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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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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 11.1.

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 1

1.1 for the maximum dimensions of the cabinet enclosure.

g) The part is not subject to unintentional contact by persons.

11.6 The requirements of 11.5 apply only to parts of high-voltage circuits as defined by 2.38.

11.7 TermingH

L housinas-of- maotore towhich connectione-ara-to-bhe-madae-intha fiald cshall h
RS GS-6HHROtOFHSte-WrHEH-66HR HEHSaHe-to-be-Hiaae-H—te-Hea—SHa©

of metal and

shall be sized

11.8 Steel {4
means.

11.9 Sheetn
than 0.032 in
galvanized ste

11.10
or if an equiv
in the metal, &
threads for th
conduit, hub,
smooth, round
that provided
same as that g

11.11  An en
engaging with
11.12 A kno

without undue

11.13 Akno
shall be so loc

If threjz

n accordance with the National Electrical Code, ANSI/NFPA 70.

nclosures shall be protected against corrosion by painting, plating, lor oth

netal to which a wiring system is to be connected in the field.shall have a thick
ch (0.813 mm) if uncoated steel, No. 20 MSG, not lessithan 0.034 inch
el, No. 20 GSG, and not less than 0.045 inch (1.14 mm),if nonferrous.

ds for the connection of conduit are tapped all the way through a hole in an €
lent construction is employed, there shall be notyless than three nor more thal
nd the construction of the device shall be such that a conduit bushing can
e connection of conduit are not tapped-all*the way through a hole in an e
or the like, there shall be not less than 3-1/2 threads in the metal and thg
ed inlet hole for the conductors whicghZshall afford protection to the conductorg
by a standard conduit bushing and which shall have an internal diameter app
f the corresponding trade size ofrigid conduit.

closure threaded for support by rigid conduit shall provide at least five fU
the conduit.

Ckout in a sheet metal enclosure shall be secured but shall be capable of b
deformation ©of the enclosure.

kout shall be provided with a flat surrounding surface for seating of a condui
ated that installation of a bushing at any knockout likely to be used during inste

resultin spacirpgs between uninsulated live parts and the bushing of less than those required

er equivalent

ness not less
0.864 mm) if

nclosure wall,
n five threads
e attached. If
hclosure wall,
re shall be a
equivalent to
oximately the

Il threads for

eing removed

bushing, and
llation will not

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

not less than:

a) 0.014 inch (0.356 mm) for steel or 0.019 inch (0.483 mm) for nonferrous metal for a hole having
a 1/4 inch (6.4 mm) maximum dimension; and

b) 0.027 inch (0.686 mm) steel or 0.032 inch (0.813 mm) nonferrous metal for a hole having a 1-3/8
inch (34.9 mm) maximum dimension.

A closure for a larger hole shall have a thickness equal to that required for the enclosure of the device or a
standard knockout seal shall be used. Such plates or plugs shall be securely mounted.
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11.15 The enclosure shall reduce the risk of emission of molten metal, burning insulation, flaming
particles, or the like through openings onto combustible material, including the surface on which the
equipment is mounted.

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

11.17 All intended mounting positions of the unit are to be considered when determining if it complies
with the requirement of 11.15.

11.18 Ajunction box which is formed in part by another part such as a fan scroll or a motor casing is to fit
such that:

a) An ppening between the box and motor frame having a dimension exceeding-1/2 inch (12.7 mm)
does rlot permit a flat feeler gauge, 5/64 by 1/2 inch (12.7 mm) wide to entet-

b) An ppening between the box and motor frame having no dimension exceeding 1/4 inch does not
permit|the entrance of a 13/64 inch (5.16 mm) diameter rod.

11.19 The driteria for judging an opening in an electrical enclosuré-are given in the following items and
the related figures:

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

1) A probe, as illustrated in Figure 11.1, cannot be made to touch any uninsulated live part
when inserted through the opening; and

2) A probe, as illustrated in Figuré“11.2, cannot be made to touch enamel |insulated wire
when inserted through the opening.

b) An ppening that will permit ertrance of a 3/4 inch (19.1 mm) diameter rod is acgeptable under
the copditions described in Figuré 11.3.
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Figure 11.1

Probe for uninsulated live metal parts
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Figure 11.2

Probe for enamel insulated wire
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Figure 11.3

Opening in enclosure
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The opening is acceptable if, within the enclosure, there is no uninsulated live metal part or enamel-insulated wire:
a) Less than X inches from the perimeter of the opening, as well as

b) Within the volume generated by projecting the perimeter X inches 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 four inches.
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11.20 During the examination for conformance with the requirements in 11.19, a part of the enclosure,
including air filters, which may be removed without the use of tools is to be removed.

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

11.22 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 moving parts or uninsulated live parts.

11.23 The assembly shall be so arranged that an overcurrent protective device, such as a fuse, whose
normal functioning requires renewal, can be replaced and manual reset devices can be reset without

removing parf

11.24 A req
opening a do
manually ope
parts may pro

11.25 An of
allow the entr
knob, etc.

11.26 A fus
live parts with

or wiring terminals to the fuseholder, will not be exposed to contact by persons removin

fuses. An ins
less than 0.04

11.27 Thed
protective de
in connection
protective de

11.28 A hing

a) Cor
a fixed

uired protective device shall be wholly inaccessible from outside the app
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 appliance enclosure.

ening in an enclosure to provide clearance around a.dial, knob, lever, or hg
ance of a rod having a diameter of 9/64 inch (3.57 mm).at any setting or posit

bholder shall be so designed, installed, or protected that adjacent uninsulate
in 4 inches (101.6 mm), other than the screw shell of a plug fuseholder, cartri

Llating barrier of vulcanized fiber or_similar material employed for this purpos
8 inch (0.711 mm) in thickness.

por or cover of an enclosure-shall be hinged if it gives access to fuses or any 1
ice, the normal functioning.of which requires renewal, or if it is necessary to ¢
with the normal operation of the protective device such as resetting a manual
ice, except as indicated in 11.28.

ed cover is not'required for a device in which the only fuses enclosed are:

trol circuitfuses of 2 amperes or less, provided the fuses and control circuit loa
controleircuit load, such as pilot lamp) are within the same enclosure;

b) Extiactor type fuses each with its own enclosure; or

s other than a service cover or panel, and a cover or door enclosing the devicel.

liance without
ng button of a
th, and similar

aindle shall not
ion of the dial,

d high-voltage
dge fuse clips,
g or replacing
e shall be not

notor overload
pen the cover
reset overload

ds (other than

c¢) Fuses in low-voltage circuits.

11.29 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.

11.30 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 it is considered to be suitable
means for holding the door in place as required in 11.29.

11.31 A door or cover giving direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4 inch (6.35 mm) rabbet or the equivalent, or shall have either turned flanges for the full length
of four edges or angel 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.

11.32 Stripes 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 (38.1 mm) from each end of each strip and at points
between these end fastenings not more than 6 inches (152 mm) apart.

11.33 An electron tube or similar glass enclosed device shall be protected against mechanical damage.

12 Field Wiring Connections

12.1  As used.in the following a wiring terminal is considered to be a terminal to which power supply or
control circuit gonnections will be made in the field when the unit is installed.

12.2 Provisign shall be made for connection of a wiring system that would be suitable-for a|power supply
in accordance|with the National Electrical Code, ANSI/NFPA 70.

12.3 The locption of an outlet box or compartment in which field wiring connections are to be made shall
be such that these connections may be inspected after the equipment is installed as intendeq.

12.4 The copnections are to be accessible without removing patts other than a service dqover or panel
and the cover pf the outlet box or compartment in which the conngctions are made. A component intended
for such use, may serve as a cover. A knockout for connection of a field wiring system to| a field wiring
compartment $hall accommodate conduit of the trade size determined by applying Table 12.1.

Table 2.1
Trade size of conduit in inches

Number of wires
Wirp size 2 3 4 5 6
AWG (mm?)
14 (2.1) 112 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 (84) 3/4 3/4 1 1 1-1/4
6 (1373) 3/4 1 1 1-1/4 1-1/4
4 (21.2) 1 1 1-1/4 1-1/4 1-1/2
3 (26.7) i 1-174 1-174 T-172 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
MCM
250 (127) 2 2-1/2 2-1/2 3 3
300 (152) 2 2-1/2 3 3 3-1/2

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Wi
350
400
500

Number of wires
re size 2 3 4 5 6
177) 2-1/2 2-1/2 3 3-1/2 3-1/2
(203) 2-1/2 3 3 3-1/2 4
(253) 3 3 3-1/2 4 4

NOTE - This table is based on the assumption that all conductors will be of the same size and there will be no more than 6

conductors in the conduit. If more than 6 conductors will be involved or if all of them are not of the same size, the internal cross-
sectional area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional areas of the
wires, based on the cross-sectional area of Type THW wire.

12.5 The wi
control box,

specified in 1]
mm) for splic
loosening of
Code, ANSI/N

a) The
than 6

b) No
amper|

c) The
identif

12.6 The siz
not less than
conductor, an
conductor for

Fing of the equipment may terminate in a length of flexible metal conduit with
br equivalent enclosure intended for connection of the equipment to the
p.2. If the conduit terminates in an outlet box larger than 4 by 4 by 2 inches (10
b connection, locknuts on the fittings are not acceptable as a means to red
he conduit fittings. A grounding conductor of the size specified\in the Nati
FPA 70, shall be included unless:

total length of flexible metal conduit of any ground return.path in the equipms
feet (1.83 m);

circuit conductor protected by an overcurrent-protective device rated at
es is included; and

conduit is no larger than 3/4-inch (19.1<mm) trade size, or the fittings for t
ed as providing grounding.

e of a junction box in which field installed conductors are to be connected by s
that indicated in Table 11.2. A conductor passing through the box is cg

d each conductor terminating in the box is also counted as one conductor. A

high-voltage circuits is considered to be not smaller than 14 AWG.

an outlet box,
wiring system
P by 102 by 51
ice the risk of
pnal Electrical

ent is not more

more than 20

he conduit are

plicing shall be
unted as one
field furnished

cubic inches

Table 12.2
Size of junction boxes
Size of conductor, AWG Free space within box for each conductor,
16 or smaller 1.5
14 2.0
12 2.25
10 2.5
8 3.0

12.7 The limitations in 12.6 do not apply to terminal housings supplied with motors, nor to boxes or
enclosures which contain terminals for electrical connections.

12.8 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, ANSI/NFPA 70, corresponding to

the marked ra

ting of the assembly shall be provided.

12.9 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 electric shock.
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12.10 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 terminal or result in damage to the lead from sharp edges. Leads shall be tested in accordance
with the Strain Relief Test in Section 58.

12.11 Anidentified, 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 inherent overheating,
protective device.

12.12 At terminals, stranded conductors shall be restrained 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. Open slot-

type connectdrs shall not be used unless they are designed to prevent disconnection

loosening of
tubing, or the
means, the thi

12.13 Leads
to wire binding
visible to the i
or the leads ar

12.14 Termi
pressure term
for 10 AWG (§
clamps or wi
equivalent, to

12.15 Awire
No. 10 (4.8 mr

Exception No.
not larger than

Exception No.
AWG (1.3 0r

e clamping means. The shanks of terminal connectors shall be protected
pquivalent, if the required spacings may be reduced as a result of looseniAg o
Ckness of the insulation on the shanks shall be not less than 0.028 in¢h (0.711

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

hal parts by which field-wiring connections arexmade shall consist of sold
nal connectors secured in place in accordan¢é-with the requirements in 12.1]
.3 mm?) and smaller wires, the parts to which wiring connections are made 1
e binding screws with cupped washers, terminal plates having upturned
nold the wire in position.

binding screw at a high-voltage Wiring terminal for field connection shall be no
h major diameter).

1: A No. 8 (4.2 mm major diameter) screw may be used for the connection d
14 AWG (2.1 mm?).

2: A No. 6 (3:6mm major diameter) screw may be used for the connection
82 mm?) control-circuit conductor.

12.16 A ter
thickness for
larger than 14

inal plate for a wire binding screw shall be of metal not less than 0.030 inch

esulting from
by insulating
the clamping
mm).

be connected
5 the splice or
j connections

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

t smaller than

f a conductor

ofa 16 or 18

0.762 mm) in
pss for a wire

14AWG or smaller wire, and not less than 0.050 inch (1.27 mm) in thickn

12.17 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.

12.18 A wire

binding screw shall thread only into metal.

12.19 Field wiring terminals shall be secured to their supporting surfaces by methods other than friction
between surfaces so that they will be restrained from turning or shifting in position if such motion may
result in reduction of spacings to less than those required. This may be accomplished by two screws or
rivets; by square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted
into an adjacent part; or by some other equivalent method.

12.20 Conductors intended for connection to a grounded neutral line shall be identified, i.e., finished in a
continuous white or gray covering, three continuous white stripes on other than green insulation, or a
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marking of white or gray color at the termination. All other current carrying conductors shall be finished in
colors other than white, gray, or green. A terminal for connection of a grounded conductor shall be
identified by a metallic plated coating, substantially white in color, and shall be readily distinguishable from
other terminals, or it shall be identified in some other manner, such as on an attached wiring diagram.

12.21 A box or enclosure included as part of the assembly and in which a branch circuit supplying power
to the furnace 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-

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

Internal Wiring

13

13.1 The w
Section.
13.2  Wiring

and temperat

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

13.3 If insul

wiring shall b¢ furnished by the manufacturer as part of the assembly. and the devices to bg

such wiring sk

13.4 Electri
arranged so t
Conductors tq
wiring to a pal
the nozzle as
by means oth
shall not undd

13.5 Except

iring of high-voltage and safety control circuits shall conform to the requir

shall be accomplished with insulated conductors having current eafrying cay
ire ratings consistent with their use. A conductor, other than an integral part of

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

all be factory located on the equipment.

cal wiring to a part which must be moved for-hormal maintenance and sen
hat the part may be moved without breakingsoldered connections or disconn

be disconnected from terminals of such part shall terminate in eyelets or cor
It which functions also as an accessplate or cover, i.e., a transformer closing
Eembly, is not readily detachable, the assembly shall include provision for supp
br than the wiring when the partis‘moved for servicing. Any allowable moveme
ly twist, bend, or pull the wiring:

as permitted by 13.17 and 13.18 conductors shall be:

losed within conduit'that complies with the Standard for Flexible Metal Condu

that ¢
Extru

b) Wit

c) Ex

Control Tray Cable, UL 1277

rd for Electrical Rigid Metal Conduit — Steel, UL 6, as applicable, electrical
mplies with.thie Standard for Electrical Metallic Tubing — Steel, UL 797 or th
ed Insulating Tubing, UL 224, metal raceway electrical enclosure;

in_a metal-clad cable that complies with the Standard for Metal Clad Cable, UL

bments in this

acity, voltage,
a component,

required, such
connected by

icing shall be
bcting conduit.
nectors. If the
the access to
ort of that part
nt of such part

it, UL 1 or the
metallic tubing
e Standard for

| 1569; or

or, for applications not exceeding 150 volts and/or 5 a

or Power and
mps, Exposed

Run Instrumentation Tray Cable, Type ITC-ER, that complies with the requirements of the
Standard for Instrumentation Tray Cable, UL 2250. The cable utilized shall:

1) Comply with the crush and impact requirements of the Standard for Metal Clad Cable, 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.

13.6 Group A of Table 13.1 includes some wiring materials suitable for use if enclosed as indicated in the
preceding paragraph.
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Table 13.1
Typical wiring materials
Wire size Insulation thickness
Group Type of wire, cord, cable, or wiring material AWG (mm?) Inch (mm)
10 and (5.3) 2/64 (0.8)
smaller
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
FFH-2, MTW, PF, PFF, PGF, PGFF, RFH-2,
RFHH-2, RFHH-3, RH, RHH, RHW, SF-2, SFF-2, 3 (26.7) 4/64 (1.6)
A T, TF,[TFF-TENTRENTHW WIS > (33.6) 2/64 (1.6)
TW, XHHW, or thermoplastic appliance wiring
mateffial. 1 (42.4) 5/64 (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 (107,2) 5/64 (2.0)
18 (0.82) 4/64 (1.6)
16 (1.3) 4/64 (1.6)
S, SH, SJ, SJO, SJOO, SJT, SJTO, SJTOO, SO, 14 1) 5/64 (2:0)
B SOOQ| ST, STO, STOO, or appliance wiring 12 (3.3) 5/64 (2.0)
mateffial with thermoplastic or neoprene insulation 10 (5.3) 5/64 2.0)
8 (8.4) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
Thermoplastic wjring materials, as referenced in Group A with insulation thickness of 2/64 inch (0.8 mm) for 16 or |8 AWG (1.3 or
0.82 mm?) and 364 inch (1.2 mm) for 14, 12, 10, or 8 AWG’(2.1, 3.3, 5.3, or 8.4 mm?), are considered equivalent t¢ the wiring
material referen¢ed in Group B, when the conductors'are covered with 1/32 inch (0.8 mm) wall thickness thermoplgstic insulating
tubing of a type $uitable for the purpose from the standpoint of dielectric properties, heat resistance, moisture-resistance, and
flammability.

13.7 Flexiblg metal conduit, iflused, shall be not smaller than 3/8 inch electrical trade size.|This does not
apply to parts| of components,/such as conduit protecting flame sensor leads, consideredl under other
Standards.

13.8 If flexibje metalConduit is used, it shall be mechanically secured at intervals not exgeeding 4-1/2
feet (1.37 m) gnd\within 12 inches (30.5 cm) on each side of every junction box except for IeTgths not over
36 inches (91 tmYwhere flexibility is necessary

13.9 All splices and connections shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered if bushing or loosening of the
connection may result in any hazardous condition.

13.10 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.

13.11 Splicing devices, such as fixture type splicing connectors, pressure wire connectors, and the like,
may be employed if they have insulation suitable for the voltage to which they are subjected. In
determining if splice insulation consisting of coated fabric, thermoplastic, or other type of tubing is
acceptable, consideration is to be given to such factors as its dielectric properties, heat resistant and
moisture resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge does not
meet the intent of the requirement.
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13.12 A splice is to be enclosed by being installed in a junction box, control box, or other compartment in
which high-voltage wiring materials, may be employed.

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

13.14 At all points where conduit or metal-clad cable terminates the conductors shall be protected from
abrasion. If metal-clad cable is used, an insulating bushing or its equivalent shall be provided between the
conductors and the cable and the connector or clamp shall be of such design that the insulating bushing or
its equivalent will be visible for inspection.

13.15 The design of a wireway shall be such that the interconnection of sections and fittings will provide

arigid mecha
and sharp cor

13.16 All w
moving parts.
13.17 Intern

nical assembly and electrical conductivity. The interior of the wireway shall be
ners or edges which might cause damage to the insulation on wires.

ring shall be supported and routed to reduce the risk of damagedue to s

assembly with a predetermined fixed relationship one to the other may‘be done with Type §

provided all o
a)ltis

b) Th
maintg

c) The

13.18 Cord;s
enclosed by 3

a) The
wiring
b) If th
may b

c) Lou
of 1/2

the following conditions are fulfilled:

not practical to do the wiring in accordance with 48.5.

=}

-

nance and service.

length of cord exterior to the assembly’is not more than 4 inches and strain rel

or wiring material as referenced in Group B, Table 13.1 may be employed
furnace casing conforming. to all of the following:

re are no openings in the bottom, unless a U-shaped channel or trough is loc
and the wires do not-project through the plane of the top of the trough or chann

e device is for installation only on noncombustible flooring, the bottom of such
b open provided all sides of the compartment extend to the floor level.

vers or.epenings in other than the bottom will not permit entrance of a rod hay

(12.7 nm)in diameter larger than the object that will be installed through the opening|.

inch_(12.7 mm), and openings for such items as pipe or conduit are not more

ree from burrs

harp edges or

al wiring involving a potential of not more than 300 volts between parts attache¢d to the same

50 or ST cord,

cord is not required to be bent, twisted, or otherwise displaced to fender normal

ef is provided.

if the wiring is

ated under the
el.
compartment

ng a diameter
than 1/2 inch

d) Openings are not closer than 6 inches to the wiring unless metallic barriers or baffles are placed
between the wiring and the openings.

e) Where combustible material other than electrical insulation is located within the compartment the
wiring is separated from such material and the material has self-extinguishing characteristics. An
air filter may be employed within the enclosure.

13.19 With reference to 13.18(e), plastic materials shall be classified as Type V-0, V-1, V-2, 5V, HF-1, or
HF-2 in accordance with requirements in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94, and other nonmetallic materials shall have equivalent
characteristics.

13.20 In applying the requirement of 13.18, an opening which is always intended to be connected to an
air duct may be considered as closed.
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13.21 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 shall have smooth, rounded 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.

13.22 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.

13.23 To provide an unbushed opening in sheet metal usually requires rolling and/or extrusion of the

metal around t

he opening, or the insertion of a grommet conforming to 13.21.

13.24 Except as indicated in the following paragraph, conductors of motor circuits having
motors, one of more of which are thermal or overcurrent protected, wired for connection to 0
shall withstang the conditions of a short circuit test without creating a risk of fire or)efectr

Short-Circuit

13.25 Condyctors that conform to the following are considered to meet the-intent of the

without test:

a) Cor
condug

b) Con
providg
or less
branch

including those enclosed in raceways; or

c) Con
not exq

14 Separation of Circuits

14.1  Unless
different intern
case, be so s¢
polarity parts g

14.2 Segreg

st.

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

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 orprovided as part of the product and
Lcircuit protection. This applies to any-of the wiring materials specified in

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

provided with/insulation rated for the highest voltage involved, insulated
al wiring circuits shall be separated by barriers or shall be segregated; ang
parated orisegregated from uninsulated live parts connected to different circu
f the same"*circuit.

) two or more
ne supply line
¢ shock. See

requirements

branch-circuit

P m) in length
d 60 amperes
hcceptable for
his standard,

ne leads does

conductors of
shall, in any
ts or opposite

or equivalent |

different circuit.

ping, routing,

htion“of insulated conductors as required above may be accomplished by cla
mmmmmmmmmmmmgnve parts of a

14.3 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.

¢) Any uninsulated live parts whose short-circuiting may result in operation of the product in a
manner that involves 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 Type T or equivalent conductors are or will be installed when wired in accordance with the
National Electrical Code, ANSI/NFPA 70.
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14.4 Segregation of field installed conductors from other field installed conductors and from uninsulated
live parts connected to different circuits may be accomplished by arranging the location of the openings in
the enclosure for the various conductors, with respect to the terminals or other uninsulated live parts, so
that there is no likelihood of the intermingling of the conductors or parts of different circuit. If the number of
openings in the enclosure does not exceed the minimum required for proper wiring and if each opening is
located opposite a set of terminals, it is to be assumed, for the purpose of determining compliance with the
above paragraph that the conductors entering each opening will be connected to the terminals opposite
the opening. If more than the minimum number of openings are provided, the possibility of conductors
entering at points other than opposite the terminals to which they are intended to be connected and
contacting insulated conductors or uninsulated current carrying parts connected to a different circuit is to
be investigated. To determine if a device complies with the requirements of the above paragraph, it is to be
wired as it would be in service and in doing so a reasonable amount of slack is to be left in each conductor,
within the eng into the wiring
compartment
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14.5 If a bprrier is used to provide separation between the wiring of different‘circuifs or between

operating par
held in place.

14.6 A mets
size of the ba
and shall be
purpose. Any

14.7 Openir
diameter and
which will ne

surface whergver an insulated wire may be in contact with it; and the area of any such op

closure remo
15 Mountin

15.1 A switd
turning, excey

15.2 The re
conditions are

a) The
toggle

s and field installed conductors, it shall be of metal or of suitablg insulating n

| barrier shall have a thickness at least as great as that required by Table 11.1
rier. A barrier of insulating material shall be not less than 0.028 inch (0.711 mn
of greater thickness if its deformation may be readily accomplished so a
clearance at the edges of a barrier shall be not more than 1/16 inch (1.6 mm) v

gs in a barrier for the passage of conductars shall be not larger than 1/4 in
shall not exceed in number, on the basis*of one opening per conductor, the n
bd to pass through the barrier. The clasure for any other opening shall pre

ed, shall not be larger than required for the passage of the necessary wires.
g of Components

h, fuseholder, lampholder, or similar electrical component shall be mounted to
t as noted in the following paragraphs.

quirement that'a switch be restrained from turning may be waived if all o
met:

switch is to be of a plunger or other type that does not tend to rotate wheg

aterial and be

, based on the
n) in thickness
5 to defeat its
vide.

h (6.3 mm) in
imber of wires
sent a smooth
ening, with the

restrain it from

[ the following

n operated. A

switch is considered to be subject to forces that tend to turn the switch

during normal

operation of the switch.

b) The means for mounting the switch makes it unlikely that operation of the switch will loosen it.

c) The

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

d) The normal operation of the switch is to be by mechanical means rather than by direct contact by
persons.

15.3 A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or indicator
light in which the lamp is sealed in a nonremovable jewel, need not be restrained from turning if rotation
cannot reduce spacings below the required values.
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15.4 The means for restraining turning is to consist of more than friction between surfaces: a lock washer
which provides both spring take-up and an interference lock, is acceptable as the means for restraining a
small stem mounted switch or other device having a single-hole mounting means from turning.

15.5 Uninsulated live parts shall be so secured to the base or mounting surface that they will be
restrained from turning or shifting in position if such motion may result in a reduction of spacings below the
acceptable values.

15.6 Control equipment located within the plenum or return air compartment of a furnace shall be so
designed, enclosed, and/or protected that dense smoke will not be generated or flame emitted under any
conditions likely to occur in service.

16 Motors ahd Motor Overcurrent or Overload Protection

16.1  All motprs shall be protected by an integral thermal protector or by overcurrent protective devices,
or combinations thereof.

16.2 "Overcyrrent protective devices" as referred to in 16.1 means overcurrent protective devices
conforming to the requirements of the National Electrical Code, ANSI/NFRA70, as follows:

a) A separate overcurrent device which is responsive to moter<urrent. This device shall be rated or
selectgd to trip at no more than the following percent of the motor full-load current ratipg:

1) Motors with a marked service factor not less'than 1.15, 125 percent;
2) Motors with a marked temperature risecnot over 40°C (72°F), 125 percent; gnd
3) All other motors, 115 percent.

Each winding of a multispeed motor is'te-be considered separately and the motor is t¢ be protected
atall s:[eeds.

b) If the values specified for“motor running overcurrent protection do not corrgspond to the
standafd sizes or ratings of fuses, magnetic or thermal overload protective devices, the next higher
size or| rating may be used, but not higher than the following percent of motor full-load current
rating.

1) Motors/with a marked service factor not less than 1.15, 140 percent;

2) Mators with a marked temperature rise not over 40°C (72°F), 140 percent; gnd

’2) All other motors, 130 pnrr‘nnt

16.3 An integral thermal protective device is to comply with the requirements in the Standard for
Thermally Protected Motors, UL 1004-3.

16.4 Separate overcurrent devices, except when included as part of a magnetic motor controller(s), are
to be assembled as part of the equipment, and be readily identifiable as such after assembly to the
equipment. Such protection is not to include means for manually interrupting the motor circuit if such
interruption may result in operation of the equipment in a manner that involves a risk of fire, electric shock,
or injury to persons.

16.5 Three-phase motors shall be provided with overcurrent protection as follows:

a) Three properly rated overcurrent devices shall be employed; or
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b) Thermal protectors, combinations of thermal protectors and overcurrent devices, or other
recognized methods of protection may be employed where the specific protective arrangement has
been investigated and found to provide proper protection under primary single-phase failure
conditions when supplied from transformers connected wye-delta or delta-wye.

Assemblies so investigated shall be marked to indicate that the motor is protected under primary single-
phasing conditions. This marking may be paper sticker or decal, or may be on an attached wiring diagram.

16.6 Motors such as direct drive fan motors, which are not normally subjected to overloads, and which
are determined to be adequately protected against overheating due to locked rotor current by a thermal or
overcurrent protective device may be accepted under this requirement; provided it is determined that the

motor will not

16.7 Impe

protected agdinst overheating due to locked rotor current, provided it is determined that the
overheat undgr actual conditions of use, except that such impedance protection\is not to
where the mofors are installed in compartments handling air for circulation to the conditioned

16.8 Fuses|shall not be used as motor overload protective devices, unless the motor

protected by

16.9 Motors
herein.

16.10 A mo
CONTon the

16.11  In ng
protective de
or injury to pe

16.12 Auton
the motor by t

16.13 A mdg
construction i

16.14 In dd
openings are

overheat under actual conditions of use.

nce protection may be accepted for motors which are determined. to1

e largest size fuse which can be inserted in the fuseholdén

shall not exceed the temperature rises indicated_ in*Table 48.1 when testeq

or shall be designed for continuous dutyas-indicated by the designation CO
hameplate.

case shall interruption of the circuit to a motor by the overcurrent or ov
ice result in operation of the equipment in a manner that involves a risk of fire,
Fsons or discharge of fuel thatmay result in a risk of fire or injury to persons.

natic reset type protective devices shall not be used if the automatic reclosing
he device may resultin improper operation of the equipment.

tor included tin.an attic, horizontal, or suspended furnace shall be of the tg
not wholly)enclosed within the furnace casing.

termining compliance with 16.13, when a totally enclosed motor is to be

be adequately
motor will not
be recognized
space.

is adequately
as described

NTINUOUS or

ertemperature
electric shock,

bf the circuit to

tally enclosed

provided, no

permitted in portions of the motor frame exterior to the device, i.e., openings

may be in the

shaft end of

gce mmournted oit-burmer motors i combimation gas-oit-burmers, botted—ftush

housing of a gun type burner, but not in other portions of the motor frame.

to the blower

16.15 A motor shall have no openings permitting a drop of liquid, or a particle falling vertically onto the
motor, to enter the motor as applied to the assembly.

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

16.17 Motors having openings in the enclosure or frame shall be installed or shielded to reduce the risk
of particles falling out of the motor on to combustible material within or under the assembly.
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16.18 The requirementin 16.17 will necessitate the use of a barrier of noncombustible 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 device 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;

3) Starting switch short circuited; and
4) Capacitor shorted, permanent split capacitor type; or

c) The motor is provided with a thermal motor protector, i.e., a protective\device thatfis sensitive to
temperature and current, that will reduce the risk of the temperature.of the motor windings from
becom|ng more than 257°F (125° C) under the maximum loadiunder which the motor will run
withou{ causing the protector to cycle and from becoming more than 302°F (150°C) wjth the rotor of
the motor locked.

16.19 The barrier mentioned in 16.18 shall be horizontal, shalkbe located as indicated in Figure 16.1 and
shall have an prea not less than that described in that illustration. Openings for drainage, ventilation, etc.,
may be employed in the barrier, provided that such openings would not permit molten metal, burning
insulation, or the like to fall on combustible material.
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Figure 16.1

Location and extent of barrier

LOCATION AND EXTENT OF BARRIER
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A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded, and is to
consist of the unshielded portion of a motor winding which is partially shielded by the motor enclosure or equivalent.
B — Projection of outline of motor winding on horizontal plane.

C — Inclined line which traces out minimum area of the barrier. When moving, the line is to be always
a) Tangent to the motor winding;

b) Five degrees from the vertical; and

c) So oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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17 Overcurrent Protection of High-Voltage Control-Circuit Conductors

17.1 General

17.1.1  For the purpose of these requirements, 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 equipment. A
control circuit does not carry main-power current. If a control circuit is supplied through a transformer
provided as part of the equipment, see Overcurrent Protection of Transformers, Section 18, for additional
requirements.

17.1.2 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

equipment. It |
or circuits with

17.2 Tapped
17.21 For t
tapped within

Such a circuit

17.22 A hig

s not tapped from the load side of the overcurrent device or devices of the co
n the equipment. See 67.11.

high-voltage control circuits

he purpose of these requirements, a tapped high-voltage control circuit is a

shall be protected in accordance with 17.2.3 and 17.3.

h-voltage control circuit that is tapped from the main power circuit at a point

control equipment enclosure shall be protected as specified in Column A of Table 430-72(b) ¢

Electrical Cod

17.2.3 Atap
rating of the o

Exception No.
m) long betwe
rated 60 amps

Exception No
withstand sho

Exception No
overcurrent pn

b, ANSI/NFPA 70.

ped high-voltage control-circuit conductor shall be provided with overcurrent p
ercurrent-protective device shall not €xceed the value specified in Table 17.1.

1: A 18, 16, or 14 AWG (0.82,°1:3, or 2.1 mm?) conductor that is not more tH
en points of opposite polarity;may be protected by a fuse or an HACR Type
res or less.

2:  An overcurrent-protective device of a higher rating may be used if th
t-circuiting when tested as specified in 50.9.

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

Exception No.

htrolled circuit

circuit that is

the product from the load side of the overcurrent device or devices for the controlled load.

putside of the
f the National

rotection. The

an 4 feet (1.2
vircuit breaker

e conductors

brovided with

4:)A control-circuit conductor, supplied from the secondary of a single-phas

e transformer

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

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

b) The rating of the device does not exceed the applicable value specified in Table 17.1 multiplied
by the ratio of secondary-to-primary rated transformer voltage.
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Table 17.1
Overcurrent protective device rating for control circuit conductors

Maximum rating of overcurrent protective device, amperes

Tapped control- Conductors contained in control equipment Conductors extending beyond control
circuit conductor enclosure equipment enclosure
size, 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 b b c c

2 Includes copp

br-clad aluminum.

b 400 percent of value specified for 60°C conductors in Table 310-17 of the National Electrical Code,_ANSI/NFPA 70.
¢ 300 percent of value specified for 60°C conductors in Table 310-16 of the National Electrical Code; ANSI/NFPA 7

o

17.3 Overcurrent-protective devices

17.3.1  Overcurrent protection for a tapped high-voltage contrel-cifcuit conductor, as requjred by 17.2.3,
shall be provifled as part of the equipment. If a fuse is used, thé.equipment shall be marked|in accordance
with 67.9.

Exception: THe overcurrent device, or devices, need not'be provided as part of the equipmgnt if, based on
the marked nating of the equipment, the rating of the branch-circuit overcurrent-proteclive device, or
devices, doed not exceed the values specified in-Fable 17.1.

17.3.2 A control-circuit overcurrent-protective device shall:
a) Be provided for all ungrounded conductors;
b) Be ¢f a size in accordanee with the requirements in 17.2.3; and

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

The device shall be.a_circuit breaker, or a fuse, that is acceptable for branch-circuit protection. Examples
of acceptable|fusesare Class CC, G, H, J, K, L, R, or T cartridge fuses and a Type S plug fuge.

Exception: If the control circuit is tapped from a circuit supplying other loads in the equipment, a device
used for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 50.1. If the supplementary device used is a fuse,
the equipment shall be marked in accordance with 67.10.

18 Overcurrent Protection of Transformers
18.1 High-voltage transformers

18.1.1 A transformer, other than as described in 18.3.1 and 18.3.2, is considered to be a high-voltage
transformer and shall:

a) Be provided with thermal-overload protection in accordance with the requirements in 18.2.1;
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b) Be protected by an overcurrent device, or devices, in accordance with the requirements in
18.2.3; or

¢) Comply with the requirements in the Burnout Test, High-Voltage Transformers, Section 52.

Exception: This requirement is not applicable to an interchangeable ignition transformer that has been
investigated in accordance with the requirements for ignition transformers in the Standard for Specialty
Transformers, UL 506.

18.2 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 transfoqmer windings
under overloag conditions to those acceptable for the class of insulation employed in_the“Windings. See
Overload Test| High-Voltage Transformers, Section 51.

Exception: If the thermal-overload-protective device provided is a nonrenewable thermal cufoff, a burnout
test is to be cdnducted in place of the overload test. See Burnout Test, High-Voltage Transformers, Section
52.

18.2.2 A thermal cutoff shall comply with the requirements jinthe Standard for Th¢rmal-Links —
Requirements|and Application Guide, UL 60691. A manually or automatically reset thermal protector shall
have an endyrance rating of not less than 6000 cycles and. shall comply with the requirements for
calibration of femperature-limiting controls in the Standard<fer Temperature-Indicating anf -Regulating
Equipment, UL 873. Compliance with the Standard for Automatic Electrical Controls — Part 1: General
Requirements| UL 60730-1, and/or the applicable Part 2.standard from the UL 60730 serieq fulfills the UL
873 requiremgnts.

18.2.3 If a high-voltage transformer is proteCted by an overcurrent device or devices, such protection
shall comply with the requirements specifiedlin 18.2.4, 18.2.5, and 18.4.1 — 18.4.3.

18.2.4 A higlp-voltage transformer shall’be protected by an overcurrent device, or devices, that is located
in the primary| circuit and that is.rated or set as indicated in Table 18.1 for the primary. S¢e 18.2.5 and
18.4.1.

Table 18.1
Rating of transformer overcurrent protective devices
Maximum rating of overcurrent device, percent of
Rated prmary-or ;cvulldaly ctH lcllt, amperes transformer-ctrrent |at;||u when-in:
Primary Secondary
Less than 2 3002 167
2 or more, less than 9 167 167
9 or more 125P 125P

@ Does not apply to an autotransformer; may be increased to 500 percent if transformer supplies a motor control circuit.

b If 125 percent of the current does not correspond to a standard rating of fuse or circuit breaker, the next higher standard rating
may be used. For the purpose of this requirement, standard ratings are 1, 3, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, and 60 amperes.

18.2.5 If the circuit supplying a transformer is provided with overcurrent protection rated or set at not
more than 250 percent of the rated primary current of the transformer, additional overcurrent protection is
not required in the primary circuit provided the secondary circuit is protected by a protective device rated
or set as indicated in Table 18.1 for the secondary.
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18.3 Low-voltage transformers

18.3.1 Except as specified in 18.3.2, a transformer having a rated output of not more than 30 volts and
1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device 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 18.4.1.

18.3.2 A transformer that directly supplies a Class 2 circuit [see 2.38(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).

18.4 Overc]nrrent protective devices

18.4.1 Overcurrent protection in the primary circuit of a transformer, as describéd in 18.4.4 and 18.3.1,
need not be grovided as part of the equipment if, based on the marked rating ‘of the equipment, the rating
of the branch-circuit overcurrent-protective device or devices does not exceed the valugs specified in
18.2.5 or 18.3.1, as applicable.

18.4.2 Overcurrent protection in the secondary circuit of a transfermer, as required by 1B8.2.5, shall be
provided as gart of the equipment. If a fuse is used, the equipment shall be marked in adcordance with
67.9.

18.4.3 A reduired transformer overcurrent-protective device provided as part of the equipment shall:
a) Be provided for all ungrounded conductors;
b) Be ¢f a size in accordance with the requirements in 18.2.5 — 18.3.1, as applicable;[and

c) Have a voltage rating not less.thian the circuit in which it is used.

The device shall be a circuit breaker,-or a fuse, that is intended for branch-circuit protection. Examples of
fuses are Clags CC, G, H, J, K, 'R, or T cartridge fuses and a Type S plug fuse.

Exception: If & transformer'supply is tapped from a circuit supplying other loads in the unit, § fuse used for
overcurrent plotection fmay be of the supplementary type provided that the fuse has a shoyt-circuit rating
acceptable fqor the «gircuit in which it is used. See Table 50.1. The equipment shall be marked in
accordance with 67:10.

19 Switches and Controllers

19.1 Except as indicated in 19.2, a controller(s) for controlling the loads involved shall be provided for all
assemblies incorporating more than one motor intended for connection to the same power supply.

19.2 A controller is not required for an assembly with more than one motor if the marked maximum fuse
size does not exceed 20 amperes at 125 volts or less or 15 amperes at 600 volts or less, and with not
more than 6 amperes full-load current for any one of the motors. Also, a controller is not required for an
assembly that conforms to 19.9.

19.3 A single controller may control more than one motor if the controller is suitable for the combined
load. The assembly is to be marked in accordance with 46.1.7 if the same controller contacts handle a
remote motor(s) in addition to the motor(s) in the unit containing the controller.
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19.4 A controller or switch shall be rated for the load which it controls.

19.5 The load controlled is to include any load external to the assembly for which connections in the
controller or switch circuit are provided.

19.6 A controller, which 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.

19.7 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 failure. The endurance test is to be of a duration
equivalent to that required for the overload device and at an equivalent rate.

19.8 The log
alternating curn

ked rotor load of a motor is based on six times the full-load current rating gf the motor if

rent and ten times the full-load current rating if direct current.
19.9

If the marked maximum fuse size of the device does not exceed themiaximum pize rated for

protecting the
protection ma
size will not op

19.10 Motor
ungrounded ¢

19.11  As apy
98, the Stand
Part 1: Geners

19.12 Contrg

motor of the smallest rating, two or more motors each having individual runnin
be connected to the same power supply if it can be determined that a fuse

bnductors to interrupt current flow to the motor.

licable, switches shall comply with the Standard for Enclosed and Dead Fron{
ard for General-Use Snap Switches, UL.20-0r the Standard for Switches for
| Requirements, UL 61058-1.

llers shall comply with the followjng, as applicable:

g overcurrent
bf the marked

en under the most severe anticipated conditions of servicetthat might be encolintered.

controllers shall be arranged so that they will simultaneously open a sufficient number of

Switches, UL
Appliances —

a) The [Standard for Industrial ControfEquipment, UL 508;

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

¢) The|Standard for Low-Voltage Switchgear and Controlgear — Part 5-2: Control Gircuit Devices
and Switching Elements — Proximity Switches, UL 60947-5-2.

20 Capacitors

20.1 A motqr_ starting or running capacitor shall be housed within an enclosure or contpiner that will
protect the plates against mechanical damage and that will not permit the emission of flame or molten
material resulting from malfunction of the capacitor. Except as noted in 20.2 and 20.3, the container shall
be of metal providing strength and protection not less than that of uncoated steel having a thickness of
0.020 inch (0.5 mm), No. 24 MSG.

20.2 The individual container of a capacitor may be of material other than metal if the capacitor is
mounted in an enclosure that houses other parts of the burner and if such a box, case, or the like, is
acceptable for the enclosure of current-carrying parts.

20.3 If the container of an electrolytic capacitor is constructed of metal, it shall be insulated from dead-
metal parts by moisture-resistant insulation not less than 0.028 inch (0.711 mm) thick, except as indicated
in 15.4. Otherwise, it shall be separated from dead-metal parts by spacings in accordance with Table 22.1.


https://ulnorm.com/api/?name=UL 795 2020.pdf

SEPTEMBER 29, 2020 UL 795 43

20.4 A capacitor employing a liquid dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium when tested in accordance with the applicable performance
requirements of this standard, including faulted overcurrent conditions based on the circuit in which it is
used. See Short-Circuit Test, Section 50.

Exception: If the available fault current is limited by other components in the circuit, such as a motor start
winding, the capacitor may be tested using a fault current less than the test current specified in Table 50.1
but not less than the current established by dividing the circuit voltage by the impedance of the other
components(s).

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

21 Electricgl Insulating Material

21.1  Materi
molded comp

bl for the mounting of current-carrying parts shall be porcelain, phenolic con
psition, or other material acceptable for the particular application.

hposition, cold

21.2 Ordins

barriers, but
warpage may
the sole supp
to heat, resi

ry vulcanized fiber may be used for the insulating bushingss washers, sg
not as the sole support for uninsulated live parts where shrinkage, curre
introduce a risk of fire, electric shock, or injury to persons. Plastic materials
prt of uninsulated live parts, if found to have the meghanical strength and rigig
stance to flame propagation, dielectric withstand) and other properties n

parators, and
nt leakage, or
may serve as
lity, resistance
peded for the

application.
22 Spacings — High-Voltage Circuits
221 Excepf as noted in paragraphs below, the/spacings between uninsulated live pafts of opposite

polarity and between an uninsulated live part and a dead metal part shall be not less tHan the values

specified in Table 22.1.
Table 22.1
Spacings
Ratings Minimum spacing in inches
Volt-ampefes Volts Through air Over surface Tolenclosure®
0 —200( 0-300% 1/8° 1/4 1/4
More than 2000 0-150 1/8° 1/4 12
151 -300 1/4 3/8 1/2
301 - 600 3/8 172 1/2
2 If over 300 volts, spacings in last line of table apply.
® The spacings between field wiring terminals of opposite polarity, of between a field wiring terminal and ground, shall be not less
than 1/4 inch.
¢ Includes fittings for conduit or metal clad cable.

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

22.3 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
(6.4 mm) where 3/8 inch (9.5 mm) is specified.

22.4 The spacing requirements in Table 22.1 do not apply to the inherent spacings inside motors, except
at wiring terminals, or to the inherent spacings of a component that is evaluated on the basis of the
requirements for the component. However, the electrical clearance resulting from the installation of a
component, including clearances to dead or enclosures, are to be those indicated in Table 22.1.

22.5 The spacings titled To Enclosure in Table 22.1 are not to be applied to an individual énclosure of a
component palrt within an outer enclosure or cabinet.

22.6 All uninpulated live parts connected to different circuits, except subdivided eifcuits or hranch circuits
of same voltage from same feeder, shall be spaced from one another as though they ere parts of
opposite polarjty in accordance with the requirements indicated above and shall be evaluatef on the basis
of the highest poltage involved.

22.7 An insylating liner or barrier of vulcanized fiber, varnished-cloth, mica, phenolic cgmposition, or
similar material employed where spacings would otherwise be<nsufficient, shall be not legs than 0.028
inch (0.711 min) thick; however, a liner or barrier not less than:0.013 inch (0.33 mm) thick 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.

22.8 Materigl having a lesser thickness may be used if it has insulating, mechanical, angd flammability
properties equivalent to those of the materials specified in 22.7.

23 Spacingg — Low-Voltage Circuits

23.1 The spacings for low-voltage electrical components which are installed in a circuit whjch includes a
motor overloadl protective devicegor other protective device, where a short or grounded cirquit may result
in risk of fire, dlectric shock, or-injury to persons shall comply with the requirements of this stgndard.

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 Spacing-shall be not less than 1/4 inch (6.4 mm) between wiring terminals, regardlgss of polarity,
and between the—wiring—termimat—and—a dead-metat—part, nctudingthe—enctosure—andfittings for the
connection of conduit, which may be grounded when the device is installed.

23.4 The spacing between uninsulated live parts, regardless of polarity, and between an uninsulated live
part and a dead metal part, other than the enclosure, that may be grounded when the device is installed
shall be not less than 1/32 inch (0.8 mm), provided that the construction of the parts is such that spacings
will be definitely maintained.

23.5 The spacings in low-voltage circuitry that do not contain devices such as those indicated in 23.4 are
not specified.

23.6 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 transformer device of 30 volts or less.
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23.7 Two or more transformer devices supplying circuits classified as Class 2, low-voltage circuits
provided as a part of the equipment shall be treated as two separate circuits each having its own separate
wiring compartment, and the output of each circuit shall be marked to warn that the separation shall be

maintained.

24 Accessibility of Uninsulated Live Parts

241

An uninsulated high-voltage live part and moving parts shall be located, guarded, or enclosed so as

to minimize accidental contact by personnel performing service functions which may have to be performed
with the equipment energized.

24.2 Accessibility and the reduction of risk of electric shock and injury to person may be obtained by

mounting th
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Figure 24.1

Accessibility and protection
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24.3 The follpwing are not considered to be uninsulated live parts:
a) Coilg of controllers;
b) Relgys and solenoids;
c) Transformer windings) if the coils and windings are provided with insulating overwraps;
d) Enclpsed motorwindings;

e) Terminals'and splices with suitable insulation;

f) Insulated-wire-
25 Bonding For Grounding

25.1 Exposed or accessible noncurrent carrying metal parts which are likely to become energized and
which may be contacted by the user or by service personnel during service operations which are likely to
be performed when the equipment is energized, shall be electrically connected to the point of connection
of an equipment ground.

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

25.3 Metal parts, as described below, need not be grounded.
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a) Adhesive attached metal foil markings, screws, handles, etc., which are located on the outside of
enclosures or cabinets and isolated from electrical components or wiring by grounded metal parts.

b) Isolated metal parts, such as magnet frames and armatures, small assembly screws, etc., which

are se

parated from wiring and uninsulated live parts.

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

d) Panels and covers which are insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material not

less th
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I by welding, soldefing, or brazing with materials having a softening or meltin
154.4° C). The bonding connection shall penetrate nonconductive coatings su
el.

ection:that depends upon the clamping action exerted by rubber or similar
5.44, under any degree of compression permitted by a variable clamping de

results are st

d or screwed
j point greater
ch as paint or

materials shall
vice and if the

| 'acceptable after exposure to the effects of oil. grease. moisture, and therm
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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.

2510
are to engage

25.11

the metal.

If bonding depends on screw threads, two or more screws, or two full threads of a single screw,

If the adequacy of a bonding connection cannot be determined by examination, or if a bonding

conductor is smaller than required by (a) and (b), it shall be considered acceptable if the connecting
means does not open:

a) When carrying for the time indicated in Table 25.1, twice the current equal to the rating of the
branch circuit overcurrent device required to protect the equipment; and
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b) During a Short-Circuit Test in series with a fuse of proper rating. See Short-Circuit Test, Section

50.
Table 25.1
Duration of current flow, bonding conductor test
Rating of overcurrent protection device amperes Maximum duration of current flow minutes
30 orless 2
31-60 4
61-100 6
101 -200 8

25.12 The sige of a conductor or strap employed to bond an electrical enclosure or meator frame shall be
based on the [rating of the branch circuit overcurrent device to which the equipment will lpe connected.
Except as indigated in 25.13, the size of the conductor or strap shall be in accordance with Tgble 25.2.

Table 25.2
Bonding wire conductor size
Size of bondingconductor?
Rating of overdurrent Copper wire Aluminum wire

device ampdres AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)

20 12 (3.3) 10 (5.3)

30 10 (5.3) 8 (8.4)

40 10 (5.3) 8 (8.4)

60 10 (5.3) 8 (8.4)

100 8 (8.4) 6 (13.3)

200 6 (13.3) 4 (21.2)

@ Or equivalent dross-sectional area.

25.13 A bonfing conductor to a component or electrical enclosure is not required to be larger than the
size of the conductors’supplying power to the component or components within the enclosurg.

25.14 If more_thah one size of branch circuit overcurrent deV|ce is mvolved the size of the bonding
conductor is to-bebased-en ault protection
for the component bonded by the conductor. For example |f a motor is |nd|V|duaIIy 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.

25.15 All exposed dead metal parts requiring grounding shall be electrically connected to an equipment
grounding terminal(s) or lead(s).

25.16 The equipment grounding terminal or lead shall be located in the field wiring compartment and
shall be suitable for connection of an equipment grounding conductor of at least the size required by the
National Electrical Code, ANSI/NFPA 70, for the rating of the power supply circuit to be connected.

25.17 A soldering lug, a push-in, i.e., screwless connector, or a quick-connect or similar friction fit
connector shall not be used for the terminal for the field installed grounding conductor.
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25.18 The terminal for the connection of the equipment grounding conductor shall be a green not readily
removable terminal screw with a hexagonal head, a green, hexagonal, not readily removable terminal nut,
or a green pressure wire connector. If the terminal for the grounding conductor is not visible, the conductor
entrance hole shall be marked with the words "GREEN", "GROUND"; the letters "G", "GR"; a grounding
symbol such as Figure 25.1; or otherwise identified by a distinctive green color. When the terminal for the
equipment grounding conductor is readily removable, the area adjacent to the terminal shall be similarly
marked.

Figure 25.1

Grounding symbol

25.19 The spurface of an insulated lead intended for the connection of an equipment grounding conductor
shall be finished a continuous green color6ra continuous green color with one or more yellgw stripes, and
no lead visiblg to the installer, other than:an equipment grounding conductor, shall be so identified.

25.20 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.

CONSTRUCTION - BURNER ASSEMBLIES

26 General

26.1 Each gas burner assembly employed in the gas-fired appliance covered by these requirements
shall be constructed and tested in accordance with the Standard for Commercial-Industrial Gas Burners,
UL 295.

26.2 With respect to 26.1, a burner assembly equal to or less than 400,000 Btuh (117,228 W), used on a
gas-fired high pressure steam or high temperature water boiler assembly, shall comply with the
requirements specified for burner assemblies rated above 400,000 Btuh (117,228 W) to 2,500,000 Btuh
(732,678 W) in the Standard for Commercial-Industrial Gas Burners, UL 295.

26.3 When the gas burner is installed on the appliance, all safety controls shall be readily accessible.

26.4 A safety control shall be supported in such a manner that it and its sensing element will remain in
the intended position. It shall be possible to determine by observation or test that each control is in its
intended location.
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26.5 Nothing shall be provided for the purpose of permitting any safety control to be rendered ineffective
or allowing firing of the burner assembly without the protection of all of the required safety controls.

26.6 Primary air openings and orifices shall be accessible for servicing.

26.7 As applicable, clearance shall be provided for removal and replacement of the pilot burner without
kinking the pilot gas tubing.

26.8 A burner assembly shall be secured so that it will not twist, slide, or drop out of its correct position.

26.9 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 performs a valve proving system sequence pn both safety
shutoff valves|during each burner cycle and functions to prevent light-off in the event of a dgtectable leak,
a normally open vent valve is not required to be used.

27 Combindtion Gas-Oil Burner Assemblies

27.1 A comlination burner assembly designed to burn only ené fuel at a time shall be arranged so that
the fuel not bging fired will be shut off automatically when the ‘burner assembly for that fuelis not in firing
position or is not intended to be fired.

27.2 A combination burner assembly designed tetburn 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 ignition cycle which shall be jnitiated before the delivery of main burner fuel fto the ignition
zone.

27.3 A burngr designed to burn beth-gas and oil simultaneously shall be regulated so that [the total input
to the burner does not exceed the maximum for which the burner is designed.

27.4 The gas burner portion of the gas-oil burner assembly shall be constructed gand tested in
accordance with the Standard for Commercial-Industrial Gas Burners, UL 295.

27.5 The oil purnerportion of the gas-oil burner assembly shall be constructed and tested |n accordance
with the Standard.for Oil Burners, UL 296.

CONSTRUCTION - BOILERS, FURNACES AND HEATERS
28 General

28.1 Except as permitted by 28.2, each device shall be factory built to include all the components
necessary for its normal function when installed as intended. It may be furnished as two separate
components, one component consisting of the burner assembly and the other consisting of the boiler,
furnace, or heater assembly. The burner assembly shall include the primary safety control. The boiler,
furnace, or heater shall include all the other parts constituting the complete gas-fired device.

28.2 A device, if not manufactured as an assembly, shall consist of as few subassemblies as practicable.
Each subassembly shall be capable of being incorporated into the final assembly without requiring
alteration, cutting, drilling, threading, welding or similar tasks by the installer, except to the extent
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described below and in 28.3. Two or more subassemblies, which must bear a definite relationship to each
other for the proper and safe operation of the device, shall be designed and marked so that they may
readily be incorporated into the final assembly in their correct relationship.

Exception: Burner piping components such as the main automatic gas shutoff valve, main manual gas
shutoff valve, pressure regulator, and the like, 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.

28.3 Cutting or drilling which is required for the attachment of a return or supply plenum, an optional filter
rack, or to cut a return air opening in the furnace casing is deemed to conform to 28.2. If a return air
opening is to be cut in the casing panel by the installer, instructions and a template shall be furnished with

the furnace, o
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dropping from
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29 Accessibility

29.1

and cleaning without major dismantling and without removal of controls.

Furnaces for space heating shall not allow the products of combustion to become mixed with the

All flue gas passageways or heating surfaces of gas-fired devices shall be accessible for inspection

29.2 Provision shall be made for observation of each pilot and main burner flame during adjustment and
under operating conditions.

29.3 Sufficient and reasonable accessibility shall be afforded for cleaning, inspection, repair, and
replacement of all burners, controls, and safety devices when the device is installed as recommended by
the manufacturer. The arrangement of parts in an assembly removed for normal care shall be such that
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their restoration, following removal, will not necessitate realignment to secure their proper relationship with
other parts of the assembly. Special tools that may be required for normal care to be done by the operator
shall be supplied with the device.

29.4 Heads and nuts of bolts which must be removed to permit the removal of cleanout plates shall not
be placed where they will be in contact with flue gases.

30 Baffles
30.1 Flue baffles shall be removable for cleaning or shall be designed so that they cannot be dislodged

or distorted during cleaning. Flue baffles which are removable for cleaning shall be designed so as to
assure their replacement in the correct position.

31 Limit Controls

31.1 Generdl

31.1.1 The gpplication of all controls and the requirements for combustion-airand primary s
shall be in accprdance with Sections 26 — 27 of these requirements.
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b requirements of the Standard for, Limit Controls, UL 353.
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h limit control.

e limit-control
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31.1.5 A limit confrol that operates to shut off fuel in case of low water condition, unintended (high)
temperature or unintended (high) pressure shall cause safety shutdown (see 2.89) so that a manual reset
is required to restore the burner operation. See 31.1.6.

Exception: The operation of a high temperature limit control on a warm air central furnace or a unit heater
as a result of unintended outlet air temperature need not result in safety shutdown. The burner operation
can be resumed automatically when the outlet air temperature decreases below the limits specified in
31.5.1.

31.1.6 With respect to 31.1.5 safety shutdown may be provided either by employing manual reset type
limit controls or it may be effected by utilizing the manual reset feature of another control on the boiler,
such as the primary safety control. For systems where the reset feature is separate from the limit control,
means shall be provided to indicate that the limit control has caused safety shutdown.
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31.1.7 The operating limit control, as specified by 31.3.1(a) and 31.4.1(a), need not be factory-installed
provided the wiring diagram and instructions furnished with the appliance indicate that an operating control
of an appropriate type and setting is to be furnished by the installer. See instruction requirement of 68.3.

31.2 Liquid level limit controls — boilers

31.2.1 Fixed-setting hot-water and warm air temperature limit controls shall be marked with the operating
temperature, and steam-pressure controls shall be marked with the operating pressure of their fixed
points. Adjustable setting hot-water and warm air temperature limit controls shall have their temperature
range marked, and steam-pressure controls shall have their pressure range marked.

31.2.2 A hot water heating boiler shall be provided with at least one low water cutoff or combination low
water cutoff gnd water feed control that operates to open the burner circuit and cause sdfety shutdown
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31.2.5 With respect to 31.2.2 and 31.2.3, safety shutdown may occur simultaneously with the operation
of the low water cutoff to shut down the burner or it may incorporate a time delay. The time delay for safety
shutdown shall not exceed the boiler manufacturer's recommended time or 90 seconds, whichever is less.

31.2.6 A liquid level limit control shall comply with the Standard for Limit Controls, UL 353 or the
requirements for protective controls in the Standard for Automatic Electrical Controls — Part 1, General
Requirements, UL 60730-1.

31.3 Pressure limit controls — boilers

31.3.1 A steam boiler shall be equipped with two factory installed limit controls, as follows:

a) One pressure actuated limit control to shut off the fuel supply to the burner when the steam
pressure in the boiler reaches a preset operating pressure.
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b) One pressure actuated limit control to shut off all fuel to the burner and cause safety shutdown,
requiring a manual reset to restore burner operation, in case of unintended steam pressure in the
boiler. The control settings shall be in accordance with 31.3.2 and 31.3.3, as appropriate.

31.3.2 The maximum setting of a limit control on a low-pressure steam boiler shall limit the steam
pressure in the boiler to 15.0 psig (103 kPa) or less. On a control having an adjustable setpoint this
maximum setting shall be limited by a fixed stop. Such a boiler is marked with ASME Code Symbol "H".

31.3.3 The limit control for a high pressure steam boiler shall be set so that the steam pressure in the
boiler will not exceed the maximum allowable working pressure of the boiler. On a control having an
adjustable setpoint, the maximum setting shall be limited by a fixed stop. Such a boiler is stamped with the

ASME Code Symbol "S".

31.3.4 The

required by thé manufacturer.
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the requireme
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b) Typ
House
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General Requ
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five percent.

bctronic limit control with switched outputs that only relies on hardware circui
h the limits specified in 31.3.1 — 31.3.3 shall betinvestigated to the requirement

Standard for Limit Controls, UL 353; or

2 Protective Control requirements\per the Standard for Automatic Electrica

j Controls Including Mechanical'Requirements, UL 60730-2-6.

limit control shall have ‘a_maximum drift of five percent and an initial devia
percent.

bctronic limit cantrol that relies on software to limit the pressure within the limi
3 shall be investigated to the requirements for software Class 2 in accord
boftware_in“Programmable Components, UL 1998 and the Standard for Limit
re Class C in accordance with the Standard for Automatic Electrical Cont
remenis, UL 60730-1, and the Standard for Automatic Electrical Controls for H

Similar Use; P

requirements of this Section do not preclude the use of additional operatirLg controls, if

Is, UL 353 or
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rols Including
eviation value
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| Controls for
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Controls, UL
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art 27 Particular Requirements for Automatic Electrical Pressure Sensing Con

rols Including

Mechanical Requirements, UL 60730-2-6.

31.4 Temperature limit controls — boilers

31.4.1

A hot water boiler shall be equipped with two factory installed limit controls, as follows:

a) One temperature actuated limit control to shut off the fuel supply to the burner when the
temperature of the water in the boiler reaches a preset operating temperature. This limit control can
be an automatically reset type; and

b) One temperature actuated limit control that operates to shut off all fuel to the burner and causes
safety shutdown before the water temperature in the boiler exceeds the maximum rated operating
temperature. For a hot water boiler safety shutdown shall occur before the water temperature in the
boiler exceeds 250°F (121°C). This limit control shall be a manually reset type.
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31.4.2 The requirements of this section do not preclude the use of additional temperature regulating
controls, if required by the manufacturer.

31.4.3 An electro-mechanical limit control shall comply with the Standard for Limit Controls, UL 353 or
the requirements for protective electrical controls in the Standard for Automatic Electrical Controls for
Household and Similar Use, Part 2, Particular Requirements for Temperature Sensing Controls, UL
60730-2-9. The limit control shall have a maximum drift of five percent or 10°F (5.6°C), whichever is less
and an initial deviation value not exceeding 5°F (2.8°C).

31.4.4 An electronic limit control with switched outputs that only relies on hardware circuitry to limit the
temperature within the limits specified in 31.4.1 and 31.5.1 shall be investigated to the requirements of:

a) The[Standard for Cimit Controls, UL 353; or

8l Controls for
g Controls, UL

b) Type 2 Protective Control requirements per the Standard for Automatic Electric
Houseghold and Similar Use, Part 2, Particular Requirements for Temperature $énsin
60730p2-9.
An electronic Jlimit control shall have a maximum drift of five percent or 102F(5.6°C), whicheyver is less and
an initial devigtion value not exceeding 5°F (2.8°C).

3145 Anel
Sections 31.4
the Standard

ectronic limit control that relies on software to limit the femperature with the lim
and 31.5 shall be investigated to the requirements.for software Class 2 in ag
for Software in Programmable Components,(JL*1998 and Standard for Lim

353 or software Class C in accordance with the Standard for Automatic Electrical Con

General Requ
Similar Use; H

irements, UL 60730-1, and the Standard:for‘Automatic Electrical Controls for K
art 2: Particular Requirements for Temperature Sensing Controls, UL 60730-2

31.5 Temperature limit controls — warm airfurnaces and heaters

31.5.1 Asug
control that a
(93.3°C). All
limit control th
less.

3152 Ado
shut off the by

31.5.3 Thel
32

Installat

32.1

pended warm air heater having a horizontal outlet in the bottom shall be provi
[ its maximum fixed stop_setting does not permit outlet air temperature high
pther types of heaters, including unit heaters and central furnaces shall be p
at at its maximum-fixed stop setting limits the outlet air temperature to 250°

vnflow oré@*horizontal furnace or heater shall be provided with a limit control th
rner in case of reverse air flow.

its specified in
cordance with
t Controls, UL
rols — Part 1:
lousehold and
9.

jed with a limit
er than 200°F
rovided with a
F (121.1°C) or

at operates to

mit.controls required by 31.5.1 and 31.5.2 shall comply with 31.4.3 — 31.4.5.

ion of External Controls and Fittings on Boilers

If a low water cutoff is installed external to a low pressure or a high pressure steam boiler utilizing a

water column, the connecting piping and fittings to the column shall not be smaller than 1-inch NPS and no
shut-off valves of any type shall be placed in the piping between the boiler and the low water cutoff. A
cross or equivalent fitting shall be used in the piping connections at every right angle to facilitate cleaning
and inspection.

32.2 A low water cutoff that embodies a separate chamber shall incorporate a vertical drainpipe and a
blowoff valve not smaller than 3/4-inch NPS, located at the lowest point of the chamber or water-equalizing
pipe connections so that the chamber and the equalizing pipe can be flushed and the low water cutoff can
be tested for operation.
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32.3 A low water cutoff or a combination cutoff and water feed control for a low pressure steam boiler
may be installed in the tapped openings provided for attachment of a water gage glass directly to the
boiler. For such installation, the connections shall be made with nonferrous "T" or "Y" fittings for the low
water cut-off connections. The ends of any nipples used shall be hollowed to full size of the internal
diameter.

32.4 For a hot water heating boiler, the low water cutoff may be installed external to the boiler. Under low
water conditions, the chamber in which the cutoff is located shall drain so as to maintain the same water
level as in the boiler and, if flow occurs in the chamber, it shall be in the upward direction.

32.5 A water feed control, when used, shall be constructed and installed so that the water inlet valve
cannot feed water into the boiler through a float chamber of a low water cutoff or through the connections
of such float chamber.

32.6 A steam pressure limit control shall be installed on the boiler without any shutoff-valvg¢ between the
limit control and the boiler.

32.7 Each gteam pressure limit control shall be protected with a siphon or equivalgnt means of
maintaining a water seal between the steam and the inlet to the control. The-size of the siphgn shall be not
less than 1/4-inch NPS. Tubing of adequate temperature and pressure tating and with an inside diameter
at least equal {o standard pipe size may be substituted for pipe.

32.8 If a stegm pressure limit control that incorporates a mercury switch is mounted on a siphon, the loop
of the siphon ghall be in a plane that is 90 degrees (1.57 rad)€rom the plane of the mercury sitch.

32.9 The stepm pressure connections to the steam pressure limit control shall be not smallgr than:
a) 1/4-inch NPS, when the pipe is of nonferrous material;
b) 1/2-ihch NPS for ferrous materialsjupto 5 feet (1.5 m) in length; or

c¢) 1-ingh NPS for ferrous materials over 5 feet (1.5 m) in length.

Tubing of adeguate temperaturesand pressure rating and with an inside diameter at least|equivalent to
standard pipe gizes may be substituted for pipe.

33 Flue Danppers, Draft-Regulators, and Draft Hoods

33.1  An ad|ustable flue damper shall be equipped with suitably located minimum gnd maximum
operating stogs>»JThe minimum operating stop for such damper shall be located to obtain sufficient air for
complete combustion at minimum burner input.

33.2 An automatically operated flue damper shall be designed to maintain a safe damper opening at all
times and be arranged to reduce the risk of starting the burner assembly unless the damper is in an
intended position for starting.

33.3 An automatically operated flue damper shall be counterbalanced to assume an open position in the
event of breakage or failure of its operating means. Operating parts shall be located or shielded to reduce
the risk of interference with their movement and to reduce the likelihood of injury to the operator in case of
breakage.

33.4 A device to be equipped with a barometric draft regulator or draft hood shall be designed so as not
to require the regulator or draft hood to be installed in a false ceiling, in a different room, or in any manner
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that will permit a difference in pressure between the air in the vicinity external to the regulator or draft hood
and the combustion air supply.

33.5 A draft hood or draft regulator shall be furnished with each device equipped with an atmospheric or
natural-draft burner, except a device for outdoor use only and having a venting system supplied as part of
the assembly or when a sealed combustion system is employed.

33.6 A draft hood shall comply with the applicable construction provisions of the Standard for Draft
Hoods, ANSI Z21.12.

33.7 A double swing barometric draft regulator, if used, shall incorporate means which will act to cause

the gas suppl 60 seconds.

to be shut off in the event flue gas spillage continues for a duration exceeding

33.8 An adjiistable flue damper shall not be used in connection with a device equipped.wi

or draft regulg

tor.

34 Bleeds gnd Vents
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e with a bleed

naving a cross

h not lessthan the area of the largest vent line plus 50 percent of the afeas of all the

nt lines with normally open, fully ported, electrically operated valves, as appl

icable to 26.9,
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fmaccordance with Tabte 341
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Table 34.1
Vent line sizing
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
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35 Bases
35.1 The base of a furnace shall be constructed to support the furnace as intended. A subbase, if

furnished as a separate assembly, shall be arranged for attachment to the furnace in the intended position
only and in a manner that will establish and maintain the intended position of the furnace with respect to
the subbase.

35.2 The base of a furnace shall be constructed of metal or fabricated of other noncombustible material
in @ manner to provide equivalent strength and durability. The assembly shall be constructed so that there
will be no open passages in the floor through which flame or hot gases from a fire originating in the space

below the floor can travel to the room above when the furnace is installed.

35.3 Theba
constructed to
plenum or dug
(76.2 mm) bel
in the form of s

36 Heating ¢

36.1 Heating
comply with th
48.1, when th
Section 48. S
other physical
0.053 inch (1.3

36.2 Joints
machining, bo|
shall not depe

36.3 Comby
accessible for

be and subbase of a downflow furnace intended for installation on combustible
establish and maintain not less than the required clearance between vertical's
t to be attached thereto and the floor construction. A spacer shall extend at

pw the upper surface of the floor on which the furnace is to be installed. The
eparate blocks, and the like, is not considered to comply with this'requirement

Surfaces and Combustion Chambers

surfaces shall be constructed of cast iron, sheet/steel, or other material
is requirement. The temperature of the metal shall’not exceed the limits spe
b device is operated under the conditions of thexapplicable tests in the Temp)
heet steel, if used, shall maintain strength, rigidity, durability, resistance to g

mm).
n heating surfaces shall be welded, brazed, or be made by a machined sl

ting or riveting. A joint shall notdepend primarily on cement for tightness. A
nd solely upon friction of the joint itself for strength.

stion-chamber (fire-box)~lining, if used, shall be durable, securely held
replacement with equivalent material.

37 Radiatio

37.1 Aradia
positioning a
corrosion if its|
product is ted

Shields

ion shield"or liner shall be so constructed, formed, and supported to maintai
d to<resist distortion or sagging in service. A shield or liner shall be prot

floor shall be
urfaces of the
east 3 inches
se of spacers

letermined to
cified in Table
erature Tests,
orrosion, and

properties equivalent to AISI 1010 hot rolled sheet steel having a minimunp thickness of

p joint, or by
lip or lap joint

n place, and

h its intended

ected against
18.1 when the

deterioration may cause temperatures in excess of those speC|f|ed in TabIe 4

the required

resistance to corrosion shall not be damaged by heat when the dewce is tested as specified in the
Temperature Tests, Section 48.

38 Materials in Air Handling Compartments

38.1

Materials in a compartment handling air for circulation through a duct system shall not have a flame

spread rating over 25 nor a smoke developed rating over 50 when tested in accordance with the Standard
for Tests for Surface Burning Characteristics of Building Materials, UL 723. This requirement does not
apply to the following:

a) Air fi

Iters, drive belts, wire insulation, and paint as applied for corrosion protection.

b) Gaskets forming air or water seals between metal parts.


https://ulnorm.com/api/?name=UL 795 2020.pdf

SEPTEMBER 29, 2020 UL 795 59

c) Miscellaneous small parts such as refrigerant line bushings or insulating bushings, resilient or
vibration mounts, wire ties, clamps, labels, and the like.

d) An adhesive which, when tested in combination with the specific insulating material, complies
with the requirement.

e) Molded or formed components made of polymeric materials (not liners) in such quantity that the
total surface area of such materials in the compartment does not exceed 10 square feet (0.9 m?).
See 38.7.

38.2 Exposed unimpregnated asbestos material shall not be used in an air handling compartment. The
unprotected edge of a gasket sandwiched between two parts is considered to be exposed.

rd for Tests for
oard or metal.
ch (50.8 mm)

38.3 The supporting surface to be used in the test for adhesives as specified in the Standal
Surface Burning Characteristics of Building Materials, UL 723, is to be of asbestos cement |
Other materigls requiring support may be supported using metal rods or bars or 2 in
hexagonal mesh-wire with metal bars or rods.

384 Therm
block air flow
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damage from
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heit, minus 20 degregs fahrenheit for outdoor-use equipment.
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alent. Rigid or
5 rigid material

y temperature
Standard and

ceeding 25 or

39 Casings

39.1  An outercasing or jacket shall be made of steel or other suitable material, reinforced or formed if
necessary, so that it is not likely to be damaged through handling in shipment, installation, and use. Sheet
metal casings shall be made of steel having a minimum thickness of 0.0254 inch (0.645 mm), and all
surfaces shall be protected against corrosion.

39.2 Sheet iron or steel, used for casings to confine circulating air shall not be less than 0.032 inch
(0.813 mm) thick.

39.3 Access panels as need be removed for normal service and accessibility shall be designed to permit
ready removal and replacement repeatedly without causing damage or impairing any required insulating
value.

39.4 A removable panel through which air is drawn for combustion shall be so designed as to restrain it
from being attached in a manner that may cause improper performance of the device.
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39.5 A removable panel shall be so constructed that it will not be interchangeable with other panels on
the same device when interchange may allow improper operation of the device.

39.6 The casing of a device for installation on combustible flooring shall completely close the bottom or
be constructed to provide an effective radiation barrier between the heat exchanger and the floor; except
an opening intended to be always connected to a circulating air-distribution duct may be permitted.

39.7 The casing of a forced air type device shall have no uncovered openings communicating with the
circulating air compartments unless such openings are intended to be always connected to a circulating air
distribution duct.

39.8 The device shall be designed so that the negative pressure created by an air circulating fan cannot
affect the compustion air supply or draw products of combustion into the circulating air. Sepdrate doors for
burner assembly and air circulating fan compartments may be provided.

39.9 Connegtion between the heat exchanger and the casing which encloses'circulating air shall be
constructed to[reduce the risk of combustion products leaking into the circulating\air.

39.10 An adcess opening to a return-air compartment shall be completely covered with a tightfitting,
readily removable door or panel.

39.11 A centfal furnace shall be designed for the attachment of‘'warm air outlet and cold air peturn ducts.
40 Fuel Lings and Components
40.1 Fuel piging and fuel handling components shallhot be located within circulating air channels.
41 Flue Collars

41.1 A flue ¢ollar shall be made of material not lighter than that designated for heating spirfaces. Such
collars shall extend through the casing.externally a sufficient distance to permit secure attachment of the
vent connectof.

42 Air Filterp

42.1  An air filter, if supplied as part of the device, shall be accessible for inspection or replacement
without the us¢ of spegial tools and without dismantling the device.

PERFORMANCE

43 General

43.1 The performance of the gas-burning equipment shall meet the applicable requirements when tested
as described herein. A device of a type not described specifically herein shall be tested in accordance with
the intent of these requirements. If any indications are observed during the tests prescribed that a device
will not continue to meet the requirements in normal usage so as to provide continued safe performance,
such supplementary tests shall be conducted as deemed necessary to provide safe service.

43.2 Devices are tested normally to determine suitability for installation on noncombustible floors and
with clearances to combustible walls and ceilings not less than indicated in Table 43.1. Devices may be
recommended for installation on combustible floors if tests in accordance with these requirements
demonstrate that, when so installed, temperatures will not exceed designated limits. At the option of the
manufacturer, a device may be tested with clearances less than those indicated in Table 43.1.
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Table 43.1
Standard clearances

Minimum clearances, inches

Type of appliance Above Front Vent connector Sides and rear Below

Form XI 2 18 6 6 -

Form XII 6 18 6 6 -

Form Xllb 6 18 6 6

Form XV 6 - 6 6 12

Form | 2 24 18 6 -

Form Il 6 24 18 6 -

Form lIb & 24 18 & 6

Form IlI 18 48 18 18 -

Form Illb 18 48 18 18 18

Form IV 48 96 36 36 -

Form Xl — Warm Air Furnace, downflow and upflow types, not larger than 100 cubic feet2.8 m®) in sizk excluding
blower compartments and burner — equipped with a draft hood.

Form XII — Water walled types - hot water boilers, low pressure steam boilers, nét larger than 100 cubig feet (2.8 m®) in
size excluding burner — equipped with draft hood.

Form Xllb — Warm Air Furnace, horizontal forced, not larger than 100 cubié feet (2.8 m®) in size excludinfy blower
compartments and burner and installed with 6 inch (15.2 cm) below clearance — equipped with draft hood.

Form XV — Unit heater, suspended type not larger than 100 cubic.feet(2.8 m®) in size excluding fan corhpartment and
burner equipment, equipped with integral blowers andfans, and equipped with a draft hood

Form - Warm Air Furnace, downflow and upflow types, not larger than 100 cubic feet (2.8 m®) in sizp excluding
blower compartments and burner - not equippé&d'with a draft hood.

Form Il — Water walled types — hot water boilers, low'pressure steam boilers, not larger than 100 cubif feet (2.8 m®) in
size excluding burner — not equipped with./draft hood.

Form IIb — Warm Air Furnace, horizontal forced, not larger than 100 cubic feet (2.8 m®) in size excludinf blower
compartments and burner and installed with 6 inch (15.2 cm) below clearance — not equippgd with draft
hood.

Form Il — Low Heat Industrial DeviCe,\Floor mounted type furnaces and heaters and not classified under Forms |

(furnaces) or XI (furnaces-and heaters) and, hot water boilers and steam boilers operating gt not more than
1000°F (537°C) flué\gas temperature not classified under Form Il or XII.

Form lllb — Low Heat Industrial Device, suspended types, horizontal and duct furnaces and unit heaterg, not classified
under Forms lIb, XlIb, or XV.

Form IV — Form IVe=Medium Heat Industrial Devices, steam boilers operating in excess of 1000°F (537°C) flue gas
temperature.

43.3 Fora cewce tested |n a partlal enclosure at clearances less than those deS|gnated as standard in
Table 43.1, a . e. Clearances
from chimney and vent connectors are to be not Iess than 6 mches (152 mm) When the chlmney or vent
connector clearances are less than those designated as standard in Table 43.1, the connector
arrangement is to be as specified in 44.2.4 and Figure 44.2.

43.4 An evaluation of any condensation that may collect in the flue gas ductwork or components shall be
undertaken to determine the pH content. The pH content is to be measured as undiluted condensate. An
initial condensate sample is to be taken upon a cold start and additional samples are to be taken to be
representative of all firing conditions that produce condensate. The pH measurement is to be performed in
accordance with the Standard Test Method for pH of Aqueous Solutions With the Glass Electrode, ASTM
E70. If the pH is greater than or equal to 3.0, no further evaluation of the effects of the condensate is
required. If the pH concentration is less than 3.0, the venting system of the appliance shall be evaluated in
accordance with the Standard for Venting Systems for Gas Burning Appliances, Categories Il, Ill, and 1V,
UL 1738.
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44 Test Installations

441 Floor-mounted devices

44.1.1 The devices in the as received condition are to be placed in a partial enclosure formed by two
walls of 1 inch nominal thickness wood boards or plywood 3/4 inch (19.1 mm) thick, set at right angles and
finished in flat black. All joints are to be sealed or tight. The walls of the partial enclosure are to extend 3
feet (0.9 m) beyond the end and side of the device and at least 1 foot (0.3 m) above the top of the device.
Except as permitted in 43.2, the wall is to be the minimum distance specified in Table 43.1 from the side
and back of the device; except where the flue gases are vented horizontally from the back of the device, in
which case the wall of the enclosure is to be the specified distance from the nearest point of any draft
hood. Medium heat devices need not be placed in the partial enclosure unless they are to be tested at

clearances les

44.1.2 As an
the partial tes
specified by 41
inches (229 m
in Table 48.1.

44.1.3 |If the
through the wzé
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Il of the test structure. An elbow and vertical vent pipé-is to be attached on the
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Figure 44.1

Test enclosure for suspended furnace
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Figure 44.2

Vent arrangement
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44.2.4 The cold air inlet and warm air outlet openings are to be extended beyond the test enclosure by
appropriate duct work. A metal plenum chamber having the same dimensions as the discharge opening of
the furnace is to be provided by the manufacturer for test purpose. The length of the plenum and the size
of the warm air duct are to be as indicated in Figure 44.4. The inlet air duct is to have the same dimensions
as the inlet opening of the furnaces. The ducts are to extend at least 1 foot (0.3 m) beyond the walls of the
enclosure.

Figure 44.3

Test ducts for furnaces
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Figure 44.4

Plenum and duct size for suspended furnaces

44.3 Unit heaters

44.31
the clearance
vertical sides
type draft hoo
the ceiling arg
beyond the frg
enclosure are
boards, or plyy

Except as permitted in 43.2, unit:heaters are to be suspended in a tunnel-type enc

‘ Y
Y
L
l X
|
TOP VIEW
L=6+0.554c
X=0.354c
Y=L-X
9
T1
I
11
I
I
11
I
1]
I |
——]
SIDE \VIEW
S2733

between the major top ‘portion of the heater and between the vertical side

osure so that
walls and the

Df the heater are to_be as specified by Table 43.1. For heaters having an external vertical-

H the clearances (between the top of the sloping side of the external vertical d

to be not less than 1 inch (25.4 mm). The enclosure is to extend 18 inch
nt and back.and 12 inches (30.5 cm) below the heater. The vertical walls and
to be at right'angles and are to be constructed of 1 inch (25.4 mm) nominal th
vood 3/4.inch (19.1 mm) thick, finished a flat black. All joints are to be sealed fi

raft hood and
es (45.7 cm)
ceiling of the
ickness wood
ght.

44.3.2 Airdi

stribution devices or louvers integrally attached to propeller fan type unit hea

ters are to be

set at any allowable position that may produce maximum temperature conditions.

44.3.3 Each air discharge opening of a unit heater for use with ducts is to be fitted with a straight duct
extending 36 inches (91.4 cm) from the normal air discharge opening and of the same cross-sectional
area and shape as the air discharge opening. This duct, for testing purposes only, is to be furnished by the
manufacturer. To provide a means to symmetrically restrict the outlet end of the duct, an adjustable
restrictor is to be furnished which forms a diamond shaped opening at the outlet end of the duct.

4434

If the flue gases are vented horizontally, a length of horizontal single-wall vent pipe sufficient to

extend to the edge of the enclosure and permit attachment of an elbow and a vertical vent is to be
attached to the outlet collar of the heater or draft hood, if one is provided. In no case is the clearance
between the horizontal run of vent pipe and combustible construction to be less than 6 inches (152 mm).
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44.3.5

If the flue gases are vented vertically, a vertical vent is to be attached and extended directly

through the ceiling of the enclosure, at which point a closed insulated thimble having a diameter 4 inches
(102 mm) larger than the vent pipe is to be used.

44.3.6 For the purpose of test, a single-wall vent pipe is to be used.

44.4 Test ducts for furnaces

44.41

The cold air inlet and warm air outlet openings are to be connected to appropriate duct work. The

cross-sectional area of the air inlet duct is to be equivalent to the area of the cold air inlet opening of the

furnace

4442 Airo
the ducts is tg
this test. The
pressure in th

4443 Temy
temperature
of each duct 3
in a central lo

45 Test Methods

451 Firing

4511 The
described bel

45.1.2 The draft is to be as recommendéd by the manufacturer.

451.3 Thef

45.1.4 Thef

itlet ducts, 6 feet (1.83 m) long, are to be connected to the plenum as illustratg
be commensurate to the size of the warm air outlet and be furnished by the.m
size of the ducts for forced-air furnaces is to be such that they will| ot in
e plenum in excess of that recommended by the manufacturer.

eratures are to be measured at points subjected to the maximium heat. For d
f the inlet and outlet air, thermocouples are to be located with-the tip on the Ig
s indicated. One or more thermocouples are to be attached to the top surface
Cation.

conditions

conditions for firing burners during“tests outlined in these requirements
bw unless otherwise directed by an individual test requirement.

ring rate at high fire is to be equivalent to the rated input of the equipment bein

ring rate at intérmediate fires is to be as recommended by the manufacturer.

45.2 Temp

45.2.1

Unleps -0therwise indicated, surface temperatures are to be determined by a pots
bead type theymoecouples not larger than 24 AWG.

rature measurements

pd. The size of
anufacturer for
npose a static

etermining the
ngitudinal axis
of the plenum

are to be as

g fired.

ntiometer and

45.2.2 Thermocouples are to be placed on surfaces of the test enclosure at various locations as may be
required to observe maximum temperatures during tests. Where the vent connector pierces the enclosure,
temperature measurements on the inside surfaces of the enclosure are to be made 6 inches away from
the vent connector. Thermocouples are to be attached to other pertinent materials and parts, such as
those mentioned in Table 64.1.

45.2.3 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.
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45.2.4 Thermocouples are to be secured to wood surfaces by staples over insulated portion of the wire
and with the tip held in a good thermal contact with the surface by pressure sensitive tape; except that for
zero clearance, the thermocouples are to be applied to surfaces of the device at points of zero clearance.

45.2.5 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 to the metal surfaces.

45.2.6 Thermocouples are to be attached to surfaces other than as described above by being cemented
or taped to the surface in a manner to assure good thermal contact with the surface. The temperature on

the surface of
the surface un
(10.2 mm) thig
than 7.3 kgs p

452.7 The
measured by
divided into th
each of the ni
the axis of air
any couple wi
thermocouple

45.2.8 Unleg
measured duri

4529 If the
the temperatu
temperature b

45210 For
thermocouple

45211 For
thermometer
from the outsi
device.

the casing of portable and mobile heaters is to be determined by a thermocoup
der a flexible, oven dry, felted asbestos pad, 6 square inches (38.7 square

k, and weighing not less than 1.0 nor more than 1.5 pounds per square-foot
Br square meter).

outlet air temperature in rectangular ducts connected to.forced-air furna
nine thermocouples of identical length wired in parallel. The‘test duct cross-s¢
ree equal horizontal and three equal vertical areas with a‘thermocouple locat
ne areas thus obtained. The thermocouple grid is to_be’located in a plane pe
flow and within 6 inches (152 mm) downstream ofthe/location closest to the

grid.

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

Fe of the inlet air, the test is\to.be conducted under conditions which mainta

etween 60°F (15.5°C) and"\80°F (26.7°C).

furnaces for installation with ducts, the ambient temperature is to be m
ocated in the air inlet as shown by Figure 44.3.

furnaces without ducts and boilers, the ambient temperature is to be m
r thermoecauple shielded from direct radiation and suspended not less than 4

le attached to
mm), 0.4 inch
4.9 nor more

ces is to be
pction is to be
ed centrally in
rpendicular to
blenum where

see any surface of the heat exchanger. The dugt is to extend at least 6 inchgs beyond the

e the ambient

results of a furnace test involving)the operation of a limit control are likely to be affected by

n the inlet air

pasured by a

pasured by a
feet (1.22 m)

de of the’test enclosure with the bulb at a point opposite the midpoint of ome side of the

45.2.12 An inclined draft gauge with a pressure tap located as shown by Figure 44.4 is to be used to
measure external static pressure in the outlet plenum. The gauge is to have an accuracy of £0.0025 inch

(+0.0635 mm)

and is to be capable of being read directly to 0.005 inch (0.127 mm).

45.2.13 The static pressure connection is to consist of one of the arrangements shown in Figure 45.1.
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Figure 45.1

Static pressure pickup arrangements
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45.2.14 Temperatures are to be ascertained by temperature changes of not more than 5°F (3°C) for
three consecutive readings taken 15 minutes apart at observed maximum temperature points.

45.2.15 Devices having a vertically discharging draft hood outlet are to have attached to and vertically
above the outlet sufficient uninsulated black-iron vent pipe, the same size as the draft hood outlet, to
extend not less than 5 feet (1.52 m) nor more than 5 feet 6 inches (1.68 m) above the highest point of the
draft hood relief opening. Devices having a horizontally discharging draft hood outlet are to have attached
an uninsulated black-iron 90 degree elbow, the same size as the draft hood outlet, and sufficient vertical
uninsulated black-iron vent pipe so that the outlet is not less than 5 feet (1.52 m) nor more than 5 feet 6
inches (1.68 m) above the highest point of the draft hood relief opening.

452.16 Two lines, intersecting at right angles, are to be established in the horizontal plane of

measurement
draft hood reli
One temperat

which is to be located in the vent pipe 4 feet 6 inches (1.37 m) above the highe
bf opening. They are to be oriented so that they will divide the internal aréaif
ire is to be taken at the intersection of the two lines. Eight temperatures-are

two sets of fodr along each line at points one-third and two-thirds of the distance{rom the

the periphery.
placed succeg
these nine ind

45217 Dey
uninsulated bl
pipe may be a

45.2.18 Two

[Temperatures are to be determined with a bead type thermocouplenot larger
sively at the specified locations. The flue-gas temperature is tQ be'the arithme
vidual readings.

ices not equipped with draft hoods are to have attached a 3 foot (.91
Ack-iron pipe, the same size as the vent collar or induced-draft fan outlet of th
tached directly to a vertical or horizontal flue-gasoutlet.

lines, intersecting at right angles, are to be.éstablished in the plane of measur

angles to the axis of the vent pipe within 1 foot (.3 m) of\the normal flue-gas outlet of the de

to be orienteq

so that they will divide the cross-sectional area in the vent pipe into qU

temperature measurement is to be taken at_the intersection of the two lines. Eight

measurement
distance from
thermocouple
temperature is

45219 Any

5 are to be taken, in two sets of four along each line, at points one-third and twj
the intersection to the periphery. The temperature is to be determined with
not larger than 24 AWG. successively placed at the specific positions.
to be the average of these nine individual readings.

flue-gas sample iS1o be taken in a plane in the vent pipe not more than 3 inch

from the plang of temperature measurement specified in the preceding paragraphs unless

equipped with
undiluted sam
temperatures

a draft hood'in' which case the flue-gas sample is to be taken at a location
bles can be-ebtained. Any draft hood relief opening shall be effectively closed
hre measured for the purpose of determining stack loss. See 46.1.20.

45220 The

st point of the
to quadrants.
to be taken in
ntersection to
than 24 AWG
tic average of

m) length of
e device. The

ement at right
ice. They are
adrants. One

temperature
p-thirds of the
a bead type
The flue-gas

es (76.2 mm)
the device is
Vhere uniform
Wwhen flue gas

water temperature is to be measured by a thermocouple located in the boil

er so that the

water temperature 1 inch (25.4 mm) below the outlet connection of a hot-water boiler and 1 inch (25.4 mm)
below the surface of the water in a steam boiler may be determined.

45.2.21

46 Burner Assembly Tests

46.1

46.1.1

Combustion test

Steam pressure is to be measured by a commercial steam gauge of appropriate range.

Combustion shall be complete in the space provided by the device or, if a burner assembly in the

space recommended by the manufacturer, and no carbon monoxide in concentration in excess of 4/100 of
1 percent shall be present in air free samples of the flue gases taken over the full operating range of the
burner assembly.
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46.1.2 Complete and stable combustion shall be maintained at the minimum rate of firing or during any
sudden change in the gas firing rate between maximum and minimum rates. Ignition shall be
accomplished safely.

46.1.3 A boiler, furnace, or heater shall be capable of functioning uniformly and reliably at the maximum
input recommended by the manufacturer without a loss of heat to the chimney or vent in excess of 25
percent of the heat input to the device.

46.1.4 The maximum temperature of flue gases during any of the tests in Section 48, Temperature Tests,
at the maximum input recommended by the manufacturer shall not be in excess of the temperatures listed
in Table 46.1. The maximum temperatures specified in Table 46.1 are for the purpose of obtaining
appropriate temperatures on combustible construction in proximity of the chimney or vent connector when
the indicated flearances are maintained. Only appliances equipped with draft hoods or appliances without
draft hoods that exhibit a negative pressure of the flue gases (see 46.1.5) are suitable for-Gonnection to a
Type B gas vent. All other appliances are suitable only for connection to a chimney.

Table 46.1
Maximum flue gas temperatures

Maximum temperature rise above|ambient
Type of device °F (°C)
Appliances equ|pped with draft hoods and appliances intended for 400 (204.4)
connection to a[Type B gas vent
Other appliancgs 850 (454.4)

46.1.5 With| respect to 46.1.4, determination that the flue gases in the vent pipe are|at a negative
pressure are [to be made in the center within.the vent pipe, 6 inches (152 mm) down-stfeam from the
connection of| the vent pipe to the flue gas, outlet of the appliance. The vent pipe are to b¢ connected in
accordance with 45.2.17. The pressure. of the flue gases shall be negative at all permittedl inputs of the
appliance.

46.1.6 The performance of a btirner assembly or device during the Combustion test, 46.1} shall be such
that:

a) Ignition is obtained on each cycle within the expected safe period of time.

b) Ignition is*obtained at each cycle without flash of flame outside the heating devig¢es being fired
and without damage to parts of the device.

c) Stable fires are obtained at all operating firing rates.

d) The concentration of carbon monoxide in the flue gases is not in excess of 4/100 of 1 percent in
an air free sample taken at all firing rates.

e) No soot has been deposited on surfaces of the heat exchanger, flue passages, or vent
connector of the heating device fired for the test.

f) Surfaces of the fire box, hearth, electrodes, and igniters and their insulators are free from
detrimental formation of carbon, soot, and tar.

g) A pilot does not deposit detrimental carbon when adjusted according to the manufacturer's
instructions.
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46.1.7 A burner assembly is to be installed for test in a boiler of a size commensurate with the firing rate
of the burner assembly to be tested. A burner assembly intended for application to a specific device may
be tested as applied to that device or a representative of the device for which the burner assembily is
designed.

46.1.8 All heating surfaces in contact with combustion products and the vent pipe of the device to be
fired for the test are to be thoroughly cleaned before the combustion test is begun.

46.1.9 The equipment is to be arranged for operation in accordance with the instructions furnished by the
manufacturer. The equipment is to be fired at a rate within the rating of the equipment. A fire box or hearth,
and the like, as recommended or furnished by the manufacturer, is to be provided for a burner.

46.1.10 Tes
recommended

s are to be conducted at normal gas pressures. The manifold pressurg is to be as

by the manufacturer.

46.1.11 The
The input, air-
instructions.

ment is rated.
nanufacturer's

burner assembly or device is to be fired with the test gases for whigh'the equip
fuel ratio, and other operating conditions are to be in accordance ‘with the n

46.1.12 A bg
operation whe
greater than it

iler is to be fired at rated input and the limit control is-to\be bypassed to pefmit continued
n required by a test. During test, the temperature or-pressure within the boil¢r is to be not
5 rated temperature or pressure, but not less than the dppropriate value given below:

a) 2009F (93.3°C) in a low pressure hot-water boiler.

b) 12 pki in a low pressure steam boiler.

c) 95 percent of maximum rated temperaturedin a high pressure water boiler.

d) 95 percent of rated working pressuré.in a high pressure steam boiler.

46.1.13 The
temperature tg

water level in the boiler(is;to be maintained at normal level. The boiler is to be fired for the

st until equilibrium temperatures are attained.

46.1.14 Afu

continued op€
outlet to main{
test until equil

‘nace or heater-is-t0 be fired at rated input and the limit control is to be bypas
ration when tequired by a test. The circulating air flow is to be adjusted by
ain its design outlet air temperature £5°F (3°C). The unit is to be fired for th
brium temperatures are attained. During this test the static pressure in the s

sed to permit
restricting the
e temperature
upply plenum

shall be maintained~at not more than the value specified by the manufacturer in the installation

instructions.

46.1.15 A burner assembly of the ON and OFF type is to be fired 10 minutes ON and 10 minutes OFF for
intermittent firing tests.

46.1.16 A modulating burner assembily is to be fired in successive cycles, each cycle consisting of 10
minutes on high fire, 10 minutes on intermediate fire, 10 minutes on minimum fire, and 10 minutes off for
intermittent firing tests.

46.1.17 During test periods, observations and recordings are to be made of the draft on each operating
rate, ignition, and combustion characteristics, combustion-chamber conditions, and any unnatural
performance.

46.1.18 The fuel burning rate, draft over fire CO, and any CO are to be observed and recorded for each
operating fire. For an atmospheric burner consisting of sections or groups of burners that can be operated
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as individual burners, tests are to be conducted with different combinations of burner sections or groups
operating at a time.

46.1.19 The duration of these tests is to be that required to obtain conclusive performance data.

46.1.20 Measurements of flue-gas temperature and CO, are to be made. The hourly flue or stack loss is
to be computed as the summation of heat above room temperature carried by CO,, N,, free air, and water
vapor. For the purpose of this computation, water vapor is assumed to exist as a vapor above room
temperature; condensation occurring at room temperature. The stack loss is not to exceed 25 percent of
the gross heating value of the gas being fired. The maximum flue-gas temperature is not to exceed the
limits specified in 46.1.4.

46.2 Combustion air failure test

46.2.1 A mechanical-draft burner assembly or device shall not operate improperly during in
upon restoratjon of the combustion air supply, as determined by test in accordanee/with 46.2

terruption and
.2 and 46.2.3.

46.2.2 The initial conditions for the test to determine conformance to the ‘preceding parag
as specified fpr Combustion test, 46.1. The test may be conducted during-the course of th
test. While the burner assembly or device is being fired at any operating rate, the fan sy
combustion i$ to be stopped, i.e., by disconnecting the fan motor only from the electr]
disconnecting any flexible coupling, or by removing any belt needed to drive the fan. Fu
burner is to bg shut off in accordance with 46.2.3.

46.2.3 The
control before
lighted burne
the light off m
purge in acco
burner whosg
necessary to

fuel shall be shut off due to the inherentesign of the burner assembly or
any conditions develop that may cause”a risk of fire or explosion. For an
assembly whose maximum rated input does not exceed 2,500,000 Btu per
ay be accomplished automatically-upon restoration of the air supply after con
Fdance with 46.2.4 and 46.2.5. Kor a manually lighted burner and for an autom
maximum rated input is invexcess of 2,500,000 Btu per hour a manual
estart the burner after resteration of the air supply.

46.24 Afo
chamber, heat exchanger, and{flue passages of the device to which the burner assembly ig
immediately efore ignition ef’an interrupted or intermittent pilot or before delivery of gs
burner for difect ignitionsby an electric igniter, whichever is applicable. Purging shall
sufficient timeg to provid€.a minimum of four air changes of this volume. With the air flow pro
dampers proven to.be-6pen the air flow rate shall be at least equivalent of that provided for
60 percent of therated high-fire input.

raph are to be
e Combustion
pplying air for
cal circuit, by
el to the main

by action of a

automatically
hour (732 kW)
npletion of the
atically lighted
reset shall be

ced or induced draft\burner assembly shall provide preignition purging for the combustion

to be applied,
s to the main
continue for a
en and the air
combustion at

Exception: For a burner assembly having an input not exceeding 2,500,000 Btu per hour (732 kW), as an
option, the purging may be accomplished at a damper opening that provides at least four air changes in
not more than 90 seconds.

46.2.5 Purge periods at air flow rates not less than those indicated in (a) and (b) may be considered as
providing purging in accordance with 46.2.4:

a) A purge period of 30 seconds, during which time air flow at a rate equivalent to that provided for
combustion at rated, high-fire input of the burner assembly or device is obtained.

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.
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46.3 Undervoltage test

46.3.1 A burner assembly or device shall operate in accordance with these requirements when tested at
a voltage of 85 percent of rated voltage for alternating current or 80 percent of rated voltage for direct
current equipment.

46.3.2 The initial conditions for test are to be as specified for Combustion test, 46.1. The test may be
conducted during the course of the combustion test. The voltage of the power supply to the burner
assembly or device is to be regulated to maintain the minimum voltage specified and the burner assembly

ignited and fired at high fire in the intended manner until steady-state conditions are attained.

46.3.3 Thep

erformance of the burner or device shall be such that:

a) Ignit

on of the main burner flame is effected as intended during the five ignition‘trial

b) Flanpes do not flash outside the device being fired nor damage appliance/parts.

c) Com

d) The
rate do

e) The
46.4 Power

46.4.1 A pov
power supply.
restart or shall

46.4.2 Thei
specified for
While the bur
interrupted. TH
(s) shall be de
46.2.

bustion is complete and stable.

concentration of carbon monoxide in an air free sample oftheflue gas taken @
es not exceed 4/100 of 1 percent.

burner assembly is capable of operation without intérrdption.
nterruption test

er operated burner assembly or device shall not operate improperly upon inte
Upon restoration of the power supply, the burner assembly or device shall re
safely resume normal operation automatically.

ombustion test, 46.1. The test may be conducted during the course of the co
her assembly or device is being fired at any operating rate, the power su
e power is then restored after being interrupted for any period of time. The ga
energized and fuelto the main burner shall be shut off within the time limit speg

Table 46.2
Required programming and timings based on maximum fuel input rating

o

t the high-fire

rruption of the
tquire manual

hitial conditions for test to determine conformance to the preceding paragraph are to be as

mbustion test.
pply is to be
s safety valve
cified in Table

Maximum firing rate per combustion chamber

Above 5

,000,000 Btuh

Operation

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

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

(1,465,358 W) to
12,500,000 Btuh
(3,663,389 W)

Prepurge

Pilot type and flame establishing period

Four air changes in 90
seconds with proven
airflow, or at 60 percent
damper opening, with
both damper opening and
airflow proven

Intermittent or interrupted,
15 seconds maximum®

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

Interrupted, 10 seconds
maximum

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

Interrupted, 10 seconds
maximum

Table 46.2 Continued on Next Page
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Table 46.2 Continued

Operation

Maximum firing rate per combustion chamber

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

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

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

(3,663,389 W)

Ignited by

Flame failure re
Safety shutoff v

Main burner flame establishing period

pilot

Direct ignition

action time®

Ive closing-time after de-
=4

15 seconds maximum
4 seconds maximum

4 seconds maximum

10 seconds maximum
4 seconds maximum?

4 seconds maximum

10 seconds maximum
Not permitted

4 seconds maximum

energization
Action required

Proven low fire

Combustion air

Action required

on flame failure
Gtart

proving

on loss of combustion air

Gas pressure syipervision

5 seconds maximum

One recycle permitted
Not required
Required

Safety shutdown except
may recycle once.

Low and high gas
pressure switches
required for direct ignition,
not required for piloted
ignition systems.®

1 second maximum

One recycle permitted
Required
Required

Safety shutdown except
may recycle once.

Low andhigh gas
pressure switches
required

1 second jmaximum

Safety’shlitdown required
Required
Required

Safety shjitdown
Low and high gas

pressure gwitches
required

2 Maximum fuel
Industrial Gas H

® The flame-fail
shutoff device (

¢ The pilot flame

4 These require
Btuh (117,228 \{

¢ See 37.1inth

urners, UL 295.

~

input at light off not to exceed 2,500,000 Btu per hour (732,678 W). See 31.3 in the Standard for Jommercial-

re reaction time is to be considered, the interval between the actual flame extinguishment and theltime the safety
uch as a gas valve) is de-energized.

establishing period shall not exceed 4 seconds if the pilot input exceeds 400,000 Btu per hour (117 Kw).
nents also apply to gas-fired high pressure steam and high temperature water boiler assemblies up to 400,000

b Standard for Commercial-IndustriaGas Burners, UL 295.

46.4.3 The
action of a sa
assembly upg
automatically

4644 Ab
functioning in

fuel is to be automatically shut off due to the inherent design of the burner assembly or by

accordance Wi

irner<assembly or device equipped with multiple igniters, each of which
dependently of the others shall be s0 de3|gned that when the equipme

fety control. In such case, the burner assembly is to require manual restart to{fire the burner
n restoration, of-the power supply, or an automatically lighted burner assembly may restart
upon restoration of the power supply provided safe automatic reignition is obtgined.

is capable of
t is tested in

he othels are inactive.

See Pilot superV|S|on test 46 5, Ign|t|on gas electrlc hlgh tenS|on test 46.6 6 and Ign|t|on gas-electric hot-
wire — Undervoltage test, 46.7.

46.5 Pilot supervision test

46.5.1

Pilot supervision by a safety control shall be only at a point where the pilot flame will effectively

ignite the fuel at the main burner or burner group with the pilot burning with any flame capable of actuating
the primary safety control.

46.5.2 Test to determine conformance with the preceding paragraph is to be made in conjunction with
Combustion test, 46.1. Before a test is begun, the gas supply to the pilot is to be regulated to provide any
flame which will actuate the primary safety control. At least five trials are to be made for each pilot flame

tested.
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46.5.3 The combustion detector of a primary safety control which is capable of detecting the presence of
ignition spark shall be so positioned that the combustion detector shall respond to flame properties only. At
the rated voltage, the signal strength due to an ignition spark shall be not more than 50 percent of the
signal strength required to hold in the flame relay at 110 percent of rated voltage.

46.5.4 The test to determine conformance with the preceding paragraph is to be made in conjunction
with Combustion test, 46.1. Before a test is begun, the gas supply to the pilot is to be shut off. Five trials
are to be made to determine that ignition spark, or reflection from any part of the burner or device capable
of reflecting the spark, will not result in a signal strength in excess of that specified. Each trial shall extend
for at least 5 minutes.

46.6 Ignition, gas-electric high tension test

46.6.1 A gasrelectric high tension ignition system, arranged for initially igniting a gas pilot, shall ignite the
pilot upon adnpission of pilot gas in accordance with 46.6.3 — 46.6.5. The pilot, in turn) shall|effect ignition
of the main bufner fuel as introduced into the ignition zone.

46.6.2 An electric high tension ignition system arranged for ignition of main burner gas directly shall
effect the ignition when tested in accordance with 46.6.3 — 46.6.5. See also46.11.1 — 46.11.3.

46.6.3 The burner assembly or device, arranged and installed as spécified for Combustion test, 46.1 is to
be tested for gonformance to the preceding paragraph after it has’béen subjected to the combustion test.
The spark gap or gaps are to be adjusted to the maximum recommended by the manufacturgr, but a gap is
to be not less than 1/16 inch (1.6 mm).

46.6.4 The Joltage of the power supply to the ignition“system is to be regulated to 70 percent of rated
voltage, and the voltage of the power supply to the safety control circuit is to be regulated to[85 percent of
rated voltage fpr alternating current equipped and-80 percent of rated voltage for direct curreft equipment.

46.6.5 The burner assembly or device @nd ignition circuits are to be energized. Five trjals are to be
made. If the burner assembly or device'is to employ an interchangeable transformer, thie appropriate
interchangeable test transformer is to b& applied to the burner assembly or device and five additional trials
for ignition ar¢ to be made. During each trial, ignition is to be effected safely and no flame is to flash
outside the deyice being fired,

46.7 Ignition, gas-electric hot-wire — Undervoltage test

46.7.1 When a gas:electric hot-wire ignition system is energized at a reduced voltage |not less than
specified here|n and with the combustion air supplied at room temperature no improper performance shall
be obtained. less than the
minimum voltage below which the burner or device is restrained posmvely from attempting ignition,
whichever is higher. See 46.7.2. This requirement does not apply to a burner or device equipped with a
positive means to reduce the risk of the equipment attempting ignition at voltages less than 85 percent of
rated voltage for alternating current equipment or 80 percent of rated voltage for direct current equipment.
See also 46.7 .4.

46.7.2 A positive means for reducing the risk of a burner assembly attempting ignition below a given
voltage is one that will always reduce the risk of an attempt to start when the voltage is below a specific
value and will disconnect the burner assembly from the power source if the voltage drops below a specific
value after an attempt to start has begun.

46.7.3 The burner assembly or device, arranged and installed as specified for Combustion test, 46.1, is
to be tested for conformance to 46.7.1 after it has been subjected to the combustion test.
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46.7.4 The voltage of the power supply to the burner assembly or device is to be regulated to a value not
less than specified in 46.7.1. The equipment is to be energized. Five trials are to be made at each test
voltage. If ignition is effected, such ignition is to be effected safely and no flame is to flash outside the
device being fired.

46.8 Ignition, gas-electric hot-wire — Igniter endurance test

46.8.1 The igniter of a gas-electric hot-wire ignition system shall be capable of functioning as intended
for at least 6000 ignition cycles when tested in accordance with 46.8.2.

46.8.2 Three samples of the igniter are to be tested. The ignition system is to be connected to a power
source having a voltage equivalent to 110 percent of the rated primary voltage of the ignition system. The
ignition systerln is to be energized and then de-energized successively as repeating cycles: The duration of
the ON period is to be the pilot flame-establishing period for equipment. The duration of the] OFF period is
to be twice thg ON period. The duration of the OFF period is to be twice the ON period-unligss the ignition
system requires a longer time to complete a cycle of operation, in which case the OFF period is to be twice
the on period|unless the ignition system requires a longer time to complete a-Cycle of opergtion, in which
case the OFF period is to be the minimum allowed by the system. There is to be np electrical or
mechanical fdilure of the igniters during the test.

46.9 Ignitioh, gas-electric hot-wire — Temperature test

46.9.1 Partg of a gas-electric hot-wire ignition system shall:not attain temperature riseg in excess of
those indicatgd for such parts in Column 1, Table 48.1 when'the system is energized as desgribed below:

a) A system designed to automatically recycle onrignition or flame failure shall be aljowed to cycle
until equilibrium temperatures are attained by-the parts.

b) A system designed to require manuahreset upon ignition for flame failure shall be energized and
then re¢set as quickly as the system will allow after lockout until five attempts for ignifion have been
made.

c) A system which remains energized upon ignition failure shall be energized continuously until
equiligrium temperatures are attained by the parts.

d) A system manually-energized by means of a momentary contact switch which cannot be left in
the ON position shall'be energized for 5 minutes.

e) A system manually energized by means of a switch which can be left in the ON pdgsition shall be
energiged.continuously until equilibrium temperatures are attained by the parts.

46.9.2 Test to determine conformance with 46.9.1 is to be made with the burner installed as specified for
Combustion test, 46.1, but with the fuel supply to the burner shut off during attempted trials for ignition.

46.10 Ignition, multiple burner test

46.10.1 An assembly employing multiple burners which are automatically lighted shall be designed so
that, when tested in accordance with 46.10.2 and 46.10.3, the fuel delivered for combustion by each will
be ignited by the flame at each other. Furthermore, no improper ignition or combustion shall be obtained
when the fuel delivered by any one or more burners is interrupted during an ignition or firing cycle.

46.10.2 The initial conditions for test to determine conformance to 46.10.1 are to be as specified for
Combustion test, 46.1. If more than one igniter capable of functioning independently of the others is
provided, all but one igniter is to be deactivated. The burner assembly or device is to be energized to fire in
accordance with its designed sequence of operation. Five trials for ignition are to be made. The test is to
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be repeated with each additional igniter in turn activated while all others are deactivated. During each trial,
ignition of the fuel as introduced into the ignition zone by each burner is to be effected safely, no flame is to
flash outside the device being fired, and stable combustion is to be maintained.

46.10.3 The initial conditions for this test are to be as specified for Combustion test, 46.1. The burner
assembly or device is to be energized to fire in accordance with its design sequence of operation. Five
attempts to initiate firing are to be made for each test. The port(s) of one burner is to be plugged and the
assembly energized for firing. The test is to be repeated with any other burner(s) plugged. During each
test, fuel introduced into the ignition zone is to be ignited as intended, no flame is to flash outside the
device being fired, and stable combustion is to be obtained.

46.10.4 During this test multiple burners with more than one igniter capable of functioning independently

shall light safe
main gas fuel
providing safe
plugged orifice
other burner p

46.11

46.11.1
or on which th
flashback of fl
system when

46.11.2 The
electric igniter
controlled per|

energized at the rated voltage.

46.11.3 Ignif]
second from t
successively i
control that is
each of the trig

Delayed ignition test

For an appliance that is arranged for ignition of the main burner gas directly by an

ly when all but one igniter is deactivated; an automatically lighted multiple bu
through the ports of more than one orifice shall be equipped with an_(ighi
ignition when the orifice of one burner adjacent to the igniter is plugged;-and
unplugged and any other one burner orifice plugged. Intended ignition of all g
brts shall occur.

e input of the pilot exceeds 400,000 Btu per houf) delay of the ignition sha
me to the outside of the appliance or any damage to the appliance and the ¢
sted in accordance with 46.11.2 and 46.11.3.

bppliance shall be arranged as specified for Combustion test, 46.1 — except th
is to be connected through a switching device so that energization can be
od of time. The tests are to be conducted with both the control system a

on of the main burner or‘\the pilot, whichever is applicable, is to be delayeg
he time the gas valve.is-energized. The test is then to be repeated with the

Eer delivering

r capable of
with the initial
ases from the

blectric igniter
| not result in
bnnected vent

e power to the
delayed for a
nd the igniter

initially for 1
delay period

ncreased by 1 second, up to the maximum flame establishing period of the primary safety

employed. The ighition of the main burner or the pilot shall be in accordance W
Is.

ith 46.11.1 for

47 Operatioh Tests
47.1 Device|limit.control cutout test
47.1.1 A limit control shall function to reduce the risk of a device, when tested as described herein,

delivering water, steam or air at a temperature or pressure in excess of that specified by these
requirements.

47.1.2 The limit control is to be adjusted in accordance with 31.3.2, 31.3.3, and 31.5.1. The device is to
be placed in operation. An auxiliary limit control, if adjustable, is to be set to the minimum allowable
setting. A modulating type operating control provided to regulate the fuel input between high and low fire
values shall be bypassed to permit the device to operate on high fire. The ON-OFF type operating control,
set to cut out at a value below the set point of the limit control, shall also be bypassed during this test.

47.1.3 The boiler is to be filled to a normal level with water. A steam or a hot water boiler is to be
provided with a pressure relief valve.

47.1.4 A slow closing valve is to be placed in the steam outlet line of a steam boiler.
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47.1.5 For a hot water boiler, the water temperature is to be measured by a thermocouple placed as
described in 45.2.20. The inlet and outlet water valves are to be adjusted in such a manner that some hot
water is passing the thermocouple bead during the test. The boiler is to be fired at rated input and the
water control valves adjusted or the steam outlet closed until the limit control functions. Neither the
maximum water temperature in the boiler nor the pressure is to exceed the values indicated in Section 31,
Limit Controls.

47.1.6 A furnace designed for distributing air through a special duct system is to be tested while
maintaining a static pressure not more than the designed value.

47.1.7 The furnace or heater is to be placed in operation. Each warm air duct outlet is to be restricted
symmetrically until the limit control functions. The restriction is to be removed to permit return of the
furnace or heater to normal operation. Again symmetrically restrict each warm air duct outlef to either raise
the outlet air femperature to a value not more than 10 degrees below the temperature(that| will cause the
limit control t¢ function, but maintaining a static pressure in the supply plenum notymore than the value
specified by tihe manufacturer in the installation instructions.

47.1.8 The

The restrictio
temperatures
automatic reg
control is not
functions is t
specified in 31

47.1.9 With
recycles on th
exceed the af

47.2 Continuity of operation for furnaces and heaters test

47.2.1 A fur
control functig

47.2.2 The
be placed in g

47.2.3 Each
external stati

cold air inlet is to be gradually restricted, symmetrically, to cause,the limit cont
h is then to be removed and the unit operated until appreximately equilib
are obtained. Again the cold air inlet is to be restricted overa period of 10 mi
et type limit control acts to shut off the main burner flame. During the test ar
o function. The outlet air temperature (T, ) at the instant any automatic reset ty
b be measured. The temperature thus obtained is not to exceed the app
5.1.

but changing the inlet or outlet duct restriction, the furnace or heater is to be o
e limit control. An auxiliary limit controhis not to function. The temperature obf
propriate value specified in 31.5.1 atthe time the limit control functions.

hace or heater fired at.rated input shall be capable of continuous operation w
ning to cause reduction in the input when the device is tested as described he

mit control is to-be bypassed to permit continued operation during this test. T
peration.

warm-air duct outlet of a forced air device is to be restricted symmetrically

L pressure in the supply plenum of the value specified by the manufacturer
trictions

rol to function.
fium outlet air
hutes until any

auxiliary limit
pe limit control
ropriate value

perated until it
ained is not to

ithout the limit
ein.

he device is to

0 maintain an
in the device

installation ind

47.2.4 Operation of the device is to be continued until equilibrium outlet air temperature is obtained. The
inlet air temperature (T4) and the outlet air temperature (T,) are to be measured. For this test, the inlet air
temperature (T,) is to be measured by a thermocouple located in the center of the inlet air duct.

47.2.5 During this test, the firing of the device is not to be interrupted by the functioning of any automatic
control. To be in conformance with 47.2.1.

T, minus T, is to be not more than T, minus 70

Where:

T, is the inlet air temperature in this test, °F;
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T,isth

e outlet air temperature in this test, °F;

T, is the outlet air temperature at which limit control functioned in Device limit control cut out test,
47.1, °F.

47.3 Air flow of horizontal furnaces test

47.3.1

During normal operation of a horizontal furnace from a cold start, a limit control shall operate to

reduce the risk of abnormal air temperature under conditions of reversed air flow through the furnace.

47.3.2 A rectangular duct the same size as the inlet air opening of the furnace is to be attached to the
return air inlet of the furnace and extended vertically to a distance of 4 feet (1.2 m) above the top of the

return air oper
is to be attach
2 feet (0.6 m)
external static
can vary. A lin
differential.

47.3.3 Airte
in the plane ¢
distance beloy
(25.4 mm) fro
opposite side

47.3.4 Theg
be lighted and

furnace operated until a limit control functions to shut off the main burner gas.

47.3.5 The maximum temperature indicated by any one of the three thermocouples at
furnace is not to exceed-175°F (79.4°C) above room temperature prior to or during the first
cycle of the limit control, and is not to~exceed 90°F (32.2°C) above room temperature on

opening of the
subsequent cy
48 Tempera
48.1

48.1.1  Whe

General

ing of the furnace. A rectangular duct the same size as the outlet air opening
bd to the outlet air opening of the furnace and extended vertically downward:tg
below the lower edge of the outlet air opening. The furnace is to be operat
pressure as specified by 47.1.7. Under conditions of this test, the nermal ten
it control, if adjustable, is to be adjusted to the maximum temperature setting

mperature is to be measured by three individual bead typey24 AWG thermocg
f the return air (inlet air) connection of the furnace‘en a horizontal line on
V the top of the return air opening of the furnace. One/thermocouple is to be
M one side of the opening, one at the center,;and the other 1 inch (25.4
bf the opening.

irculating fan motor is to be disconnected\.from the electrical circuit. A continy
allowed to burn for 15 minutes. Gas-te the main burner(s) is then to be turn

cles of a limit controlt

ture Tests

N a\burner assembly, boiler, furnace, or heater is tested in accordanc

requirements,

pof the furnace
a distance of
ed against an
hperature rise
and minimum

uples located
e-third of the
ocated 1 inch
mm) from the

ous pilot is to
ed on and the

the return air

the sixth and

e with these

no pnrt shall attain a 1nmpnmh|rn sufficient to dnmngn rnqnimd corrosion

protection, to

adversely affect operation of safety controls, to impair the value of required thermal or electrical insulation,
nor to cause creeping, distortion, sagging, or similar damage when such damage to the material or part
may cause the equipment to become unsafe for use. The temperature rises at specific points shall be not
greater than those specified in Table 48.1 unless otherwise indicated. See Continuous operation test,
48.2, Blocked inlet of furnaces and heaters test, 48.3, and Fan failure of furnaces and heaters test, 48.4.
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Table 48.1
Maximum temperature rises
Maximum rise above inlet-air temperature?
Column 1 Column 2
Item °F (°C) °F (°C)
Surfaces of test enclosure, ceiling, walls, and the like 90 (50) 175 (97)
Surfaces of floor beneath and within 3 feet (0.91 m) of a device to
be classified for installation on combustible floors 90 (50) 175 (97)
Surface of device in lieu of test structure — standard clearances 180 (100) 310 (173)
Surface of device in lieu of test structure — increased clearances 280 (156) 490 (272)
Surfaces of devjce at points of zero clearance to test structure or
exterior surfacep, vent pipe excepted, of a portable or mobile
heater 90 (50) 175 (97)
Air filters 90 (50) 175 (97)
Diaphragms, ngnmetallic Aluminum alloys: 73 (41) 84 (47)
1100 330 (183) 430 (239)
3003 430 (239) 530 (294)
2014, 2017, 2024, 5052 530 (294) 630 (350)
Flame spreadets and combustion heads:
Gray cast fron 930 (517) 930 (517)
Chrome aljoy cast iron, 0.5 — 1.0 percent chrome, 1230 (683) 1230 (683)
0.2 — 0.5 percent nickel or copper
Ductile, nodular, cast iron 1230 (683) 1230 (683)
Types 501] 502 iron-chromium steels 1230 (683) 1230 (683)
Type 430 ifon-chromium steel 1430 (794) 1430 (794)
Type 442 ifon-chromium steel 1560 (867) 1560 (867)
Type 446 ifon-chromium steel 1560 (867) 1560 (867)
Type 309 ifon-chromium-nickel steel 1730 (961) 1730 (961)
Flue-gas baffleg:
Aluminum oated steel 1030 (572) 1030 (572)
Ceramic cpated steel (A19.arequivalent) 1030 (572) 1030 (572)
Low carbof steel 930 (517) 930 (517)
Gray cast fron 930 (517) 930 (517)
Ductile, nodulal, €ast iron 1230 (683) 1230 (683)
Chrome alloy cast iron, 0.5 — 1.0 percent chrome, 0.2 - 0.5
percent nickel or copper 1230 (683) 1230 (683)
Types 501, 502 iron-chromium steels 1230 (683) 1230 (683)
Type 430 iron-chromium steel 1430 (794) 1430 (794)
Type 442 iron-chromium steel 1560 (867) 1560 (867)
Type 446 iron-chromium steel 1560 (867) 1560 (867)
Type 309 iron-chromium-nickel steel 1730 (961) 1730 (961)
Heating surfaces:
Aluminum coated steel 1030 (572) 1130 (648)
Ceramic coated steel (A19 or equivalent) 1030 (572) 1130 (648)

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Maximum rise above inlet-air temperature?

Column 1 Column 2
Item °F (°C) °F (°C)
Low carbon steel 830 (461) 930 (517)
Gray cast iron 830 (461) 930 (517)
Chrome alloy cast iron, 0.5 — 1.0 percent chrome, 0.2 - 0.5
percent nickel or copper 1010 (561) 1110 (617)
Type 410 iron-chromium steel 1080 (600) 1180 (656)
Type 430 iron-chromium steel 1130 (648) 1330 (738)
Type 442 irpn-chromium steel 1560 (867) 1660 (922)
Type 446 irpn-chromium steel 1560 (867) 1660 (922)
Type 321 irpn-chromium-nickel steel 1340 (744) 1530 (850)
Type 347 irpn-chromium-nickel steel 1375 (764) 1530 (850)
Type 316 irpn-chromium-nickel steel 1440 (800) 1580 (878)
Type 309 irpn-chromium-nickel steel 1345 (74T 1545 (858)
Aluminum coatefi steel liners and radiation shields® 830 (461) 830 (461)
Galvanized stee|° 480 (267) 630 (350)
Points on or within a terminal box or compartment, unless marked
in accordance with 67.1(k) 63 (35) 108 (60)
Wire, codey 25°C (45°F) less than Temperature rating in
temperature rating in National Elgctrical Code,
National Electrical Code, ANSI/NFPA 70
ANSI/NFPA 70
Appliance wiring| material®
75°C rating 90 (50) 117 (65)
80°C rating 99 (55) 126 (70)
90°C rating 117 (65) 144 (80)
105°C rating 144 (80) 171 (95)
200°C rating 315 (175) 360 (200)
250°C rating 405 (225) 450 (250)
Flexible cord —
Types SO, BT, SJO, SJT' 63 (35) 108 (60)
GTO cable 63 (35) 108 (60)
Electrical insulatlon-material
Class A insulation on coil windings of alternating-current motors
having a frame diameter of more than 7 inches (178 mm) of
direct-current motors, and of universal motors.%) In open motors —
Thermocouple method 117 (65) 208 (115)
Resistance method 135 (75) 208 (115)
In totally enclosed motors —
Thermocouple method 126 (70) 208 (115)
Resistance method 144 (80) 208 (115)
Class A insulation on coil windings of alternating current motors
having a frame diameter of 7 inches or less, (not including
universal motors)?’ In open motors -

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Maximum rise above inlet-air temperature?®

Sealing compounds

Column 1 Column 2
ltem °F (°C) °F (°C)

Thermocouple or resistance method 135 (75) 208 (115)
In totally enclosed motors —

Thermocouple or resistance method 144 (80) 208 (115)
Class B insulation on coil windings of alternating current motors
having a frame diameter of more than 7 inches, of direct-current
motors and of universal motors.?” In open motors —

Thermoco{iple method 153 (85) 252 (140)

Resistanc¢ method 171 (95) 262 (140)
In totally enclospd motors —

Thermocofple method 162 (90) 252 (140)

Resistancg¢ method 180 (100) 252 (140)
Class B insulatipn on coil windings of alternating current motors
having a frame Hiameter of 7 inches or less, not including
universal motorg.%! In open motors —

Thermocoliple or resistance method 171 (95) 252 (140)
In totally enclospd motors —

Thermocotiple or resistance method 180 (100) 252 (140)
Class 105 insul@ition on coils other than motor coils.?

Thermocoliple method 117 (65) 208 (115)
Class 130 insulation on coils other than motor coils.? 153 (85) 252 (140)
Class 155 insulftion Not specified As determined
Class 180 insulgtion by test
Fuses* 17 (65) Not $pecified
Varnish-cloth inpulation 108 (60) 153 (85)
Phenolic compgsition employed as electrical insulation or as a
part whose detgrioration will result in @ risk of fire or electric
shock.? 225 (125) 270 (150)
Fiber employed|as electrical insulation 117 (65) 162 (90)
Class 2 transfofmer enclosure 108 (60) 153 (85)
Power and ignitjon trafisformer enclosure 117 (65) 162 (90)
Capacitors — Elgctrolyfic type" 72 (40) Not $pecified
Other types' 117 (65) Not specified

Maximum Temperature 15°C
(27°F) less than the melting
point

@ The specified maximum temperature rises apply to parts of a burner assembly or appliance if malfunction of the part may result
in a risk of fire, electric shock, or injury to persons.

® The specified maximum temperature rise applies if the reflectivity of aluminum coated steel is utilized to reduce a risk of fire;
otherwise the allowable temperature rise is as given under Heating Surfaces.
¢ The specified maximum temperature rises apply if the galvanizing is required as a protective coating or the reflectivity of the
surface is utilized to reduce a risk of fire.
9 The limitations on rubber and thermoplastic insulation and on phenolic composition do not apply to compounds which have been

investigated and found to be acceptable for higher temperatures than those specified in Table 48.1. Thermoplastics shall in no
case attain temperature at which the material begins to flow. Rubber-insulated conductors within a Class A insulated motor,

Table 48.1 Continued on Next Page
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Table 48.1 Continued

Maximum rise above inlet-air temperature?

Column 1

Item °F (°C) °F

Column 2

(°C)

mounted on the

rubber-insulated motor leads, and a rubber-insulated flexible cord entering a motor may be subjected to a temperature rise of
more than (63°F) 35°C, provided that a suitable braid is employed on the conductor of other than a flexible cord. However, this
does not apply to thermoplastic-insulated wires or cords. See note g.

€ Coil or winding temperatures are to be measured by thermocouples unless the coil is inaccessible for mounting of these devices,
for example, a coil immersed in sealing compound or unless the coil wrap includes thermal insulation or more than two layers,
1/32 inch (0.8 mm) maximum, of cotton, paper, rayon, or the like. For a thermocouple-measured temperature of a coil of an
alternating current motor, other than a universal motor, having a diameter of 7 inches (178 mm) or less, the thermocouple is to be

ntegrally applied insulation on the conductor. At a point on the surface of a coil where the tempera

ure is affected

by an external s
insulation on coi
universal motors
diameter of 7 ing
insulation on coi
including univerg
motors having a
maximum, provi
the table.

TFor an electrolyf
integral with the
9 A capacitor wh
rating.

" This is the dian
boxes, and the li

"Includes both ¢
is acceptable on

ke, used solely for motor cooling, mounting, assembly, grconnection.

urce of heat, the temperature rise measured by a thermocouple may be 9°F (5°C) for Column Al
windings of alternating current motors having a diameter of 7 inches (178 mm) or less, openctype,
; 18°F (10°C). For Column 1 limits for Class B insulation on coil windings of alternating curfent'mo
hes (178 mm) or less, open type, not including universal motors; 27°F (15°C), for Column {Aimits f
windings of alternating current motors having a diameter of more than 7 inches (178.mm), open ty
al motors; and 36°F (20°C), for Column 1 limits for Class B insulation on coil windihgs’of alternatin
diameter more than 7 inches (178 mm), open type, not including universal motors, more than the i
ed that the temperature rise of the coil, as measured by the resistance methodi§ not more than f

tic capacitor which is physically integral with or attached to a motor, the temperature rise on insula

Capacitor enclosure may be not more than 117°F (65°C).
ch operates at a temperature higher than 117°F (65°C) rise may be\judged on the basis of its mar

eter, measured in the plane of the laminations, of the circle‘circumscribing the stator frame, exclu

hsing and ferrule. However, a temperature not more’than 20°C (36°F) higher than the values indicg
the casing (not ferrule) of a Class G, J, T, or L fuse\

hits for Class A
not including
ors having a
or Class A

pe, not

g current
hdicated

hat specified in

ing material

ed temperature

ing lugs,

ted in the table

48.2 Contin
48.2.1 The
Combustion te
be, for any iter

48.3 Blocke

48.3.1 Theb
the maximum

lous operation test

burner assembly or device is to be operated under the conditions as
st, 46.1. During this test;-the temperature rise above ambient or inlet air, as
N is not to exceed the'value indicated for such item in Column 1, Table 48.1.

d inlet of furnaces and heaters test

ypass isto-be removed from the limit control, and it and the fan control are to
emperature setting and minimum differential.

na-th ] aint

specified for
the case may

be adjusted to

48.3.2 The flrnace-or-heateristo-befireda

flonarafairardabtina ate ra It oAl 4o o o
MU uIc mmuvy Ur Litvuiatinty air 1oyuiatcu tu rianita

n an outlet air

temperature enough below that required to operate the limit control, which will allow continuous operation
of the device, maintaining a static pressure in the supply plenum not more than the value recommended
by the manufacturer in the device installation instructions. After steady state-air temperature conditions
are attained, the following test is to be conducted.

48.3.3 The inlet air opening or filter of the device is to be gradually restricted until the limit control
functions. Then the device is to be allowed to cycle on the limit control, if of the automatic reset type, until
equilibrium temperatures have been attained. If the device is equipped with manual reset limit control, the

testis to be co

ntinued until maximum temperatures are attained.

48.3.4 During this test, the temperature rises above inlet air temperature are not to exceed the values
specified in Column 2 of Table 48.1 during the period terminating 1 hour after the first shut off effected by
automatic reset limit control. Thereafter, the temperature rises are not to exceed the values specified in
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Column 1, Table 48.1, except that a motor may attain a temperature not in excess 208°F (115°C) above
inlet air temperature during any part of this test. See 48.1.1.

48.3.5

If the device is equipped with manual reset limit control and the control functions during this test,

the temperature rises above inlet air temperature during the test are not to exceed the values specified in
Column 2, Table 48.1. See 48.1.1.

48.4 Fan fai
48.4.1

48.4.2 The
motor shaft, i
then allowed
auxiliary man

48.4.3 If the
air temperatd
terminating 1
not to exceed
not in excess

48.4.4 If the

lure of furnaces and heaters test

The device is to be operated under the conditions described in 48.3.2 and 48.3.3.

which case the fan motor only is to be disconnected from the electrical circuit
fo be cycled by the limit control if of the automatic reset type. If the device/is
hal reset limit control, the test is to be continued until maximum temperatures

device is equipped with automatic reset limit control only, the temperature rig
re are not to exceed the values specified in Column 2, “Table 48.1 duri
hour after the first shut off effected by the limit control. Théreafter, the temper
the values specified in Column 1, Table 48.1, except that-a motor may attain
pf 208°F (115°C) above inlet air temperature during any‘part of this test. See 4

device is equipped with manual reset control and the control functions durin

] to the driving
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equipped with
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ng the period
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a temperature
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Column 2, Tal
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48.5.1 The

begin this tes{.

48.5.2 The
the automatic
control, the te

48.5.3 If the
air temperatd
terminating 1
not to exceed

ble 48.1. See 48.1.1.

furnace or heater is to be operated under the conditions described in 48.3.1

and 48.3.2 to

varm air outlets are o be closed and the device allowed to be cycled by the li
reset type or otherwise to function as it will. If the device is equipped with ma
5t is to be continued until maximum temperatures are attained.

device is{equipped with automatic reset limit control only, the temperature rig
re are(not to exceed the values specified in Column 2, Table 48.1 duri
hour“after the first shut off effected by the limit control. Thereafter, the temper
the,values specified in Column 1, Table 48.1, except that a motor may attain

mit control if of
hual reset limit

es above inlet
ng the period
ature rises are
a temperature

not in excess

48.5.4

of 208°F {115°Crapove mietair temperature during any partof thistestSee438.1.1.

If the device is equipped with manual reset limit control and the control functions during this test,

the temperature rises above inlet air temperature during the test are not to exceed the values specified in
Column 2, Table 48.1. See 48.1.1.

49 Low Water Cutoff of Boilers Test

49.1

A boiler equipped with a low water cutoff control or controls for compliance with 31.2.1 — 31.2.2

shall be subjected to tests to determine that the low water condition in the boiler results in burner shutdown
and safety shutdown in accordance with 49.2 —49.5.

49.2 The test is to be started with the normal water level in the boiler and the burner firing at any
convenient input. Any water feed to the boiler is to be turned off during the test. The boiler water is then to
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be drained slowly until the burner is shut off by the action of the low water cutoff control. If the boiler is a
hot water heating boiler that is provided with a single low water cutoff control, the draining of the water is to
be discontinued and it is to be determined that the burner operation cannot be restored without a manual
reset (see 49.4 and 49.5). If the boiler is provided with a second low water cutoff control and the control
that operated is of an automatic reset type, the test is to be continued in accordance with 49.3.

49.3 After operation of the automatic reset type low water cutoff, it is to be electrically bypassed so that
operation of the burner is resumed. The draining of the boiler water is to be continued until the second low
water cutoff operates to shut down the burner. At that point the draining is to be discontinued and it is to be
determined that operation of the burner cannot be resumed without a manual restart. See 49.4 and 49.5.

49.4 With respect to 49.2 and 49.3, determination that a burner operation cannot be resumed without a

manual reset
whose action

49.5 Ifanyo
delay feature,
in compliance

before the water level falls below the lowest level permitted by 31.2.2.

50 Short-Cii

50.1 Inheren
conductors of
protected by:

a) Ads
located

b) A b
namep!

There shall be
enclosure hou

50.2 Forthe

a) Circ

IL:an be made by increasing the water level in the boiler or by observing-th

rovided safety shutdown has operated and requires a manual reset.

the controls whose operation is being tested in accordance with 492+ 49.4 ir
it shall be determined that the time delay from burner shutdown {g safety shut
with 31.2.3. The burner shutdown by the control that causes safety shutdowr

cuit Test

t overheating-protective devices, bonding conductors or connections when
multiple motor circuits shall withstand short<circuit and ground-fault cor

in the product; or

ranch-circuit protective device of the type and maximum rating specified o
ate.

no damage to conductors or their terminations, no ignition of cheesecloth su

purpose of these tests:

it breakers and fuses are not considered to be interchangeable;

b) Fusefs of'the same rating are considered to be interchangeable;

at the control

cludes a time
down shall be
has to occur

required, and
ditions when

vice that has been investigated and found to be acceptable for branch-circuit protection and

h the product

rrounding the

s5ing of the components under test, and no arc-over between line- and low-voltage circuits.

¢) HACR Type circuit breakers of the same rating are considered to be interchangeable; and

d) Other types of circuit breakers are not considered to be interchangeable with each other or with
HACR Type circuit breakers.

50.3 The device is to be connected in a circuit having a capacity based on the full-load current and
voltage rating of the device. See Table 50.1. The full-load current is determined by adding the motor full-
load current of each other motor, as determined in accordance with the National Electrical Code,
ANSI/NFPA 70, for the marked horsepower rating of the motor, and the current rating of each other load.
Each simultaneous load condition is to be considered separately, and the maximum resulting current
employed as the basis of selection of the capacity of the test circuit. The voltage source for the test circuit
is to be an alternating current supply and the circuit capacity is to be measured without the device in the
circuit.


https://ulnorm.com/api/?name=UL 795 2020.pdf

SEPTEMBER 29, 2020

UL 795

87

Table 50.1
Short circuit test currents

Full-load current rating of device, amperes

Single phase Circuit capacity,
115 Volts 208 Volts 230 — 240 Volts 277 Volts amperes
9.8 orless 5.4 orless 4.9 or less — 200
9.9-16.0 55-8.8 5.0-8.0 6.65 or less 1000
16.1-34.0 8.9-18.6 8.1-17.0 - 2000
34.1-280.0 18.7-44.0 17.1-40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000
Three pitase Cirguit capacity,
208 Volth 220 — 240 Volts 440 — 480 Volts 550 — 600 Volts mperes
2.12 or legs 2.0 or less - - 200
213-3J) 21-3.6 1.8 orless 1.4 orless 1000
3.8-9.1 3.7-9.6 - - 2000
9.6-23B 9.7-22.0 - — 3500
Over 23.3 Over 22.0 Over 1.8 Overt1.4 5000
50.4 A nonrgnewable cartridge fuse is to be connected in series‘with the device. A new fuge and device,

connection, o

50.5 Except
furnace havin
without creati
current of the

 conductor are to be used for each test.

as indicated in 50.7 and 50.8, an overcurrent protective or a thermal protecti
g more than one motor wired for connection to one supply line shall withstand
Ng a risk of fire or electric shock when protected by a fuse rated at 400 percent
largest motor of the group plus an amount equal to the sum of any additional |

There shall bg no ignition of cheesecloth surrounding the enclosure of the protective device

are subjected

50.6 The ne
15 amperes, i
not exceed th

50.7 With rd
indicated; pro
such a maxin

to the Short-Circuit Test.

arest standard size fuse|_rated not higher than the current indicated in 50.5 bu
5 to be employed forihe test. The maximum fuse size marked on the furnace,
s value.

ference to 50:5, the protective device may be tested with a fuse having a loV
vided the(furnace will start and operate without blowing the fuse and is marl}
um limit of fuse protection.

50.8 The tes

t'specified in 50.1 may be waived if:

e device on a
short circuiting
of the full-load
bads supplied.
when samples

t not less than
see 67.7, shall

ver rating than
ed to indicate

a) A thermally protected motor or a separately enclosed motor-overload protective device is within
an outer cabinet of a product or section of the product;

b) The motor or device is intended to be protected by a fuse or HACR Type circuit breaker as
specified on the unit nameplate or provided as part of the product and is acceptable for branch-

circuit

protection;

c) The assembly is constructed so that flame and molten metal will be confined within the cabinet;

and

d) Combustible material, except electrical insulation or an air filter, is not located below the motor
and has the characteristics specified 12.18(e).

However, if short-circuiting between live parts of different circuits may result, the test shall be waived.


https://ulnorm.com/api/?name=UL 795 2020.pdf

88 UL 795 SEPTEMBER 29, 2020

50.9 For the test specified in Exception No. 2 to 17.2.3, three samples of each conductor under
consideration are to be subjected to each test condition specified and a new protective device is to be
used for each test. The conductor and connection to be tested are to be connected in series with the
overcurrent-protective device. Consideration is to be given to both short-circuit and ground-fault
conditions. The capacity of the circuit is to be based on the ratings of the unit in accordance with Table
50.1 and is to be measured without the lead to be tested in the circuit. The voltage source for the test
circuit is to be rated voltage and the power factor is to be 0.9 — 1.0 unless a lower power factor is
agreeable to those concerned. None of the conductors or lead terminations shall be damaged as a result

of this test.

51

Overload Test, High-Voltage Transformers

51.1 A high-
cutoff type (se

51.2 Tempe
windings, sha
the rating for
insulation, ang

51.3 The tra

following the test specified in 51.4 and 51.5.

51.4 Three s
the three sam
shall not to ex

51.5 A varia
operated cont|

interrupts prinpary current to the transformer, the switching device is to be in the circuit.

(room) tempe
adjusted so th
F) below its in
occurs.

52 Burnout

52.1 A high-
no emission of

[Test, High-Voltage Transformers

oltage transformer provided with thermal protection of other than the nonrene
b 18.2.1) shall be subjected to the test described in 51.4 and 51.5.

atures of a thermally protected high-voltage transformer, measured-on the
| not exceed the insulation-temperature rating. Insulation-tempetature rating
the class of insulation; such as 105° C for Class 105 insulation, 130° C f{
the like.

nsformer shall comply with the Dielectric Voltage-Withstand Test, Section 53

amples of the transformer-protector combinatien are to be tested. Average te
bles shall not to exceed the winding-insulatiof’rating and the temperature of ar
teed the insulation rating by more than 5°C-(9°F).

ble-resistance load is to be connected to the output terminals and the transf
nuously at rated voltage. If the protective device controls a switching device

ature during the test is-to)be approximately 25°C (77°F). The resistance
bt the transformer winding’is brought to a stabilized temperature of approxima
sulation rating. The lead is then to be gradually increased until operation of

oltage:transformer shall be subjected to the test described in 52.2 and 52.3. ]
flatne or molten metal from the transformer enclosure.

vable thermal

surface of the
is defined as
or Class 130

, immediately

mperatures of
y one sample

brmer is to be
that, in turn,
The ambient
load is to be
ely 10°C (18°
the protector

'here shall be

Exception: A high-voltage transformer that is provided with thermal-overload protection of other than the
nonrenewable thermal-cutoff type (see 18.2.1) or that is protected by an overcurrent device, or devices, in
accordance with the requirements in 18.2.4 need not be tested.

52.2 Three samples of the transformer are to be operated continuously at rated voltage, and at rated
frequency, with the enclosure grounded. The test is to be conducted at ambient (room) temperature of
approximately 25°C (77°F) and operation is to be continued until:

a) Burnout occurs; or

b) Constant temperatures are indicated by a thermocouple secured to the transformer enclosure.

The test circuit is to be protected by fuses rated not less than required for the product.
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52.3 Except as indicated in 52.4, the load connected to the output terminals of the transformer is to be
the highest of the following and is to be readjusted, if necessary, to the specified value after 2 minutes of
operation, with no further readjustment during the remainder of the test:

a) A resistance load that draws a current equal to three times the full rated transformer secondary
current; or

b) If the transformer supplies a motor with or without additional loads, a resistance load that draws
a current equal to the motor locked-rotor current plus any additional loads; or

c) If the transformer supplies an inductive load (other than a motor), such as the coil of a relay or a
solenoid, a resistance load that draws a current equal to the sum of such loads with the armature of
the largest blocked open.

52.4 A trangformer that cannot provide the output current required by 52.3 is to be tested|with its output
terminals shoft-circuited.

53 Dielectric Voltage-Withstand Test

53.1 A burner or device shall withstand, without breakdown for 1 minute, the application of a 60 hertz
potential between high-voltage live parts and dead metal parts, and between live parts of high- and low-
voltage circuifs. The test potential shall be:

a) 100p volts plus twice rated voltage, except as noted.in.(b).

b) 90Q volts for motors rated at not more than 1/2<orsepower (373 W output) and |not more than
250 vqlts.

53.2 If high¢r than rated voltage is developed-in‘a motor circuit through the use of capacitors, the rated
voltage of the device is to be employed in.determining the Dielectric Voltage-Withstand [Test potential;
unless the dejeloped steady-state capacitor-voltage exceeds 500 volts, in which case the tgst potential for
the parts affe¢ted is to be 1000 volts plusitwice the developed capacitor voltage.

53.3 Meters|provided in an assembly are to be disconnected from the circuit and tested separately.

53.4 A low-poltage circuit shall be capable of withstanding, for 1 minute without breakdown, a 60 Hz
potential of 500 volts applied between low-voltage live parts of opposite polarity and betwegen low-voltage
live parts and|dead metal parts.

53.5 The Diglectric Withstand Test between low-voltage parts of opposite polarity may be|waived on the
Comp|ete assnmhly prn\/idnd the components have been anammly Quh}inp’rnd to_this testl condition and

the wiring is with material as tabulated in Table 13.1.

53.6 A 500 VA or larger transformer, the output voltage of which is essentially sinusodial and can be
varied, is to be used to determine compliance with the foregoing. The applied potential is to be increased
gradually from zero until the required test value is reached and is to be held at that value of 1 minute. The
requirement of a 500 VA or larger transformer can be waived if the high potential testing equipment used is
such that it maintains the specified high potential voltage at the equipment during the duration of the test.

53.7 A spark ignition system shall be capable of withstanding for 1 minute, without breakdown, the
application of a 60 Hz potential of:

a) 150 percent of the maximum voltage to ground between bare current carrying parts and
noncurrent carrying parts; and
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b) 150 percent of the maximum voltage to each other between bare current carrying parts of
opposite polarity.

53.8 The tests to determine conformance to the preceding paragraph is to be made with the ignition
transformer disconnected. An arc occurring during the test at a location adjacent to the electrode tips that
will result in safe ignition is not to be considered a failure.

53.9 An insulator shall successfully withstand for 1 minute, without breakdown, through the wall of the
insulator, a 60 Hz potential of three times the maximum open circuit voltage to ground of the ignition
transformer provided with the burner.

53.10 The test to determine conformance with the preceding paragraph is to be conducted immediately
after the insulator has been conditioned for 24 hours in air having a relative humidity of 85¢p percent at a
temperature of 90 £3°F (32 £2°C).

54 Draft Ho¢d Equipped Devices
54.1 Blockef outlet test

54.1.1 Devides for outdoor installation with the venting system provided as a part of the unit are exempt
from the following requirements. See 33.6.

54.1.2 With fthe outlet of the draft hood blocked, the concentration of carbon monoxide [in an air free
sample of the [flue gases shall not exceed 4/100 of 1 percent'when the device is tested in ah atmosphere
having a normpl oxygen supply.

54.1.3 The device is to be operated for at least 15‘minutes with gas at normal test pressure| The outlet of
the draft hoodlis then to be blocked and a sample of the flue gases is to be secured and analyzed.

54.1.4 If applicable, flue gases shall'.not issue from the condensate drain line (s) when tested in
accordance with the test method specified above.

54.1.5 For the purposes of this-test, the condensate trap, if provided with the appliance, shall be installed
according to the manufacturers jnstructions and initially filled with water.

54.2 Downdrafts and‘updrafts test

54.2.1 Total downdraft pressures ranging from zero to 0.05 inch water column imposed 4t the outlet of
the draft hood shall not extinguish the main burner flames nor cause them to flash back, [ift, float, burn
outside the device, nor produce a concentration of carbon monoxide in an air free sample of the flue gases
in excess of 4/100 of 1 percent when the device is tested in an atmosphere having a normal oxygen

supply.

54.2.2 The device is to be operated for at least 15 minutes with gas at normal test pressure. A straight
section of vent pipe of suitable diameter and of a length at least equal to ten pipe diameters is to be
attached directly to the outlet of the draft hood and connected to the outlet of a blower. The total draft
pressure is to be measured with a Pitot tube and a differential gauge which may be read directly to 0.005
inch water column. The Pitot tube is to be inserted in the straight section of vent pipe at a point midway
between its ends, so that:

a) The head of the tube is coincident with the axis of the vent pipe; and

b) The impact opening of the Pitot tube faces the flow stream.
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54.2.3 The draft in the vent pipe is to be varied from the minimum total pressure to the maximum value
specified above, and the effect noted. A sample of the flue gases is to be taken ahead of the draft hood
and analyzed.

54.2.4 Downdrafts imposed as stated in 54.2.1 shall not extinguish the pilot burner flames nor cause
them to flash back when they are operated separately from the main burner(s).

54.2.5 A chimney action, consisting of a static updraft and velocity updraft numerically totaling between
0.06 and 0.07 inch water column, applied to the outlet of the draft hood, shall not cause a fractional
increase in the volume of flue gases greater than twice the numerical sum of the pressure head and five

times the velo

city head expressed as inches of water column.

54.2.6 The device is to be operated for at least 15 minutes with gas at normal test pressurg.

5427 A st
diameters is {
The pressure
be read direc
pipe at a poin

a) The

b) The

5428 An U
pressure hea
sample of the
for normal op
(hp £5h,), whe

54.3 Spillad

54.3.1 Flue
when tested i

54.3.2 For {
outlet is to be
a reasonably

aight length of vent pipe of suitable diameter and of a length at least eqU
0 be attached directly to the outlet of the draft hood and connected‘io the inl
and velocity heads are to be measured with a Pitot tube and a differential gat
ly to 0.005 inch water column. The Pitot tube is to be insertedhin the straight
midway between its ends, so that:

head of the tube is coincident with the axis of the ventpipe; and

impact opening of the Pitot tube faces the flow stream.

pdraft is to be imposed at the outlet of the, draft hood so that the numerig
| and velocity head will be between 0.06 and 0.07 inch water column. Under tf
flue gases is to be taken ahead of the'draft hood. The ratio of carbon dioxide
pration, as in the combustion test, tothat under updraft, as above, is not to be 1
re "h," is the pressure head and*h," is the velocity head.

e test

gases shall not issuge_from the relief opening(s) of a draft hood or a draft d
n accordance with'the test method specified below.

he purposexoftthis test, uninsulated sheet metal vent pipe the same size as
used. Elbows are to be 90 degree, four-piece, sheet metal elbows. The vent
smoothinher contour.

al to ten pipe
et of a blower.
ge which may
section of vent

al sum of the
is condition, a
concentration
nore than 1 2

verting device

the draft hood
pipe is to have

54.3.3 If the

flue gases are vented horizontally, a section of vent pipe extending horizontally, an elbow,

and vertical vent pipe are to be attached to the draft hood as shown in Figure 54.1. The length of the
horizontal and the height of the vertical pipe are to be as specified in Figure 54.1.
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