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INTRODUCTION

1 Scope

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

ignition failure

and/or flame failure.

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

58, as applic
2 Compone
2.1 Except as

requirements|
requirements.

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

a) Iny
produ

b) Is

L

]
LA~

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

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

superseded by a requirement in this standafd.

2.3 A compo
use.

2.4 Specific

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

mponents are incomplete inveonstruction features or restricted in performang

bmply with the
r component

hent in the

conditions of

e capabilities.

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

exceeding sp

3 Units of Measurement

3.1 Values st
approximate i

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

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

hformatiofn¢

explanatory or
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4 Undated References

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

interpreted as

5 Glossary

referring to the latest edition of that code or standard.

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

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

5.3 AIR SHU

atic control.

5.4 ALUMIN
and the alumi

5.5 BURNEHR
combustion zq

5.6 BURNER
and ignited aU

5.7 BURNER
and ignited ur

5.8 BURNEHR
mechanism ajs

5.9 BURNEHR
the flue to ind

5.10 BURNE
contains the g

5.11 COMBUY
to Chimneys,

5.12 COMBLU
contact with h

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

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

ne.

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

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

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

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

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

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

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

pipes, refers t

h the steel

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

ally turned on

nly by hand

r, or other

aft created in

which

'ms Relating

ent to or in
nd hot water

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

r other

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

flameproofed,

fire-retardant treated, or plastered.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

5.25 ELECTRICAL CIRCUITS:

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

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

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

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

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

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

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

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

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

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

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

shutoff valves|of the gas-fired burner assembly.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

temperature o

6.3 Soft solddg
fuel. Soft-sold

6.4 The burng

not include ch

6.5 Electrical
during normal
contact with w

6.6 Attachme
of the circuit 4

fire, electric shock, or injury to persons.

6.7 The gas

as appropriatg,

7 Corrosion

7.1 Iron and
equivalent mg
condition.

r fire in the vicinity of such parts.

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

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

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

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

Protection

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

Exception: C

be protected Tgainst corrosion.

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

ow leakage of
bring.

pors, and shall

r run on them

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

ing or making
olves a risk of

cified in 46.3,

ating or other

a hazardous

ot required to
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8 Protection of Users and Service Personnel

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

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

the opening b

ecause of fixed components, including baffles.

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

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

b) Re
c) Op

d) Ad

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

8.3 The requ
performed wit

8.4 Adjustabl
respect to un
operation can
that may invo

a) Ng

b) Ar
guard

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

setting control trip mechanism;
erating manual switches; or

usting air-flow dampers.

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

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

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

Bd.

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

8.6 Accessibi

b not normally

r oriented with
, resetting, or
 moving parts

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

I maintenance
spect to other
ictions without
b unintentional

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

e obtained by

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

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

of the

access opening.

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

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

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

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

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

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

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

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

d) Enclosed motor windings;

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

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

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

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

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

Minor dimensions of opening, Minimum distance from opening to moving part,
inches? (mm) inches? (mm)
1/4 (6.4) 1/2 (12.7)
3/8 (9.5) 1-1/2 (38.1)
1/2 (12.7) 2-1/2 (63.5)
3/4 (19.1) 4-1/2 (114)
1 (25.4) 6-1/2 (165)
1 (25.4) 6-1/2 (165)
1 (25.4) 6-1/2 (165)
1172 (38.1) 10-1/2 (287)
4 (50.8) 14-1/2 (349)
over 2 (over 50.8) 30 (742)

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

9 Enclosures

9.1 General

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

cleaning, and [the like.

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

a) Megchanical strength;

b) Rdgsistance to impact;

c) Mgqisture-absorptive properties;
d) Cgmbustibility;

e) Rgsistance to*gorrosion; and

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

condifions.of normal or abnormal use.

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

(@) = ().
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