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INTRODUCTION
1 Scope

1.1 These requirements apply to factory-built gas appliances having inputs of more than 400,000 Btu per
hour, per individual combustion chamber which require flame failure and other precautions and which are
intended primarily for commercial and industrial installation. The appliances covered by these
requirements are comfort heating furnaces, heaters and gas-fired boiler assemblies except watertube
boilers having outputs of 10,000 pounds of steam per hour or more.

1.2 These requirements also apply to all high pressure steam and high temperature water gas-fired
boiler assemblies regardless of Btu per hour input.

1.3 Gas-hepting equipment covered by these requirements may be operated witheul a competent
attendant beipg constantly on duty at the burners while the appliances are in operation,

1.4 Additional installation and operation requirements are available for central-heating gas appliances,
floor furnacesg, room heaters, unit heaters, and water heaters as defined bythe National Fuel Gas Code,
NFPA 54, and by the Liquefied Petroleum Gas Code, NFPA 58, as applicable.

2 Glossary
2.1 For the purposes of this Standard the following definitions:apply.

2.2 AIR HEATER - An indirect fired vented applianee.intended to supply heated air for [space heating
and other purposes, but not intended for permanent installation.

2.3 AIR SHUTTER - An adjustable device for,varying the size of the air inlet or inlets reglilating primary
or secondary pir.

2.4 AIR SHUTTER, AUTOMATICALLY OPERATED - An air shutter operated by an automatic control.

2.5 AIR SHUTTER, MANUALLY OPERATED — An air shutter manually set and locked [in the desired
position.

2.6 APPLIANCE FLUE= The flue passages within an appliance.

2.7 ALUMINUM\COATED STEEL — An aluminum coated steel in which the bond betweer|| the steel and
the aluminumlis:an iron-aluminum alloy.

2.8 BAFFLE — An object placed in an appliance to direct the flow of air or flue gases.
2.9 BASE - The main supporting frame or structure of the assembly, exclusive of legs.

210 BOILER —A closed vessel in which water or some other liquid is heated or steam is generated or
superheated, under pressure or vacuum, by direct application of heat.

2.11 BOILER, HIGH PRESSURE STEAM — A boiler in which steam is generated at a pressure higher
than 15 psig (103 kPa).

2.12 BOILER, HIGH TEMPERATURE WATER — A boiler intended for operation at a pressure exceeding
160 psig (1103 kPa) and at a temperature exceeding or at a temperature exceeding 250°F (121°C).
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2.13 BOILER, HOT WATER - A boiler that furnishes hot water at a pressure not exceeding 160 psig
(1103 kPa) and at a temperature not exceeding 250°F (121°C).

2.14 BOILER, LOW PRESSURE STEAM — A boiler in which steam is generated at a pressure not
exceeding 15 psig (103 kPa).

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

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

217 BURNH
and ignited un

2.18 BURNE
contains the p

219 CASIN
subjected to in

2.20 CHIMN

2.21 COMB
contact with h
pipes, and w4
fibers, or othe
though flamep

222 COMBLU
or heat and lig
oxygen.

2.23 COMBL

224 COMB

R, MANUALLY LIGHTED — One where fuel to the main burner is turned ©n
Her supervision.

ER HEAD, GAS — That portion of a burner beyond the outlet end-of'the mix
Drts.

5 — An enclosure forming the outside of the appliance, no parts of which a
tense heat.

JSTIBLE MATERIAL — Combustible material, ‘as pertaining to materials ad;j
pat producing appliances, chimney connectors and vent connectors, steam
rm air ducts, means material made of\or surfaced with wood, compresseq
- material that will ignite and burn. Su¢h material shall be considered as com
roofed, fire retardant treated, or plastered.

UJSTION — As used herein, the rapid oxidation of fuel accompanied by the prod
ht. Complete combustion of a fuel is possible only in the presence of an adeq

JSTION CHAMBER — The portion of an appliance within which combustion ocq

USTION BETECTOR — That part of a primary safety control which is respons

flame propertigs.

2.25 COMBL

only by hand

er tube which

e likely to be

FY CONNECTOR - The pipe which connects a fuekburning appliance to a chimney.

hcent to or in
and hot water

paper, plant
bustible even

iction of heat,
Late supply of

urs.

ive directly to

UJSTION PRODUCTS — Constituents resulting from the combustion of a fuel w

th the oxygen

of the air, inclu

ding the inerts, but excluding excess air.

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

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

2.28 CONTROL INPUT, COMBUSTION — A control which automatically regulates the firing rate at
predetermined air-fuel ratio in accordance with load demand. It may be a type which positions the air and
fuel supplies for low fire and for high fire as required to meet the load demands, or it may be a modulating
type which gradually varies the air and fuel supplies within limits to meet the load demand.
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2.29 CONTROL, HIGH LIMIT — A protective (safety) control that is responsive to changes in pressure,
temperature, liquid level, or flow. It is to be set beyond the intended operating range of the controlled
equipment to limit its operation. This control may be electrical or mechanical in nature.

2.30 CONTROL, OPERATING LIMIT — A limit control to start fuel input according to demand and to stop
fuel input on satisfaction of demand. An operating limit control may be electrical or mechanical in nature.

2.31 CONTROL, PROTECTIVE (SAFETY) — Automatic controls and interlocks (including relays,
switches, and other auxiliary equipment used in conjunction with a safety control circuit) which are
intended to prevent operation of the controlled equipment under conditions not anticipated by the design.
A control intended to prevent the risk of electric shock, fire, or injury to persons during abnormal operation
of the appliance. An example would be a water temperature limit control. A protective control always

provides Typs

2.32 CONT
an oil-fired bu
or may be sef

a) P
operat
the tim

ignitio or flame failure, for safety shutdown (lockout).

b) Co
the po
preser

2.33 DAMP
considered as
of the applian

2.34 DAMP

2.35 DAMP
position.
2.36 DIREQ

the medium, ¢.g., air,\being heated.

2 action. (See 2.93).

ROL, PRIMARY SAFETY — An automatic control that monitors the operation o

arate units, interconnected by wiring:
ogramming Unit — A device that programs the burner, through start-up

ons in response to signals from regulating, limiting, and monitoring devices. |
ings, as required, in proper sequence, for purging, flame establishing periods

mbustion Detector — A device that is responsive\to flame properties. It monito
nt of flame supervision and transmits a signal to the programming unit, indicat
ce of flame.

FR — A valve or plate for regulating'draft or flow of the flue gases. A damp
being located on the downstream side of the combustion chamber, usually in
Ce or in the chimney or vent connector.

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

ER, MANUALLY ORERATED — An adjustable damper manually set and locked

T FIRED<APPLIANCE — A device in which combustion products (flue gases)

2.37 DRAF]

[ a gas-fired or

rner. It normally consists of the following sections that may be integfated into @ common unit

and shutdown
also provides
and in case of

rs the flame at
ng absence or

br is generally
h flue passage

trol.

in the desired

are mixed with

["REGULATOR, BAROMETRIC — A device which functions to maintain a d¢

psired draft by

automatically

reducing the chimney draft to the desired value.

2.38 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 peak) or direct current and supplied by a primary battery or by a standard Class 2 transformer
or other suitable transforming device, or by a suitable combination of transformer and fixed
impedance having output characteristics in compliance with what is required for a Class 2
transformer. 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.
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c)

Isolated Limited Secondary Circuit — A circuit of limited energy derived from an isolated

secondary winding of a transformer having a maximum capacity of 100 volt-amperes (VA) and
open-circuit secondary voltage rating not exceeding 1000 volts.

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

2.39

excess of that which is theoretically required for complete combustion.

240 FLAME

2.41

SAFEGUARD - See Control, Primary Safety, 2.31.

EXCESS AIR — Air which passes through the combustion chamber and the appliance flues in

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

connector.
2.42 FLUEG

2.43 FURNA
heated air thrg

2.44 FURNA
which provide

2.45 FURNA
furnace essen

ASES — Combustion products and excess air.

CE, CENTRAL, WARM AIR - A self-contained indirect fired appliance desig
ugh ducts to spaces remote from or adjacent to the appliance-lecation.

CE, FORCED-AIR TYPE, CENTRAL — A central furnace equipped with a
5 the primary means for circulation of air.

CE, DOWNFLOW - A forced-air type central furnace designed with air flo
ially in a vertical path, discharging air at or near the bottom of the furnace.

2.46 FURNACE, DUCT — A central furnace designed\for installation in a duct of an air distri

to supply warn
furnace.

2.47 FURNA
furnace essen

2.48 FURNA
vertical path, @

249 GAS Vi

2.50 HEAT

0 air for heating and which depends féfsair circulation on a blower not furnished

CE, HORIZONTAL — A forced-air type central furnace designed with air flo
ially in a horizontal path(

CE, UPFLOW - A-gentral furnace designed with air flow through the furnace ¢
ischarging air at orhear the top of the furnace.

ENT — The piping and fittings for conveying flue gases to the outside atmosphe

EXCHANGER, DIRECT — A heat exchanger in which heat generated in th

ned to supply

fan or blower

v through the

pution system
as part of the

v through the

ssentially in a

(€.

e combustion

chamber of th

endevice is transferred direct through walls of the heat exchanger to the he

ating medium

such as air, steam, or water, held in close contact with the combustion-chamber walls. Tt is a self-contained
combustion and heat-transfer device, hence a direct heat-transfer device.

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

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

2.53 IGNITION, CONTINUOUS - Ignition by an energy source which is continuously maintained through
the time the burner is in service, whether the main burner is firing or not.
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2.54

through the time the burner is firing.

2.55

IGNITION, INTERMITTENT — Ignition by an energy source which is continuously maintained

IGNITION, INTERRUPTED - 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 cycle.

2.56 IGNITION, MANUAL - Ignition by an energy source which is manually energized and where the fuel
to the pilot is lighted automatically when the ignition system is energized.
2.57 INDIRECT-FIRED DEVICE - A device designed so that combustion products (flue gases) are not

mixed in the device with the medium, e.g., air, being heated.

258 INTER
to the primary

2.59 LINER

2.60 LININ(
during use of

2.61 LIQUH
propane or pr|

2.62 LP-GA
normal atmos
utilization chal

2.63 MAINH
shutoff valvegd
burner flame.

2.64 MANIF

2.65 MIXER

a) Mi
flows {

b) Mi

safety control circuit.
— See Radiation Shield, 2.84.

5 — Those interior surfaces of a combustion chamber which“are exposed
he device.

FIED-PETROLEUM GAS - Fuel gases, including )commercial propane,
bpylene or commercial butane, predominantly butane, isobutane, and/or butyle

S AIR MIXTURE - Liquefied-petroleum gases distributed at relatively low
pheric temperatures which have been diluted with air to produce desired heg
racteristic.

BURNER FLAME-ESTABLISHING, PERIOD — The interval of time the main bu
are permitted to be open beforethe primary safety control is required to sups

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

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

er Head &.That portion of an injection type burner, usually enlarged, into wh
p mix with the gas stream.

erThroat — That portion of the mixer which has the smallest cross-sectional g

lies b

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

o combustion

predominantly
ne.

bressures and
ting value and

ner fuel safety
rvise the main

ch primary air

rea and which

----- ntha mivar haod onA tha oo £ o
VWOCTT tICTTITACT ICat—ar o U I TTITACT tOoTT

c) Mixer Tube — That portion of the mixer which lies between the throat and the burner head.

2.66 MIXER

FACE, GAS — The air inlet end of the mixer head.

2.67 NORMAL CARE - 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.

2.68 ORIFICE — The opening in a cap, spud, or other device whereby the flow of gas is limited and
through which the gas is discharged to a burner.

2.69 ORIFICE CAP (HOOD) — A movable fitting having an orifice which permits adjustment of the flow of
gas by the changing of its position with respect to a fixed needle or other device.
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2.70 ORIFICE SPUD — A removable plug or cap containing an orifice and which permits adjustment of
the flow of gas either by substitution of a spud with a different sized orifice or by the motion of a needle
with respect to it.

2.71 PILOT, CONTINUOUS — A pilot that burns without turn-down throughout the entire time the burner
assembly is in service, whether the main burner is firing or not.

2.72 PILOT, EXPANDING — A pilot that burns throughout the entire time the burner assembily is in
service, whether the main burner is firing or not. Upon a call for heat, the pilot is automatically expanded
so as to reliably ignite the main burner. This pilot may be turned down automatically at the end of main

burner flame-establishing period.

2.73 PILOT
proved pilot bg

2.74 PILOT,

burns during the entire period that the main burner is firing.

2.75 PILOT,
The pilot fuel i

2.76 PILOT,

2.77 PLENU
connected.

a) Futnace Supply Plenum — A furnace .plenum attached directly to, or an integr

FLAME-ESTABLISHING PERIOD — The interval of time fuel is permitted to be
fore the primary safety control is required to detect pilot flame.

INTERMITTENT — A pilot which is automatically lighted each time-there is a

INTERRUPTED - A pilot which is automatically lighted each’ time there is 3
5 cut off automatically at the end of the main burner flame-establishing period.

PROVED - A pilot flame supervised by a primary safety control.

M — An air compartment, part of a distributing system, to which one or m

delivered to a

call for heat, if

call for heat.

bre ducts are

bl part of, the

supply joutlet of the furnace.
b) Fulnace Return Plenum — A furmhace plenum attached directly to, or an integral part of, the
return air inlet of the furnace.
2.78 PORT { Any opening in a.burner head through which fuel or an air-fuel mixture is discharged for
ignition.
2.79 PRESSURE CUT-QUT — A pressure sensing control intended to keep a pressure bglow or above

one particular
user.

value dufing abnormal operating conditions and which has no provisions for

setting by the

2.80 PRIMARY-AIR — The air introduced into a burner which mixes with the fuel before It reaches the
ignition zone.
2.81 POST-PURGE PERIOD - The period of time after the fuel delivered to the burner is stopped and

during which the burner motor or fan continues to run to supply air to the combustion chamber.

2.82 PREPURGE 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.

2.83 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.

2.84 RADIATION SHIELD — A separate panel or panels interposed between heating surfaces and
adjacent objects to reduce heat transmission by radiation.
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2.85 READILY ACCESSIBLE — Capable of being reached easily and quickly for operation, adjustment,
and inspection.

2.86 REGULATOR, GAS-PRESSURE - A device for controlling and maintaining a uniform outlet gas

pressure.

2.87

extinguishment and de-energizing the safety shutoff means.

2.88 SAFETY CONTROL - See Control, Safety, 2.31.

2.89 SAFE]

[Y SHUTDOWN — The action of shutting off all fuel and ignition energy to

RESPONSE TIME - FLAME FAILURE - The interval between the occurrence of flame

the device by

means of a s3
2.90 SECOI

291 THERI
between pred

2.92 TOOLS

293 TYPE
operating vall
Automatic Ele

2.94 UNITH

a) Ld
device
device
manuf]

b) Hi
device
design
attach

2.95 VALVH
a burner.

fety control or controls such that restart cannot be accomplished without many
NDARY AIR — The air externally supplied to the flame at the point of combustio

MOSTAT — An automatic control actuated by temperature change.to maintain
etermined limits.

b, SPECIAL — Those tools that are not available on the ¢pen retail market.

2 ACTION - Automatic action for which the manufacturing deviation and
e, operating time, or operating sequence have.been declared and tested to th
ctrical Controls — Part 1: General Requirements, UL 60730-1.

EATER:

w-Static Pressure Type — A self-contained, automatically controlled, vente
having integral means for circulation of air, normally by a propeller fan (
s may be equipped withClouvers or face extensions made in accorda
bcturer's approved specifications.

ph-Static Pressure«<Iype — A self-contained, automatically controlled, vente
having integral.means for circulation of air against 0.2 inch or greater statig
ed for installation in the space to be heated unless they are equipped with
ng both inlet:and outlet air ducts.

, BURNER-INPUT CONTROL - An automatic-control valve for regulating the

al reset.

temperatures

the drift of its
e Standard for

d fuel burning
br fans). Such
nce with the

d fuel burning
pressure and
provisions for

input of fuel to

2.96 VALVE, SAFETY SHUTOFF — A valve that is automatically closed by the safety control system or

by an emerge

ncy device. Such valve may be of the automatic or manually opened type.

2.97 VALVE, LUBRICATED PLUG TYPE — A valve of the plug and barrel type designed for maintaining a
lubricant between the bearing surfaces.

298 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.

2.99 VENT CONNECTOR - The pipe which connects a gas-fired device to a gas vent or chimney.

2.100 ZERO GOVERNOR - A regulating device which is normally adjusted to deliver gas at atmospheric
pressure within its flow rating.
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3 Units of Measurement

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

4 Undated References

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 Components

5.1 Except ds indicated in 5.2, a component of a product covered by this standard shalkcgmply with the
requirements |for that component. See the individual sections of this Standard “for component
requirements.

5.2 A compohent is not required to comply with a specific requirement that:

a) Invqlves a feature or characteristic not required in the application of the component in the
produc} covered by this standard, or

b) Is syperseded by a requirement in this standard.

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

5.4  Specifiq components are incomplete in. construction features or restricted in| performance
capabilities. Juch components are intended for ‘'use only under limited conditions, su¢h as certain
temperatures not exceeding specified limits, and’shall be used only under those specific condlitions.

CONSTRUCTJON — MECHANICAL

6 General

6.1 The reqyirements of 23.1"are not applicable to mechanical service functions which are not normally
performed with the equipment energized.

6.2 Moving garts such as fan blades, blower wheels, pulleys, belts, etc., which may cause jnjury shall be
enclosed or gyarded.

6.3 If the removal of doors or panels or shields will expose such moving parts:
a) The opening or removal of the door, panel or shield shall require the use of tools; or
b) An interlocking device shall shut off the mechanism; or
¢) A warning marking shall be displayed which reads essentially as follows:

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

6.4 The distance from an opening in a required guard or enclosure to the moving part mentioned in 6.3
shall be in accordance with the following table, but the minor dimension of the opening shall not in any
case exceed 3 inches (76.2 mm). For an opening having a minor dimension intermediate between two of
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the values included in the table, the distance from the opening to the moving part shall be not less than
that found by appropriate interpolation between the corresponding values in the right hand column of the
table. The minor dimension of the opening is determined by the largest hemispherically tipped cylindrical
probe that can be inserted through the opening with a force of 5 pounds.

Minor dimensions of opening, inches?® Minimum distance from opening to moving part, inches

1/4 12
3/8 1-1/2
12 2-1/2
3/4 4-1/2
1 6-1/2
1-1/2 10-1/2
2 14-1/2

Over 2 30

@ Openings lesg than 1/4 inch are not to be considered.

6.5 A moving part is not to be considered when judging compliance with*6.8 and 6.4 if the part is unlikely
to be contactgd through the opening because of fixed components, including baffles.

6.6 Parts that may come in contact with the operator's hand dursing normal adjustment or [servicing shall
be free from gharp projections or edges and projecting screw ends.

7 Corrosion Protection

7.1 lIron ang steel parts shall be protected against corrosion by painting, galvanizing, pjating or other
equivalent mgans when malfunctioning of such unprotected part results in a hazardous condition.

Exception: Cast-iron parts, cast-aluminum-parts and ASME coded pressure vessels are not|required to be
protected agdinst corrosion.

7.2 Surfacep of the burner assembly and flue gas conveying parts that contact flue gas| condensation
shall be evaluated with respect\to resistance to corrosion. Among the factors to be considergd are material
thickness and type, length.of\time subjected to the condensate condition and type of corrogion protection
provided. Seq 50.4.

8 General omponents and Devices

1 W' 4 laall 1 H YN Q4 ol ol £ \AL o 4 L1 A0Q0A AQ00
8. Ire conmectors—snat CUITIPTYy WILIT UTT oldiiuaru Tur vvillc OUTTTTICULUTS, UL F0UA50UD.

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

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

8.4 Fittings for conduit and/or metal clad cable shall comply with the Standard for Conduit, Tubing, Cable
Fittings, UL 514B.

8.5 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).
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8.6 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.

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

8.8 Terminal

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

8.9 Electrical (Junction) boxes shall comply with the Standard for Metallic Outlet Boxes, UL 514A or the
Standard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, as applicable.

8.10 Attach

ment-plug receptacles intended for general use as a convenience recef

equipment shall be of the grounding type, and shall comply with the Standard for Attachm

Receptacles,
CONSTRUCT]
9 General

9.1 Fuel co
unintended op
and resistance
not less than

parts shall not

9.2 Electrica
during normal
the risk of con

9.3 Attachm
of the circuit b
fire, electric sh

UL 498.

ON - ELECTRICAL

nfining parts, or operating parts if failure of the part will allow excess lez
eration, or restrict a safety device from functioningyshall be of sufficient stren
to fire. Such parts shall be made of material having a melting point (solidus te
D50°F (510°C) and a tensile strength of not,less than 10,000 psi at 400°F (
sag, distort, melt, oxidize, or show leakagg of fuel during any of the tests speci

| equipment and wiring shall be arranged so that oil or water will not drip o
usage or from a connection required to be uncoupled for servicing the device
act with water from humidifiers.

ent plugs or separable connectors shall not be used in circuits when the break
y such devices may tesult in operation of the equipment in a manner that inv
ock, or injury to persons.

10 Servicing and Adjustment

10.1 Service]

functiens/'which may have to be performed with the equipment energized incly

a) Adju

tacle on the
ent Plugs and

kage of fuel,
gth, durability,
mperature) of
P04°C). Such
fied herein.

run on them
hlso to reduce

ing or making
blves a risk of

sting'the setting of temperature controls with or without marked dial settings;

b) Resetting control trip mechanism; operating manual switches;

c) Adjusting air-flow dampers.

A factory set a

nd sealed control is not considered to be adjustable.

10.2 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
are:

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

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

10.4 Components in a low-voltage circuit are to comply with the requirements of 10.3 in their relation to
uninsulated live parts in a high-voltage circuit and to moving parts.

11 Electrical Enclosures

11.1 Uninsulated high-voltage parts shall be enclosed or guarded to reduce the likelihood of

unintentional [contact by persons during normal use of the equipment. This applies also|to such parts
located in a cpmpartment into which access is required for normal care of the equipment, sugh as resetting
controls, replgcing filters, lubrication, cleaning, and the like.
11.2 Sheet fetal complying with Table 11.1 and Table 11.2 whichever applies, meets the requirement for
the individual lenclosure of electrical components.
Table 11.1
Minjimum thickness of sheet metal for enclosures carbon steel or stainless dteel
With supporting frame orequivalent
Without supporting frame? reinforcing? Minimum thickness i11 inches (mm)
Maximum width® | Maximum length® | Maximum width® | ‘Maximum length Metal coated
in inches (cnp) in inches (cm) in inches (cm) in inches (cm) Uncoated (MSG) (GSG)
4.0 (10]2) Not limited 6.25 (15:9) Not limited 0.020°  (0.51) | 0f023¢  (0.58)
4.75 (12]1) 5.75 (14.6) 6.75 (7.1) 8.25 (21.0) (24) 24)
6.0 (152) Not limited 9.5 (24.1) Not limited 0.026%  (0.66) | 029  (0.74)
7.0 (17]8) 8.75 (22.2) 10,0 (25.4) 12.5 (31.8) (22) 22)
8.0 (20]4) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 01034 (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 limifed 19.5 (49.5) Not limited 0.042 (1.07) 01045 (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 27.0 (68.6) Not limited 0.053 (1.34) 01056 (1.42)
20.0 (50]8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) 16)
22.0 (55(9) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0}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 (104.1) 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)
47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) (12)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.80)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) | 103.0  (261.6) (11) (11)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 0.126

Table 11.1 Continued on Next Page
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Table 11.1 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Minimum thickness in inches (mm)

Maximum width®
in inches (cm)

Maximum length®
in inches (cm)

Maximum width®
in inches (cm)

Maximum length
in inches (cm)

Uncoated (MSG)

Metal coated
(GSG)

730  (185.4)

90.0  (228.6)

103.0 (261.6)

127.0  (322.6)

(10)

(10) (3.20)

@ 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) Sinlgle;h.aalmn&'nglmnmad.ﬂang&uamed.edga\
2) A s|ngle sheet which is corrugated or ribbed, and

3) An

® The width is the
enclosure may h

¢ For panels whigh are not supported along one side, e.g., side panels of boxes, the length of the unsupported side
specified unless the side in question is provided with a flange at least 1/2 inch,(12.7 mm) wide.

to the dimension
4 Sheet metal for

enclosure surface loosely attached to a frame, e.g. with spring clips.

smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfg
hve supports in common and be made of a single sheet.

an enclosure intended for outdoor use shall comply with 60.7 and 60.8.

ces of an

shall be limited

Mipimum thickness of sheet meta;rfa:r](;;ligsures aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame® reinforcing?
Maximum width® in Maximum length® in Maximum width® in Maximum length in Minimum thickness
inches (cm) inches (cm) inches (cm) inches (cm) inche$ (mm) (AWG)

3.0 7.6) Not limited 70 (17.8) Not limited 0.023] (22)
3.5 8.9) 4.0 (10.2) 8.5 (21.7) 9.5 (24.1) (0.58

4.0 (110.2) Not limited 10.0 (25.4) Not limited 0.029 (20)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.2) (0.74

6.0 (15.2) Not.limited 14.0 (35.6) Not limited 0.036 (18)
6.5 (16.5) 8.0 (20.4) 15.0 (38.1) 18.0 (45.7) (0.91

8.0 (R0.4) Not limited 19.0 (48.3) Not limited 0.045 (16)
9.5 (p4.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14

12.0 (B0.5) Not limited 28.0 (71.1) Not limited 0.058 (14)
14.0 (B5-6} 16-0 {40-6) 36-0 F6-2) 376 {94-6) (47

18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (12)
20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7) (1.91)

25.0 (63.4) Not limited 60.0 (152.4) Not limited 0.095 (10)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41)

37.0 (94.0) Not limited 87.0 (221.9) Not limited 0.122 (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)

52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (6)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)

& 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

Table 11.2 Continued on Next Page
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Table 11.2 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing®

Maximum width® in
inches (cm)

Maximum width® in
inches (cm)

Maximum length in
inches (cm)

Maximum length® in

inches (cm) inche

Minimum thickness

s (mm) (AWG)

1)

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:

Single sheet with single formed flanges (formed edges),

2) A single sheet which is corrugated or ribbed, and

3) An enclosure surface loosely attached to a frame, e.g. with spring clips.

® The width is th
enclosure may

¢ For panels wh
to the dimensio

9 Sheet metal fq

e smaller dimension of a rectangular sheet metal piece which is part of an enclosure. AdjacentSur
ave supports in common and be made of a single sheet.

ch are not supported along one side, e.g., side panels of boxes, the length of the unsupported sidg
hs specified unless the side in question is provided with a flange at least 1/2 inch (12.7Z mm) wide.

r an enclosure intended for outdoor use shall comply with 60.7 and 60.8.

faces of an

shall be limited

11.3 Among
a) Meq
b) Reg
c) Moi
d) Con
e) Reg

f) Res
condit

For a nonme
thermal and g
in Electrical
Standard for

(a)— ().

1.4 Where

the factors taken into consideration when evaluating an enclosure are:
hanical strength;

istance to impact;

sture absorptive properties;

nbustibility;

istance to corrosion; and

istance to distortion at temperatures to which the enclosure may be su
ons of normal or abnormaluse.

tallic enclosure or<part of an enclosure, all these factors are considered
hemical aging according to the requirements in the Standard for Polymeric M
Fquipment Eyvaluations, UL 746C. An enclosure complying with the requir

thedesign and location of the component and the strength and rigidity of thg

warrant, an individual enclosure of thinner metal than specified in Tahle 11 1 or Table 1

bjected under

ith respect to
aterials — Use
ements of the

ndustrial Control Panels, UL 508A, would be considered to comply with the requirements of

outer cabinet

1.2 whichever

applies, may be employed.

11.5 Electrical parts within the outer cabinet need not be individually enclosed if the assembly conforms

with all of the

following:

a) Their design and location with respect to openings in the outer cabinet will not result in the
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.
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