12.7)
more than 2000 151 -300 1/4 (6.4) 3/8 (9.5) 1/2¢ (12.7)
301-600 3/8 (9.5) 1724 (12.7) 1/2° (12.7)

@ See 21.3.
® If over 300 volty, spacings in last line of table apply.
¢ The spacings Hetween wiring terminals of opposite polarity, or between a wiring terminal and grounded metal, shgll not be less
than 1/4 inch (6.4 mm), except that if short-circuiting.or grounding of such terminals will not result from projecting sfrands of wire,

the spacing needl not be greater than that given in.the above table. Wiring terminals are those connected to the fielgd and not
factory wired. Mg¢asurements are to be made with'solid wire of adequate ampacity for the load connected to each t¢rminal.

4 Includes fittingg for conduit or metal-clad cable:

€ The spacings gt wiring terminals of a mietor'shall be at least 1/4 inch (6.4 mm) for a motor rated 250 volts or less gnd 3/8 inch
(9.5 mm) for a mpotor rated more than 250 volts.

22.2 The thrpugh-air ahd over-surface spacings at an individual component part are to be judged on the
basis of the tptal volt-ampere consumption of the load(s) that the component controls. However, the
spacing from |the ¢omponent to the enclosure shall be judged on the basis of the total load on all

components if-thevenclosure. For example, the through-air and over surface spacings at{a component
which controllmmmmmmm mponent that

controls loads in addition to the motor is similarly judged on the basis of the sum of the volt-ampere of the
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 highest voltage involved.
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22.5 For circuits not exceeding 300 volts, the over-surface spacings for glass-insulated terminals of
motors may be 1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) is specified in the table; and may be 1/4 inch
where 3/8 inch (9.5 mm) is specified.

23 Low-Voltage Circuits

23.1 The spacings for low-voltage electrical components that are installed in a circuit that includes a
motor overload protective device, or other protective device, where a short or grounded circuit may result
in a risk of fire, electric shock, or injury to persons shall comply with 23.2 — 23.4.

23.2 The spacing between an uninsulated live part and the wall of a metal enclosure including fittings for

the connection of conduit or metal-clad cable shall be not less than 1/8 inch (3.2 mm). See 22.4.

23.3 The sppacing between wiring terminals regardless of polarity, and between the wiring
dead metal part

when the dev

23.4 The sp
part and a de
shall be not Ie
will be definitg

23.5 The sp
specified.

CONSTRUCT
24 Assemb

241 Excepf]
unit assembly
intended. The

24.2 The bl
Such individu

24.3 In accg
the burner msg

:

(including the enclosure and fittings for the connection of conduit) which ma
ce is installed shall be not less than 1/4 inch (6.4 mm).

acing between uninsulated live parts, regardless of polarity,“and between an
bd metal part, other than the enclosure, which may be grounded when the dey
ss than 1/32 inch (0.8 mm), provided that the construction-of the parts is such
ly maintained.

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

[ION — CONTROLS AND SAFETY DEVICES

ly

as indicated in 24.2, 24.3,.24.5, and 24.6, a burner shall be factory-built ang
and shall include all thelessential parts necessary for its intended function wh
equipment may be shipped as two or more subassemblies.

rner may incorporate individual assemblies which are installed remotely frg
bl assembliesishall be marked in accordance with 63.4.

rdance‘with 24.1, the complete primary safety control shall be furnished with ¢
nufacturer.

terminal and a
y be grounded

insulated live
ice is installed
that spacings

n 23.1 are not

shipped as a
en installed as

m the burner.

bach burner by

24.4 Parts of a safety control that are required to be burner-mounted shall be factory-attached. If the
combustion detector is burner-mounted but the safety switch is not, the burner shall be marked to declare
the safety switch with which it is to be used.

245 The burner equipment, if not manufactured as a unit assembly, shall consist of as few
subassemblies as practicable. Except as indicated in 24.6, each subassembly shall be capable of being
incorporated readily and correctly into the final assembly without requiring alteration, cutting, threading,
welding, or similar tasks by the installer. Two or more subassemblies which must bear a definite
relationship to each other for the proper and safe operation of the equipment shall be designed and
marked so that they may readily be incorporated into the final assembly in their correct relationship.

24.6 Burner piping components such as the main automatic gas shutoff valve, main manual gas shutoff
valve, pressure regulator, etc., may be furnished as separate parts provided they can be joined in the field
with standard piping. The standard piping may be furnished, cut, and threaded by the field installer.
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24.7 The burner shall provide a uniform and definite supply of fuel and air for combustion when installed
and adjusted in accordance with the manufacturer's installation instructions.

24.8 The burner and/or subassemblies shall incorporate provisions for support, adjustment, and
attaching to the heating plant or to the foundation on which it rests in order that installation can be so made
as to prevent its twisting, sliding, or dropping out of the intended position.

24.9 A burner of the "swing-type" shall be provided with means for locking the burner in the firing position
and, for an automatically-lighted burner, to prevent it from discharging fuel when in other than the firing
position.

24,10 An adjusted or movable part shall be provided with a locking device to prevent accidental shifting.

2411 The ba

2412 Bolt hgles shall not intersect gas ways unless provision is made to provide)gas tightn

24.13 Burne
temperature in

24.14 Arribb
replaced withg

2415 The b
temperature 0
than 1100°F (4

2416 Main 4

2417 Screw|
capable of h
replacement.

se or frame on which burner parts are mounted shall be made of noncombusti

heads, mixer heads, and mixer tubes shall be of metals havihg a melting
excess of 1450°F (787.8°C).

bn burner shall be so constructed that the ribbon assembly can be removed,
ut the need for special tools.

Lirner orifice and orifice holder shall be made of a material having a melting
f not less than 1450°F (787.8°C) for usexwith manufactured and mixed gases
93.3°C) for natural, LP-Gas, and LP-Gas-air mixtures.

urner gas orifice spuds shall be threaded into their holders with at least 3-1/2 f

5 or bolts used to attach.parts which are detached for servicing of the bt
plding upon the application of the torques indicated in Table 24.1 after

Table 24.1
Torque requirements for screws or bolts

ble material.
a)

SS.

point, solidus

cleaned, and

point, solidus
5 and not less

LIl threads

rner shall be
removal and

1.S.0. screw
American starjdard\screw size Torque size Torqye
No. -~ to-in Mo -~ Nem | Ib-in
- - - - 4 1.8 14
8 4.2 18 2.0 45 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 10 452 400
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
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2418 Flame spreaders and flame spreader supports used with upshot type burners shall be constructed
so that they cannot be incorrectly fitted together, or they shall be marked to indicate the correct method of
assembly. When it is necessary for service or assembly to remove the flame spreader. It shall not be
threaded to its support unless the support is readily removable.

2419 Flame spreader supports used with upshot type burners shall be so constructed that 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.

24.21 Joints
not depend fq
where such jg
of equivalent

25 Accessi

25.1 All par
shall be acces
during usage

25.2 Accesq
The dispositig
removal, will

assembly. Sp
accompany th

26 Fan Housings and Air Tubes

26.1 Afant
durability to n

26.2 The ex

firing end ang
shall be made

26.3 An ouf

in the pressure zone or in the burner head of a burner assembly, shall be gas
r mechanical strength nor primarily for tightness on cement or other sealing,m
ints form part of the port area. Joints shall be bolted, screwed, machined;’wel
construction.

bility for Servicing

s requiring adjustment or manipulation by the user in the-course of operation
sible and easily moved. Any part that may normally gome in contact with the o
Shall be free from sharp edges or projections and projecting sharp screw ends

ibility shall be afforded to all burner parts, controls, and safety devices requ

not necessitate their realignment to secure their intended relationship with oth
ecial facilities that may be required for servicing to be performed by the
e burner to the user.

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

ferior portiontwof @ firing head within 6 inches (152 mm) measured parallel to its
all partsswhich may be in contact with masonry when the burner is installe
of iron(orsteel. Interior parts shall be made of materials conforming with 6.1 —

tight and shall
aterial, except
Hed, brazed or

of the burner
perator's hand

ring servicing.

n of parts in the assembly removed for seryicing shall be such that their restoration, following

er parts of the
operator shall

b strength and

axis, from the
H as intended,
6.4.

as to assure

er_shell of a blast tube or firing head, if made of sheet metal, shall be suck

strength, rigi

ity, durability; Tesistancetocorrosiormn, and other physicat properties equivaten

to sheet steel

having a thickness of not less than 0.053 inch (1.35 mm) or Type 309 stainless steel having a thickness of
not less than 0.026 inch (0.66 mm).

27 Combustion Air Control

271

means for preventing accidental change in setting.

An air shutter shall be capable of being adjusted readily to any desired setting and be provided with

27.2 The air inlet shall be of sufficient area to supply adequate air for complete combustion under the
specified draft condition and at the maximum rate of firing when the burner assembly is installed as
intended. All the air required for complete combustion shall be introduced in a manner which will assure
thorough mixing of the fuel and air.
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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.

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 meang for adjusting the part shall be readily accessible.

shed with the
input and the

27.7 A burne
equipment, sh
air-gas ratio cq

r assembly, when adjusted according to the manufacturer's instructions furn
all maintain complete and stable combustion at all firing rates called for by the
ntrols.

27.8 Linkage orrect fuel-air

ratio and to re

for operating air and fuel controls shall be designed to reliably maintain the ¢
ist accidental damage and disengagement.

27.9 |If air upder pressure is mixed with the gas supply in @ mixer and is automatically controlled,
effective means shall be provided to prevent air from passing\back into the gas line, or gas into the air
supply. The ggs and air supply shall be suitably controlled to prevent gas from entering burngrs until the air
supply is availgble and, in the event of air failure, to shut.offthe gas supply.
27.10 |If air fq

r combustion is supplied mechanically by a source from which the flow may Qe interrupted,

provision shall
air supply. For|
combustion ai
operation.

Exception: Fu
for a burner th

2711 With r
need not resul
flow has been

be made to shut off the fuel supplyto the main burner and pilot assembly upo
a burner assembly having an ifput in excess of 2,500,000 Btu per hour (732 K
I shall result in safety shutdown so that a manual reset is required to restg

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

pspect to 2710, loss of air during prepurge or any time at start-up prior to d¢
t in safety)shutdown. However, no delivery of fuel shall be initiated before the g
reestablished and the required prepurge has been completed. See 37.1 and 3]

n failure of the
W) the loss of
re the burner

5 not required

livery of fuel,
ombustion air
y.2.

2712 A gas-

fired burmerassembly stattbeequippedto provide preigmnitionmpurgimgimac

ordance with

37.1 except such preignition purging is not required if the device is equipped with a continuous ignition
source (ie. pilot) and the assembly is arranged so that any and all gas from the burner ports will be safely
lighted and burned.

28 Fittings, and Piping and Tubing

28.1
Pipe Threads,

General Purpose (Inch), ANSI/ASME B1.20.1.

An opening threaded for pipe connection shall be threaded in accordance with the Standard for

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.
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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: Fittings 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 intended use are
excluded from the requirements of 28.3.

Table 28.1
Torque requirements for pipe connections

Pipe size ANS E
B36.10 Outside diameter Torque
Nominal in¢hes Inches (mm) Pound-inches N-m
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 4.500 (114.30) 1900 215

28.4 A tool which fits snugly about theitting, or to a section of the shank shaped for a wrench, if such
section is proyided, is to be utilized to, apply the turning force. The turning force is to be apglied to the hex
of the fitting afljacent to where itis-attached to piping or, if no hex is provided in this position] to the body of
the fitting. Thge measured torque’specified in Table 28.1 is to be applied to the fitting to sgrew it onto an
extra-heavy piipe or into a pipe“fitting of appropriate size. After the force has been applied, the fitting is not
to leak when| subjectedyto*a hydrostatic pressure equivalent to one and one-half times |the maximum
working presgure.

28.5 Tapped holes for gas valves, pilots, or other branch supply lines shall have not less than 3-1/2 pipe
threads.

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 area, shall reveal no imperfections occasioned by the bending process, shall be annealed
if necessary to remove internal stresses; and shall be cleaned inside to remove loose particles.
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28.10 Tubing shall be arranged to avoid being physically damaged, such as by closely following the
contour of the burner assembly. Tubing connections shall be made by means of compression or flare type
fittings with steel or brass nuts. A fitting requiring the use of a gasket to obtain a gas-tight joint shall not be
used.

28.11 If a vertical section of piping is supplied on the upstream side of the gas controls, a trap in this
piping shall be supplied by the manufacturer. If a vertical section of piping is not supplied, the installation
instructions shall require the installation of a trap at the inlet of the gas connection of the unit.

28.12 Seamless drawn aluminum or copper tubing employed in the fabrication of factory assembled
equipment shall be not less than 1/4 inch (6.35 mm) outside diameter and shall have a wall thickness not
less than that shown in Table 28.2.

28.13 Aluminum tubing shall not be exposed to condensate or to temperatures jn' exdess of 700°F
(371.1°C) and shall not be acceptable for use where it passes through insulating material|of other than
neutral reaction unless the tubing is adequately protected from the insulation.

28.14 Steel fubing of the seamless, brazed, or welded type shall be notless than 1/4 inch (6.35 mm)
outside diameter 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
Outsjde 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)
7/16 (11.1) 0.032 (0.81) 0.028 (0.71)
12 (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 {254 6-649 t+24) 6-649 (1.24)
1-1/8 (28.6) 0.049 (1.24) 0.049 (1.24)
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 Cadmium plating shall have a thickness of not less and 0.0003 inch (0.0076 mm) except on a part
where threads constitute the major portion of the area, in which case the thickness of the cadmium plating
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shall be not less than 0.00015 inch (0.0038 mm). Zinc plating shall have a thickness of not less than
0.0005 inch (0.013 mm) except on a part where threads constitute the major portion of the area, in which
case the thickness of the zinc plating shall be not less than 0.00015 inch.

28.17 Copper tubing or tubing with internal copper surfaces, used for conveying gas, shall be internally
tinned or equivalently treated to resist sulphur corrosion. Such tubing shall not be exposed to
temperatures in excess of 350°F (176.7°C).

28.18 Flexible metallic hose shall be confined to applications where rigid piping or tubing is impractical.
The application shall not subject the flexible metallic hose to excessive torsion, tension, vibration, bending
or abrasion. Flexible metallic hose shall not be used in conjunction with safety devices or where bending is
caused by automatic operation. Flexible metallic hose shall comply with one of the following:

a) The Standard for Flexible Metallic Hose, UL 536 or

b) Th¢
be ins
Conns

p Standard for Connectors for Gas Appliances, ANSI Z21.24. Further, if the end product is to
alled outdoors the flexible metallic hose shall comply with the requirements ip the Standard
ctors for Outdoor Gas Appliances and Manufactured Homes, ANSFZ21.75.

28.19 Afue
line opening S

28.20 A 1/8
connection, s
at the burner.

line shall terminate in a manner which will permit connection to the burner ag
hall be plugged or capped to prevent entrance of foreigh material prior to insta

inch (3.18 mm) iron pipe size or larger plugged tapping, accessible f
nall be furnished downstream from the last main\line gas control for measuring

29 Valves and Regulators

29.1 Autom

29.1.1
burning devic

29.1.2 Safef
open position
operating leve

2913 Anel

atic safety shutoff valves — General

The pressure rating of a valve.shall be not less than the maximum operating press

a)

c.

y shutoff valves §hall be constructed so that they may not be restrained or
. Such valvesshall close upon being de-energized regardless of the posit
r or reset handle.

ectrically-operated safety shutoff valve shall not depend on electricity to shut o

sembly. A fuel
lation.

Dr test gauge
) gas pressure

ure of the fuel-

blocked in the
on of damper

[f the fuel flow.

29.14 Apre

ssure nppmfpd anph/ shutoff valve shall close upon failure of pressure

29.1.5 A bypass to provide for minimum flame may be installed around a valve used to regulate fuel
input only. A bypass shall not be installed around a safety shutoff valve or a combination input control and
safety shutoff valve.

29.1.6 Each main burner supply line shall be equipped with a safety shutoff valve or valves which will
close, independent of external force and with sufficient closing force to provide tight shutoff under normal
operating conditions. The following arrangements comply with this requirement:

a) Either two valves in series, one of which is a safety shutoff valve, or one safety shutoff valve of
the type incorporating a proof of closure switch, when the maximum firing rate per combustion
chamber does not exceed 2,500,000 Btu per hour (732 Kw). The two valve arrangement may be
incorporated into a single control body;
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b) Two safety shutoff valves in series, or one safety shutoff valve of the type incorporating a proof
of closure switch, when the maximum firing rate per combustion chamber exceeds 2,500,000 Btu
per hour but is not more than 5,000,000 Btu per hour (1.46 MW); or

c) Two safety shutoff valves in series, one of which is of the type incorporating a proof of closure
switch when the maximum firing rate per combustion chamber exceeds 5,000,000 Btu per hour.
Burners having a maximum firing rate per combustion chamber in excess of 12,500,000 Btu per
hour and equipped to fire fuel gas having a specific gravity less than one shall also include a
normally open 3/4 inch (19.1 mm) or larger electrically operated valve in a vent line located
between the two safety shutoff valves.

Exception: If an automatic valve proving system is installed to verify that both safety shutoff valves

are le
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 inc
a main line combustion gas valve.

29.1.8 Gas dafety shutoff valves shall shut off after being de-energized within the time limi
Table 36.1.

29.1.9 Meang shall be provided to facilitate testing automatic gas valves for leakage wher
position.

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

29.2 Manually operated valves

29.2.1 Manuplly operated main shutoff-and pilot shutoff valves shall have an attached hg
positioned pargllel to the gas flow when_the valve is in the open position. These valves shall
that they are accessible and they shall-have indicated “ON” and “OFF” positions. These indic
by means of & line on the valye stem which is parallel to the flow of gas when the valvg

perpendicular [to the flow of gas-when the valve is closed. The valve shall also incorporate
fully open and|fully closed positions.

29.2.2 A mahually-operated main burner shutoff valve shall be installed in the line supp
burners of eagh gas'device and shall be located upstream of main burner gas control and au

- t of a leak, a

brporated into

ts specified in

in the closed

the Standard
valve safety

ndle which is
be located so
btions may be

is open and
stops for both

lying all main
fomatic safety

shutoff valves

29.23

In addition to the manual value required in 29.2.2, a manually operated gas valve shall be

installed in the gas line of the main burner, located downstream of all automatic safety shutoff valves to

permit the testing of the safety shutoff valves for leakage.

Exception: The manual valve specified above is not required if other means is provided by the burner

manufacturer to independently test each automatic safety shutoff valve. Any special tools

or equipment

and the instructions needed to perform the leakage testing shall be provided by the burner manufacturer.

29.2.4 A manually operated pilot shutoff valve shall be located in the gas supply line to the pilot

burner(s).

29.2.5 Manually operated valves shall be constructed and tested in accordance with the Standard for
Valves for Flammable Fluids, UL 842, or equivalent nationally recognized manual valve safety standard.
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29.3 Gas pressure regulators

29.3.1

and lever type of regulator shall not be used.

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

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
indicated in 2{

29.34 The
provided the &

29.3.5 Exce

29.36 A bu
marked to de
pressure shal

29.3.7 Gas
Appliance Prg

30 Bleeds gnd Vents

30.1 A blee
pressure inte
balance a dia
manufacturer
of a regulator|
mm) outside ¢

30.2 Bleedl
the combustidg
1450°F (788°
and the heat
securely held

gas pressure regulator shall be located upstream of all automatic gas cont

rols except as

D.3.4.

jas pressure regulator may be located downstream of the automatic safety g
urner is marked as indicated in 63.18.

pt as indicated in 29.3.6, a gas pressure regulator(s) shall be furrished.

ner or device may be furnished without a pressure/regulator provided it i
Clare that a regulator capable of being adjusted to thé equipment's designed b
be installed at the time of installation of the equipment. See 63.3.

pressure regulators shall be constructed and, tested in accordance with ANS

i line from a diaphragm valve_and an atmospheric vent line from a gas-pres
rlock switch or any other.gas train component that requires atmospheric g
phragm, shall be provided)with threaded pipe connection for venting in accor
5 instructions. Unless, the burners are equipped for constant-burning pilot onl
shall not vent inte~the combustion chamber. Bleed lines shall be not less tha
iameter tubing(

nes from<diaphragm control valves and vent lines from gas-pressure regulator
n chamber shall terminate in burner tips made of a metal having a melting poi
C). They shall be located so that the escaping gas will be readily ignited from

hutoff valve(s)

5 permanently
urner manifold

| Z21.18, Gas

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

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

5 that vent into
nt in excess of
the pilot flame

liberated will not impair the operation of the thermal element. Bleed line bu

rners shall be

so that the ports are in a fixed position relative to the pilot flame.

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.

30.5 Gas vent lines with normally open, fully ported, electrically operated valves shall be sized in
accordance with Table 30.1.
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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 presgure gauge, when used, shall have a scale range of at least one“and one-half times the

maximum inte
well as the pre¢
part of the bur

32

321
constructed ar

32.2 The me
other material
accordance w

32.3 The co
withdrawn fror
assembly with

a) Red
metal

b) Cha

c) Red

nded operating pressure of the burner and greater than the maximum operatin
ssure obtained at the maximum setting of any relief or pressure-regulating val
ner equipment.

Ignition $ystems — General

The elgctric igniter, pilot burner, and pilot and main burner flame-sensing dev

th these requirements.

nstruction of a burner assembly shall be such that the igniter assembly m
h and replaced in the burner assembly during servicing of the igniter assemi

d supported so that each will be fixed in itsintended position.

ans for ignition shall be so designed/and located as to avoid the collection
or the dislocation, distortion, or burning of parts when the burner assemb

but resulting in:

g pressure as

e included as

ces shall be

bf carbon and

y is tested in

ay be readily
ly and burner

uction of the, clearances between bare current carrying parts, electrodes, and grounded

arts;

hges.inthe air gap at electrode tips;

ction of the spacings between the high potential cables and grounded metal p

arts; or

d) Changes in the position of the igniter or pilot relative to the area at which ignition is to be
initiated.

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
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ignition, the gas assist system shall have a separate SSOV to interrupt the fuel. This system shall be
evaluated as a direct ignition system in accordance with the requirements of this standard. The gas-fired
burner assembly shall comply with the Delayed Ignition Test, Section 51. The maximum fuel input that is
ignited directly by an electric igniter (direct ignition system) shall not exceed 2,500,000 Btu per hour, see
32.7.

32.7 If the maximum firing rate of a gas burner on which the main burner flame is lighted directly by an
electric igniter exceeds 2,500,000 Btu per hour per combustion chamber, the initial ignition input shall not
exceed 2,500,000 Btu per hour. The ignition input shall be controlled by one or more of the following
arrangements:

a) A low-fire start-up proved by a low-fire hold interlock arrangement;

b) A
input r

c) Sta
29.1.5
the firs

32.8 The ignition system for the main burner shall be activated beforethe delivery of fuel

zone and sha
off at the terni
flame electrig

ow-opening gas valve arranged so that in 5 seconds after the valve is eng
bte to the burner does not exceed 2,500,000 Btu per hour; or

jed fuel input by either a step-opening valve or an arrangement of4wo separs
. The second stage input shall be delayed not less than 5 secondsfrom the ¢
t stage.

| remain active during the main burner flame-establishing period. If means fo
ination of the main burner flame-establishing periéd, the ignition (pilot and an
igniter) shall remain off for the duration of that firing cycle and for the p

'gized the fuel

te valves (see
energization of

to the ignition
Fignition is cut
y pilot or main
urge period(s)

required upor] attempting the next firing cycle in accordance*with 36.3.

33 Electric High-Tension Ignition

33.1 Spark jgniters
33.1.1  Curré

provide prote

nt carrying parts, such as abus bar, electrode, or terminals, shall be enclosed|or insulated to

ttion against accidental ¢ontact.

33.1.2 If an
construction s
t0 33.2.2.

adjustable air deflector or similar part is employed in the vicinity of bare ¢
hall be such that the part may be securely fixed to maintain any spacing requi

bnductors, the
red to conform

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

33.2 Electrtpde and bus bars

33.2.1 Bare electrodes and bus bars shall be self-supporting when in place.

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

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

33.2.4 An electrode shall be prevented from rotating within its insulator, unless such rotation will not
result in any change in spacing or alignment.
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33.2.5 An electrode tip shall be of such design and material that extreme burning of its point will not
result when the burner is tested in accordance with these requirements. A high-temperature alloy steel, or
equivalent material, shall be used for the electrode tip.

33.3 Insulators

33.3.1 An insulator shall be made of ceramic insulating material or the equivalent, impervious to oil and

moisture and cleanable by wiping. See 58.3.1 and 58.3.2 for the test method to confirm conformance with
this clause.

33.3.2 An insulator shall provide a distance, as measured across the surface of the insulator, between
the nearest point of bare current carrying parts and the nearest electrically grounded metal surface as
indicated in Table 33.1.

Table 33.1
Spacing over surface of insulators

Secondary|voltage of ignition
transformer Minimum surface distance ovér insulator?, inches (mm)

Not more than 6J000 1 (25.4)

Not more than 19,000 1-1/2 (38.1)

Not more than 1$,000 2 (50.8)

@ For burners eqliipped with solid state ignition modules, the over-surface spacing shall be based on peak voltage ¢f the ignition
system. For solid state ignition systems, the over-surface spacing may bereduced upon successful completion of the dielectric
testin 58.2.1.

33.3.3 An ingulator included in a proved gas pilot assembly to be energized by a transformer having a

secondary vol
combustible a

33.34 Anin

the burner is t¢sted in accordance with these requirements.

33.4 Leads

33.4.1 Ignitig
the ignition tra
ignition modul

age of not more than 6,000 need not conform to 33.3.2 and Table 33.1 if igniti
r-gas mixtures only within or-adjacent to a pilot tip or nozzle.

tulator shall be so located’that no detrimental accumulations of carbon will fo

n cable-shall have a voltage rating equal to or greater than the rated second
nsformer. The peak voltage rating of the ignition cable for burners equipped W
bs shall be based on the peak voltage of the ignition system. If the ignition cab

on is to be for

rm on it when

ary voltage of

ith solid state
e has only an

RMS rating, t

e peak rating shall be determined by multiplying the RMS rating by 1.4. Each

nd of a high-

tension lead shall be provided with a fixed loop, eyelet, or connector to facilitate and ensure adequate
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 required voltage rating(s) of the ignition cable shall be determined utilizing the test methods
of the Standard for Appliance Wiring Material, UL 758 or the Standard for Gas-Tube-Sign Cable, UL 814.

33.5 Transformers

33.5.1 A transformer shall be mounted as closely as possible to the spark gap to avoid long leads. lts
location shall be such that it will not be placed within 1 inch (25.4 mm) of the floor when the burner
assembly is installed in accordance with the manufacturer's installation instructions unless that portion of
the case within 1 inch (25.4 mm) of the floor is waterproof.
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33.5.2 A spacing of at least 1/8 inch (3.2 mm) shall be provided between a transformer secondary
terminal insulator 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.

34 Gas Pilots

34.1 Except
accomplish p
number of pil
pilot or the tg
Ignition Test,
maximum inp

a) For

b) For

34.2 Iftheir
hour the burn
Test, Section

34.3 The g4
burner gas re
from all main

34.4 Primar

34.5 A pilot
that their posi

means shall be provided.to prevent the accidental incorrect assembly or mounting of any

relation to the|

34.6 Cleara

as indicated in 32.4, each main burner unit shall be equipped with a\p
roper ignition of the main burner. If multiple burners are operated as-a|un
bts shall be employed to accomplish the ignition of all main burners smoothly.
tal input to all pilots being ignited simultaneously shall be in accofdance wi
51.1 and shall not exceed 5 percent of the maximum input of the main

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

an atmospheric natural draft burner; and

any burner employing intermittent pilots.

put to a pilot or total input to all pilots being ignited simultaneously exceeds 4
Br in conjunction with the appliance on whichit is used shall comply with the D
b1.

s supply pressure to the pilot or a greup of pilots shall be regulated separate
pulator. The pilot-supply line shalkbe connected, or arranged to permit conneg
purner valves and the main burner regulator.

air openings and orifices shall be accessible for servicing.

burner, electric ighiter, and pilot flame-sensing device shall be supported in g
ion relative to €ach other and to the ports of the main burner or burners will re

burner béing served.

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

gas tubing.

roved pilot to
it, a sufficient
The input to a

the Delayed
urner or total

D0,000 Btu per
blayed Ignition

ly of the main

tion, upstream

uch a manner
main fixed and
pilot burner in

nking the pilot

34.7

If a pilot burner supply line is taken from a horizontal line, the connection shall be made either at the

side or top of the pipe. The pilot supply line shall be connected upstream of all main burner valves and

regulators.

35 Control Applications

35.1

than 120V. A safety control or protective device shall interrupt the ungrounded conductor.

A safety-control circuit shall be two-wire, one side grounded, having a nominal voltage of not more

35.2 With respect to 35.1, the safety control circuit is defined as any low or high voltage circuit (see 5.25)

38, is located

and powered.
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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 requirement of 35.1 does not apply to a supervised circuit within a safety control or to the
extension of such circuit to a separate element of the control, such as a flame-sensing device.

35.5 A safety control circuit shall be arranged so that it may be connected to a power supply branch
circuit that can be protected against overcurrent at not more than the value appropriate for the rating of the

electrical components included in the circuit.

35.6 All safety controls shall be accessible, with respect to inspection and servicing.

35.7 As appl
will remain in {
each control is

35.8 Nothing

or allowing firing of the burner without the protection of each of the required safety controls.

35.9 Where

controls or it npay be affected remotely by utilizing the manual reset feature of another contrg

primary safety
as a visual ing
causes safety

35.10 A burper assembly not equipped to provide automatic restarting shall be arrang

manual restart
an interrupted

35.11 Aburn
temperature in

35.12 The s

permit the limi

the switching mechanishtis integral with the sensing element or remote from same.

cable, a safety control shall be supported in such a manner that it and itsse
he intended position. It shall be possible to determine by observation or test v
in its intended location.

shall be provided for the purpose of permitting any safety controal to be rende

50 specified, safety shutdown may be provided eitherby employing manual r
control. For systems where the reset feature is.remote from the limit control,
shutdown.

after any control functions to cause-the fuel supply to be shut off and following

power supply.

er assembly shall permitthe installation of a limit control(s) to prevent excessi
the appliance being fired.

[ control to)be wired into the circuit so as to effect the direct opening of that c

3513 Thep

irpose of the requirement in 35.12 is to prevent interposing in the limit-cont

nsing element
vhether or not

red ineffective

bset type limit
I, such as the
means, such

ication or annunciation, shall be provided to_indicate the limit control has opgrated when it

ed to require
restoration of

€ pressure or

pfety control circuit of a burner intended for use with a limit control, which functions to
interrupt or regluce the delivery of fuel for combustion by opening an electrical circuit, shall b

e arranged to
rcuit, whether

ol circuit with

other safety c

ntrots, the faiture of whichmay Tesuttimaconditiom thetimit comntrotis-intend

ed 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 energizing a fuel valve or ignition device.
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36 Primary Safety Controls

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

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

a) Power burners and mechanical draft burners having an 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 blirner employing direct electric ignition of main burner gas.

36.3 Following the loss of flame at the point of supervision and de-energization of the’safety shutoff valve
within the timg interval specified in Table 36.1, the ignition means may be automatically reactivated 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 exceeding [2,500,000 Btu
per hopr (732 Kw) firing gas after completion of the purge in accordance with 37.1 or 37.2; and

b) Fofl any natural draft gas burner after a 5 minute<delay if the burner has unrestricted air
passages or after a 90 second delay after opening of anrautomatic damper.

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

36.5 Theo
establishing

peration of the primary safety controlishall be such that after the end of the maip burner flame
period the combustion detector is'responsive only to the properties of main burnjer flame.

36.6 The cgntrol system for a burner assembly equipped with a pilot for ignition of mainp burner flame
shall be arranged so that no gas can-flow to the main burner or burner group operating as a pnit unless the
pilot is proved. See 34.1.

36.7 Pilot sdipervision 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 pilpt isviot proved, the gas to the pilot shall be automatically shut off and safety shutdown
established. Ir-the-event-of-pilet-extingdishmentthe—gas—te-such—pilo hal-be-shut-ofwithin 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 before the main fuel
valve is energized. Fuel to the pilot shall be shut off and safety shutdown shall occur if the pilot flame is not
proved.

36.10 If burner assemblies are designed for multiple installation in single devices, the automatic safety
control mechanism of each burner assembly shall operate independently of the other, or equivalent safety
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 burner consisting of sections or groups of
burners where each section or group is ignited by its own proved pilot and each pilot or main burner
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section or group is supervised by its own primary safety control, each section or group is to be considered
as an individual burner. If a pilot is not proved during the trial for ignition or if a pilot flame is extinguished
during the burner operation, safety shutdown of that particular section or group only needs to be effected
and the operation of all other groups may continue unaffected, provided the appliance complies with the
Combustion Test requirements in 43.1 — 43.3.

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

_ Table 36.1

Maximum firing rate per combustion chamber

Above 5,000,000 Btuh

Above 400,000 Btuh Above 2,500,000 Btuh (1,465,358 W) to
(117,228 W) to 2,500,000 | (732,678 W) to 5,000,000 12,500,000 Btuh
Operation Btuh (732, 678 W) Btuh (1,465,356W) (3,663,389 W)
Four air changes in 90
seconds with proven Four air changes.at 60 Four air chgnges at 60
Prepurge airflow, or at 60 percent percent damper opening percent dafnper opening
purg damper opening, with both | with both’"damper opening | with both damper opening
damper opening and and airflow proven and airflow|proven
airflow proven
Pilot type and figme establishing period Intermittent or inFerrupcted, lnter_rupted, 10 seconds Inter_rupted 10 seconds
15 seconds maximum maximum maximum
Main burner flanje establishing period
Ignited by pflot 15 seconds maximum 10 seconds maximum 10 secondq maximum
Direct ignitign 4 seconds maximum 4 seconds maximum? 4 seconds naximum?
Flame failure regction time® 4 seconds.maximum 4 seconds maximum 4 seconds maximum
Safety shutoff vdlve closing time after 5 d ) 1 d . 1 d .
de-energization seconds maximum second maximum second njaximum
Action required ¢n flame failure One recycle permitted One recycle permitted Safety shutdown required
Proven low fire gtart Not required Required Required
Combustion air groving Required Required Required
Action required an loss of camBustion Safety shutdown except Safety shutdown except
. q may recycle once. See may recycle once. See Safety shutdown
ar 27.10 27.10

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

piloted ignition systems?

& Maximum fuel input at light off not to exceed 2,500,000 Btu per hour (732,678W). See 32.5.

® The flame-failure reaction time is to be considered, the interval between the actual flame extinguishment and the time the safety
shutoff device (such as a gas valve) is de-energized.

Gas pressure supervistor

¢ The pilot flame establishing period shall not exceed 4 seconds if the pilot input exceeds 400,000 Btu per hour (117 Kw). See
34.2.

4 See 38.1.

36.13 Supervision of the main gas burner flame is not required on a burner equipped with an intermittent
pilot that is supervised throughout the burner operating cycle in accordance with the Pilot Supervision
Test, 48.2 and the Ignition Test, Gas-Electric High Tension 49.1, provided the maximum firing rate per
combustion chamber does not exceed the following:

a) 2,500,000 Btu per hour (732,678 W) for a mechanical draft burner; or
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b) 5,000,000 Btu per hour (1,465,356 W) for an atmospheric burner.

36.14 Supervision of the main gas burner flame only shall begin at the end of the main burner flame-

establishing p

eriod if:

a) The maximum firing rate per combustion chamber is more than 2,500,000 Btu per hour (732,678
W) for a mechanical draft burner and 5,000,000 Btu 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

c) The

maximum firing rate per combustion chamber is more than 2 500,000 Btu per

hour (732,678

W) an

If the main bu

36.15 A primary safety control shall be constructed and tested in accordance with thg

Automatic Elg
Ignition Syste,

37 Purge and Combustion Air Monitoring Controls

l modulating or high-low firing is employed.

rner flame is not proved, safety shutdown shall be established.

ctrical Controls for Household and Similar Use — Part 2: Particular Requirems
ms and Components, UL 372.

371
chamber, he

immediately

burner for di
sufficient time
air dampers p
at 60 percent

Exception: Fg
may be acco
seconds.

37.2 Purge
providing purg

a)Ap
combd

A forc%d or induced draft burner assembly shall previde preignition purging for th

exchanger, and flue passages of the device,to which the burner assembly is|
efore ignition of an interrupted or intermittent pilot or before delivery of fu
ect ignition by an electric igniter, whichever is applicable. Purging shall
to make sure a minimum of four air.changes of this volume. With the air flow
roven to be open the air flow rate.shall be at least equivalent of that provided {
pf the rated high-fire input.

r a burner assembly having an input not exceeding 2,500,000 Btuh (732,678 |
mplished at a damper ‘opening that provides at least four air changes in not

periods at aifflow rates not less than those indicated in (a) and (b) may be
ing in aceordance with 37.1:

irge period of 30 seconds, during which time air flow at a rate equivalent to th
stionvat rated, high-fire input of the burner assembly or device is obtained; and

Standard for
bnts for Burner

e combustion
to be applied,
el to the main
continue for a
roven and the
or combustion

V), the purging
more than 90

considered as

at provided for

b) A purge period of 60 seconds, during which time air flow at a rate equivalent to that provided for
combustion at 60 percent of rated, high-fire input of the burner assembly or device is obtained.

37.3 A purge of a shorter time than specified in 37.2 is acceptable for a burner that is designated by a
marking on the burner for use only on a specific appliance and it is determined that the shorter time
provides at least four complete air changes for the combustion chamber, heat exchanger and the flue
passages of the appliance. However, the purging shall be accomplished with the air flow at a rate not less
than equivalent to that provided for combustion at 60 percent of the maximum rated high-fire input. During

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 required purge of
four air changes or the required period of purge shall be provided after reestablishment of air flow.
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37.5 The purging periods required by 37.1 and 37.2 shall either be provided as part of the primary safety
control programming or by a separate device, arranged so that the ignition of the burner cannot be initiated
if the device has failed in a manner that will not provide purging in accordance with 37.1 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.

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 Pregsure Controls

38.1 A burngr shall be equipped with low and high gas pressure switches if:

a) The
or

maximum firing rate per combustion chamber exceeds 2,500,000 Btu (732,678 W) per hour;

b) Reg
the ma

ardless of the firing rate, the burner is equipped with an electric igniter for difect ignition of
n burner gas.

bercent of the
all be located
stream of the
s.

The switches ghall 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 the safety shutoff valve(s). The high gas pressure switch shall be located down
gas pressure regulator and may be located downstreamof all main burner gas supply contro

38.2 Withre
regulator and
operation at t
valve(s) that

deemed to me

38.3 Gasp
Controls, UL

39

39.1 A contr

s

Interlocks

Epect to 38.1, the high gas pressureswitch may be located downstream of th
upstream of the safety shutoff(valves if it can be determined the burner
he intended pressure settings. A burner incorporating a zero governor cor
cause safety shutdown and-lockout if the combination gas valve’'s gas reg
et the intent of the requirerents for high gas-pressure supervision.

ssure switches shall be constructed and tested in accordance with the Stan

bl device provided as an interlock in the burner fuel supply-combustion air sy

e main burner
is capable of
nbination gas
ulator fails is

dard for Limit

stem, or for a

similar purpos

p shall comply with the requirements specified in the Standard for Limit Contro

s, UL 353.

40 Combination Gas-Oil Burners

40.1 A combination burner intended to burn only one fuel at a time shall be arranged so that the fuel not
being fired will be shut off automatically when the burner for that fuel is not in firing position or is not
intended to be fired.

40.2 A combination burner intended to burn only one fuel at a time, equipped to change automatically
from one fuel to the other, shall be arranged so that the fuel being fired is shut off before the other fuel is
delivered to the 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.
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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.

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 fu
simultaneous
other safety c

40.7 The fugl selector switch shall be arranged to operate in accordance with-one of the fo

a) The

contro|;

b) If t

fired fu

c) Ifth
is spe
burner
functig

40.8 Foran
fuel and the o

PERFORMANCE

41 Test Methods

e
purgin
sufficigntly long time so that ignition of the newly selected fuel can not be effected by

b| selector switch, when switched from one fuel to the other, shall be afrrang
y and make effective all the required ignition devices, fuel control valves;-inte
bntrols required for the selected fuel.

fuel changeover can be affected only at the time the burper is shut down b

’

fuel changeover can be effected at the time.the burner is in operation a
is not specified for the newly selected fuel,«¢he burner operation is to be in

el, as determined by Fuel Changeover Test, Section 54; or

b fuel changeover can be effected at the time the burner is in operation and pr:
cified for the newly selected fuel, the fuel changeover shall be accomplishg
shut-down. The restart with the’newly selected fuel shall provide all the r
ns, including the preignition purge.

ff position. See 63.15!

ed to activate
[locks and any

lowing:

y an operating

nd preignition
terrupted for a
the previously

pignition purge
d only after a
equired safety

hanual fuel selector switch, the switch position shall be clearly marked indicating the type of

41.1 Firing

conditions

41.1.1

described below unless otherwise directed by an individual test requirement.

41.1.2 The draft is to be as recommended by the manufacturer.

The conditions for firing burners during tests outlined in these requirements are to be as

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 firing rate at intermediate fires is to be as recommended by the manufacturer.

41.2 Temperature measurements

41.2.1
bead type the

rmocouples not larger than 24 AWG.

Unless otherwise indicated, surface temperatures are to be determined by a potentiometer and
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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 Thermocouples are to be attached to metal surfaces at high temperature by welding, soldering or
brazing. The attachment should be made with a minimum projection of the thermocouple lead and the
brazing metal outward from the metal surface. Thermocouples may be attached to metal surfaces at lower
temperature with cement or pressure sensitive tape, provided good thermal contact is achieved and
provided that the Tape does not create an air space adjacent 1o the metal surfaces.

41.2.4 Thermn
or taped to the

nocouples are to be attached to surfaces other than as described above'by be
surface in a manner to assure good thermal contact with the surface:

ing cemented

41.2.5 Unleg e the ambient

measured duri

s otherwise indicated, the limits are based upon the rise in temperature abov,
ng the test as described below.

41.2.6 Temp
consecutive rg

bratures are to be ascertained by temperature changes{of not more than 5°F
adings taken 15 minutes apart at observed maximym-\temperature points.

3°C) for three

41.3 Test installation

41.31 The b
the burner to

as applied to
designed.

urner is to be installed for test in an appliance of a size commensurate with th
e tested, except that a burner intended for application to a specific appliance
that appliance or an appliance representative of the appliance for which

e firing rate of
may be tested
the burner is

41.3.2 All he
fired for the te

ating surfaces in contact-with combustion products and the flue pipe of the a
it are to be thoroughly cleaned before the combustion test is begun.

bpliance to be

41.3.3 The 4
manufacturer.
like, as recom

urner is to be arranged for operation in accordance with the instructions fur,
The burner is tobe fired at a rate within the rating of the burner. A fire box,
ended opftrnished by the manufacturer, is to be provided.

hished by the
hearth, or the

41.3.4 The burneris:o be fired with each of the specified gases for which the burner is ratg

d and the air-
b be the value

fuel ratio adjusted.in” accordance with the manufacturer's instructions. The draft over fire is t
recommended-by iste ; -
41.1.

41.4 Test voltage

41.4.1
each test.

cified in Table

Unless otherwise specified, burners are to be tested at the potentials indicated in Table 41.1 for
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Table 41.1
Test voltages

Rated voltage

110 -
20
220 -
254 —
440 —
550 —
Oth

@ Values in this
are to be condu

Normal test voltage Overvoltage Undervoltage?
120 120 132 102
8 208 229 177
240 240 264 204
277 277 305 235
480 480 528 408
600 600 660 510
er Rated 110 percent rated 85 percent rated

B = er or component

Cted at 80 percent rated voltage.

42 Power Ir

42.1 The pg
appliance.

42.2 To detgrmine if an appliance complies with the requirement-specified in 42.1, the po

be measured
conditions, an

43 Combustion Test

43.1 Combl
space recomi
1 percent sha
burner assen
input(s) for wh

43.2 Compl

sudden chan
accomplished

43.3 The pe

a) Igni

put Test

wer input to an appliance shall be no more than 110 percent of the marke

with the appliance at the temperature attained under'intended operating cond
d while connected to a supply circuit of rated voltage as specified in 41.4.1.

stion shall be complete in the spaceiprovided by the device or, if a burner a
hended by the manufacturer, and ne carbon monoxide in concentration in exc
Il be present in air free samples'of the flue gases taken over the full operatin
bly. The rate(s) shall be defined as the manufacturer's specified minimum an
ich the burner (or device)isiintended to operate.

bte and stable combustion shall be maintained at the minimum rate of firing
ge in the gas.\firing rate between maximum and minimum rates. Ign
safely.

formance of a burner assembly or device during shall be such that:

ion‘is-obtained on each cycle within the expected safe period of time;

d rating of the

wer input is to
tions, full-load

5sembly in the
bss of 4/100 of
g range of the
d/or maximum

or during any
tion shall be

b) Ignition is obtained at each cycle without flash of flame outside the heating devices being fired

and wi

thout 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, or vent
connector of the heating device fired for the test;

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.
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