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PART | — ALL EQUIPMENT

INTRODUCTION

1 Scope

1.1 These requirements cover fuel burning heating appliances that are provided with or are intended for

installation wi

th NO, emissions reduction equipment.

1.2 These requirements apply to factory-built equipment having inputs of more than 400,000 Btu per hour
(117 KW) (firing gas), and/or more than 3.0 gph (11.4 L/h) (firing oil), per individual combustion chamber
and/or oil or combination gas-oil burning equipment which require flame failure and other safeguards and

which are intEnded primarily Tor commercial and industrial installation.

1.3 Equipm

constantly onj duty at the burners while the burners are in operation.

1.4 The heating appliance shall be suitable for installation in accordance with the National R

Association

ANSI/NFPA 81, and/or National Fuel Gas Codes (IAS/A.G.A. Z223.1-1996), NFPA 54 ang

Electrical Co

2 Units of M

2.1 If a valudg

be only approximate. The first stated value is the requirément.

2.2 Unless i
3 Componen
3.1 Except &
requirements
used in the p

3.2 A compg

a) In

proddict covered by this standard, or

b) Is

t covered by these requirements may be operated without a competent at

tandards for the Installation of Oil-Burning Equipment (National Fire Co
e, NFPA 70.
Pasurement

for measurement is followed by a value in other units in parentheses, the seco

dicated otherwise, all voltage and currént values mentioned in this standard a
ts
S indicated in 3.2, a compoehéent of a product covered by this standard shall cg
for that component. See_Appendix A for a list of standards covering compone
roducts covered by this-standard.

nent is not reqaired to comply with a specific requirement that:

volves a feature or characteristic not required in the application of the compon

superseded by a requirement in this standard.

endant being

ire Protection
des, Vol. 1),
the National

nd value may

re rms.

mply with the
nts generally

ent in the

3.3 A component shall be used in accordance with its rating established for the intended conditions of

use.

3.4 Specific components are incomplete in construction features or restricted in performance capabilities.
Such components are intended for use only under limited conditions, such as certain temperatures not
exceeding specified limits, and shall be used only under those specific conditions.
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4 Glossary

4.1 For the purpose of this Standard the following definitions apply.

4.2 AIR SHUTTER — An adjustable device for varying the size of the air inlet or inlets regulating
primary and/or secondary air.

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

4.4 AIR SHUTTER, MANUALLY OPERATED — An air shutter manually set and locked in the desired

position.

4.5 APPLIAN
4.6 APPLIAN

4.7 ALUMIN
the aluminum

4.8 BAFFLE
4.9 BASE -
4.10 BLUE H

4.11 BOILEHR
generated or

4.12 BOILEHR
than 15 psig

4.13 BOILER
exceeding 16

4.14 BOILEHR
(1103 kPa) al

4.15 BOILEHR
exceeding 15

4.16 BURNE

CE —Refers 1o any equipment covered by this standard.
CE FLUE - The flue passages within the appliance.

JM COATED STEEL — An aluminum coated steel in which the bornd)between
is an iron-aluminum alloy.

— An object placed in an appliance to direct the flow of air o flue gases.
The main supporting frame or structure of the assembly, exclusive of legs.
LAME — A visual flame condition which may be observed when firing distillate

— A closed vessel in which water or someother liquid is heated or in which
superheated, under pressure or vacuuniyby direct application of heat.

, HIGH PRESSURE STEAM - A boiler in which steam is generated at a pres|
103 kPa).

, HIGH TEMPERATURE-WATER — A boiler intended for operation at a press
0 psig (1103 kPa) or at\atemperature exceeding 250°F (121°C) or both.

, HOT WATER —A-boiler that furnishes hot water at a pressure not exceedin
nd at a temperaturé not exceeding 250°F (121°C).

, LOW PRESSURE STEAM — A boiler in which steam is generated at a press
psig (103 kPa).

R, GAS — A device for the final conveyance of the gas, or a mixture of gas arj

the steel and

oil fuels.

team is

sure higher

ure

y 160 psig

ure not

d air, to the

combustion

orie.

4.17 BURNER, MECHANICAL ATOMIZING TYPE — A power-operated burner which prepares and
delivers the oil and all or part of the air by mechanical process in controllable quantities for combustion.
Some examples are air atomizing, high and low pressure atomizing, horizontal rotary, vertical rotary
atomizing, and vertical rotary wall-flame burner.

4.18 BURNER, MECHANICAL DRAFT TYPE — A burner which includes a power-driven fan, blower, or
other mechanism as the principal means for supplying air for combustion.

4.19 BURNER HEAD, GAS — That portion of a burner beyond the outlet end of the mixer tube which
contains the ports.
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4.20 CASING — An enclosure forming the outside of the appliance, no parts of which are likely to be
subjected to intense heat.

4.21 CENTRAL HEATING APPLIANCE - A stationary indirect-fired vented appliance comprising the
following classes: boilers, central furnaces, and recessed heaters. A floor-mounted unit heater to be
connected to a duct system is categorized also as a central heating appliance.

4.22 CHIMNEY CONNECTOR - The pipe which connects a fuel burning appliance to a chimney.

4.23 COMBUSTIBLE AND NON-COMBUSTIBLE — Refer to the Standard Glossary of Terms Relating
to Chimneys, Vents, and Heat-Producting Appliances, ANSI/NFPA 97-1996.

4.24 COMBUSTIBLE MATERTAL — Combustible material as pertaining to materials adjaceipt to or in
contact with heat-producing appliances, chimney connectors and vent connectors, steam apd hot water
pipes, refers fo material made of or surfaced with wood, compressed paper, plant fibers, orf other
material that will ignite and burn. Such material shall be considered as combustible,even through
flameproofed| fire-retardant treated, or plastered.

4.25 COMBUSTION AIR TEMPERATURE INTERLOCK — A safety contra@hresponsive to clanges in
temperature, [normally set beyond the intended operating range of the controlled equipment to cause a
safety shutdgwn.

4.26 COMBUYSTION CHAMBER — The portion of an appliance’within which combustion ocfurs.

4.27 COMBUYSTION DETECTOR — That part of a primary<safety control which is responsiye directly to
flame properties.

4.28 COMBUYSTION PRODUCTS — Constituents resulting from the combustion of a fuel with the
oxygen of the air, including the inerts, but excluding excess air.

4.29 CONDHENSATE — The liquid which sepdrates from a gas, including flue gases, due toja reduction
in temperatuie.

4.30 CONTHOL — A device designed to regulate the fuel, air, water, or electrical supply to [the
controlled eqpipment. It may besautomatic, semiautomatic, or manual.

4.31 CONTHOL INPUT, GOMBUSTION — A control which automatically regulates the firing rate at
predetermined air-fuel4atio in accordance with load demand. It may be a type which positigns the air
and fuel supplies far(low fire and for high fire as required to meet the load demands, or it njay be a
modulating type which gradually varies the air and fuel supplies within limits to meet the logd demand.

4.32 CONTROL, T —Amautomatic safety comntrof, Tespornsive to changes 1 tiguidfevel, pressure,
or temperature, for limiting the operation of the controlled equipment.

4.33 CONTROL, OPERATING — A control other than a safety control or interlock, to start or regulate
burner firing according to load demand and to stop or regulate fire on satisfaction of demand or upon
reaching normal temperature or pressure in the device being fired. Operating controls may also actuate
auxiliary equipment.

4.34 CONTROL, PRIMARY SAFETY — An automatic control that monitors the operation of a gas-fired
or an oil-fired burner. It normally consists of the following sections that may be integrated into a
common unit or may be separate units, interconnected by wiring:
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a) Programming Unit — A device that programs the burner through start-up and shutdown
operations in response to signals from regulating, limiting, and monitoring devices. It also
provides the necessary timings, in proper sequence, for purging, pilot flame ignition, main flame
ignition, and in case of ignition or flame failure, for safety shutdown (lockout).

b) Combustion Detector — A device that is responsive to flame properties. It monitors the flame
at the point of flame supervision and transmits a signal to the programming unit, indicating
absence or presence of flame.

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

4.36 CONTR
properties, sd

4.37 DAMPH
considered a
passage of tf

4.38 DAMPE

4.39 DAMPH
desired posit

4.40 DIREC]
the medium,

4.41 DRAFT]
energy poten
heat-exchang

4.42 DRAFT]
automatically|

4.43 ELECT

a) H
circu

b) L(f

| FIRED APPLIANCE — A device in which.¢ombustion products (flue gases) a

OL, SAFETY COMBUSTION — A primary safety control responsive directly. te
nsing the presence of flame and causing fuel to be shut off in event of-flame

R — A valve or plate for regulating draft or flow of flue gases. A damper is ger
e appliance or in the chimney connector.
R, AUTOMATICALLY OPERATED - A damper operated by an automatic con
R, MANUALLY OPERATED - An adjustable damper'manually set and locked
on.

e.g., air, being heated.
— The differential in static pressure ‘available, between any two locations, to p
tial for the moving of air for combustion or products of combustion through a f

ing apparatus, or both.

REGULATOR — A devieg/which functions to maintain a desired draft in the ay
reducing the chimney draft to the desired value.

RICAL CIRCUITS:

gh-Voltage-Circuit — A circuit involving a potential of not more than 600 volts &
t characteristics in excess of those of a low-voltage circuit.

w-VYoltage Circuit — A circuit involving a potential of not more than 30 volts alt

curre

nMt{424votts peak) or direct curment and-supptied by:

flame
ailure.

erally

5 being located on the downstream side of the combustion chamber, usually in a flue

trol.

in the

e mixed with

rovide the
Liel-burning

pliance by

ind having

ernating-

1) A Class 2 transformer, or by a battery, by a battery and fixed impedance, or by a
transformer and fixed impedance each of which, as a unit is in compliance with what is

required for a Class 2 transformer; or

2) Is limited to a maximum of 100 volt-amperes. A circuit derived from a source of
supply classified as a high-voltage circuit, by connecting resistance in series with the
supply circuit as a means of limiting the voltage and current, is not considered to be a

low-voltage circuit.

c) Safety Control Circuit — A circuit involving one or more safety controls.
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4.44 EXCESS AIR — Air which passes through the combustion area and the appliance flues in excess

of that which

4.45 FLAME

is theoretically required for complete combustion.

SAFEGUARD - See "Control, Primary Safety.”

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

connector.

4.47 FLUE GASES — Combustion products and excess air.

4.48 FLUE GAS RECIRCULATION (FGR) — A combustion process involving recirculation of a
proportional amount of combustion flue gases drawn from the flue gas outlet of a single source and

reintroduced

4.49 FUEL ¢
ASTM D396-

4.50 FURNA

451 FURNA
heated air th

4.52 FURNA
which providg

4.53 FURNA
furnace esse

4.54 FURNA
system to su
as part of the

455 FURNA
furnace esse

4.56 FURNA
a vertical pat

4.57 GAS Vi

4.58 HEATE]

nto the combustion zone.

IL — Any hydrocarbon oil as defined by the Standard Specification for Fuel Oi
1997.

CE — Refers to a central furnace.

CE, CENTRAL, WARM AIR — A self-contained indirect fired-appliance designé
ough ducts to spaces remote from or adjacent to the appliance location.

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

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

CE, DUCT — A central furnace designed for installation in a duct of an air dist
pply warm air for heating and which depends for air circulation on a blower no
furnace.

CE, HORIZONTAL — A'forced-air type central furnace designed with airflow th
htially in a horizontakpath.

CE, UPFLOW & A”central furnace designed with airflow through the furnace e
N, discharging.air at or near the top of the furnace.

ENT — T he piping and fittings for conveying flue gases to the outside atmosph

R.—\Refers to a unit heater.

s ANSI/

bd to supply

br blower

ough the

ibution
furnished

rough the

ssentially in

D

4.59 HEAT EXCHANGER, DIRECT — A heat exchanger in which heat generated in the combustion
chamber of the appliance is transferred direct through walls of the appliance to the heating medium
(such as air, steam or water) held in close contact with the combustion chamber walls. It is a self-

contained combustion and heat transfer device, hence a direct heat exchanger.

4.60 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.

4.61 HEATING SURFACES — All surfaces which transmit heat directly from flame or flue gases to the
medium to be heated.
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4.62 IGNITION, CONTINUOUS - Ignition by an energy source which is continuously maintained during
the time the burner is in service, whether the main burner is firing or not.

4.63 IGNITION, INTERMITTENT - Ignition by an energy source which is continuously maintained
during the time the burner is firing.

4.64 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.

4.65 INDIRECT-FIRED DEVICE — A device designed so that combustion products (flue gases) are not
mixed in the device with the medium, for example, air, being heated.

4.66 INTERL
proof to the g

4.67 LINER

4.68 LINING
during use of

4.69 LIQUER
propane or p

4,70 LP-GAS
normal atmos

471 LOW F
responsive tg
appliance ha

4.72 MAIN B
safety shutof
the main bur

4.73 MANIF

4.74 NORMA/
such as air, f

4.75 OIL-FIR

rimary safety control circuit.
- See Radiation Shield, 4.92.

— Those interior surfaces of a combustion chamber which are éxposed to con
the device.

IED-PETROLEUM GAS - Fuel gases, including commefcial propane, predom
fopylene or commercial butane, predominantly butanefisobutane, and/or butyl

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

RE HOLD INTERLOCK — A control other than an operating or safety control g
changes in temperature, to retain_the burner at low fire until such time as the
5 obtained the normal minimum ©perating temperature.

URNER FLAME-ESTABLISHING PERIOD — The interval of time the main bur
valves are permitted to.be open before the primary safety control is required
ner flame.

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

\L CARE&.The periodic tasks usually performed to operate and maintain an g
el, pressure, and temperature regulation, cleaning, lubrication, resetting of co

EDyBOILER ASSEMBLY — A boiler assembly as defined herein equipped with

OCK ="A conirol to prove the physical stafe of a required condition, and to fuinish that

hbustion

inantly
Eene.

ures and

pheric temperatures which have been dilutedwith air to produce desired heatjng value
and utilizatiop characteristics.

r interlock,
heating

ner fuel
to supervise

ppliance,
ntrols.

one or

more oil burr

ers, and-atthe Trecessary safety Controts, etectricaequipment as needed, an

equipment, manufactured for assembly as a unit.

d related

4.76 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.

4.77 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.

4.78 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.
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4.79 PILOT — A flame which is utilized to ignite the fuel at the main burner or burners.

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

4.81 PILOT, INTERMITTENT — A pilot which is automatically lighted each time there is a call for heat

and which bu

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

4.82 PILOT, INTERRUPTED — A pilot which is automatically lighted each time there is a call for heat.
The pilot fuel is cut off automatically at the end of the main burner flame-establishing period.

4.83 PILOT, PROVED - A pilot flame supervised by a primary safety control which senses the

presence of

Re
4.84 PLENU

connected.

a) Fdirnace Supply Plenum — A furnace plenum attached directly to,‘Oran integral

supp

b) F
retur

4.85 PORT -
ignition.

4.86 POST-PURGE PERIOD — The period of time after the fuel delivered to the burner is 3

during which

4.87 PREPURGE PERIOD — The period of time during the burner start-up in which air is i

into the comk
completely re

4.88 PRIMA
ignition zone

4.89 PURGH
volume and 1

4.90 PUMP,
from the sup

1

pilot flame prior to permitting the main burner fuel to be delivered tor comb;

— An air compartment in an air distribution system to which one or more du

y outlet of the furnace.

rnace Return Plenum — A furnace plenum attached direCtly to, or an integral
air inlet of the furnace.

- Any opening in a burner head through which fuel or an air-fuel mixture is dis

the burner motor or fan continues to-run to supply air to the combustion cham
ustion chamber and the assacidted flue passages in such volume and manneg
place the air or fuel-air mixture contained therein prior to initiating ignition.

RY AIR — The air introduced into a burner which mixes with the fuel before it r
— To introduge air into the combustion chamber and the device flue passage
nanner as_ta*completely replace the air or gas-air mixture contained therein.

AUTGMATIC OIL — A pump, not an integral part of a burner, that automatical
ly tank and delivers the oil by gravity under a constant head to an oil-burning

uistion.

Cts are

part of, the

bart of, the

charged for

topped and

ber.

troduced

r as to

paches the

5 In such

y pumps oil
appliance.

The pump is
between the

tended to Stop pumping automaticatty i case of totat breakage of theoitsu
pump and the appliance.

ply line

4.91 PUMP, OIL-TRANSFER — An oil pump, automatically or manually operated, that transfers oil
through continuous piping from a supply tank to an oil-burning appliance or to an auxiliary tank, and
which is not intended to stop pumping automatically in case of total breakage of the oil supply line

between the

pump and the appliance.

4,92 RADIATION SHIELD OR LINER — A separate panel(s) interposed between heating surfaces and
adjacent objects to reduce heat transmission by radiation.
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4.93 READILY ACCESSIBLE — Capable of being reached easily and quickly for operation, adjustment,
and inspection.

4,94 RECIRCULATION BLOWER ASSEMBLY — A separate blower assembly provided to draw
combustion flue gases from the appliance flue gas outlet. Also, see "Recirculation System, High
Pressure”, 4.99.

4.95 RECIRCULATION DAMPER — RECIRCULATION METERING VALVE — An automatically actuated
device installed in the ductwork between the appliance flue gas outlet and the fuel burning equipment
manifold to proportionally limit the amount of recirculated flue gases with respect to the main fuel input
of the fuel burning equipment.

496 RECIR
flue gases pa

4.97 RECIR
control, respq
operating cof

4.98 RECIR
or safety con
maximum no

499 RECIR
combustion f
introduced vi
equipment.

4.100 RECIH
combustion f
combustion 4

4,101 RECIH
higher than t
valve shall bg

COCATION DUCTWORK — A general term for the condult or passageway thro
ss from the appliance flue gas outlet to the burning equipment.

CULATION FAN (BLOWER) INTERLOCK — A control other than an gperating
nsive to changes in pressure, having a pressure range sufficient tQ-0perate at
ditions, including "cold" start, to cause a safety shutdown in thé jevent of loss

CULATION FLUE GAS TEMPERATURE INTERLOCK — A centrol other than g
'mal flue gas temperature to cause safety shutdowns:

CULATION SYSTEM, HIGH PRESSURE — Thexmethod by which the recircula]
ue gases are drawn from the appliance flue gas outlet by a separate blower a
h ductwork to a separate manifold providedi@s an integral part of the fuel burn

CULATION SYSTEM, LOW PRESSURE — The method by which the recircula
ue gases are drawn from the appliance flue gas outlet and introduced via duc
ir inlet of the fuel burning equipment, using only the combustion air fan for cir

CULATION SHUTOFFYWALVE — A high temperature valve specified suitable
ne maximum flue gas temperature of the device at rated temperature and/or p
b designed to permit.no leakage when in the closed position.

4.102 REGULATOR, GAS-PRESSURE — A device for controlling and maintaining a uniforr

pressure.

4.103 RESP
extinguishme

Nt and de-energizing the safety shutoff means.

igh which

br safety
all normal
of pressure.

n operating

frol or interlock, responsive to changes in temperature, normally set higher thgn the

ed
ssembly and

ng

ted
fwork to the
ulation.

or use at
essure. The

n outlet gas

DNSE.TIME—- FLAME FAILURE — The interval between the occurrence of flanje

4.104 REFRACTORY — A poured, cast or solid brick type high temperature insulating material, typically
used in the installation of a burner onto an appliance.

4.105 SAFETY CONTROL — See Control, Safety, 4.35.

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

reset.

4.107 SECONDARY AIR — The air externally supplied to the flame at the point of combustion.
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4.108 SERVICING - The periodic tasks usually performed to operate and maintain an appliance, such
as air, fuel, pressure, and temperature regulation, cleaning, lubrication, and resetting of controls. Repair
and replacement of parts other than those expected to be renewed periodically is not considered to be

servicing. Some examples of servicing are:

a) ClI

eaning or replacing nozzles, atomizers, and pilots;

b) Setting ignition electrodes;

c) Cl

eaning strainers or replacing strainer or filter element;

d) Resetting safety control; and

e) R

4,109 SPEC
market.

4.110 STRA

upstream frofn any other strainer.

4,111 STRA
fuel line betw

4,112 THER
between preq

4.113 TRIAL
delivered intd

4.114 UNIT

a) Low-Static Pressure Type.=/A self-contained, automatically controlled, vented fu

devid

Such
many

b) H
devid
desid

bplacing igniter cable.

AL PARTS AND TOOLS - Those parts and tools that are not available ‘on thg
NER, PRIMARY — The strainer through which all oil first passes on way to bu
NER, SECONDARY - A strainer downstream from th€ primary strainer, interp|

een the primary strainer and the point at which fu€l‘is delivered for combustio

MOSTAT — An automatic control actuated by*{emperature change to maintain
etermined limits.

-FOR-IGNITION PERIOD — That period*of time the main burner fuel is permitt
the ignition zone before the main_flame-sensing device is required to detect 1

HEATER:

e having integral means for circulation of air, normally by a propeller fan (or fg
devices may Wi equipped with louvers or face extensions made in accordanc

facturer’'s approved specifications.

e having integral means for circulation of air against 0.2 inch or greater static
ned, for installation in the space to be heated unless they are equipped with p

open retail

rner, being

osed in the
.
temperatures

ed to be
hain flame.

el burning
ns).

e with the

gh-Static Pressure Type — A self-contained, automatically controlled, vented fliel burning

pressure and
ovisions for

attac

TNy bottrintetand-outtetair ducts:

4.115 VALVE, BURNER-INPUT CONTROL — An automatic-control valve for regulating the input of fuel

to a burner.

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

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

completely tu

rning on or shutting off the gas supply.
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4.118 VALVE, MANUAL OIL SHUT-OFF — A manually operated valve in the oil line for the purpose of
completely turning on or shutting off the oil supply to the burner.

4.119 VALVE, OIL CONTROL — An automatically or manually operated device consisting essentially of
an oil valve for controlling the fuel supply to a burner.

a) M

etering (Regulating) Valve — An oil control valve for regulating burner input.

b) Safety Valve — A normally closed valve of the ON and OFF type, without any bypass to the
burner, that is actuated by a safety control or by an emergency device.

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

or by an emdrgency device. Such valve may be of the automatic or manually opened Type.

4.121 PROJF OF CLOSURE SWITCH — A non-field adjustable switch installed in aysafety

valve by its

4.122 VENT
chimney con

4.123 VENT

5 Undated References

5.1 Any undated reference to a code or standard appearing-in the requirements of this star

interpreted a
CONSTRUC]
6 General

6.1 Fuel con
operation, or
resistance to
made of mate
strength of n

anufacturer that activates only after the valve is fully closed.

ED APPLIANCE - An indirect fired appliance provided with a flue collar to acc
hector for conveying flue gases to the outside air.

CONNECTOR - The pipe which connects a gas-fired,dévice to a gas vent or

b referring to the latest edition of that code.@p standard.

[ION

ining parts, or operating patfts if failure of the part will allow unsafe leakage of f
prevent a safety deviée)from functioning, shall be of sufficient strength, d
fire to insure safe and-reliable service of the parts and the assembly. Such

rial having a melting point (solidus temperature) of not less than 950°F (510°C)
Dt less than 10{000 psi at 400°F (204°C). Such parts shall not sag, distort, me

show leakag

6.2 Fuel-confining parts not conforming to 6.1 may be employed if a fusible-link valve or the
included in the assembly of the burner so as to shut off the fuel supply in the event

temperature

of fuel duting any of the tests specified herein.

r. firg”in the vicinity of such parts.

shutoff

pmmodate a

chimney.

dard shall be

Liel, or unsafe
urability, and
parts shall be
and a tensile
It, oxidize, or

equivalent is
of excessive

6.3 A burner part intended for the handling of fluids under pressure shall withstand, without rupture, a
hydrostatic pressure equivalent to five times the maximum working pressure.

6.4 A burner part intended for the handling of recirculated flue gases under pressure shall withstand,
without leakage, an aerostatic pressure equivalent to three times the maximum working pressure.
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6.5 Soft solder shall not be used on any fuel-handling parts if melting of the solder may allow leakage of
fuel. Soft-soldered joints, where permitted, shall be made mechanically secure before soldering.

6.6 The burner shall function so as to reduce to a minimum the generation of unburned vapors, and shall
not include chambers or pockets in which unburned vapors may accumulate. An oil-conveying pipe or
passage shall not be exposed to such temperatures as may result in carbonization or clogging when the
burner is tested in accordance with these requirements.

6.7 Electrical equipment and wiring shall be arranged so that oil or water will not drip or run on them
during normal usage or from a connection required to be uncoupled for servicing the device also to avoid
contact with water from humidifiers.

6.8 Attachm¢nt plugs or separable connectors shall not be used in circuits when the break(Lng or making
of the circuit py such devices may result in operation of the equipment in a manner thatinvolves a risk of

fire, electric ghock, or injury to persons.

6.9 A recircujation metering valve or damper assembly shall be constructed such-that no ext

of combustio
location.

6.10 The f
specified in
the FGR sys
shall specify
cycles are ne

6.11 Joints i
downstream
ducts shall bg
suitable for tH

6.12 There g
during preign

6.13 All elec
of the device
when the mal

u% burning equipment shall be constructed such that supervised firing with

gases is permitted in either the open or closed position when inStatled in a pos

.6.2 or 64.5.3, as appropriate, may be accomplished without further adjustme

m becomes inoperative by fault (failure) or manual means. The manufacturer
the method provided to secure burner operatiofxfrom the FGR mode when lo
cessary.

h recirculation ducts shall be essentially* gas-tight at the maximum pressu

b gas-tight as confirmed by examination of the joint construction. Any gaskets
e temperatures involved.

hall be no flow of combustioh gases from the flue gas outlet to the fuel burni
tion and post-ignition purge periods.

rical and mechanieal’ constructions that make up the FGR system shall be prd
shipment. Ductwork to convey recirculated flue gases may be provided by the
hufacturer’'s_instructions provide adequate sizing and installation details.

ernal leakage
itive pressure

operation as
nt even when
S instructions
ng term firing

re developed

Df a recirculation blower assembly. Upstream of the recirculation blower assefnbly, joints in

used shall be

g equipment

vided as part
field installer



https://ulnorm.com/api/?name=UL 2096 2015.pdf

20 UL 2096 OCTOBER 27, 2006

7 Corrosion Protection

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

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

7.2 Surfaces of the burner assembly and flue gas conveying parts that may be in contact with flue gas
condensation shall be evaluated with respect to resistance to corrosion. Among the factors to be
considered are material thickness and type, length of time subjected to the condensate condition and type

of corrosion fprotection provided.

7.3 Corrosio
blowers, and

8 Protection

8.1 An uning

h protection shall be provided on metering valve or damper assemhblies,
any duct work or piping provided as a part of the FGR system.

of Users and Service Personnel

ulated high-voltage live part and a moving part that maydnvelve a risk of inju

shall be located, guarded, or enclosed so as to reduce the likelihood of ihintentional contact

performing s¢
8.2 Service f
a) A
b) R
c) O
d) A
A factory set

8.3 The requ
performed wi

8.4 Adjustab

rvice functions that may have to be performed with.thé equipment energized.

unctions which may have to be performed withsthe equipment energized inclu

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

psetting control trip mechanism;

berating manual switches; or

jjusting air-flow dampers.

and sealed control is_net considered to be adjustable.

irements of 8.1 aré not applicable to mechanical service functions which are
th the equipment energized.

e or resettable electrical control or manual switching devices may be located of

respect to upinsulated live parts, so that manipulation of the mechanism for adjustment,

operation ca

recirculation

Iy to persons
by personnel

He:

not normally

oriented with
resetting, or

be,accomplished in the normal direction of access if uninsulated live parts or

moving parts

that may invotve a Tiskof imjury topersons are:

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

b) Are not located within 6 inches (152 mm) on any side or behind the mechanism, unless
guarded.
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8.5 An electrical control component that may require examination, adjustment, servicing, or maintenance
while energized, not including voltage measurements, shall be located and mounted with respect to other
components and grounded metal parts so that it is accessible for electrical service functions without
subjecting the serviceman to a risk of electric shock from adjacent uninsulated live parts or to unintentional
contact from adjacent moving parts that may involve a risk of injury to persons.

8.6 Accessibility and protection from a risk of fire, electric shock, or injury to persons may be obtained by
mounting the control components in an assembly so that unimpeded access is provided to each
component through the access cover or panel in the outer cabinet and the cover of the control assembly
enclosure with the following arrangement:

a) The components are located with respect to the access opening in the cabinet so that the
farth¢st component in the control assembly 1S not more than 14 inches (356 mm) filom the plane
of the access opening.

b) Uhinsulated live parts outside the control assembly projected clear space (except for live
parts|within a control panel) or unguarded moving parts that may involve a risk of imjury to
pers@ns are located not closer than 6 inches (152 mm) from any sidé)of the accesg area. The
projefted clear space is considered to be bounded on the sides by.the projection of the
smallest rectangular perimeter surrounding the outside edge of. the components or tontrol
enclgsure when provided. The access area is considered to be) bounded on the sides by the
projeftion of the perimeter of the access opening in the outér cabinet to the closes{ rectangular
perinmeter surrounding the outside edge of the componént-or control enclosure.

c) The volume generated by the projected clear space of the control assembly to the access
openjng in the outer cabinet (within the access.area is completely free of obstructidns, including
wiringy.

d) Agcess to the components in the control assembly is not impeded in the directign of access
by other components or by wiring in, this assembly.

e) Extractor-type fuseholders a@nd’snap switches mounted through the control assembly
enclgsure are to be located so/that:

1) There is upimpeded access to these components through the access opening in the
outer cabinet; and

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

Also see Figlill’e 871.
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Figure 8.1
Accessibility and protection
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8.7 Components in a low-voltage circuit shall comply with the requirements of 8.5 in their relation to
uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

8.8 The following are not considered to be uninsulated live parts:

a) Coils of controllers;

b) Relays and solenoids;

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

d) Enclosed motor windings;

e) In
f) Ing

8.9 Moving [
shall be encl

a) The opening or removal of the door, panel or shield shall fequire the use of tool

b) A
c) A

DAN
BEF(

8.10 The dis
shall be in 3
exceed 3 inc
values includ
found by app
The minor di
that can be i

Is

Sulated terminals and splices; and
ulated wires.

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

N interlocking device shall shut off the mechanism; or
warning marking shall be displayed which reads essentially as follows:

SER — TO AVOID INJURY FROM MOVING PARTS, SHUT OFF THE (EQUIR
DRE (REMOVING-OPENING) THIS (CEOVER-DOOR).

ance from an opening in a required guard or enclosure to the moving part me
ccordance with Table 8.1, hut the minor dimension of the opening shall nof
hes (76.2 mm). For an opehing having a minor dimension intermediate betwe
£d in the table, the distan¢e from the opening to the moving part shall be not
opriate interpolationtbetween the corresponding values in the right-hand colum
ension of the opening is determined by the largest hemispherically tipped cyl
erted throughthe opening with a force of 5 pounds (22 N).

cause injury
oving parts;

5, or

MENT)

htioned in 8.9
in any case
en two of the
ess than that
n of the table.
ndrical probe
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Table 8.1
Dimensions of openings

Minor dimensions of opening, Minimum distance from opening to moving part,
inches 2 (mm) inches (mm)
1/4 (6.4) 1/2 (12.7)
3/8 (9.5) 1-1/2 (38.1)
1/2 (12.7) 2-1/2 (63.5)
3/4 (19.1) 4-1/2 (114)
1 (25.4) 6-1/2 (165)
1-1/2 (38.1) 10-1/2 (267)
2 (50.8) 14-1/2 (369)
oyer 2 (over 50.8) 30 (762)
@ Openings lgss than 1/4 inch (6.4 mm) are not to be considered.
8.11 A moving part is not to be considered when judging compliance with 8.1 angh8.9 if the part is unlikely

to be contact

9 Enclosureq

9.1 General

9.1.1 Uninsu

ed through the opening because of fixed components, including-baffles.

persons durimg normal use of the appliance. This applies to such parts located in a compa

access is req
cleaning, and

9.1.2 Among
a) M
b) R
c) M
d) C
e) R

f) Re
cond

Liired for normal care of the appliance, such asresetting controls, replacing filter
the like.

the factors taken into consideration@hen judging the acceptability of an encl
echanical strength;

bsistance to impact;

pisture-absorptive properties;

bmbustibility;

bsistance.to corrosion; and

sistance to distortion at temperatures to which the enclosure may be subjecte

ated live high-voltage parts shall be enclosed or.gdarded to prevent unintentiopal contact by

rtment where
s, lubrication,

psure are:

d under

tions of normal or abnormal use.

For a nonmetallic enclosure or part of an enclosure, all these factors are considered with respect to
thermal and chemical aging.

9.1.3 The enclosure shall reduce the likelihood of the emission of molten metal, burning insulation,
flaming particles, or the like through openings onto combustible material, including the surface on which
the equipment is mounted.
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9.1.4 Where the design and location of the component and the strength and rigidity of the outer cabinet
warrant, an individual enclosure of thinner metal than specified in Table 9.1 or 9.2 whichever applies, may

be employed

9.1.5 Electrical parts within the outer cabinet need not be individually enclosed if the assembly conforms
with all of the following:

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

wouldl permit dropping of molten metal, and the Tike, onto combustible materar,

c) The part is not in proximity to combustible material other than electrical insulatio

d) The part is not located closer than 5 inches to the outer cabinet unless the thick

shee

metal is in compliance with Table 9.1;

e) T

e part is not located in an air-handling compartment;

f) The thickness of the outer cabinet is not less than two-gage thicknesses thinner

indic

ted in Table 9.1 for the maximum dimensions of thé-Cabinet enclosure.

g) Tlhe part is not subject to unintentional contact*dy’persons. See Protection of Us

Servi
9.1.6 The re

9.1.7 Allinte
the requirem

9.1.8 Cabing
9.1.9 Steel ¢
9.1.10 The t

Exception:
warrant, an il

ce Personnel, Section 8.
huirements of 9.1.5 apply only to parts-0f high-voltage circuits as defined by 4

nded mounting positions of the unit are to be considered when determining if it
bnt of 9.1.3.

t compartments housing.gas piping and controls shall be ventilated.

nclosures shall be~protected against corrosion by painting, plating, or equivale

Vhen the tlesign and location of components and the strength and rigidity of the
ndividual enclosure thinner than specified in Tables 9.1 and 9.2 is able to be ¢

nickness of a\sheet metal enclosure shall be as indicated in Tables 9.1 and 9.P.

n:

ness of

than

ers and

43.

complies with

Nt means.

P

outer cabinet
imployed.
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Table 9.1

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

Without supporting frame 2 With supporting frame or equivalent Minimum thickness,
reinforcing )
inches (mm)
Maximum width P Maximum length © Maximum width P Maximum length Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)

4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)

4.75 (12.1) 5.75 (14.6) 6.75 (17.2) 8.25 (21.0) (24) (24)

6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (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 0.32 (0.8%) 0.034 (0.86)

9.0 (22.9) 115 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)

125 (31.8) Not limited 195 (49.5) Not limited 0.042 (£07) 0.045 (1.14)

14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (@8) (18)

18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.34) 0.056 (1.42)

20.0 ($0.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)

22.0 ($5.9) 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 13.7) 36.0 (91.4) 41.0 (104.0) 51.0 (129.5) (24) (14)

33.0 (8$3.8) Not limited 51.0 (129.5) Nétdimited 0.080 (2.04) 0.084 (2.13)

35.0 (8$9.0) 47.0 (119.4) 54.0 (137.1) 66.0. (167.6) (13) (13)

42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)

42.0 (1n9.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) (12)

52.0 (185.1) 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 (2234) 103.0 (261.6) (11) (11)

63.0 (1§60.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)

73.0 (1B85.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (20) (10)
a A supporting frame is a structure of angle or chanhel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the fame outside dimensions as the enclosure surface and which has sufficient torsional rigidity to regist the bending
moments whichl 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 a rigid as one built with a frare of angles or
channels. Congtruction considered to-be.without supporting frame includes: (1) single sheet with single formed flanges (formed
edges), (2) a sihgle sheet which is~corrugated or ribbed, and (3) an enclosure surface loosely attached to a framg, for example,
with spring clip$.
b The width is the smaller diniénsion of a rectangular sheet metal piece which is part of an enclosure. Adjacent gurfaces of an
enclosure may fhave supperts in common and be made of a single sheet.
¢ For panels which are_not’supported along one side, e.g., side panels of boxes, the length of the unsupported s|de shall be lifted
to the dimensigns specified unless the side in question is provided with a flange at lease 1/2 inch (12.7 mm) widg.
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Table 9.2

Minimum thickness of sheet metal for enclosures— aluminum, copper, or brass

Without supporting frame 2 With supporting frame or equivalent reinforcing a Minimum thickness,

Maximum width ®, Maximum length ¢, Maximum width ©, Maxinum length inches
inches (cm) inches (cm) inches (cm) inches (cm) (mm) (AWG)

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58)
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (22)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 135 (34.3) (20)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 45.7) (18)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (63.5) (16)
12.0 (30.5) Not limited 28.0 (71.2) Not limited: 0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (14)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0. (139.7) (12)
25.0 (63.4) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) /8.0 (198.1) (10)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) 8)
52.0 (132.1) Not limited 123.0 (312:4) Not limited 0.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (6)

a A supporting
essentially the
moments whicH
reinforcing may
channels. Cons
edges), (2) a si
spring clips.

b The width is
enclosure may
¢ For panels wh
be limited to th

rame is a structure of angle or channel or a foldedurigid section of sheet metal which is rigidly att
bame outside dimensions as the enclosure surface ‘and which has sufficient torsional rigidity to req
may be applied via the enclosure surface wheniit is deflected. Construction that is considered to
be accomplished by designs that will produeé-a structure which is as rigid as one built with a fral
truction considered to be without supporting frame includes: (1) single sheet with single formed fl
hgle sheet which is corrugated or ribbéd;-and (3) an enclosure surface loosely attached to a fram

he smaller dimension of a rectanguilar sheet metal piece which is part of an enclosure. Adjacent
have supports in common and.be made of a single sheet.

ich are not supported along one side, for example, side panels of boxes, the length of the unsup
e dimensions specified~unless the side in question is provided with a flange at lease 1/2 inch (12.

hched to and has
ist the bending
have equivalent
ne of angles or
nges (formed

P, such as, with

urfaces of an

ported side shall
[ mm) wide.

9.1.11 Sheet
than 0.032 in
GSQ) if galva

9.1.12 If insy

metal to whigh.a wiring system is to be connected in the field shall have a thick
ch (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034 inch (0.86
inized steel, and not less than 0.045 inch (1.14 mm) if nonferrous.

lating’material other than electrical insulation is provided within the enclosure,

ness not less
mm) (No. 20

consideration

hilitveaf tha o | nad tha A

is given to t
source.

Blivnmins Alhovantavioting anal ~cpaby o) Starial o ronsinaii g
uulllllly CITUracvicilioltuovo aru \.'UIIIIJUOI.IIJIIILy UT TS TTTAITTIArn AaArnmu uiTe 'JIUI\IIIIII.’

of an ignition

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

that:

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

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

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

a) A
if:

b) A
cond

9.1.16 Durin
which may b

9.2 Accessib

9.2.1 During
concerning a

a) A
attac
remo

b) In

N opening that will not permit entrance of a /4 Inch (19.1 mm) diameter rod, I

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

2) A probe, as illustrated in 9.2, cannot be made to touch epamel insulateq
inserted through the opening.

N opening that will permit entrance of a 3/4 inch diameter rod is acceptable un
tions described in 9.3.

j the examination for conformance with the reguirements in 9.1.15, a part of t
b removed with the use of tools is to be removed.

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

the examination of a productcto determine whether it complies with the
ccessibility of uninsulated live pdrts and film-coated wire:

N an accessory, to make an operating adjustment, or for other reasons) is to b

ved;

Sulated brushcaps are not required to be additionally enclosed;

)T

anglgad hefare, during, and after insertion through the opening to any position that i
to expmine the enclosure; and

e probes)shall be applied to any depth that the opening will permit; and shall

acceptable

live part

wire when

der the

he enclosure,

requirements

part of the enclosure that/may be opened or removed by the user without using a tool, (to

e opened or

be rotated or
5 necessary

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

a) An opening that will not permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable
if:
1) A probe as illustrated in 9.1 cannot be made to touch any uninsulated live part when
inserted through the opening; and

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

b) Ap opening that will permit enfrance of a 3/4 inch (19.1 mm) diameter rod IS acdeptable
undef the conditions described in 9.3.

Figure 9.1
Probe for uninsulated live metal parts

ANY CONVENIENT LENGTH

1 /25INCH DIA.
(12.7mm)

3/4 INCH DIA,
(19.1mm)

)

N\

\_ 3/16 INCH R
(4.8mm)]

9/16 ANCH(14.3mm)

1)

4 INCHES
(101.6mm)

PAIS0A
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Figure 9.2
Probe for film-coated wire

—— —=— ANY CONVENIENT LENGTH

3/4" (19.1mm) DIA.
1/2" (12.7mm) DIA.

PA14

¥ =%
~=— 4" (101.6mm) 4>l>\
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Figure 9.3
Opening in enclosure

ENCLOSURE OPENING
SECTION AxA
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\ 1
\ ]
\ /
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\\\\____ _____”//
LIVE PARTJ-
SECTION B-B
S\\\\\\\\\\1 ////l////2
\ 1
\ y)
\ /
N
\\

LIVE FAKI

EC1008

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

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane. X equals five times the
diameter of the largest diameter rod which can be inserted through the opening, but not less than 4 inches (102 mm).
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9.3 Doors and covers

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

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

9.3.3 The assembly incorporating overcurrent protective devices shall be arranged so that fuses can be
replaced and manual-reset devices can be reset, as applicable, without removing parts other than a

service cover or panel and a cover or door enclosing the device. See 9.3.7.

9.3.4 A required protective device shall be wholly inaccessible from outside the assembly. wi
a door or coyer, except that the operating handle of a circuit breaker, the operating utton
operable motpr protector, the reset button of a manually resettable pressure switch;-ard sim
project outside the boiler assembly enclosure.

9.3.5 An opgning in an enclosure to provide clearance around a dial, knob,ever, or handle 4

lever, or han

the entrance [of a rod having a diameter of 9/64 inch (3.6 mm) at any setting or position of t
le.
holder shall be so constructed, installed, or protected-that adjacent uninsulated

9.3.6 A fuse

live parts witlpin 4 inches (102 mm), other than the screw shell of a plug fuseholder, cartrid

or wiring terrn
fuses. An ins
not less than

9.3.7 The dg
protective de
in connection
protective de

Exception: 4

a) C
than

b) E

ninals to the fuseholder, will not be exposed<te contact by persons removing
ulating barrier of vulcanized fiber or equivalént material employed for this pur
0.028 inch (0.71 mm) in thickness.

or or cover of an enclosure shall be hinged if it gives access to fuses or any m

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

pbntrol-circuit fusesof 2 amperes or less, provided the fuses and control-circuit]
a fixed control-circuit load, such as pilot lamp, are within the same enclosure;

Ktractorttype fuses each with its own enclosure; or

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

hout opening
bf a manually
lar parts may

hall not allow
he dial, knob,

high-voltage
ge fuse clips,
or replacing
bose shall be

otor overload
ben the cover
pset overload

loads, other

c) Fi

ises in low-voltage circuits.

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

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

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

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

not less than

a) 0.
havin

b) 0,
havin

A closure for

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

027 inch (0.68 mm) for steel or 0.032 inch (0.81 mm) for nonfefrous metal for
g a 1-3/8 inch (34.9 mm) maximum dimensions.

a larger hole shall have a thickness equal to that requiredfor the enclosure of

a standard kmockout seal shall be used. Such plates or plugs shallbe securely mounted.

9.3.13 An eld
9.4 Field wir

9.4.1 If thred
or if an equiv
in the metal,

9.4.2 If thred
wall, conduit
smooth, roun
that provided
same as that

9.4.3 An en
engaging wit

9.4.4 A kno

bctron tube or similar glass-enclosed device shallbe protected against mechar
ng system connection

ds for the connection of conduit are tapped all the way through a hole in an e
plent construction is employed, thereshall be not less than three nor more tha
and the construction of the device shall be such that a conduit bushing can bed

ds for the connection of eenduit are not tapped all the way through a hole in
hub, or the like, there shall be not less than 3-1/2 threads in the metal and thg
ded inlet hole for thexconductors which shall afford protection to the conductors
by a standard conduit bushing and which shall have an internal diameter appt
of the corresponding trade size of rigid conduit.

tlosure thteaded for support by rigid conduit shall provide at least five fu
h the canduit.

ckout” in a sheet metal enclosure shall be capable of being removed w

a hole

a hole

the device or

ical damage.

hclosure wall,
h five threads
attached.

an enclosure
ere shall be a

equivalent to
oximately the

| threads for

thout undue

deformation

ftheenctosure:

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

10.1.1 Provision shall be made for connection of a wiring system that would be suitable for power supply
in accordance with the National Electrical Code, NFPA 70.

10.1.2 The location 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 intended.

10.1.3 The connections shall be accessible without removing parts other than a service cover or panel
and the cover of the outlet box or compartment in which the connections are made. A component intended

for use as th

10.1.4 The s

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

ze of a junction box in which field-installed conductors are to be connected by

be not less than that indicated in Table 10.1. A conductor passing through the Gox”is co

conductor, arn
conductor for

Table 10.1

d each conductor terminating in the box is also counted as one cenductor. A f
high-voltage circuits is considered to be not smaller than 14 AWG(2.1 mm?).

Size of junction boxes

splicing shall
Linted as one
eld-furnished

Size of conductor Free\gpace within box for each conductdr,
AWG (mm?2) cubic inches (cm 3)
16 or smaller (1.3 or less) 1.5 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
10 (5.3) 2.5 (41.0)
8 (8.3) 3.0 (49.2)
10.1.5 A kngckout for connection of .a-field wiring system to a terminal box or compgrtment shall
accommodatg¢ conduit of the trade size ;determined by applying Table 10.2.

Table 10.2

Trade size of conduit in inches 2

Wijre size Number of wires
AWG (mm?2) 2 3 4 5 6
14 (2.1) 1/2 1/2 1/2 1/2 1/2
12 (3.3) 1/2 1/2 1/2 3/4 3/4
10 (5.3) 1/2 1/2 1/2 3/4 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13.3) 3/4 1 1 1-1/4 1-1/4
4 (21.1) 1 1 1-1/4 1-1/4 1-1/2
3 (26.7) 1 1-1/4 1-1/4 1-1/2 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
0 (53.5) 1-1/4 1-1/2 2 2 2-1/2
2/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2
4/0 (107.2) 2 2 2-1/2 2-1/2 3

Table 10.2 Continued on Next Page
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Table 10.2 Continued

Wire size

Number of wires

AWG

(mm?) 2 3 4 5

6

@ This table is based on the assumption that all conductors will be of the same size and there will be no more than six conductors
in the conduit. If more than six 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 area of the wires,
based on the cross-sectional area of type THW wire.

10.1.6 Wiring exterior to an appliance assembly between the burner assembly and a limit control, a
primary safety control, or a motor controller, that can be done readily with a wire enclosed in conduit or
with metal-clad cable in accordance with the National Electrical Code, NFPA 70, need not be furnished by

the manufac
furnished wit

10.1.7 A box
to the boiler

This requirenpent does not apply to separate limit controls and stack switches \where permi

metal-clad cd

10.1.8 A box
10.1.6, 10.1.
surfaces of t
having a 14
requirements

10.1.9 Excey

devices not attached to the boiler assembly or.befween separate devices which are field

located, shal
conduit or m¢

10.1.10 The
control box, d

in 10.1.1. If thhe conduit terminatesyn an outlet box larger than 4 by 4 by 2 inches (102 by 1

for splice cor
conduit fitting
be included (

a) The totaliength of flexible metal conduit of any ground return path in the produg

than

iurer as part of the boiler assembly if adequate instructions for installing Su

h each boiler assembly. See 11.1.4.

or enclosure, included as part of the assembly and in which a branch\Circuit su
hssembly is to be connected, shall not require that it be moved_for,normal ca

ble or flexible metallic conduit is to be directly attached.

or enclosure in which field installed conductors are tg be‘connected as indica
7, and 10.1.9 shall be so located that the tempefature of conductors withi
e box likely to be in contact with the conductors¢will not exceed that specif
D°F (60°C) temperature rating when the assembly is tested in accordanc

conform to these requirements ifdone with a 140°F (60°C) rated wire enclos
ptal-clad cable.

wiring of the appliance may~terminate in a length of flexible metal conduit with
r equivalent enclosure intended for connection of the product to the wiring sys

nection, locknuts on the fittings are not acceptable as a means to prevent log

5. A grounding‘conductor of the size specified in the National Electrical Code, N
nless:

6 feet(1.83 m);

ch wiring are

bplying power
e of the unit.
tted, to which

ted in 10.1.5,
nh the box or
ed for a wire
e with these

t as otherwise permitted by 17.3.1, wiring“to be done in the field between the assembly and

installed and
ed in suitable

AN outlet box,
tem specified
2 by 51 mm)
sening of the
FPA 70, shall

t is not more

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

c) The conduit is no larger than 3/4 inch trade size, or the fittings for the conduit are identified

as pr

oviding grounding.
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10.2 Leads and terminals

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

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

10.2.3 Leads intended for connection to an external circuit shall be provided with strain relief if stress on
the lead may be transmitted to terminals, splices, or internal wiring which may cause the lead to separate
from its termination or result in damage to the lead from sharp edges. Each lead shall be capable of

withstanding

10.2.4 An idg
switching dey

10.2.5 At ter
and from con
soldering lug
slot-type con
resulting fron
insulating tub
the clamping
mm).

10.2.6 Field
between surf
result in redd
rivets; by squ
into an adjac

10.2.7 Cond
in a continuo
a marking of
installer shal

A pull of 10 pounds (44.5 N) for LT minute without damage to the assempbly.

entified (grounded) terminal or lead shall not be electrically connected to@'single
ice which has an OFF position or to a single-pole overcurrent (not thermal) prot

Minals, stranded conductors shall be prevented from contacting other uninsula

-pole manual
bctive device.

ted live parts

facting dead metal parts. This may be accomplished by use of\pressure-terminal connectors,

5, crimped eyelets, soldering all strands of the wire together-0r equivalent me
hector shall not be used unless it is constructed to redaee the likelihood of
loosening of the clamping means. The shanks of terfdinal connectors shall bg
ing, or the equivalent, if the required spacings may“be reduced as a result of
means. The thickness of the insulation on the shanks shall be not less than 0.d

wiring terminals shall be secured to their‘'supporting surfaces by methods othe
pces so that they will be prevented fram turning or shifting in position if such
ction of spacings to less than thosevrequired. This may be accomplished by t]
are shoulders or mortices; by acdowel pin, lug, or offset; by a connecting stra
bnt part; or by some other equivalent means.

ictors intended for connegtion to a grounded neutral line shall be identified, th
s white or gray covering, three continuous white stripes on other than green
white or gray colerat the termination. All other current-carrying conductors

ans. An open
lisconnection
protected by
loosening of
28 inch (0.71

r than friction

motion may
WO SCrews or
b or clip fitted

at is, finished
insulation, or
visible to the

be finished in” colors other than white, gray, or green. A terminal for comnection of a

grounded co
be readily di
an attached

10.2.8 Lead
to wire-bindi

visible to the installer, unless the screws or connectors are rendered unusable for field wiring

ductor shall‘be identified by a metallic-plated coating, substantially white in ¢
tinguishable-from other terminals, or it shall be identified in some other manng
iring diagram.

blor and shall
r, such as on

be connected

provided for spliced connections to an external high-voltage circuit shall not

or the leads are insulated at the unconnected ends.

> the splice or
connections

10.2.9 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors secured in place in accordance with the requirements in 10.2.5, except that
for 10 AWG (5.3 mm?) and smaller wires, the parts to which wiring connections are made may consist of
clamps or wire binding screws with cupped washers, terminal plates having upturned lugs, or the
equivalent, to hold the wire in position.
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10.2.10 A wire binding screw at a high-voltage wiring terminal for field connection shall not be smaller
than No. 10 (4.8 mm major diameter).

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

not larger tha

n 14 AWG (2.1 mm?).

Exception No. 2: A No. 6 (3.5 mm major diameter) screw may be used for the connection of a 16 or 18

AWG (1.3 or

0.82 mm?) control-circuit conductor.
10.2.10 revised June 30, 2010

10.2.11 A terminal plate for a wire binding screw shall be of metal not less than 0.030 inch (0.76 mm) in
thickness for a 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) in thickness

for a wire lar
in the metal.

10.2.12 A te
extruded at t

10.2.13 A wi

11 Internal V]

11.1 Generdl

11.1.1 The w

11.1.2 Wiring shall be done with insulated conductors having current carrying capacity,
fatings consistent with their use. A conductor, other than an integral part of & component,

temperature
shall be not 9

11.1.3 Excey
manufacturer
factory, such
when the boi
be included

11.1.4 If insy
wiring shall b
factory-locatg

jer than 14 AWG (2.1 mm#); and In either case there shall be not less thantw

he tapped hole for the binding screw so as to provide two full threads.
Fe binding screw shall thread into metal.

/iring

iring of high-voltage circuits shall conform to*theé requirements in this section.

maller than 18 AWG (0.82 mm?).

t as indicated in 11.2.2, the wiring for each device assembly circuit shall be fur
as part of the boiler assembly. If the boiler assembly is not assembled and
wiring shall be furnished\as harness with each boiler and be arranged to facilita
er is assembled; and a-pictorial diagram showing the exact arrangement of th
vith each boiler assembly.

lated conducters rated for use at temperatures in excess of 140°F (60°C) are r
e furnished-as part of the assembly and the devices to be connected by such v
d on the_equipment.

o full threads

minal plate formed from stock having the minimum required thickneSs may have the metal

voltage, and

hished by the
wired at the
e attachment
e wiring shall

equired, such
iring shall be
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11.2 Methods

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

11.2.2 Conductors shall be enclosed within conduit, electrical metallic tubing, metal raceway, electrical
enclosure, or metal-clad cable, except as permitted by 11.2.15.

Exception: Kactory wiring involving a potential of not more than 300 volts between parts ajtached to the
same assembply with a predetermined fixed relationship one to the other may be doneswith Type SO or ST
cord, provided all of the following conditions are fulfilled:

a) ltlis not practical to do the wiring in accordance with 11.2.2;

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

c) The length of cord exterior to the assembly is not miore’than 4 inches (102 mm)|and strain
relieflis provided.

11.2.3 Group A of Table 11.1 includes some wiring materials suitable for use if enclosed afs indicated in
11.2.2.

Table 11.1
Typicalwiring materials

Group | Tlype of wire, cord, or appliance-wiririg material Wire Size Insulation thigkness
with insulation thickness shown' at the right 2
corresponding to wire, sizes indicated AWG mm Inch mm
10 and
smaller 5.3 2/64 0.8
8 8.3 3/64 1.2
6 13.3 4/64 1.6
HFH-2,FE TFF, TFN, TFFN, SF-2, SFF-2, RH, 4 21.2 4164 16
A HHHAREW, T, THW, XHHW, MTW, THWN, TW, 3 25.7 4/64 1.6
HFN\PFF, PGF, PGFF, RFH-2, RFHH-2, RFHH-3 or 2 33.6 4164 1.6
thermoplastic appliance wiring material. 1 42.4 5/64 20
1/0 53.5 5/64 2.0
2/0 67.4 5/64 2.0
3/0 85.0 5/64 2.0
4/0 107.0 5/64 2.0

Table 11.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 2096 2015.pdf

OCTOBER 27, 2006

UL 2096

39

Table 11.1 Continued

Group | Type of wire, cord, or appliance wiring material Wire Size Insulation thickness
with insulation thickness shown at the right
corresponding to wire sizes indicated AWG mm?2 Inch mm
18 0.82 4/64 1.8
16 1.3 4/64 1.6
SO, ST, SJO, SJT, S, SE, SJ, SJOO, SJTO, 14 2.1 5/64 2.0
B SJTOO, SO0, STO, STOO, or appliance wiring 12 3.3 5/64 20
material with thermoplastic or neoprene insulation 10 53 5/64 20
8.3 6/64 2.4
I~ 1').’) Q’IL’:4 32
Thermoplagtic wiring materials, as referenced in group A, with insulation thickness of 2/64 inch (0.8 mm).fer [L6 or 18
AWG (1.3 pr 0.82 mm?2) and 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.3 mm?),{are copsidered
equivalent fo the wiring material referenced in group B, when the conductors are covered with 1/32 inch (0.8 mm) wall
thickness thermoplastic insulating tubing of a type suitable for the purpose from the standpoint-efidielectric pfoperties,
heat resistance, moisture-resistance, flammability, and the like.
11.2.4 Flexifle metal conduit, if used, shall be not smaller than 3/8 inch\(9:5 mm) electridal trade size.
This does nof apply to parts of components, such as conduit protecting flame sensor leads| See 3.1.

11.2.5 Flexiq
and within 14
(914 mm) wh

11.2.6 All sq
connection s
connection |

11.2.7 A spl
permanence

11.2.8 A spli

may be employed if the devicé has insulation suitable for the voltage to which it

Thermoplasti

11.2.9 Each
compartment

11.2.10 Splig
motion, or vik

le metal conduit shall be mechanically secured at intervals not exceeding 4-1/2
inches (305 mm) on each side of every junction<boX except for lengths not o
ere flexibility is necessary.

lices and connections shall be mechanieally secure and bonded electrically
hall be made mechanically secure before being soldered if breaking or loo
ay result in risk of fire, electric shock;;er injury to persons.

of spacing between the splicé-and other metal parts is not ensured.

Cing device, such as a fixture-type splicing connector, pressure wire connector

C tape wrapped over a sharp edge is not acceptable.

splice shall\\be enclosed by being installed in a junction box, control &
in whichigh-voltage wiring materials may be employed.

feet (1.37 m)
ver 36 inches

. A soldered
sening of the

ce shall be provided with insulation equivalent to that required for the wir¢s involved if

and the like,
s subjected.

ox, or other

es-shall be located, enclosed, and supported so that they are not subject to da
ratioh.

rlnage, flexing,

11.2.11 A splice is considered to be adequately enclosed when installed in a junction box, control box, or
other enclosed compartment in which wiring materials, as specified in Group A of Table 11.1, may be
employed. Splices in enclosed machinery compartments are to be secured to a fixed member in the

compartment

so that they are not subject to movement or damage during servicing.
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11.2.12 At all points where conduit or metal tubing terminates, the conductor 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 metal cladding, and the connector or clamp shall be of such design that the insulating
bushing or its equivalent will be visible for inspection.

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

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

11.2.15 Cords or appliance wiring material as referenced in Group B of Table 11.1 may be employed if

the wiring is gnclosed by a casing or compartment conforming to all of the following:
a) There are no openings in the bottom, unless a U-shaped channel or trough_is Idcated under
the wiring and the wires do not project through the plane of the top of thejtrotgh of channel,
b) If the appliance is for installation only on noncombustible flooring{ the bottom of|such
compartment may be open provided all sides of the compartment.extend to the flogr level;
c) Lauvers or openings in other than the bottom will not permib entrance of a rod having a
diamgter of 1/2 inch (12.7 mm), and openings for such itefs as pipe or conduit argd not more
than [L/2 inch in diameter larger than the object that wilh)be installed through the opgning;
d) Openings are not closer than 6 inches (152 mm)-to the wiring unless metallic barriers or
bafflgs are placed between the wiring and the_opénings; and
e) Cpmbustible material, other than electrical insulation, located within the casing qr
compartment is separated from such wiring material.
11.2.16 Withireference to 11.2.15(e), plastic materials shall be classified as Type V-0, V-1, \{-2, 5V, HF-1,
or HF-2 in agcordance 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 haye equivalent
characteristics.
11.2.16 revised June 30, 2010
11.2.17 Cords and other wiring material permitted in accordance with 11.2.15 shall be arrapged to avoid
being physically damaged, such as by closely following surfaces, and shall be supported{ Strain relief,
where requirgd, shall be provided.
11.2.18 Holgs\inyWalls or partitions through which insulated wires or cords pass and on which they may

bear shall be provided wi € 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.

11.2.19 A fiber bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall be so located that it
will not be exposed to moisture, and shall not be employed where it will be subjected to a temperature
higher than 194°F (90°C) under normal operating conditions.
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11.2.20 To provide an acceptable unbushed opening in sheet metal, not requiring a bushing, usually
requires roll or extrusion of the metal around the opening, or both, or the insertion of a grommet
conforming to 11.2.18.

11.3 Short-ci

rcuit protection

11.3.1 Conductors of motor circuits having two or more motors, one or more of which are thermal or
overcurrent protected and wired for connection to one supply line shall withstand the conditions of a
short-circuit test without creating a risk of fire or electric shock. See Short-Circuit Test, Section 28.

Exception: Conductors that conform to the following are considered acceptable without test:

a)

cond|

b) Ci
provi
ampe
acce
this 4

c) C
does|

11.3.2 Facto
insulation, SHK
insulation of
compartment

12 Separatid
12.1 Unless
internal wirin
separated or
parts of the g

12.2 Segreg
means which

12.3 Field-in

Dbnauctors that have not less than one-third the ampacity or the required brang
ictors; or

bnductors that are 18 AWG (0.82 mm?) or larger and not more than @-feet (1.
bres or less as specified on the product nameplate or provided &s,part of the
btable for branch-circuit protection. This applies to any of theX\wiring materials
tandard, including those enclosed those enclosed in raceways, or

pnductors that serve as jumper leads between contrels. providing the length of|
[y wiring of a low-voltage safety circuit may*be done with SP-2 cord having
PT-2 cord or appliance wiring material having neoprene, thermoplastic, or eg
equivalent thickness, or power limited circuit cable, if such wiring is located
of an appliance and is adequately shielded from harm.

n of Circuits

provided with insulation_for-the highest voltage involved, insulated conducto
g circuits shall be separated by barriers or shall be segregated; and sha

ame circuit.

htion of insulated conductors may be accomplished by clamping, routing,
provides{permanent separation from insulated or uninsulated live parts of a di

stalled conductors of any circuit shall be segregated or separated by barriers f

not exceed 3 inches (76 mm) or the conductors areMocated in a control panel.

h-circuit

P m) in length

Hed that the circuit will be protected by a fuse or HACR Type circdit breaker rated 60

roduct and
specified in

the leads

all-neoprene
ually durable
n a cavity or

s of different
| also be so

segregated from uninsulated live parts connected to different circuits or opposite-polarity

pr equivalent
[ferent circuit.

rom:

a) Fi

fo=mstatted—and-factory=-imstattedconductors conmected to-any other circait, ar

conductors of both circuits are insulated for the maximum voltage of either circuit;

b) Uninsulated live parts of any other circuit; and

less the

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

70.
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12.4 Segregation between 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 circuits. If:

a) The number of openings in the enclosure does not exceed the minimum require
wiring and if each opening is located opposite a set of terminals, it is to be assume
purpose of determining compliance with 12.3, that the conductors entering each op
connected to the terminals opposite the opening.

d for proper
d, for the
ening will be

b) 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
to be]

ontacting insulated conductors or uninsulated Tive parts connected to a difter
investigated.

12.5 To detd
in service an
and no more

rmine if an appliance complies with the requirements of 12.3, it is to be Wired
| in doing a reasonable amount of slack is to be left in each condugtor within t
than average care is to be exercised in stowing this slack into the-wiring com

ier is used to provide separation between the wiring of different circuits or betw
installed conductors, it shall be of metal or insulating material and shall be

barrier shall have a thickness at least as great ‘as that required by Tabl
whichever applies, based on the size of the barrier. A barrierof insulating material shall be
0.028 inch (0.71 mm) in thickness and shall be of greater-thickness if its deformation m

t circuit is

s it would be
ne enclosure,
bartment.

ben operating
held in place.

£ 9.1 or 9.2,
not less than
ay be readily

accomplished so as to defeat its purpose. Any clearancegat the edges of a barrier shall be not more than

1/16 inch (1.6 mm) wide.

12.8 Openings in a barrier for the passage of.conductors shall be not larger than 1/4 inch (6.4 mm) in

diameter and|shall not exceed in number, on the basis of one opening per conductor, the nu
which will need to pass through the barrier. The closure for any other opening shall pres
surface whergver an insulated wire magsbé in contact with it; and the area of any such ope
closure remoped, shall not be larger than required for the passage of the necessary wires.

12.9 The ou
provided as
transformer
interconnectd

put of a transformerdevice supplying a circuit classified as a Class 2 low-volta
a part of the(equipment shall not be interconnected with the output of

device unlesSs -the voltage and current measurements at the output tern
d devices are within the values for a single Class 2, 30 volt, or less, transform

12.10 Two d
provided as 3

r more transformer devices supplying circuits classified as Class 2, low-vq
part’of the appliance shall be treated as two separate circuits each having its

mber of wires
ent a smooth
hing, with the

ge circuit and
hnother such
hinals of the
er device.

Itage circuits
bwn separate

wiring comp
maintained.

rtment,—and-the output of eactT circuit Sthatt-be markedto-warm that the separ

ation shall be
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ELECTRICAL COMPONENTS
13 Bonding for Grounding

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

13.2 Except as indicated in 13.3, 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 may be
contacted by[the user or serviceman.

13.3 Metal pprts, as described below, need not be grounded:

a) Aflhesive-attached metal-foil markings, screws, handles, etc., which-are located|on the
outsifle of enclosures or cabinets and isolated from electrical componénts or wiring|by grounded
meta] parts;

b) Isplated metal parts, such as magnet frames and armaturés, small assembly scfews, and
the, Which are separated from wiring and uninsulated live-parts;

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

d) Panels and covers which are insulated fromelectrical components and wiring by an attached
insul@ting barrier of vulcanized fiber, varnjshed cloth, phenolic composition, or similar material
not lgss than 1/32 inch (0.8 mm) thick.

13.4 A comgonent, such as a switch, likely to become separated from its normal groundihg means for
purposes of festing or adjustment while.the equipment is energized, is to be provided withh a grounding
conductor not requiring removal for such service.

13.5 Splices|shall not be emploeyed in wire conductors used for bonding.

13.6 Metal-tg-metal hingésbearing members may be considered as a means for bondirjg a door for
grounding.

13.7 A sepafate_bending conductor shall be of material rated for use as an electrical condyctor. Ferrous
metal parts in thge grounding path shall be protected against corrosion by enameling, galvarizing, plating,
or equivalent means. A Separate Donding conductor or strap statt:

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

b) Not be secured by a removable fastener used for any purpose other than bonding for
grounding unless the bonding conductor is unlikely to be omitted after removal and replacement
of the fastener.
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13.8 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed
connection, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 850°F (454°C). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.

13.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if it complies with 13.11 under any degree of compression permitted by a variable clamping
device and if the results are still acceptable after exposure to the effects of oil, grease, moisture, and
thermal degradation which are likely to occur in service. The effect of assembling and disassembling, for
maintenance purposes, such a clamping device is to be considered with respect to the likelihood of the
clamping device being reassembled in its intended position.

13.10 Wherd the bonding means depend on screw threads, two or more Screws or two jull threads of a
single screw ngaging metal is considered in compliance with 13.8.

13.11 If the pdequacy of a bonding connection cannot be determined by examination, off if a bonding
conductor is smaller than required by 13.12— 13.14, it shall be considered aceeptable if the connecting
means does hot open:

a) When carrying for the time indicated in Table 13.1 twice the cufrent equal to thg rating of the
brangh-circuit overcurrent device required to protect the equipment; and

b) Dlring a short-circuit test in series with a fuse of prgpef rating. See Short-Circuit Test,

Sectipn 28.
Table 13
Duration of current flow, bonding-conductor test
Rating of overcurrent device, Minimum duration of current flow,

amperes minutes
30 or less 2

31 - 60 4

61 — 100 6
101 — 200 8

13.12 The sige of a conductor or strap employed to bond an electrical enclosure or motor ffame shall be
based on thg rating of the branch-circuit overcurrent device to which the equipment will Je connected.
Except as indicated jinn13.11, the size of the conductor or strap shall be in accordance with| Table 13.2.
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Table 13.2
Bonding wire conductor size

Rating of overcurrent Size of bonding conductor 2
device, amperes ) . .
Copper wire Aluminum wire
AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) 8 (8.3)
60 10 (5.3) 8 (8.3)
100 8 B8.3) 6 13.3)
200 6 (13.3) 4 21.2)
2 Or equivalenf cross-sectional area.

13.13 A bon
size of the cq

13.14 If mor
conductor is
protection fof
by a branch-
bonding cond
protection of

13.15 The fg

a) In
equiy

b) In
meta

Hing conductor to a component or electrical enclosure is not requited to be I
nductors supplying power to the component(s) within the enclosure.

b than one size of branch-circuit overcurrent device is involved, the size of
to be based on the rating of the overcurrent devjceintended to provide
the component bonded by the conductor. For example, if a motor is individu
ircuit overcurrent device smaller than other overcurréent devices used with the
uctor for that motor is sized on the basis of thexQvercurrent device intended fo
the motor.

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

equipment intended to be connected to a metal-enclosed wiring system — A K
alent opening in a metal encloslpe intended to receive the power-supply syste

equipment intended to be:connected by a nonmetal-enclosed wiring system,
-clad cable — An equipment grounding terminal or lead.

13.16 A ternpinal for connection“of an equipment-grounding conductor shall be capable

conductor of
Code, NFPA

13.17 A sold
shall not be |

the size requifed for the particular application, in accordance with the Natid
70.

ering lug,/a push-in (screwless) connector, or a quick-connect or similar frictior
sed for the terminal for the field installed grounding conductor.

rger than the

the bonding
ground-fault
hlly protected
equipment, a
r ground-fault

nockout or
m; and

or example,

bf securing a
nal Electrical

fit connector

13.18 The terminal Tor 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", or "GROUNDING"; the letters "G",
"GR", a grounding symbol such as Figure 13.1, 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.

13.18 effective January 30, 2009


https://ulnorm.com/api/?name=UL 2096 2015.pdf

46 UL 2096 OCTOBER 27, 2006

Figure 13.1

Grounding symbol

13.19 The s:l:rface of an insulated lead intended for.the connection of an equipment-groundjng conductor
shall be finishped continuous green color or a contiAuous green color with one or more yelloy stripes, and
no other lead visible to the installer shall be so-identified.
14 Mounting|of Electrical Components
14.1 A switch, fuseholder, lampholder; or similar electrical component shall be mounted to grevent it from
turning, except as noted in 14.2«and 14.3.
14.2 The requirement that‘a’/switch be prevented from turning may be waived if all of [the following
conditions ar¢ met:

a T
Switc|
of th

switeh”is of a plunger or other type that does not tend to rotate when operated. A toggle
issconsidered to be subject to forces that tend to turn the switch during normal operation

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

It;

c) The spacings are not reduced below the required values if the switch rotates; and

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

persons.
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14.3 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 prevented from turning if rotation cannot
reduce spacings below the required values.

14.4 The means for preventing turning is to consist of more than friction between surfaces. A toothed lock
washer which provides both spring take-up and an interference lock is acceptable as the means for
preventing a small stem-mounted switch or other device having a single-hole mounting means from
turning.

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

15 Motors avlud Motor Overload Protection

15.1 Each miotor shall be protected by an integral thermal protector or by an overcarrent profective device
or combinatigns thereof.

15.2 "Overcurrent protective device" as referred to in 15.1 means those that conform to the [requirements
of the Nationpl Electrical Code, NFPA 70, as follows:

a) Alseparate overcurrent device that is responsive to meter current. This device shall be rated
or sejected to trip at no more than the following percenbof'the motor full-load currept rating:

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

For g multispeed motor, each winding connector shall be considered separately angl the motor
is to pe protected at all speeds,

b) If the values specifiedtfor-motor-running overcurrent protection do not correspond to the
standard sizes or ratings-of fuses, or magnetic or thermal overload protective devicgs, the next
highgr size or rating'may be used, but not higher than the following percent of mot¢r full-load
current rating:

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

2)” Motors with a marked temperatures rise not over 72°F (40°C), 140 percgent; and

3) All other motors, 130 percent.

15.3 An integral thermal protective device shall comply with the Standard for Overheating Protection for
Motors, UL 2111.
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15.4 Separate overcurrent devices, except when included as part of a magnetic motor controller, 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 the risk of fire, electric shock, or injury to persons.

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

a) Three properly rated overcurrent devices shall be employed; or

b) Thermal protectors, combination of thermal protectors and overcurrent devices, or equivalent
methods of protection may be employed where the specific protective arrangement has been
investigated and found to provide proper protection under primary single-phase failure

cond
inves
cond

15.6 Motors
determined t
overcurrent p
it is determin

15.7 Impedal
against overh
under the pe

15.8 Fuses
protected by

15.9 Overcu
requirements

15.10 A mot
"CONT" on't

15.11 Inno ¢
result in a ri
discharge of
electrical val
protective de

fions when supplied from transformers connecied wye-delta or delfa-wye. ASS
tigated shall be marked to indicate that the motor is protected under primary-S
tions. This marking may be a paper sticker, decal, or an attached wiring\diagr

b be adequately protected against overheating due to locked-rotor’ current by,
rotective device, may be accepted under the requirement for-Qvercurrent proteq
bd that the motor will not overheat under actual conditions ofuse.

eating due to locked-rotor current, provided it is détermined that the motor wil
formance requirements of this standard.

Ghall not be used as motor overload protective devices unless the motor
the largest size fuse which can be inserted in the fuseholder.

rent protective devices and thermal protective devices for motors shall co
of the Short-Circuit Test, Sectian, 28.

pr shall be designed for centinuous duty as indicated by the designation "CON
e nameplate.

ase shall interruption of the circuit to a motor by the overcurrent or thermal pro
5k of fire, electric’shock, or injury to persons during operation of the equi
fuel that may\result in a risk of fire or injury to persons. If a burner depends s
e to stop_the flow of fuel to the burner, the interruption of the circuit to the
vice shall)also cause the interruption of the circuit to the valve.

Emblies so
ingle-phase
am.

such as direct-drive fan motors which are not normally subjected te-everloads, and which are

a thermal or
tion provided

hce protection may be accepted for motors which are-determined to be adequately protected

not overheat

s adequately

nply with the

NINUOUS" or

ective device
bment or the
blely upon an
motor by the

15.12 Autom

aticsreset type protective devices shall not be used if the automatic reclosing o

f the circuit to

the motor by

thedevice may Tesuttima riskof fire, etectric shock; or mjury to persons durimn

operation of

the equipment.

15.13 The enclosure of a motor shall have no openings which will permit a drop of liquid, or a particle
falling vertically onto the motor, to enter the motor as applied to the assembly.
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15.14 Conformance to 15.13 may be provided by the motor frame or by another enclosure, structure,
shield, or a combination of two or more such items, and is to be determined with the motor applied to the

assembly.

15.15 Motors having openings in the enclosure or frame shall be installed or shielded to prevent particles
from falling out of the motor onto combustible material located within or under the assembly.

15.16 The requirement in 15.15 will necessitate the use of a barrier of nonflammable material under an
open type motor unless:

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

b) TI|1e motor overload protection device provided with a single-phase motor isisue

burni
moto|

type

ng insulation or molten material falls to the surface that supports the appliancg
is energized under each of the following fault conditions, as applicable*to the)
DOf motor:
1) Open main winding;
2) Open starting winding;

3) Starting switch short-circuited; and

4) Capacitor shorted, permanent split capagitor type; or

c) T

e motor is provided with a thermal motor.protector (a protective device that is

tempgrature and current) that will prevent.the temperature of the motor windings frg
more| than 275°F (125°C) under the maximum load below which the motor will run

causing the protector to cycle and fram becoming more than 302°F (150°C) with th
motof locked.

d T
windi

e motor complies with the requirements for impedance-protected motors and
ng will not exceed attemperature greater than 302°F (150°C) during the first 7,

operation with the rotor-of'the motor locked.

not less tha
employed in
the like to fal

15.17 The brf

rrier mentioned in 15.16 shall be horizontal, located as indicated in 15.1, and
that described in that illustration. Openings for drainage, ventilation, and the
he barrien provided that such openings would not permit molten metal, burning
on_cembustible material.

n that no
when the
particular

sensitive to
m becoming
vithout

e rotor of the

the motor
P hours of

have an area
like, may be
insulation, or
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Figure 15.1
Location and extent of barrier

LOCATION

AND EXTENT OF BARRIER
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A — Motor windi

1g 10 be shielded by barrier. This IS t0 consist of the entre motor winding i it 1S 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 (1) tangent to the motor
winding, (2) 5 degrees from the vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is 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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16 Overcurrent Protection of High-Voltage Control-Circuit Conductors
16.1 General

16.1.1 For the purpose of the requirements in 16.2.1 — 16.4.2, a control circuit is one that carries electric
signals to operate a controller that, in turn, governs power delivered to a motor or other load in the
product. A control circuit does not carry main-power current. If a control circuit is supplied through a
transformer provided as part of the product, see Overcurrent Protection of Transformers, Section 17, for

additional requirements.

16.2 Direct-connected high-voltage control circuit

16.2.1 For tH
is supplied frg
It is not tappg
within the prg

16.3 Tapped

16.3.1 For tk
tapped within
a circuit shall

16.3.2 A hig
control equip
National Eled

16.3.3 A tap
rating of the

Exception N(
m) long betw
rated 60 amq

Exception N
withstand sh

Exception N
overcurrent

€ purpose of these requirements, a direci-connected high-voltage control circ
m a branch circuit separate from a branch circuit that supplies other loads withi
bd from the load side of the overcurrent device or devices of the controlied cirg
duct. See 36.15.

high-voltage control circuits

e purpose of these requirements, a tapped high-voltage,. centrol circuit is a
the burner on the load side of the overcurrent device or devices for the controll
be protected in accordance with 16.3.3 — 16.4.2.

ment enclosure shall be protected as specified in Column A of Table 430
trical Code, NFPA 70.

bed high-voltage control-circuit conductor shall be provided with overcurrent p
pvercurrent-protective device shall_not exceed the value specified in Table 16.

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

D. 2: An overcurremi-protective device of a higher rating may be used if th
Dri-circuiting when-tested as specified in 28.13.

D. 3. A lead>that is not more than 12 inches (305 mm) long need not be
rotection.

Exception N(

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

Lit is one that
h the product.
uit or circuits

circuit that is
bd load. Such

N-voltage control circuit that is tapped from thexmain power circuit at a point gutside of the

-72(b) of the
otection. The
L.
an 4 feet (1.2
ircuit breaker
e conductors

provided with

e transformer

that is conn

Cted So that orly—a 2-wiTe (Single vottage) Secornaary 15 Used, T1ay e pro

overcurrent device located in the primary side of the transformer if:

tected by an

a) This protection is in accordance with the requirements specified in Overcurrent Protection of
Transformers, Section 17, and

b) The rating of the device does not exceed the applicable value specified in Table 16.1
multiplied by the ratio of secondary-to-primary rated transformer voltage.
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Table 16.1

Overcurrent protective device rating for control circuit conductors

Tapped control-circuit conductor, size, Minimum rating of overcurrent protective device, amperes
Conductors contained in control Conductors extending beyond control-
equipment enclosure equipment enclosure

AWG (mm?) Copper Aluminum @ Copper Aluminum &

18 0.82 25 - 7 -

16 1.3 40 - 10 -

14 2.1 100 - 45 -

12 3.3 120 100 60 45

10 5.3 160 140 90 75

Larger than 10 b b c c

2 Includes copy
b 400 percent g
¢ 300 percent d

er-clad aluminum.
f value specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NEPA 70|
f value specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSI/NFPA 70

16.4 Overcu
16.4.1 Overq
shall be prov
36.13.
Exception:
the marked T
does not exc|
16.4.2 A con
a) B
b) B
c) H

The device s
of an accepta

Exception: |
for overcurrd

rent-protective devices
urrent protection for a tapped high-voltage control-circuit’conductor, as requir

ded as part of the product. If a fuse is used, the product shall be marked in ac

[he overcurrent device or devices need not be-provided as part of the produc
hting of the product, the rating of the branch-circuit overcurrent-protective devi
ped the values specified in Table 16.1.

trol-circuit overcurrent-protective device shall:

b provided for all ungrounded eonductors;

b of a size in accordance-with the requirements in 16.3.3; and

hve a voltage rating_not less than the circuit in which it is used.

hall be a circuit breaker or a fuse that is acceptable for branch-circuit protecti
\ble fuse are.aClass CC, G, H, J, K, L, or R cartridge fuse and a Type S plug

f the control circuit is tapped from a circuit supplying other loads in the product,
ntprotection may be of the supplementary type provided it has a short

ed by 16.3.3,
rordance with

t if, based on
ce or devices

bn. Examples
fuse.

h device used
circuit rating
sed is a fuse,

acceptable fd

rthe circuit in which it is used. See Table 28.1. If the supplementary device u

the product shall be marked in accordance with 36.14.
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17 Overcurrent Protection of Transformers

17.1 High-vo

Itage transformers — general

17.1.1 A transformer, other than as described in 17.4.1 and 17.4.2, is considered to be a high-voltage

transformer al

nd shall:

a) Be provided with thermal-overload protection in accordance with the requirements in 17.2.1;

or

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

c) C

Exception:
investigated
Transformerd

17.2 High-vo
17.2.1 Ifahi

be arranged
overload con

bmply with the requirements in the Burnout Test, High-Voltage Transformers;

[his requirement is not applicable to an interchangeable ignition transformer I
n accordance with the requirements for ignition transformers in the)Standard
, UL 506.

Itage transformers— thermal protection
hjh-voltage transformer is provided with a thermal-overléad-protective device, th

to interrupt primary current and shall limit temperatures of the transformer w
jitions to those acceptable for the class of insulation employed in the windings.

Test, High-Voltage Transformers, Section 29.

Exception: |
test is to be
Section 30.

17.2.2 A the
Requirement
have an end
calibration of]
Equipment, U
Similar Use,
UL 60730 se

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

urance rating of not less than 6000 cycles and shall comply with the req
temperature-limiting. controls in the Standard for Temperature-Indicating an
L 873. Complianceswith the Standard for Automatic Electrical Controls for H
Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 stan
fies fulfills the\UL 873 requirements.

17.2.2 revised March 9, 2015

rmal cutoff shall comply with”the requirements in the Standard for The
5 and Application Guide, UL\60691. A manually or automatically reset thermal

Bection 30.

hat has been
for Specialty

b device shall
ndings under
See Overload

foff, a burnout
[ransformers,

rmal-Links —
rotector shall
Llirements for
] -Regulating
busehold and
jard from the
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17.3 High-voltage transformers— overcurrent protection

17.3.1 Each overcurrent device that protects a high-voltage transformer shall comply with the
requirements specified in 17.3.2, 17.3.3 and 17.5.1 — 17.5.3.

17.3.2 A high-voltage transformer shall be protected by an overcurrent device, or devices, that is located
in the primary circuit and that is rated or set as indicated in Table 17.1 for the primary. See 17.3.3 and

17.5.1.

Table 17.1
Maximum rating of transformer overcurrent protective device

Rated pfimary or secondary current, Maximum rating of overcurrent device, percent of transfofmer
amperes current rating, when in :
Primary Segondary
Less than 2 3002 167
2 or more, leps than 9 167 167
9 or more 125P 1250
@ Does not apply to an autotransformer; may be increased to 500 percent if transformer ‘supplies a motor control circuit.
b If 125 percént of the current does not correspond to the standard rating of fuse or ¢irctit breaker, the next hifjhest
standard ratipfg may be used. For the purpose of this requirement, standard ratingsfare 1, 3, 6, 10, 15, 20, 25,(30, 35, 40,
45, 50, and 40 amperes.
17.3.3 If the fircuit supplying a transformer is provided with overeurrent protection rated or s¢t at not more

than 250 per
required in th

set as indicafed in Table 17.1 for the secondary.

17.4 Low-vo

17.4.1 Excej
1000 volt-am
located in the
167 percent

cent of the rated primary current of the transfermer, additional overcurrent prg
e primary circuit provided the secondary cireuit is protected by a protective dg

tage transformers — general

t as specified in 17.4.2, a transformer having a rated output of not more than
beres (Class 1, power-limited,circuit) shall be protected by an overcurrent devic
primary circuit. The overcurrent device, or devices, shall be rated or set at 1
pf the primary current rating of the transformer. See 17.5.1.

tection is not
bvice rated or

30 volts and
e, or devices,
ot more than

17.4.2 A trapsformer that directly supplies a Class 2 circuit [see 4.43(b)] shall, in accord@nce with the

requirements
and the Stan
either limit th
or devices (n

in the Standard-for Low Voltage Transformers — Part 1: General Requiremen
Hard for LewsYoltage Transformers — Part 3: Class 2 and Class 3 Transformer
b outputcurrent (inherently-limiting transformer) or be equipped with an overc
pninherently-limiting transformer).

17.4.2 revised December 11, 2009

s, UL 5085-1
5, UL 5085-3,
irrent device,
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17.5 Low-voltage transformers— overcurrent protective devices

17.5.1 Overcurrent protection in the primary circuit of a transformer, as described in 17.3.2 and 17.4.1,
need not be provided as part of the product if, based on the marked rating of the product, the rating of the
branch-circuit overcurrent-protective device, or devices, does not exceed the values specified in 17.3.2 or
17.4.1, as applicable.

17.5.2 Overcurrent protection in the secondary circuit of a transformer, as required by 17.3.3 shall be
provided as part of the appliance. If a fuse is used, the appliance shall be marked in accordance with

36.13.

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

The device s
of an acceptd

Exception:

used for ove
rating accep
accordance |

18 Switches

18.1 A contr
more than or]

Exception: A
fuse size dod
not more tha

18.2 Motor ¢
ungrounded

18.3 A singld
controlled. Th

a)

provided for all ungrounded conductors;

a)

of a size in accordance with the requirements in 17.3.2 — 17.4.1, as-applical
hve a voltage rating not less than the circuit in which it is used.
nall be a circuit breaker, or a fuse, that is acceptable for branch-circuit protecti

\ble fuse are a Class CC, G, H, J, K, L, or R cartridge,fuse and a Type S plug

current protection may be of the supplementary type provided that the fuse has
able for the circuit in which it is used. See<Table 28.1. The product shall
vith 36.14.

and Controllers

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

\ controller is not required for an assembly with more than one motor if the mar,
s not exceed 20 amperes at 125 volts or less or 15 amperes at 600 volts or
N 6 amperes full-Joad" current for each motor.

ontrollers shall-be arranged so that they will simultaneously open a sufficie
tonductor§to interrupt current flow to the motor.

cantroller may control more than one motor if the controller is rated for the ¢

le, and

bn. Examples
fuse.

f a transformer supply is tapped from a circuit supplying other loads in the product, a fuse

a short-circuit

be marked in

incorporating

ed maximum
less and with

nt number of

bmbined load
ntacts handle

e.assembly shall be marked in accordance with 36.16 if the same controller co

a remote mo

oT(S) T addition tothe motor(s) i the unit comntaiming the comrotter:

18.4 A controller or switch shall be rated for the load that it controls. The load controlled is to include any
load external to the assembly for which connections in the controller or switch circuit are provided.
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18.5 A controller that may be called upon to break a motor load under locked-rotor conditions shall have
a current-interrupting capacity not less than the locked-rotor load of the motor controlled.

18.6 If the controller is cycled by the operation of an automatic-reset overload device, it is to withstand an
endurance test under locked-rotor conditions without malfunction. The endurance test is to be of a
duration equivalent to that required for the overload device and at an equivalent rate.

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

18.8 If the marked maximum fuse size of the boiler assembly does not exceed the maximum size for
protecting the motor of the smallest rating, two or more motors each having individual running overcurrent

protection md
size will not ¢

19 Capacitoy

19.1 A moto
protect the A
material resu
be of metal
thick.

19.2 The ing
mounted in 4
case, or the |

19.3 If the ¢
metal parts if

19.4 A capal
against expu
requirements
used. See SH

Exception:
winding, the
but not less

component(s).

[y be connected to the same power supply If It can be determined that a fuse
pen under the most severe conditions of service that might be encountered.

[

I starting or running capacitor shall be housed within an enclosure or cont
lates against mechanical damage and that will prevent the\emission of fla
ting from malfunction of the capacitor. Except as noted in¢19:2 and 19.3, the ¢
roviding strength and protection not less than that of uncoated steel 0.020 in

ividual container of a capacitor may be of material other than metal if the
ke, is acceptable for the enclosure of currgnt-carrying parts.

bntainer of an electrolytic capacitor is-€onstructed of metal, it shall be insulat
accordance with Table 16.1.

Citor employing a liquid dielectric medium more combustible than askarel shall
sion of the dielectric medium when tested in accordance with the applicable
of this standard, including faulted overcurrent conditions based on the circuit
ort-Circuit Test, Section 28.

[ the available fault'current is limited by other components in the circuit, such as
bapacitor may.be tested using a fault current less than the test current specified
fhan the Cutrent established by dividing the circuit voltage by the impedance

bf the marked

I]iner that will

e or molten
pntainer shall
ch (0.51 mm)

capacitor is

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

bd from dead

be protected
performance
in which it is

a motor start
in Table 28.1
of the other
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20 Electrical Insulating Materials

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

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

20.3 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material employed where spacings would otherwise be insufficient, shall be not less than 0.028
inch (0.71 mm) in thickness, except that a liner or barrier not less than 0.013 inch (0.33 mm) in thickness
may be used In conjunclion 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. Materiak having a lesser
thickness maly be used if it has equivalent insulating, mechanical, and flammability preperti¢s.

SPACINGS
21 High-Voltpge Circuits
21.1 Exceptps noted in 21.2 — 21.4, the spacings between uninsulated live parts of opposite polarity and
between an yninsulated live part and a dead metal part shall be notléss than the values indigated in Table

21.1.

Table 21.1
Minimum spacings

Rafjngs Minimum spacings 2, inch (mm)
Volt-amperes Volts Through air Over surface To enclosure d
0 — 2000 0 - 300° 1/8¢ 3.2) 1/4 (6.4) 1/4 (6.4)
0 - 150 1/8¢ (3.2) 1/4 (6.4) 1/2¢ (12.7)
more than
2000 151 - 300 1/4 (6.4) 3/8 9.5 1/2¢ (12.7)
301 - 600 3/8 (9.5) 1/2de (12.7) 1/2¢ (12.7)

a See 20.3.
b If over 300 vdits, spacings in {ast-line of table apply.

¢ The spacings|between wiring.terminals of opposite polarity, or between a wiring terminal and grounded metal, ghall not be less
than 1/4 inch (§.4 mm), except that if short-circuiting or grounding of such terminals will not result from projectind strands of wire,
the spacing ne¢d not be'greated than that given in the above table. Wiring terminals are those connected to the field and not
factory wired. Mleasuréments are to be made with solid wire of adequate ampacity for the load connected to each terminal.

d Includes fittings\for Conduit or metal-clad cable.

€ The spacings at wiring terminals of a motor shall be at Teast 1/4 inch (6.4 mm) for a motor rated 250 volts or Tess and 3/8 inch
(9.5 mm) for a motor rated more than 250 volts.

21.2 The through-air and over-surface spacings at an individual component part are to be judged on the
basis of the total volt-ampere consumption of the load(s) that the component controls. However, the
spacing from the component to the enclosure shall be judged on the basis of the total load on all
components in the enclosure. For example, the through-air and over surface spacings at a component
which controls only a motor is judged on the basis of the volt-ampere of the motor. A component that
controls loads in addition to the motor is similarly judged on the basis of the sum of the volt-ampere of the
loads so controlled; however, a component that independently controls separate loads is judged on the
basis of the volt-ampere of the larger load. The volt-ampere values for the load referred to above are to
be determined by the measured input.
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21.3 The spacing requirements in Table 21.1 do not apply to the inherent spacings of a component which
is judged on the basis of the requirements for the component. However, the electrical clearance resulting
from the installation of a component, including clearances to dead metal or enclosures, shall be those
indicated.

21.4 All uninsulated live parts connected to different circuits, except subdivided or branch circuits of the
same voltage from the same feeder, shall be spaced from one another as though they were parts of
opposite polarity in accordance with the requirements indicated in 21.1 — 21.3 and shall be judged on the
basis of the highest voltage involved.

21.5 For circuits not exceeding 300 volts, the over-surface spacings for glass-insulated terminals of
motors may be 1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) is specified in the table; and may be 1/4 inch
where 3/8 indh (9.5 mm) IS specified.

22 Low-Voltage Circuits

22.1 The spgcings for low-voltage electrical components that are installed ip.a Circuit that includes a
motor overload protective device, or other protective device, where a short of grounded circpit may result
in a risk of fire, electric shock, or injury to persons shall comply with 22.2.x 22.4.

22.2 The spacing between an uninsulated live part and the wall of a metal enclosure includjng fittings for
the connectign of conduit or metal-clad cable shall be not less than{1/8 inch (3.2 mm). See|21.4.

22.3 The spacing between wiring terminals regardless of polatity, and between the wiring terminal and a
dead metal part (including the enclosure and fittings for the*¢ehnection of conduit) which may] be grounded
when the deyice is installed shall be not less than 1/4 ineh (6.4 mm).

22.4 The spacing between uninsulated live parts,;fegardless of polarity, and between an finsulated live
part and a defad metal part, other than the enclosure, which may be grounded when the devige is installed
shall be not I¢ss than 1/32 inch (0.8 mm), provided that the construction of the parts is such fthat spacings
will be definitely maintained.

22.5 The spacings in low-voltage circuits that do not contain devices such as indicated in 22.1 are not
specified.
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PERFORMANCE
23 General

23.1 A heating appliance shall be capable of operation in compliance with these requirements when firing
any grade of fuel oil recommended and/or the type of gas as marked on the appliance nameplate. Each
size and type of device, or a sufficient number of sizes and types to be representative of the entire range
of sizes and types submitted, are to be subjected to all or part of the tests prescribed herein. If optional
features affecting performance are furnished, the burner may be tested with each such optional
equipment.

23.2 A device, when tested in accordance with these requirements, shall be uniform and reliable in

operation an
intended ope

23.3 An app
tested with al
other than bl

23.4 The ap
operating ins

23.5 The flug
with the burn

23.6 An anal
equipment fi
consist of fi
components
burner opera

Exception:
only the elec

23.7 An evg
components
acidic range
components

23.8 Applian
before it is d4

|

[l free from excesSIvVe carbonization or other phenomena that may advers
ration of the heating appliance.

iance which is equipped with an FGR system to provide for low NQ, “emiss
hd without the system operating. There shall be no mechanical changes made
pcking off or deenergizing the FGR system.

pliance shall be installed and arranged for operation in agcordance with the m
ructions furnished with the product.

b gas recirculation equipment shall be installed in aceordance with the instructi
er assembly.

ysis of the electrical and mechanical systeni<components shall be undertaken W
ing the appropriate test fuels. Depending*on the equipment provided, the ey
ing the appliance with imposed misadjustments on either/or the electrica
and will include an evaluation of the\test points of any controls provided to mo
ion with the FGR system operating.

When a recirculation dampér is driven by a modulating motor through mechd
rical positioning of the modulating motor must be evaluated.

luation of any cofidensation that may collect in the recirculated flue gas
Shall be undertaken to determine the pH content. It is assumed the condensats
rom pH 3 to'pH 4.5. If the pH concentration is less than 3, further evaluation

may be nécessary with respect to corrosion protection.

ces_equipped, or intended to be equipped in the field, with preheaters to he

bly affect the

ions shall be
to the device

anufacturer’s

bns furnished

ith the burner
aluation may
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the intended
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24 Instrumentation

24.1 Draft

24.1.1 Draft is to be measured by a draft gauge which may be read directly to 0.005 inch (or 0.13 mm)
water column and which has an accuracy of £0.0025 inch (0.064 mm). A gauge is to be checked for zero
reading at the beginning and the end of each test.

24.2 Fuel input

24.2.1 For oil-fired appliances, the fuel input rate is to be determined by a scale accurate to 1.0 pound
(453.6 g) or a burette capable of the same resultant accuracy.

24.2.2 Gas-f]
gas meter of
with connecti

red appliances are to be connected to a calibrated orifice plate or dedicated, (a

24.3 Power neasurement

24.3.1 The't

24.3.2 An el
be measured

24.4 Speed
24.4.1 Mech

mechanism (
stroboscope

hd calibrated)

the appropriate size for the maximum hourly input in cubic feet per heur and be provided
pbns to provide both temperature and pressure correction.

ptal electrical input to a fuel burning assembly is to be measured in amperes.

pctrical meter is to have a maximum scale range of-1@t more than 1-1/2 timeg the value to
. The smallest scale division is to be not more than ‘Y50 of the maximum scalge range.
neasurement

anical or electronic means are to be tsed to measure the speed of a motor or of a

riven by it. The load imposed by thecounter is not to adversely affect ma
s recommended for measuring speed of a motor under 1/8 horsepower (94 W

24.5 Tempelature measurement

2451 Temp
Unless other

24.5.2 Thern
required to g
enclosure, te
(152 mm) a
materials and

eratures are to be determined by means of a potentiometer and bead-type th
vise indicated, a thermocouple is to be made of wires not heavier than 24 AW(

hocouples are to be placed on surfaces of the test enclosure at various locatio
bserve maximum temperatures during tests. Where the chimney connecto
Mmperature_measurements on the inside surfaces of the enclosure are to be m

tor speed. A
).

ermocouples.
5 (0.21 mm?).

NS as may be
I pierces the
ade 6 inches

vay from)the chimney connector. Thermocouples are to be attached to other pertinent

parts.such as those mentioned in Table 27.1.

24.5.3 Each

thermocoupte junctionm anmd-—adjacent thermocoupte fead wire are to e securety

held in good

thermal contact with the surface of the material whose temperature is being measured. In most cases,
adequate thermal contact will result from securely taping or cementing the thermocouple in place; but
where a metal surface is involved, brazing or soldering the thermocouple to the metal may be necessary.
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24.5.4 Thermocouples are to be secured to wood surfaces by staples over the 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 boiler assembly at points
of zero clearance.

24.5.5 Thermocouples are to be attached to surfaces other than as described in 24.5.3 and 24.5.4 by
being cemented or taped to the surface in a manner to assure good thermal contact with the surface.

24.5.6 The flue-gas temperature is to be measured by a thermocouple such as illustrated by Figure 24.1
inserted into the chimney connector as shown on Figure 24.2. There is to be no draft control between the
appliance and the point where the flue-gas temperature is measured. If a draft control is incorporated in
the boiler assembly, it is to be dependably sealed in the position allowing maximum draft during all tests.



https://ulnorm.com/api/?name=UL 2096 2015.pdf

62 UL 2096 OCTOBER 27, 2006
Figure 24.1
Standard thermocouple for flue-gas temperature
SEE
"A”

777777777777 77

- 1.1/8"
(28.6mm)
5/32" MAX.
(4.0mm)

SILVER SOLDER OR
WELD JUNCTION.
DO NOT OXIDIZE

I

| .070" MAX
(1.78mm)

((A”

PA152

1. 20 AWG (0.5
potentiometer o

2.1 - Leeds &
and ends bevelg

1 mm?) iron-constantan, asbestos, or woven-glass-covered thermocouple wires extending fron
reference jdnetion.

Northrup, Standard 714B, or equal, 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insul
dvonytwo sides.

hot junction to

htor cut to length

3.1-5/16 inch (7.9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over insulator; then crimp
ends over beveled ends of insulator.

4. 1 — Small wooden handle.

5. 1 — Piece of rubber tubing, approximately 5/16 by 3/32 by 2 inches long (7.9 by 2.4 by 50.8 mm long).

6. In lieu of individual components described in (1), (2), and (3) above, any combination of preassembled parts of tubing, insulators
and thermocouples may be used.
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Figure 24.2
Flue-gas thermocouple and support bracket

CHIMNEY CONNECTOR
| /
O\

|
|
THERMOCOUPLE SUPPORT

- - BRACKET
=

24.5.7 Coilo
for mounting
includes ther
rayon, or the
other than a

1-1/8"—=
(28.6mm)

Section A< A

S2700

r winding temperatures are to be measured by thermocouples unless the coil i
pof these devices (for example, a coil@nmersed in sealing compound) or unless
mal insulation such as more than_two layers, 1/32 inch (0.8 mm) maximum, of

like. For a thermocouple measured temperature of a coil of an alternating-d
Liniversal motor, having a diameter of 7 inches (178 mm) or less, the thermoc

mounted on the integrally applied insulation on the conductor.

24.6 Flue-gd

24.6.1 Applia
above the ol
extend not le
draft hood re
an uninsulatg

s sampling and temperatures

inces having,a‘vertically discharging draft hood outlet are to have attached to
tlet sufficightsuninsulated black-iron vent pipe, the same size as the draft h
5s than 5-feet (1.52 m) nor more than 5 feet 6 inches (1.68 m) above the highe
ief opening. Devices having a horizontally discharging draft hood outlet are to 1
d black-iron 90 degree elbow, the same size as the draft hood outlet, and suf

uninsulated

inaccessible
the coil wrap
cotton, paper,
urrent motor,
puple is to be

and vertically
bod outlet, to
5t point of the
ave attached
icient vertical

laek-iron vent pipe so that the outlet is not less than 5 feet nor more than 5

feet 6 inches

above the highest point of the draft hood relief opening.

24.6.2 Two lines, intersecting at right angles, are to be established in the horizontal plane of
measurement which is to be located in the vent pipe 4 feet 6 inches (1.37 m) above the highest point of
the draft hood relief opening. They are to be oriented so that they will divide the internal area into
quadrants. One temperature is to be taken at the intersection of the two lines. Eight temperatures are to
be taken in two sets of four along each line at points one-third and two-thirds of the distance from the
intersection to the periphery. Temperatures are to be determined with a bead type thermocouple not larger
than 24 AWG placed successively at the specified locations. The flue-gas temperature is to be the
arithmetic average of these nine individual readings.
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24.6.3 Appliances not equipped with draft hoods are to have attached a 3 foot (0.91 m) high length of
uninsulated black-iron pipe, the same size as the vent collar or induced-draft fan outlet of the device. The
pipe may be attached directly to a vertical or horizontal flue-gas outlet.

24.6.4 Two lines, intersecting at right angles, are to be established in the plane of measurement at right
angles to the axis of the vent pipe within 1 foot (304.8 mm) of the normal flue-gas outlet of the device.
They are to be oriented so that they will divide the cross-sectional area in the vent pipe into quadrants.
One temperature measurement is to be taken at the intersection of the two lines. Eight temperature
measurements are to be taken, in two sets of four along each line, at points one-third and two-thirds of
the distance from the intersection to the periphery. The temperature is to be determined with a bead type
thermocouple not larger than 24 AWG successively placed at the specific positions. The flue-gas
temperature is to be the average of these nine individual readings.

24.6.5 Any flue-gas sample is to be taken in a plane in the vent pipe not more than 3 inches (76.2 mm)
from the plang of temperature measurement specified in the preceding unless the deviee is ¢quipped with
a draft hood|in which case the flue-gas sample is to be taken at a location wher€ unifgrm undiluted
samples can| be obtained. Any draft hood relief opening shall be effectively~closed when flue gas
temperatures are measured for the purpose of determining stack loss. As an ‘@lternate to clgsing the draft
hood relief openings, the flue gas sample can be obtained at a location upstream of the diaft hood inlet
opening.

25 Test Voltage

25.1 Unless |otherwise specified, burners are to be tested at.the potentials indicated in Tlable 25.1 for
each test as fetailed in the describing the test.

Table 25.1
Test valtages

Rated| voltage Normal test voltage Overvoltage Undervoltage @
1101- 120 120 132 101
P80 208 229 17]
220/ - 240 240 264 204
254 - 277 277 305 231
4401 - 480 480 528 408
550 - 600 600 660 51
dther Rated 110 percent rated 85 percent rated
2 Values in thfs column _are applicable to alternating-current potentials. Undervoltage tests for a direct-current bprner or
component ale to bereenducted at 80 percent rated voltage.
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26 Power Input Test

26.1 The power input to an appliance shall be no more than 110 percent of the marked rating of the
appliance.

26.2 To determine if an appliance complies with the requirement specified in 26.1, the power input is to
be measured with the appliance at the temperature attained under intended operating conditions, full-load
conditions, and while connected to a supply circuit of rated voltage as specified in 25.1.

27 Temperature Test

27.1 When an appliance is tested in accordance with these requirements, no part shall attain a
temperature §ufficient:

a) T¢ damage required corrosion protection;
b) To adversely affect the operation of safety controls;
c) To¢ impair the value of required thermal or electrical insulation;and

d) T¢ cause creeping, distortion, sagging, or similar damage if)such damage to thg material or
part ay result in a risk of fire.

The temperajure rises at specific points shall be no greatef:than those specified in Tablg 27.1 unless
otherwise indicated.

Table 27.1
Maximum temperature rises 2

Item Maximum rise above inlet-air temperatyre

Column 1 Column p

Degrees F  Degrees C |Degrees F  Dggrees C

Surfaces of test enclosure, ceiling, walls, and the like 90 50 175 97
Surfaces of floor beneath and wijthin*3 feet (0.91 m) of a 90 50 175 97
device to b classified for installation on combustible floors

Surface of device in lieu of test structure — standard 180 100 310 173
clearances

Surface of device inllieu of test structure — increased 280 156 490 272
clearances

Surfaces of deviee at points of zero clearance to test 90 50 175 97

structure oLextérior surfaces_vent pipe excepted _of a
portable or mobile heater

Air filters 90 50 175 97
Diaphragms, nonmetallic 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 spreaders and combustion heads:
Gray cast iron 930 517 930 517
Chrome alloy cast iron, 0.5 — 1.0 percent chrome, 0.2 — 1230 683 1230 683
0.5 percent nickel or copper
Ductile, nodular, cast iron 1230 683 1230 683

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Iltem Maximum rise above inlet-air temperature
Column 1 Column 2
Degrees F  Degrees C |Degrees F  Degrees C
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 1760 961
Flue-gas baffles:
Alum|num coated steel 1030 572 1030 572
Cerainic coated steel (A19 or equivalent) 1030 572 1030 572
Low g¢arbon steel 930 517 930 517
Gray [cast iron 930 517 930 517
Ductile, nodular, cast iron 1230 683 1230 683
Chroine alloy cast iron, 0.5 — 1.0 percent chrome, 0.2 — 1230 683 1230 683
0.5 pgrcent nickel or copper
Type$ 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 suffaces:
Alum|num coated steel 1030 572 1130 648
Cerainic coated steel (A19 or equivalent) 1030 572 1130 648
Low ¢arbon steel 830 461 930 517
Gray [cast iron 830 461 930 517
Chroine alloy cast iron, 0.5 — 1.0 percent chrome, 0.2 — 1010 561 1110 617
0.5 pgrcent nickel or copper
Type|410 iron-chromium steel 1080 600 1180 656
Type|430 iron-chromium steel 1130 648 1330 738
Type|442 iron-chromium steel 1560 867 1660 922
Type|446 iron-chromium steel 1560 867 1660 922
Type|321 iron-chromiung=hicKel steel 1340 744 1530 850
Type|347 iron-chromitin-nickel steel 1375 764 1530 850
Type|316 iron-chromjum-nickel steel 1440 800 1580 878
Type|309 iron‘chromium-nickel steel 1345 747 1545 858
Aluminum ¢oated'Stéel liners and radiation shieldsP 830 461 830 461
Galvanized steel® 480 267 630 350
Points on orwithima terminaiboxX or compartient, uness 60
marked in accordance with 36.7 63 35 108
Wire, coded 25°C (45°F) less than Temperature rating in
temperature rating in National Electrical 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

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Iltem Maximum rise above inlet-air temperature
Column 1 Column 2
Degrees F  Degrees C |Degrees F  Degrees C
250°C rating 405 225 450 250
Flexible cord —
Types SO, ST, SJO, SJT¢Y 63 35 108 60
GTO cable 63 35 108 60
Electrical insulation material
Class A insulation on coil windings of alternating-current
motors haing a frame diameter of more than 7 inches (178
mm) of dirdct-current motors, and of universal motors.&n
In open mdtors —
Therrmocouple method 117 65 208 115
Resigtance method 135 75 208 115
In totally erpclosed motors —
Therrmocouple method 126 70 208 115
Residtance method 144 80 208 115
Class A inqulation on coil windings of alternating current
motors having a frame diameter of 7 inches or less, (not
including ufiversal motors)eh
In open mqtors —
Therrocouple or resistance method 135 75 208 115
In totally enclosed motors —
Therrpocouple or resistance method 144 80 208 115
Class B inqulation on coil windings of alternating current
motors haying a frame diameter of more than 7 inches, 6f
direct-currgnt motors and of universal motors.&h
In open mdtors —
Therrmocouple method 153 85 252 140
Resigtance method 171 95 252 140
In totally erpclosed motors —
Therrmocouple method 162 90 252 140
Residtance method 180 100 252 140
Class B inqulation on coil windings of alternating current
motors haying a frame diameter of 7 inches or less, not
including ufiversal mot6rs.en
In open mqtors —
Therrmocouplgor resistance method 171 95 252 140
In totally enpclosed motors —
Therrmotoupte or resistance method 180 100 252 140
Class 105 insulation on coils other than motor coils.®
Thermocouple method 117 65 208 115
Class 130 insulation on coils other than otor coils.® 153 85 252 140
Class 155 insulation Not specified
Class 180 insulation As determined by test
Fuses' 117 65 Not specified
Varnish-cloth insulation 108 60 153 85
Phenolic composition employed as electrical insulation or as 225 125 270 150
a part whose deterioration will result in a risk of fire or electric
shock.d
Fiber employed as electrical insulation 117 65 162 90

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Iltem Maximum rise above inlet-air temperature
Column 1 Column 2

Degrees F  Degrees C |Degrees F  Degrees C

Class 2 transformer enclosure 108 60 153 85

Power and ignition transformer enclosure 117 65 162 920

Capacitors — Electrolytic typef 72 40 Not specified

Other types? 117 65 Not specified

Sealing compounds Maximum temperature 15°C (27°F) less than the

melting point

a The spec
may result

b The spec]
of fire; othg

¢ The spec
of the surfg
d The limitg
have been
Thermopla
within a Cl
may be su
conductor

note e.

€ Coil or w
these devig
more than

temperatur
mm) or les
surface of

thermocou
having a di
limits for C
less, open
of alternati
motors; an
having a di
maximum,

specified in
f For an el

Eg current motors having a diameter of more than 7 inches (178 mm), open type, not including un

fied maximum temperature rises apply to parts of a burner assembly or appliance if malfunctiépg
n a risk of fire, electric shock, or injury to persons.

rwise the allowable temperature rise is as given under Heating Surfaces.

fied maximum temperature rises apply if the galvanizing is required as a protective.coating or the
ce is utilized to reduce a risk of fire.

tions on rubber and thermoplastic insulation and on phenolic composition do\noet apply to compol
investigated and found to be acceptable for higher temperatures than those_specified in Table 27
tics shall in no case attain temperature at which the material begins to-flew. Rubber-insulated co
ss A insulated motor, rubber-insulated motor leads, and a rubber-insulated flexible cord entering
jected to a temperature rise of more than (63°F) 35°C, providedthat a suitable braid is employeg
f other than a flexible cord. However, this does not apply to thermoplastic-insulated wires or cord

es, for example, a coil immersed in sealing compoundyor unless the coil wrap includes thermal in|
wo layers, 1/32 inch (0.8 mm) maximum, of cotton, ‘paper, rayon, or the like. For a thermocouple
e of a coil of an alternating current motor, other than a universal motor, having a diameter of 7 ing
5, the thermocouple is to be mounted on the integrally applied insulation on the conductor. At a p
h coil where the temperature is affected by.an external source of heat, the temperature rise meas
le may be 9°F (5°C) for Column 1 limits™for Class A insulation on coil windings of alternating cur
meter of 7 inches (178 mm) or less, open type, not including universal motors; 18°F (10°C). For
ass B insulation on coil windings af alternating current motors having a diameter of 7 inches (178
ype, not including universal motors; 27°F (15°C), for Column 1 limits for Class A insulation on co

36°F (20°C), for Columfnl limits for Class B insulation on coil windings of alternating current mg
meter more than 7 inpehes (178 mm), open type, not including universal motors, more than the in
provided that the temperature rise of the coil, as measured by the resistance method, is not more]
the table.

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

9 A capaci
temperatur

material integral with-thi€, capacitor enclosure may not be more than 117°F (65°C).

h This is thp diameter, measured in the plane of the laminations, of the circle circumscribing the stator frame

r which~Operates at a temperature higher than 117°F (65°C) rise may be judged on the basis of
rating;

f the part

fied maximum temperature rise applies if the reflectivity of aluminum coated steel is utilized-to redluce a risk

reflectivity

nds which
1.
hductors

A motor
on the

5. See

hding temperatures are to be measured by thermocouples.winless the coil is inaccessible for mounting of

sulation or
measured
hes (178
int on the
ired by a
ent motors
Column 1
mm) or

| windings
versal
tors
dicated
than that

insulating
ts marked

excluding

lugs, boxes, and the Tike, used solely for motor cooling, mounting, assembly, or connection.

" Includes both casing and ferrule. However, a temperature not more than 20°C (36°F) higher than the values indicated
in the table is acceptable on the casing (not ferrule) of a Class G, J, T, or L fuse.

27.2 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.
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27.3 The specific conditions of the temperature test for central furnaces and unit heaters are covered in
Sections 103 — 107. The specific conditions of the continuous operation temperature test for a burner is
covered in Tests Firing Qil, Section 63. The specific conditions of the continuous operation temperature
test for a boiler is covered in Continuous Operation Temperatures — Test No. 3, Section 80.

28 Short-Circuit Test
28.1 Inherent overheating-protective devices, bonding conductors or connections when required, and
conductors of multiple motor circuits shall withstand short-circuit and ground-fault conditions when

protected by:

a) A device that is recognized for branch-circuit protection and located in the product; or

b) Albranch-circuit protective device of the type and maximum rating specified loh tlhe product
namegplate.

There shall be no damage to conductors or their terminations, no ignition of cheesecloth sufrounding the
enclosure hopsing of the components under test, and no arc-over between ling“and low-valtage circuits.

28.2 For the|purpose of these tests:
a) Cjrcuit breakers and fuses are not considered to be intetchangeable;
b) Flises of the same rating are considered to be interchangeable;
¢) HACR Type circuit breakers of the same rating are considered to be interchangg¢able; and

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

28.3 The deyice is to be connected in aicifcuit having a capacity based on the full-load current and
voltage ratind of the appliance as indicdted in Table 28.1. The appliance full-load current is determined by
adding the mptor full-load current of ea¢h motor, as determined in accordance with the Natignal Electrical
Code, NFPA[70, for the marked hersepower rating of the motor, and the current rating of each other load.
Each simultapeous load condition’is to be considered separately, and the maximum resulting current is to
be used as the basis for selgction 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.
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Table 28.1
Short-circuit test currents

Single phase Circuit capacity
amperes
115V 208 V 230 - 240 V 277V
9.8 or less 5.4 or less 4.9 or less - 200
9.9-16.0 55-8.8 50-8.0 6.65 or less 1000
16.1 - 34.0 8.9 -18.6 8.1-17.0 - 2000
34.1-80.0 18.7 — 44.0 17.1 - 40.0 - 3500
Over 80.0 Over 44.0 Over 40.0 Over 6.65 5000
Three phase Circuit capacity
amperes
208 220 - 240 V 440 — 480 V 550 — 600 V
2.12 or Ipss 2.0 or less - - 200
213 -3.7 21-35 1.8 or less 1.4 or less 1000
3.8-95 3.6-9.0 — - 2000
9.6 - 23.3 9.1-220 - - 1500
Over 23.3 Over 22.0 Over 1.8 Overt.4 5000
28.4 Except[as indicated in 28.6 — 28.9, an overcurrent protective ora thermal protective| device in an

appliance having more than one motor wired for connection®to one supply line shpall withstand
short-circuiting without creating a risk of fire or electric shocksywhen protected by a fuse|rated at 400
percent of the full-load current of the largest motor of the group*plus an amount equal to the sum of any
additional logds supplied.

28.5 The nearest standard size fuse, rated no highet<than the current indicated in 28.4 bu{ no less than
15 amperes, |is to be used for the test. The maximum fuse size marked on the appliance, ds specified in
35.2, is not t¢ exceed this value.

28.6 With reference to 28.4, the protective device may be tested with a fuse having a lowgr rating than
indicated if the appliance:

a) Will start and operate without blowing the fuse; and
b) Is|marked to indicate’ such a maximum limit of fuse protection.
28.7 The test specified’in-28.1 need not be conducted if:

a) Althermally protected motor or a separately enclosed motor-overload protective [device is
withirr an‘euter cabinet of the appliance;

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 unit and is acceptable for branch-
circuit protection;

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

d) Combustible material, except electrical insulation or an air filter, is not located below the
motor and has the characteristics specified in 11.2.16; and

e) Short-circuiting between live parts of different circuits will not result.
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28.8 Short circuit tests need not be conducted on an assembly provided with more than one motor, each
not exceeding 1 horsepower (746 W output) in rating and intended to be used on a branch circuit
protected at no more than 20 amperes at 125 volts or less or 15 amperes at 126 — 600 volts, if the

following conditions are met:

a) The marked maximum branch circuit protective device size does not exceed 20 amperes at
125 volts or less or 15 amperes at 126 — 600 volts; and

b) The full-load current rating of each motor does not exceed 6 amperes.

28.9 Short circuit tests need not be conducted on an assembly provided with more than one motor if the
motors have full-load current or horsepower rating(s) in excess of those ratings specified in 28.8 if:

a) The marked maximum branch circuit protective device size of the assemblyidoe

the

b) It
Servi

28.10 Anon
connection, d

28.11 Bondimg conductors and bonding connections shall not oper’when the appliance is su

conditions of

28.12 Motor
conditions of

28.13 For th
consideration
used for eac

overcurrent-protective device. Consideration is to be given to both short-circuit and

conditions. T
28.1 and is t
circuit is to b
factor is dete|
a result of th

28.14 There
three sample

!

aximum size for protecting the motor of the smallest rating; and

is determined that a fuse of marked size will not open under the mest severe
Ce that might be encountered.

enewable cartridge fuse is to be connected in series with the-device. A new fus
r conductor are to be used for each test.

this test.

circuit conductors shall not become damaged when the appliance is sub
this test.

e test referenced in Exception No.~2 of 16.3.3, three samples of each con
are to be subjected to each test condition specified and a new protective d¢
h test. The conductor and cgnnection to be tested are to be connected in s¢

ne capacity of the circuit.i$ to be based on the ratings of the unit in accordan
b be measured with@ut-the lead to be tested in the circuit. The voltage sourg
e as specified inATFable 28.1 and the power factor is to be 0.9 — 1.0 unless g
fmined to be acceptable. None of the conductors or lead terminations shall be
p test.

shall be no ignition of cheesecloth surrounding the enclosure of a protective
5 aretested.

S not exceed

conditions of

e and device,

bjected to the

ected to the

ductor under
bvice is to be
pries with the
ground-fault
Ce with Table
e for the test
lower power
damaged as

device when
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29 Overload Test, High-Voltage Transformers

29.1 A high-voltage transformer provided with thermal protection of other than the nonrenewable thermal
cutoff type mentioned in the exception of 17.2.1 shall be subjected to the test described in 29.4 and 29.5.

29.2 Temperatures of a thermally protected high-voltage transformer, as measured on the surface of the
windings, are not to exceed the insulation-temperature rating. The insulation-temperature rating is defined
as the rating for the class of insulation; such as 221°F (105°C) for Class 105 insulation and 266°F (130°C)
for Class 130 insulation.

29.3 The transformer shall comply with the dielectric voltage-withstand test described in Section 31
immediately following the test described in 29.4 and 29.5.

29.4 Three gqamples of the transformer-protector combination are to be tested. Average tevaperatures of

the three sanfples are not to exceed the winding-insulation rating and the temperature of an
is not to excqged the insulation rating by more than 9°F (5°C).

29.5 A variable-resistance load is to be connected to the output terminals anc-the transfg
operated continuously at the normal test voltage specified in Table 25.1. If\the protective d¢

a switching

in the circuit| The ambient (room) temperature during the test is to e ‘approximately 77°H
resistance load is to be adjusted so that the transformer winding jis-frought to a stabilized te

approximatel

operation of fhe protector occurs.

30 Burnout 1

30.1 A high-
no emission

Exception: A
nonrenewabl|
over-current

30.2 Three
specified in Tl
at an ambien

a) B

b) C

vice that in turn interrupts primary current to the transformer, the switching d

18°F (10°C) below its insulation rating. The load“is then to be gradually ir]

est, High-Voltage Transformers

oltage transformer shall be subjected-to the test described in 30.2 and 30.3. T
Df flame or molten metal from the transformer enclosure.

\ high-voltage transformer that is provided with thermal-overload protection of
b thermal-cutoff type, as<spécified in the exception of 17.2.1 or that is prd
Hevice or devices, as specified in 17.3.1, need not be tested.

tamples of the transformer are to be operated continuously at the norma
able 25.1, and(atrated frequency, with the enclosure grounded. The test is to
t (room) temperature of approximately 77°F (25°C) and operation is to be con

irnout.Qccurs; or

y one sample

rmer is to be
pvice controls
bvice is to be
F (25°C). The
mperature of
creased until

here shall be

bther than the
tected by an

test voltage
be conducted
inued until:

ner

bnstant temperatures are indicated by a thermocouple secured to the transforr

enclo

Sure.

The test circuit is to be protected by fuses rated no less than required for the product.

30.3 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;
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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.

Exception: A transformer that cannot provide the output current specified in (a) — (c) is to be tested with
the output terminals of the transformer short-circuited.

31 Dielectric

Voltage-Withstand Test

31.1 Genera|

31.1.1 An aj
application of
parts of high{

a1l

b) 1
than

31.1.2 If hi
voltage of t
However, if
involved part

31.1.3 Alow
the applicatig
opposite pola

31.1.4 The d
be conducted
condition and

31.1.5 Atrar
and can be V|
be increased
1 minute.

pliance shall be capable of withstanding without breakdown for a period of
a 60 hertz potential between high-voltage live parts and dead metal parts, and
and low-voltage circuits. The test potential is to be:

00 volts plus twice the rated voltage; or

00 volts for a motor rated at no more than 1/2 horsepowier (373 W output) an
P50 volts.

e appliance is to be used in determining the’ dielectric voltage-withstand

gier than rated voltage is attained in a motor circuit through the use of capacit

1 minute, the

between live

d no more

brs, the rated
st potential.

e developed steady-state capacitor voltage exceeds 500 volts, the test pot:ntial for the

5 is to be 1000 volts plus twice the attained voltage.

n of a 60 hertz alternating potential of 500 volts applied between low-voltagg
rity and between low-voltage live parts and dead metal parts.

on the complete assembly if the components have been separately subjects
if the wiring material is as indicated in Table 11.1.

Aried, is tg /be used to determine compliance with 31.1.1 — 31.1.3. The applied
gradually)from zero until the required test value is reached and is to be held at

Lvoltage circuit shall be capable of withstanding without breakdown for a periog@l of 1 minute,

live parts of

ielectric voltage-withstand test between low-voltage live parts of opposite polarity need not

bd to this test

sformer rate@500 volt amperes or more, the output voltage of which is essentially sinusoidal

potential is to
that value for

Exception: /

A—trarsformer Tated 500 Vot armperes or ToTe 7ieed 1ot be used if the g p

tential testing

equipment used for the test maintains the specified high potential voltage at the equipment for the duration

of the test.
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31.2 Dielectr

ic withstand — Ignition assembly

31.2.1 The ignition system shall be capable of withstanding for 1 minute, without breakdown, the
application of a 60 hertz potential of:

a) 150 percent of the maximum voltage to ground between high-tension live parts and
noncurrent-carrying parts; and

b) 150 percent of the maximum voltage between live parts of opposite polarity.

31.2.2 To determine if an appliance complies with 31.2.1, the ignition transformer shall be disconnected.
An arc occurring during the test at a location adjacent to the electrode tips that will result in effective

ignition shall
31.3 Dielectr
31.3.1 Anin
insulator, a 6

transformer g

31.3.2 The t

has been conditioned for 24 hours in air having a relative humidity<of 85 +5 percent at a te

90 +3°F (32 ;
MANUFACTV
32 General

32.1 To detd
shall check, i

32.2 Deleted
33 Productio
33.1 The md

potential as i
for a period

not be considered a failure.

¢ withstand — Electrode insulator

bulator shall successfully withstand for 1 minute without breakdowxn; through t
0 hertz potential of three times the maximum open-circuit voltage-to ground
rovided with the burner.

pst to determine compliance with 31.3.1 shall be conduéted immediately after

-2°C).

URING AND PRODUCTION TESTS

rmine compliance with these requirements in production, the manufacturer of
hspect, and test the components and assemblies of each as specified in 32.2.

effective August 13, 2012
n Line Dielectric Voltage-Withstand Test
nufacturer shall’ conduct a dielectric voltage-withstand test on each applianc

hdicated in (@)and (b) shall be applied between high-voltage live parts and deg
f 1 minuté:

he wall of the
bf the ignition

the insulator
mperature of

the appliance

. A 60 hertz
d metal parts

a) 1000, vaelts plus twice the rated voltage; or
b) 1060 vottsforamotor Tatedat o Tmore tharm 72 forsepower (373~ Woutput)yamnd no more
than 250 volts.

Exception: The application of the potential may be reduced to a period of 1 second if the value of the

test potential

is 120 percent of the value specified in (a) or (b).
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33.2 For an appliance using a low-voltage circuit, the test is to be conducted with the low-voltage circuit
connected to the cabinet, chassis, or other dead metal part so that the potential that is applied between
the high-voltage live parts and dead metal parts will simultaneously be applied between high-voltage live
parts and the low-voltage circuits.

33.3 If an appliance is provided with components, such as a solid state control which can be damaged by
the dielectric potential, the test may be conducted before the component(s) is electrically connected.
However, to determine compliance with 33.1, a random sampling of each day’s production is to be tested
with the components electrically connected.

33.4 A transformer rated 500 volt amperes or more, the output voltage of which is essentially sinusoidal
and can be varied, is to be used to determine compliance with 33.1.

Exception: A transformer rated 500 volt amperes or more need not be used if the high.pdtential testing
equipment uged for the test maintains the specified high potential voltage at the appliance far the duration
of the test.

33.5 The test equipment used for the test described in 33.1 is to include a visible indication |of application
of the test pgtential and an audible, visible, or both audible and visible indication of breakdown. In the
event of bregkdown, manual-reset of an external switch is to be required or an automati¢ reject of an
appliance ungler test is to result.
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MARKING
34 General

34.1 All required markings shall be appropriately located and be easily read when the assembly is in the
normally installed position. A location within a burner compartment equipped with a door or removable
panel for ready access is considered an acceptable location. The marking shall be reasonably permanent,
as afforded by a metal nameplate or decalcomania transfer.

34.2 Among the factors taken into consideration when judging the acceptability of a nameplate depending
on adhesives, are the adhesive properties and the resistance to defacement or removal at temperatures
and in atmospheres to which it may be subjected under conditions of normal or abnormal use.

35 Namepla]e
35.1 The follpwing information shall appear on each burner assembly or device:

a) The manufacturer’s or private labeler’'s name or identifying symbdljand a distincjive type,
modgl or catalog designation of the equipment;

b) Tlhe voltage rating, frequency, and total current in amperes_of the motor(s) and pther loads.
If the| burner or device includes more than one circuit to bedupplied by individual ejxternal
supply circuits, the voltage and current of each motor ifpthe circuit shall be indicated in addition
to other loads. The horsepower rating of each motoref 1/8 horsepower or more anfl the number
of phiases of each polyphase motor shall be indicated;

c) The firing rate or rates, expressed to the niearest 0.1 gph and the grade of fuel. |Assume
Nos.|1 and 2 fuel oils have calorific values-af 138,500 and 140,000 Btu per gallon (38.1 and
38.6 MJ/dm3), respectively;

d) The Btu input rate or rates of the equipment and the type of gas for which equipped and the
designed manifold pressure(s);

e) Alfurnace shall be matked to declare the static pressure at which the furnace wps tested:;
f) The date or the périod of manufacture not exceeding any consecutive 3 months.| The date of
manyfacture may ‘be abbreviated; or in a nationally accepted conventional code or jn a code

affirmed by the_manufacturer provided that the code:

1)~Does not repeat in less than 20 years; and

2y Does ot Tequite Teference to the manufacturer's Tecords to determine when the
product was manufactured.

35.2 In addition to the information required in the preceding, the following marking shall appear on a
burner or device: The minimum circuit ampacity and the maximum rating of the circuit protective device if
the burner or appliance employs more than one motor incorporating inherent overheating or overcurrent
protection and is to be operated from a single supply line. If a unit is intended for use on two or more
circuits, the marking shall include the above information for each circuit.
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35.3 The minimum circuit ampacity shall be equal to the sum of all of the following loads which may

operate conc

urrently:

a) Full-load current rating of each motor;

b) 25 percent of the full-load current rating of largest motor; and

¢) Rating of all other loads.

35.4 The maximum size of branch circuit fuses shall be marked if more than one motor is operated from
a single supply line.

35.5 The mdrking indicated in 35.4 may additionally specify a maximum HACR Type Circul

if the requir

short-circuit tests have been conducted in accordance with 28.1 using.an

circuit breakdr.

36 Supplem

36.1 The ty
construction
provided in ¢
to the boiler i
as part of t
factory-assen

36.2 The ap

36.3 Explicit
these requirg

36.4 The ing
stating the siz
without filterg

36.5 If a ford
the furnace 9
furnace shall

36.6 A devid
device suital
Installation”.

ntal Marking

be of flooring, combustible or noncombustible, the minitaum clearances
to be provided when installed, and the location and size-of ventilation op
oset doors or panels; also directions as to the kind and thickness of insulation
f safe installation requires it to be covered with insulation not furnished by the
e assembly, or directions as to how insulation” furnished by the manufac
nbled on the boiler is to be applied.

propriate ASME boiler and pressure vessel€ode marking on a boiler.

directions for locating an air filter if not'factory located, if safe operation in acq
Iments is obtained only when the filters are so located.

fruction plate or filter access.panel of a furnace equipped with filters shall incly
e, type, and number of filtets’required for replacement and precaution not to op
or filter access panel in.place.

ed air furnace is tested without circulating air filters for compliance with these

hall be marked appropriately that it is not to be used with air filters, and the
incorporate M@ -provision for mounting air filters.

le forgither indoor or outdoor installation shall be marked "For Either Indod

-breaker size
HACR Type

to adjacent
enings to be
to be applied
manufacturer
turer but not

ordance with

de directions
erate furnace

equirements,
design of the

e suitable for outdoor installation only shall be marked "For Outdoor Installgtion Only”. A

r or Outdoor

36.7 If any point within a terminal box or wiring compartment in which field installed conductors are
intended to be connected (including such conductors themselves) attains a temperature higher than 140°F
(60°C) during the Continuous-Operation Temperature Test, the assembly shall be marked "For
Connections, Use Wires Suitable for at Least ...°F (...°C)" or with an equivalent statement. The
temperature value shall be in accordance with Table 36.1. The statement shall be legible and so located

that it will be

clearly visible during installation or examination of the wiring connections.
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Table 36.1
Required temperature markings for terminal box or compartment

Temperature attained during test in terminal box or

Temperature marking

compartment
Degrees F Degrees (C) Degrees F Degrees (C)
142 — 167 (61 — 75) 167 (75)
169 — 194 (76 — 90) 194 (90)

36.8 A burner or device equipped with an electrically operated gas vent valve shall include a tag wired to

the standard

a) F{Tsize 374 1nch (19.1 mm) or larger pipe to be run from valve to outside of bul

indod
b) N
c) Pi
d P
36.9 Downflg
marked "Thi{
Flooring.”
36.10 Burne

Device) Must
of

36.11 Each
manufacturer

36.12 If a m
each such ag
as the produ

36.13 A fusd
or a remote-(
shall be visib|

threaded pipe plug in the discharge side of the valve which reads:

r use;

D traps to be provided in pipe;

ping shall terminate away from all windows and doors; and

ovisions shall be made to prevent rain and foreign objects frem entering vent
w furnaces which require a separate base for installation on combustible flo

Furnace Must Be Placed on Special Base Paft *No.... When Installed on

s or devices furnished without a gas pressure regulator shall be marked "Th

pssential individual assembly not™a part of the equipment shall include on the
s or private labeler’s identification and part number.

anufacturer produces cammercial-industrial heating equipment at more than
sembly shall have atdistinctive marking, which may be in code, by which it may
't of a particular factory.

-replacementimarking shall be provided for a replaceable fuse that is part of t

e when the cover or the door of the fuse compartment is opened.

36.14 If a syipplementary fuse is provided in accordance with the exception to 16.4.2 ¢

lmvmmmmwwm

marking specifi

ding if for

piping.

bring shall be
Combustible

s Burner (Or

Be Installed With A Pressure Regulator‘Capable Of Being Adjusted To An Odtlet Pressure

assembly the

one factory,
be identified

he equipment

ontrol assembly. The marking shall specify the current rating of the fuse in amnperes and it

r 17.5.3, the

private labeler's name, catalog designation, and voltage rating.

ufacturer’s or

36.15 If the equipment employs a direct-connected high-voltage control circuit, see 16.2.1, it shall be
marked with the maximum size of an overcurrent device or devices for that control circuit. The rating of an
overcurrent device shall be based on the ampacity of the control circuit conductors, as determined from
the ampacity tables in the National Electrical Code, NFPA 70 for 14 AWG (2.1 mm?) or larger conductors
and shall not exceed 10 amperes for 16 AWG (1.3 mm?2) conductors or 7 amperes for 18 AWG (0.82 mm?)
conductors. The marking shall appear on the wiring diagram, adjacent to the field wiring terminals, or on
the equipment nameplate.


https://ulnorm.com/api/?name=UL 2096 2015.pdf

OCTOBER 27, 2006 UL 2096 79

36.16 If a motor which is connected in a circuit as described by 18.3 is installed remote from its controller,
the rating of the remote motor, the size of the conductors supplying it, and reference to the location of the
disconnect device for the remote motor shall be shown.

36.17 If more than one disconnect switch may be required to disconnect all power within a control
assembly or compartment, the assembly or compartment shall be clearly marked to so indicate. The
marking shall be in letters not less than 1/8 inch (3.18 mm) high, reading essentially as follows:

CAUTION - Hazard Of Electric Shock — More Than One Disconnect Switch May be Required To
Disconnect All Power Other Than NEC Class 2.

The marking
which may b

shall he located where it will he apparent hefore or immprliamly after pylnncing
b connected to different circuits.

the live parts

36.18 If the Winit requires a time-delay fuse, it shall be marked to so indicate.

36.19 Unlesy
burner or de

proper field wiring connections are evident, a wiring diagram'shall be prgvided on the

ice or within the control cabinet.

nduit shall be
ocated that it

36.20 A unit|intended for connection to a wiring system other than métal-clad cable or co
marked to inglicate the system or systems for which it is suitable. The marking shall be so
will be visiblg when power supply connections are made.

36.21 Terminpals for field wiring shall be marked, "Use Copper'Conductors Only, For Use With Aluminum

Or Copper
independent

36.22 If an g
be marked W
pressure of g

36.23 Burne
in gallons pe

36.24 A burr]
less, with a h
marked as fo

Conductors”, or with an equivalent statement, as appropriate. This mark
pf any marking on terminal connectors.

ir-atomizing burner is not equipped.With means to supply atomizing air, the a
ith the minimum volume of air in~eubic feet (m3) per minute and the minim
ir to be supplied.

s or devices furnished without an oil pump shall be marked with the minimum
hour and the minimum Gperating pressure of oil to be supplied.

er or device, firing oil as a main fuel having a guaranteed low fire start of 20 g
igh-fire input,innexcess of 20 gph and equipped with a direct spark ignition sys
lows:

"“Maximum Low Fire Start Input 20 Gal/h (76 liters/h) or Less.”

ing shall be

5sembly shall
Um operating

volume of oil

bh (76 L/h) or
tem, shall be

36.25 Burne

S Or devices furmished-without = primmary oit straimer stattbe mmarkedas fottows:

"Field Installer — The Oil Supply Piping To This Burner (Device) Must Be Provided With A Listed OIl
Strainer Specified Suitable For The Maximum Fuel Input And Oil Grade Marked On The Burner (Device)
Data Plate.”


https://ulnorm.com/api/?name=UL 2096 2015.pdf

80 UL 2096 OCTOBER 27, 2006

36.26 The positions of the fuel selector switch on a combination gas-oil burner shall be identified with the
type of fuel. See 61.8. The "Off" position of the switch, if any, shall also be identified, except it shall not
be marked with a single word "Off" unless all ungrounded circuits to the burner are disconnected when
the switch is in the off position. The wording such as "Burner Off" or "All Fuel Off" is acceptable to identify
the off position if not all the undergrounded circuits to the burner are interrupted.

36.27 If field installation conductors, to be connected to a low-voltage (30 volts) safety-control circuit of a
burner, are required to be wired with Class 1 wiring, a marking to so indicate shall appear on the burner

at the point where such connectors are to be made.

INSTRUCTIONS

37 General

37.1 Operati
These instrug
edition is not

37.2 The ins
necessary to

also be inclugled:

a) D

operating and when it is out of service;

b) D
contr|

c) In
timeq

d) In
balar]

e) A
that i

Ng and installation instructions, or equivalent information, is to be furnisheed with
required.

ructions shall include such directions and information as deemed by the manu
cover the intended installation, maintenance, and use of the-equipment. The f
btailed instructions for testing controls and safety devices both when the equip
btailed instructions on maintenance and sefyice procedures of the equipment,
bIs and safety devices;

structions that all cover plates, enclosures, and guards must be maintained in
, except during maintenance andyservicing;

structions for venting of gas-frain components that require atmospheric air pre
ce a diaphragm;

5, one who is engaged in, is responsible for, or is thoroughly familiar with, the

each device.

tions are to be used as a guide in the examination and test and forcthis”purpgse, a printed

facturer to be
pllowing shall

ment is

including its

place at all

ssure to

statement to the effect that the heating appliance shall be installed by a qualiffed installer,

installation

and ¢peration of cemmercial-industrial gas and or oil fired appliances, who is expelienced in

such
the a

f) A

work, is familiar with the precautions required, and will comply with all the req
uthoritylhaving jurisdiction over the installation;

Lirements of

Heseription of the major components and a general arrangement drawing illust

rating

meth

odof Toumntingthese components, their functions and ormTat Settings;amd

g) Information on the principle of operation of the heating appliance when equipped with the
pertinent emissions reduction equipment.
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37.3 The instructions for a combination gas-oil burner intended to burn one fuel at a time shall include
detailed directions for accomplishing the changeover form one fuel to the other. If this requires manual
opening and closing of fuel valves and manipulation of a switch, proper sequence for their operation shall
be included.

37.4 An appliance that is not equipped by the manufacturer with an operating control shall be furnished
with instructions for installation of the operating control in the field. The instructions shall include

information as to the type of the control and its setting and an electrical circuit diagram for its wiring.

PART Il - BU

RNER ASSEMBLIES

CONSTRUCTION

38 General

38.1 In addi
requirements

39 Assembly

39.1 Except
as a unit as

lion to the requirements specified in Sections 1 — 37, a burner ¢shall con
specified in Sections 38 — 64.

as indicated in 39.2, 39.3, 39.4, 39.6, and 39.7, a burnet’shall be factory-builf
sembly and shall include all the essential parts neeeSsary for its intended f

installed as iptended. The equipment may be shipped as two ef)more subassemblies.

Exception:
provided with

39.2 The bu
Such individy

39.3 A strain

39.4 In acco
burner by thg

39.5 Parts 0|
combustion d
the safety sw

39.6 The b
subassemblig

'he equipment necessary to supply atomizihg-air to an air-atomizing burner
the assembly if the burner is marked in adcordance with 36.22.

‘ner may incorporate individual assemblies which are installed remotely fror
al assemblies shall be marked in accordance with 36.11.

er needed to protect small orifices need not be provided with the burner. See

rdance with clause 39.1, _the complete primary safety control shall be furnish
burner manufacturer.

f a safety contfol-that are required to be burner-mounted shall be factory-at
etector is bufner-mounted but the safety switch is not, the burner shall be marK
itch with which it is to be used.

irner~equipment, if not manufactured as a unit assembly, shall consi
s.as”practicable. Except as indicated in 39.7, each subassembly shall be cap

hply with the

and shipped

Linction when

need not be

h the burner.

43.1.

ed with each

ached. If the
ed to declare

5t of as few
able of being

incorporated

readity ardcorrectty o the fimat—assembty without Tequiring—atteratior, cutti

g, threading,

welding, or similar tasks by the installer. Two or more subassemblies which must bear a definite
relationship to each other for the proper and safe operation of the equipment shall be designed and
marked so that they may readily be incorporated into the final assembly in their correct relationship.
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39.7 Burner piping components such as the main automatic gas shutoff valve, main manual gas shutoff
valve, pressure regulator, etc., may be furnished as separate parts provided they can be joined in the field
with standard piping. The standard piping may be furnished, cut, and threaded by the field installer.

39.8 The burner shall provide a uniform and definite supply of fuel and air for combustion when installed
and adjusted in accordance with the manufacturer’s installation instructions. The means for regulating the
supply of air and oil shall be arranged so that the adjustments may be fixed or restricted in a manner to
prevent accidental changes in settings.

39.9 The burner and/or subassemblies shall incorporate provisions for support, adjustment, and attaching
to the heating plant or to the foundation on which it rests in order that installation can be so made as to

prevent its twisting, sliding, or dropping out of the intended position.

39.10 A bunLer of the "swing-type” shall be provided with means for locking the burne

position and,

39.11 An ad]

usted or movable part shall be provided with a locking device té prevent accid

39.12 The base or frame on which burner parts are mounted shall be ¢qnade of noncombus

39.13 Bolt h

39.14 Burne
temperature

39.15 A ribb
replaced with

39.16 The b
temperature
than 1100°F
39.17 Main |

39.18 Screw|
of holding up|

bles shall not intersect gas ways unless provision ismade to provide gas tight

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

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

irner orifice and orifice holder_shall be made of a material having a melting
Df not less than 1450°F (787%.8°C) for use with manufactured and mixed gases
593.3°C) for natural LP-Gas) and LP-Gas-air mixtures.

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

5 or bolts used (to,attach parts which are detached for servicing of the burner sh
pbn the application of the torques indicated in Table 39.1 after removal and rep

in the firing

for an automatically-lighted burner, to prevent it from discharging fuel when in ¢ther than the
firing position.

ental shifting.
tible material.
ness.

point, solidus

cleaned, and

point, solidus
and not less
full threads.

hll be capable
lacement.
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Table 39.1

Torque requirements for screws or bolts

American standard screw size Torque 1.S.0. screw Torque
size
No. mm Lb-In N-m mm N-m Lb-In
_ - - - 4 18 14
8 4.2 18 2.0 45 2.6 23
10 4.8 30 3.4 5 4.2 37
Inch mm
1/4 6.4 100 11.3 6 8.7 77
- - - - 7 15.0 133
5/16 7.9 200 22.6 8 235 208
- - - - 9 33® 297
3/8 9.5 350 39.6 10 452 400
7/16 11.1 575 65.0 12 81.0 715
1/2 12.7 850 96.0 14 128.0 1130
9/16 14.3 1200 136.0 - - -
5/8 15.9 1600 181.0 16 185.0 1640

39.19 Flame|spreaders and flame spreader supports used with upshot type burners shall be constructed
so that they ¢annot be incorrectly fitted together, or they shallddevmarked to indicate the cqrrect method
of assembly.|When it is necessary for service or assembly taxremove the flame spreader. It shall not be
threaded to ifs support unless the support is readily removable.

39.20 Flame| spreader supports used with upshot type burners shall be so constructed that the flame
spreader cannot be supported at other than the cortect distance above the burner.

39.21 Burnefs shall be provided with meansto prevent disintegrated ceramic flame sprepder material
from falling ifto the burner port(s). They shall also be designed so that disintegration of th¢ ceramic will

not cause a lhazardous change in the @perating characteristics of the burner.

39.22 Joints|in the pressure zone.or-in the burner head of a burner assembly, shall be gasight and shall

not depend f¢r mechanical strength nor primarily for tightness on cement or other sealing m

terial, except

where such jpints form part(of'the port area. Joints shall be bolted, screwed, machined, welded, brazed

or of equivalgnt construction:
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40 Accessibility for Servicing

40.1 All parts requiring adjustment or manipulation by the user in the course of operation of the burner
shall be accessible and easily moved. Any part that may normally come in contact with the operator’'s
hand during usage shall be free from sharp edges or projections and projecting sharp screw ends.

40.2 Accessibility shall be afforded to all burner parts, controls, and safety devices requiring servicing.
The disposition of parts in the assembly removed for servicing shall be such that their restoration,
following removal, will not necessitate their realignment to secure their intended relationship with other
parts of the assembly. Special facilities that may be required for servicing to be performed by the operator

shall accomp

any the burner to the user.

40.3 A firing
replaced for
atomizer or n

41 Fan Hous

41.1 A fan h
durability to

41.2 A hous
provided with

41.3 Anairt
the nozzle sh

assembly, atomizer and nozzle assemblies, and the [like, intended to be
Servicing shall be constructed so that, upon replacement, the assembly will s§
0zzle to its correct position.

ings and Air Tubes

ousing and an air duct shall be made of noncombustible material having the
ot be damaged during test under these requirements.

ng in which oil leaking from any oil-handling part of.thé assembly may accum
an open drain, that is, an inverted fan housing oravgun-type burner.

all drain to the fire box. A drain shall be |lo¢ated to avoid blockage by refracto

41.4 The exterior portion of a firing head within 6 inches (152 mm) measured parallel to its

firing end an
shall be mad

41.5 An outg
strength, rigic
having a thic
of not less th

i all parts which may be in contact with masonry when the burner is installed
b of iron or steel. Interior parts_shall be made of materials conforming with 6.1

r shell of a blast tube orfiring head, if made of sheet metal, shall be such
ity, durability, resistance.té corrosion, and other physical properties equivalent
ness of not less than 0.053 inch (1.35 mm) or Type 309 stainless steel havin
an 0.026 inch (0.665mm).

emoved and
[f-restore the

strength and

ulate shall be

ibe of a gun-type oil burner shall prevent the ‘aecumulation of oil within it. Any drippage from

Iy or cement.

axis, from the
as intended,
— 6.6.

as to assure
to sheet steel
g a thickness
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42 Combustion Air Controls

42.1 An air shutter shall be capable of being adjusted readily to any desired setting and be provided with
means for preventing accidental change in setting.

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

42.3 An air shutter shall provide for a reasonably smooth surface between the shutter and the matching

face.

42.4 Sheet n
air shutters al
right angles (¢

42.5 An air g
or corroding
material.

42.6 An adju
and the mea

42.7 A burne
equipment, s
air-gas ratio

42.8 Linkags
ratio and to r

42.9 If airun
means shall

gas and air s
available and

netal air shutters shall be of a thickness not less than 0.0254 inch (0.65 mm):
Fe of a thickness less than 0.0508 inch (1.29 mm), they shall have the outer ed
r be otherwise properly reinforced.

hutter shall by its design or assembly and selection of materials‘be"guarded ag
n position. Screws or bolts used for attaching or adjustment:shall be of corro

stable part shall be guided to prevent its movementftem its normal path durin
hs for adjusting the part shall be readily accessible,

r assembly, when adjusted according to the*manufacturer’s instructions furni
nall maintain complete and stable combustion at all firing rates called for by the
controls.

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

fder pressure is mixed with:theé gas supply in a mixer and is automatically contrg
pe provided to prevent air_from passing back into the gas line, or gas into the a
Lipply shall be suitably controlled to prevent gas from entering burners until the
, in the event of aixfailure, to shut off the gas supply.

42.10 If air f

r combustiofnis supplied mechanically by a source from which the flow may b

provision shgll be madglto shut off the fuel supply to the main burner and pilot assembly u
the air supply. For alburner assembly having an input in excess of 2,500,000 Btu per hour
loss of combustion.air shall result in safety shutdown so that a manual reset is required {
burner operation:

f sheet metal
ges turned at

ainst sticking
sion resistant

j adjustment,

5hed with the
input and the

orrect fuel-air

lled, effective
r supply. The
air supply is

e interrupted,
pon failure of
(732 Kw) the
0 restore the

Exception: Fuel shutoff and safety shut-down, if applicable, upon failure of combustion air is not required
for a burner that is equipped with a supervised secondary pilot as described in 55.8.

42.11 An oil burner having an input in excess of 20 gph (76 L/h) shall be provided with an interlock which
shuts off the burner and causes safety shutdown upon loss of combustion air, so that a manual reset is
required to restore the burner operation when the combustion air is reestablished. See 42.14.
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42.12 For an oil burner having an input not in excess of 20 gph (76 L/h) for which combustion air is
supplied by a forced or induced draft fan which is not integral with the burner motor shaft, the loss of
combustion air shall result in shutting off the fuel. The burner operation may be resumed automatically
when the combustion air is reestablished.

42.13 For requirements for mechanical draft oil burners not equipped with a combustion air interlock in
regard to operation during the interruption and restoration of the combustion air supply see 63.3,
Combustion air failure test — Test No. 3.

42.14 With respect to 42.10 and 42.11, loss of air during prepurge or any time at start-up prior to delivery
of fuel, need not result in safety shutdown. However, no delivery of fuel shall be initiated before the
combustion air flow has been reestablished and the required prepurge has been completed. See 56.1 and

56.2.

42.15 A gas-
or 56.2.1, as
continuous p
lighted and b

42.16 The fd

with Section
a) A
b) A
indef
43 Fuel Stra|
43.1 A sma

accordance V|

burning appliance shall be equipped to provide preignition purging in aceordan
applicable, except such preignition purging is not required if the deyice’is eq
lot and the assembly is arranged so that any and all gas from thediner ports
urned.

llowing types of mechanical draft oil burners shall include, a-prepurge period i
b6 before the ignition and fuel deliver are initiated:

burner having an input in excess of 20 gph (76 L{/h);

endently of the burner.
ners

| orifice or other opening in_an oil-supply system shall be protected by
ith the requirements of 43.2<(43.12. The strainer need not be provided with thg

e with 56.1.1
Lipped with a
will be safely

N accordance

burner having an input in excess of 7 gph (26:5 L/h) when the oil pump opergtes

a strainer in
e burner if the

marking on the burner or the installatien’ instructions furnished with the burner specify that a strainer

suitable for t
installer.

he maximum fuel input\and grade of oil marked on the burner shall be prg

43.2 The largest opening of'the’strainer element shall be of such size that its larger dimens

greater than

43.3 For the|
valve shall bg
2 oils are use

D0 percent ofithe smaller dimension of the smallest fixed opening protected b

purpase Jof these requirements, a metering valve, a float valve, and an aut
cansidered as a fixed opening, having a diameter of 1/32 inch (0.79 mm) whg
d, ard 1/16 inch (1.59 mm) when Nos. 4, 5, and 6 oils are used.

vided by the
on will be not
y the screen.

bmatic safety
n Nos. 1 and

43.4 A primary strainer shall be based on the maximum firing rate of the burner and the heaviest grade
of fuel for which the burner is intended.

43.5 The effective area of a screen (total area of screen openings), shall not be less than as indicated in
Figures 43.1 and 43.2. A strainer shall be applied so that there will be no air trapped therein to affect rate
of fuel flow to the burner or reduce the effective area of the straining element.
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Figure 43.1
Strainer area for * No. 1 fuel oil
15
9V
Z
I 10
<
w
@
<
xx
w
=z
<
[0
»n 5
=z
w
a
(@]
0
D 5 10 15 20
FIRING RATE — GALLONS PER HOUR
S2161
No. 1 Oil

Gallons Per Hour Firing Rate

*As designated by Standard Specification for Fuel Oils, ANSI/ASTM D396-1997

Note: 1 square inch = 6.45 cm?

1 gallon=3.79 L


https://ulnorm.com/api/?name=UL 2096 2015.pdf

88 UL 2096 OCTOBER 27, 2006
Figure 43.2
Strainer area for * No. 2 fuel oil
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43.6 The effective area of a screen is not required to be greater than the maximum value shown in
Figures 43.1 — 43.3, regardless of the burner firing rate, but in any case the strainer is not to impair the
flow of fuel supplied to fire the burner at maximum rated input.

43.7 A strainer employing an element other than a screen shall have a rated capacity not less than the
maximum firing rate of the burner to which it is applied.

43.8 When two strainers installed in series are provided instead of a single primary strainer, each shall
be of approximately equivalent size, and the screen area or rated capacity of each shall be 1.4 times that
required for a single strainer. The strainer downstream from the other shall be equipped with a screen or
element in which the size of the individual straining opening is not larger than 90 percent of the size of the
straining opening in the element of the other strainer.
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Figure 43.3
Strainer area for* Nos. 4, 5, 6 fuel oil
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43.9 A secondary strainer, one supplementary to the main strainer, smaller in area than required in 43.5
may be used in the fuel line, downstream from the primary strainer.

43.10 A strainer shall be applied to permit the removal and replacement of the straining element. The
force necessary to open a strainer shall not permanently distort the lines or assembly to which it is
attached.

43.11 A strainer required for the protection of an automatic safety valve or a float valve shall be furnished
as part of the assembly incorporating such valve.

43.12 Pipe or other fuel conduit used to connect a float valve, metering valve, or safety valve to the

protecting strainer shall be free of dirt and scale at the time of assembly.

44 Fittings, gnd Piping and Tubing
44.1 An opehing threaded for pipe connection shall be threaded in accordance with the|Standard for
General Purgose (Inch) Revision and Redesignation of Pipe Threads, ANSI/ASME B1.20.1{1983.
44.2 An opehing for field attachment to pipe larger than nominal 3 inch<ANSI/ASME B1.20.1 pipe size
shall be provided with a flanged pipe connection conforming to Class 25,125, 250, and 800 (requirements
of the Standgrd for Cast Iron Pipe Flanges and Flanged Fittings, ANSI/ASME B16.1-1989.
44.3 A fitting, other than one conforming with the appropriatevAmerican National Standard, having
openings thrgaded for pipe connections, shall be capable of withstanding, without damage of leakage, the
turning effort|(torque), see Table 44.1, exerted as if to screw'the fitting onto a pipe or into g pipe fitting.
Table44.1
Torque requirements;for pipe connections
Pipe size AN$I/ASME Outside diameter Torque
B36.10M
Nominal inghes Inches (mm) Pound-inches N-m
1/8 0.405 10.29 150 17
1/4 0.540 13.72 250 28
3/8 0:675 17.15 450 51
1/2 0.840 21.34 800 90
3/4 1.050 26.67 1000 113
1 1.315 33.40 1200 137
1-1/4 1.660 42.16 1450 164
1-1/2 1.900 48.26 1500 175
2 2375 60-33 1659 186
2-112 2.875 73.03 1750 198
3 3.500 88.90 1800 203
4 4.500 114.30 1900 215

44.4 A tool which fits snugly about the fitting, or to a section of the shank shaped for a wrench, if such
section is provided, is to be utilized to apply the turning force. The turning force is to be applied to the hex
of the fitting adjacent to where it is attached to piping or, if no hex is provided in this position, to the body
of the fitting. The measured torque specified in Table 44.1 is to be applied to the fitting to screw it onto an
extra-heavy pipe or into a pipe fitting of appropriate size. After the force has been applied, the fitting is not
to leak when subjected to a hydrostatic pressure equivalent to one and one-half times the maximum
working pressure.
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44.5 Tapped holes for gas valves, pilots, or other branch supply lines shall have not less than 3-1/2 pipe
threads.

44.6 Iron or steel, gas-supply pipe employed on devices shall comply with the Standard for Welded and
Seamless Wrought Steel Pipe, ANSI/ASME B36.10M-1996. If brass or copper pipe is employed, it shall
be dimensionally equivalent to iron pipe. Substantial malleable iron, steel, brass, or copper pipe fittings

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

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

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

449 Bent sU
cross-section
if necessary

44.10 Tubing
contour of thg
fittings with g
be used.

44.11 If a ve
piping shall b
instructions 9

44,12 Seam|
equipment sh
less than tha

44.13 Alumir
(371.1°C) an
neutral reacti

44,14 Steel
outside diam

al area, shall reveal no imperfections occasioned by the bending procegs;.shal
0 remove internal stresses; and shall be cleaned inside to remove lgpse parti

shall be arranged to avoid being physically damaged, such‘as-by closely
burner assembly. Tubing connections shall be made by means.of compressio
teel or brass nuts. A fitting requiring the use of a gasket to“ebtain a gas-tight

rtical section of piping is supplied on the upstreamside of the gas controls,
e supplied by the manufacturer. If a vertical section of piping is not supplied, t

ess drawn aluminum or copper tubing 'employed in the fabrication of facto
all be not less than 1/4 inch (6.35 mm):outside diameter and shall have a wall
shown in Table 44.2.

um tubing shall not be exposed to condensate or to temperatures in exc
H shall not be acceptablefor use where it passes through insulating material
pn unless the tubing is adequately protected from the insulation.

ubing of the seamless, brazed, or welded type shall be not less than 1/4 in
pter and shall iave” a wall thickness not less than shown in Table 44.2.

pply piping shall have the bends smoothly made without any appreciable retliuction in the

be annealed
es.

following the
h or flare type
oint shall not

a trap in this
he installation

hall require the installation of a trap at the inlet-of the gas connection of the unit.

y assembled
thickness not

pss of 700°F
of other than

th (6.35 mm)
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Table 44.2
Wall thickness for aluminum, copper, and steel tubing

Outside diameter, Minimum wall thickness, inches 2 (mm)

inches (mm) Aluminum and copper Steel

1/8 (3.2) 0.029 (0.74) 0.028 (0.71)
3/16 (4.8) 0.029 (0.74) 0.028 (0.71)
1/4 (6.3) 0.029 (0.74) 0.028 (0.71)
5/16 (7.9) 0.029 (0.74) 0.028 (0.71)
3/8 (9.5) 0.032 (0.81) 0.028 (0.71)
7/16 (11.1) 0.032 (0.81) 0.028 (0.71)
1/2 az.7) 0.035 (0.89) 0.028 (0.71)
9/16 (14.2) 0.038 (0.96) -

5/8 (15.9) 0.038 (0.96) 0,035) (0.8P)
3/4 (19.1) 0.045 (1.14) 0,085 (0.8P)
7/8 (22.2) 0.045 (1.14) 0.049 (1.21)
1 (25.4) 0.049 (1.24) 0.049 (1.21)
1-1/8 (28.6) 0.049 (1.24) 0.049 (1.21)
1-1/4 (31.7) 0.055 (1.40) 0.049 (1.21)
1-3/8 (34.9) 0.055 (1.40) -
1-1/2 (38.1) - 0.065 (1.6p)

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

44.15 Steel
corrosion res
to resist exte

44.16 Cadm
where thread
shall be not
0.0005 inch

case the thic

44.17 Copps
tinned or ed
temperatures

44.18 Flexib]
employed. ItS
flexible conne

fubing having a wall thickness of 0.053 inch<(1.35 mm) or less shall be ¢
stant material such as stainless steel or shall’be plated, dipped, coated, or othd
nal corrosion.

um plating shall have a thickness-of'not less and 0.0003 inch (0.0076 mm) ex
5 constitute the major portion of the area, in which case the thickness of the cag
ess than 0.00015 inch (0.0088 mm). Zinc plating shall have a thickness of

ness of the zinc platingsshall be not less than 0.00015 inch.
r tubing or tubingwith internal copper surfaces, used for conveying gas, shal
uivalently treated to resist sulphur corrosion. Such tubing shall not be

in excess @f\3850°F (176.7°C).

e metallic hose is not considered a substitute for rigid piping or tubing
use should be confined to applications where rigid piping or tubing is impractid

ctions cannot be avoided. It is not intended to be subjected to torsional, tensile

pnstructed of
rwise treated

ept on a part
imium plating
not less than

0.013 mm) except on a partwhere threads constitute the major portion of the area, in which

be internally
exposed to

as ordinarily
al and where
or excessive

vibration or bending sfresses or to abrasion. Tt is not considered suitable Tfor use in conjunction with safety
devices or where bending is caused by automatic operation.

44.19 A fuel line shall terminate in a manner which will permit connection to the burner assembly. A fuel
line opening shall be plugged or capped to prevent entrance of foreign material prior to installation.
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44.20 A coupling or union which is disconnected for service shall be located so that any oil dripping from
the connection will not drip or run onto electrical parts.

44.21 A 1/8inch (3.18 mm) iron pipe size or larger plugged tapping, accessible for test gauge connection,
shall be furnished downstream from the last main line gas control for measuring gas pressure at the
burner.

45 Valves and Regulators

45.1 Automatic safety shutoff valves — General

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

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

45.1.3 An el¢ctrically operated safety shutoff valve shall not depend on electricity to shut off the fuel flow.
45.1.4 A prepsure operated safety shutoff valve shall close upon failure"of pressure.
45.1.5 A bypass to provide for minimum flame may be installed’areund a valve used to regujate fuel input
only. A bypaps shall not be installed around a safety shutoff, valve or a combination inpyt control and
safety shutoff valve.

45.2 Oil valves

45.2.1 An adtomatic oil safety valve shall have a\shut off time not to exceed that shown in Tgble 55.1 after
being de-energized.

45.2.2 The dl fuel train of each assembly’having an input in excess of 3 gph (11.4 L/h) shall be provided
with two oil safety shut-off valves or one safety shut-off valve and a nozzle cut-off valve. The|closing times
of the shut-off valves shall not exgeed the timings specified in 45.2.1. The pressure rating ¢f the shut-off
valves shall not be less than thexmaximum pump pressure.

45.2.3 A safe¢ty shut-off yvalve that is responsive to pressure variations in a hydraulic or pneymatic remote
control system shall clgse*upon failure of pressure in the control system.
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45.3 Gas valves

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

a) Either two valves in series, one of which is a safety shutoff valve, or one safety shutoff valve
of the type incorporating a proof of closure switch, when the maximum firing rate per
combustion chamber does not exceed 2,500,000 Btu per hour (732 Kw). The two valve

arran

gement may be incorporated into a single control body;

b) Two safety shutoff valves in series, or one safety shutoff valve of the type incorporating a

proof
2,50(

c) T
closu
per h
12,5(
shall
vent

Exce
valve
leak,

45.3.2 Each
a main line c

45.3.3 Gas S
Table 55.1.

45.3.4 Mean
position.

of closure switch, when the maximum firing rateé per combustion chamber exd
,000 Btu per hour but is not more than 5,000,000 Btu per hour (1.46 MW);.0r

vo safety shutoff valves in series, one of which is of the type incorparating a p,
re switch when the maximum firing rate per combustion chamber-exceeds 5,0
our. Burners having a maximum firing rate per combustion chamber in excess
0,000 Btu per hour and equipped to fire fuel gas having a spegcific gravity less
also include a normally open 3/4 inch (19.1 mm) or larger, electrically operated
ine located between the two safety shutoff valves.

ption: If an automatic valve proving system is {nstalled to verify that both
s are leak-free during each burner cycle and feinctions to prevent light-off in {
a normally open vent valve is not required tobé used.

bmbustion gas valve.

afety shutoff valves shall shut offyafter being de-energized within the time limit

5 shall be provided to facilitate testing automatic gas valves for leakage when

eeds

roof of
00,000 Btu
of

than one
valve in a

safety shutoff
he event of a

pilot supply line shall be equipped with a‘safety shutoff valve. This may be inc¢rporated into

s specified in

in the closed
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45.3A Automatic valve proving systems

45.3A.1 When an automatic valve proving system is utilized, it shall comply with the requirements of
45.3A.2 — 45.3A.5, as applicable.
45.3A.1 added August 13, 2012

45.3A.2 Valve proving is to be verified by a pressure operated switch, or a pressure sensor and controller
complying with the requirements of the Standard for Limit Controls, UL 353 or the requirements for
protective controls in the Standard for Automatic Electrical Controls for Household and Similar Use, Part
1, General Requirements, UL 60730-1. The pressure-operated switch shall be of the automatic reset type,
suitable for use with the type of gas marked on the rating plate, and have an operating pressure range

adequate to perform the valve proving check feature of the system.

45.3A.3 Autg

verified as hqving an opening time adequate to perform the valve proving check(feature al

45.3A.4 and

45.3A.4 1t sh
shutoff valves
volume betw

45.3A.5 A by
purpose of fil
verified, by te
during a call

45.4 Manual

45.4.1 A mal
installer or m
which can b
discourage t4
intended only

45.4.2 A plu
seal to the e

45.3A.2 added August 13, 2012
matic valves utilized with the operation of an automatic valve proving”’ sys

hall comply, as applicable, with the time limits of Table 55.2.
45.3A.3 added August 13, 2012

all be verified following assembly, that the valve opening time of the electr
, as required by 45.3.1, is adequate to perform the valve/proving check featu
ben the two valves.

45.3A.4 added August 13, 2012

pass valve shall not be installed in parallel with the automatic safety shutoff

ing or evacuating the main gas supply pipidg during the valve proving test, un
st and/or a review of the wiring schematic’of the unit, the bypass valve cannot
for heat.

45.3A.5 added August 13, 2012
y operated valves — Oil

nually-operated fuel-metering valve shall be provided with a means that may
anufacturer to restrict the maximum amount of fuel delivered to the burner {
consumed as_intended, or the means for adjustment shall be enclosed d
impering after adjustment has been made by the installer. This does not app
for commercial or industrial installations not open to the public.

a)

) or rotating-disc type valve, employing the bearing surface of the plug or disg
tetior,of the valve body, shall not be used in a fuel oil line.

tem shall be
5 specified in

ic gas safety
e for the gas

alves for the
ess it can be
be energized

be set by the
0 an amount
r shielded to
y to a burner

as the liquid

45.4.3 A petcock or valve which, when open, will permit the discharge of fuel oil into the room shall not

be used.
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45.5 Manually operated valves — Gas

45.5.1 Manually operated main shutoff and pilot shutoff valves shall have an attached handle which is
positioned parallel to the gas flow when the valve is in the open position. These valves shall be located
so that they are accessible. These valves shall be stamped and/or marked for their specifically designed
use (such as "g" for gas, or "wog" for water, oil, or gas), and they shall have indicated ON and OFF
positions. These indications may be by means of a line on the valve stem which is parallel to the flow of
gas when the valve is open and perpendicular to the flow of gas when the valve is closed. The valve shall
also incorporate stops for both fully open and fully closed positions.

45.5.1 effective January 30, 2009

45.5.2 A manually operated main burner shutoff valve shall be installed in the line supplying all main
burners of each gas device and shall be located upstream of main burner gas control and aufomatic safety
shutoff valves. Another manually operated gas valve shall be installed in the gas line of\th€| main burner,
located downistream of all automatic safety shutoff valves to permit the testing of thessafety ghutoff valves
for leakage.

45.5.3 A manually operated pilot shutoff valve shall be located in the gas supplyline to the gilot burner(s).
45.6 Pressute regulators — Oll

45.6.1 A prepsure-regulating valve shall incorporate a means of-shielding or locking the adjustment to
discourage tgmpering by unauthorized persons after being set.{Phe valve shall be constructgd so that the
maximum pregssure of oil at the maximum valve setting will Ret exceed the intended maxinfum pressure
for the burnef.

45.6.2 A norzle shutoff valve of the automatic type-shall close at a pressure above the minimum
atomizing prgssure of the burner.

45.6.3 A presgsure-relief valve shall be connected into a fuel line in which pressure may build up in excess
of that intended by the design, because ofthe closing of any valve in the assembly of the byirner or when
the oil is heajed by a preheater.
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45.7 Pressure regulators — Gas

45.7.1 Spring or weight loaded regulators shall have springs or weights covered by a housing. A weight
and lever type of regulator shall not be used.

45.7.2 The diaphragm housing of a gas pressure regulator shall be made so that a vent pipe may be
connected. See Marking, 36.8, for tagging of vent line connection.

Exception: When the gas pressure regulator is provided with an integral leak limiting orifice, the vent pipe
connection and marking of the connection need not be provided.

45.7.3 Except as indicated in 45.7.4, a gas pressure regulator(s) shall be furnished.

4574 A buvlner or device may be furnished without a pressure regulator provided it is

marked to de
pressure shaj

46 Stuffing B
46.1 If packi

46.2 — 46.11
to prevent lez

46.2 A stuffipng box shall be provided with a removable, shouldered, unthreaded follower g

a nut, spring
wear occurs.

46.3 A stuffin
46.4 If an ad
be such that

the device frg

46.5 An autd

or one coated to retard corrosiof.

46.6 The phy
not less than

clare that a regulator capable of being adjusted to the equipment’s desighed by
| be installed at the time of installation of the equipment. See 36.10.

oxes
Ng is used to prevent leakage of fuel oil around a shaft or stem, a stuffing box

shall be used if the construction is such that it is necessary to adjust or reney
hkage during usage or as wear occurs.

takeup, or equivalent means for adjusting thé<gland to maintain pressure on th

ustable stuffing box is used to seal an automatically-actuated stem of a safety ¢
any allowable adjustment of the packing take-up will not bind the stem sulfficier
m functioning automatically:2A gland shall be spring-loaded.

matic spring take-up.for a gland shall employ a spring made of corrosion-resi

sical characteristics of a take-up spring shall be such that it will advance the
one-half 4{s-possible travel from its initial setting with the spring compressed.

46.7 At the
prevent leak

dvan€ed position of the gland, a take-up spring shall not require adjustment
ge\from the stuffing box when tested under pressure of one and one-half tim

permanently
rner manifold

conforming to

v the packing

and and with
e packing as

g box for an automatically-operated stem shall be constructed to avoid binding of the stem.

evice, it shall
tly to prevent

stant material

jland through

of the nut to
es maximum

rated pressure:

46.8 A stuffing-box gland shall be made of corrosion-resistant material. The assembly of parts shall be
such as to result in compressing the packing against the stem when the stuffing box nut or yoke is
tightened.
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46.9 Before shipment, a stuffing box shall be fully packed with pliable packing material, the impregnation
of which is not adversely affected by contact with fuel oil.

46.10 The structure shall be such as to permit repacking the stuffing box without requiring the assembly
to be dismantled, and threads of a stem shall not enter the stuffing box recess.

46.11 A manually-operated stem shall not back out, nor shall threads of a stem enter a stuffing-box
recess, when the stem is rotated or reciprocated in any allowable manner even though an adjustable

packing nut or other take-up is disengaged.

47 Bleeds and Vents

47.1 A bleed
pressure intg
balance a dig
manufacturer
of a regulatot
mm) outside

47.2 Bleed i
the combusti
of 1450°F (7
flame and thg
be securely h

47.3 A vent

ine from a diaphragm valve and an atmospheric vent line from a gas-press
rlock switch or any other gas train component that requires atmospheric, ai
phragm, shall be provided with threaded pipe connection for venting in-accord
S instructions. Unless the burners are equipped for constant-burningcpilot only
shall not vent into the combustion chamber. Bleed lines shall be febless than
diameter tubing.

hes from diaphragm control valves and vent lines from gas-pressure regulators
bn chamber shall terminate in burner tips made of a metal having a melting p
B8°C). They shall be located so that the escaping gas will be readily ignited
b heat liberated will not impair the operation of the’thermal element. Bleed line
eld so that the ports are in a fixed position relative to the pilot flame.

ine from a gas-pressure regulator shall not/be connected into a common ling

line from a g@s-operated diaphragm or from a relief valve.

47.4 Atmosp
sectional are|
additional ve

47.5 Gas ve
accordance \

heric vent lines, when manifolded, _shall be connected to a common vent line h
A not less than the area of the“argest vent line plus 50 percent of the arg
Nt lines.

nt lines with normally ‘open, fully ported, electrically operated valves shal
yith Table 47.1.

Lire regulator,
I pressure to
ance with the
the vent line
1/4 inch (6.4

that vent into
bint in excess
from the pilot
burners shall

with a bleed

aving a cross
bas of all the

be sized in
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Table 47.1
Vent line sizing
Fuel line size, nominal pipe size, inches Vent line size, nominal pipe size, inches
Up to 1-1/2 3/4
2 1
2-1/12 1-1/4
3 1-1/4
4 2
5 2
6 2-1/2
Q 2
48 Gauges
48.1 A presgure gauge, when used, shall have a scale range of at least one~dand one-half times the

maximum int
as well as t
included as ¢

48.2 A glass
supply syster

49 Ignition S

49.1 The el
constructed 4

49.2 The msg
other materig
accordance \

49.3 The co
withdrawn frd
assembly wit

a) R
meta

b) C

bnded operating pressure of the burner and greater than the maxinium operg
e pressure obtained at the maximum setting of any relief or“pressure-red
art of the burner equipment.

gauge or sight feed, the breakage of which will allow’the”discharge of fuel oil
n, shall not be used.

ystems — General

betric igniter, pilot burner, and pilot ahds-main burner flame-sensing devi
nd supported so that each will be fixed\in its intended position.

ans for ignition shall be so designed and located as to avoid the collection d
[, or the dislocation, distortion}\or burning of parts when the burner assembl
Vith these requirements.

hstruction of a burner- asSsembly shall be such that the igniter assembly m
m and replaced in«the burner assembly during servicing of the igniter assemb
hout resulting in:

bduction ofthe clearances between bare current carrying parts, electrodes, an
parts;

hariges in the air gap at electrode tips;

ting pressure
ulating valve

from the fuel

ces shall be

f carbon and
y is tested in

hy be readily
y and burner

d grounded

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

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

50.1 Except as indicated in 50.2, the lighting of main burner flame shall be accomplished by a pilot flame.
An electric ignition system shall ignite only a pilot.

50.2 For an automatically ignited mechanical draft oil burner, having a maximum main flame hourly input
in excess of 20 gph (75.7 L/h) the lighting of the main burner flame may be accomplished directly by an
electric igniter if the burner is arranged to provide a guaranteed low fire start at a fuel input not exceeding
20 gph (75.7 L/h). The device shall carry the supplementary marking indicated in 36.24.

50.3 The high tension electric ignition system of an automatically-lighted oil burner shall be activated only
before or simultaneously with the delivery of fuel to the ignition zone and shall remain active during the

trial-for-ignitid
51 Gas-Burn

51.1 Except
flame. An elg

51.2 For an
than 5,000,0
accomplisheg
used, complig
that is igniteg

51.3 If the n

n period. See 4.1135.

ing Devices

ctric ignition system shall ignite only a pilot.

DO Btu per hour per combustion chamber, the lighting ©f the main burner fi
directly by an electric igniter if the burner, in conjungtion with the appliance
bs with Delayed Ignition — Test No. 10, 64.10.1 — 64.40.3. However, the maxin

aximum firing rate of a gas burner on whjchsthe main burner flame is lighted

directly by an electric igniter shall not exceed 2;500,000 Btu per hour. See 51.

as indicated in 51.2, the lighting of the main burner flame shall be-accomplished by a pilot

putomatically ignited mechanical draft gas burner having @ maximum firing rate not greater

ame may be
pn which it is
um fuel input
3.

directly by an

electric ignitef exceeds 2,5000,000 Btu per hour per combustion chamber, the initial ignition input shall not
exceed 2,500,000 Btu per hour. The ignition inputishall be controlled by one or more of|the following
arrangements:
a) Allow-fire start-up proved by an_interlock arrangement;
b) Alslow-opening gas valve\airanged so that in 5 seconds after the valve is enerdized the fuel
input|rate to the burner dees not exceed 2,500,000 Btu per hour; or
c) Stfaged fuel input’by-either a step-opening valve or an arrangement of two sepafate valves
(see @5.1.5). The second stage input shall be delayed not less than 5 seconds from the
energization of the first stage.
51.4 The ignftion System for the main burner shall be activated before the delivery of fuel {o the ignition
zone and shallkremain active during the main burner flame-establishing period. If means for|ignition is cut
off at the ternmmatiomof the Taim bormeT ftarme=-establishing period; the Tgmitiorm(pitotand—any pilot or main

flame electric igniter) shall remain off for the duration of that firing cycle and for the purge period required
upon attempting the next firing cycle in accordance with 55.3.
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52 Electric High-Tension Ignition
52.1 Spark igniters

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

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

to 52.2.2.

52.1.3 The ignition system shall be subjected to the test specified in 31.2.1 and 31.2.2.

52.2 EIectroine and bus bars

52.2.1 Bare

52.2.2 An el
proper positid

52.2.3 A set

blectrodes and bus bars shall be self-supporting when in place.

bctrode or bus bar supporting an electrode shall be designed $o that it may
n, and will maintain the desired gap.

screw shall not bear directly against an insulator. The deSign shall be such thg

is not likely t¢ be damaged when tightening the securing means.

52.2.4 An elg
in any chang

bctrode shall be prevented from rotating within itstinsulator, unless such rotation
b in spacing or alignment.

52.2.5 An el¢ctrode tip shall be of such design and material that extreme burning of its point

when the bu
equivalent m

52.2.6 An el
equivalent, tg

52.3 Insulatd
52.3.1 Anin
moisture and

this clause.

52.3.2 Anin

Iner is tested in accordance with these requirements. A high-temperature &
hterial, shall be used for the electrode tip.

bctrode slanting downward toward its insulator shall be provided with a drig
prevent oil running down:thé electrode from reaching the insulator.

rs

sulator shall be'made of ceramic insulating material or the equivalent, impervi
cleanable bytwiping. See 31.3.1 and 31.3.2 for the test method to confirm conf

pe fixed in its

t an insulator

will not result

will not result
llloy steel, or

loop, or the

bus to oil and
ormance with

bulator_shall provide a distance, as measured across the surface of the insul

the nearest f

oint“of bare current carrying parts and the nearest electrically grounded me

or, between

t
J;I surface as

indicated in T

abte 5271
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Table 52.1
Spacing over surface of insulators

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

52.3.3 An insulator included in a proved gas pilot assembly to be energized by a transformer having a
secondary voltage of not more than 6,000 need not conform to 52.3.2 and Table 52.1 if ignition is to be

for combusti

52.3.4 Anin
the burner is

52.4 Leads

52.4.1 Ignitig
the ignition ti
connector to
shall be run i

52.5 Transfo)

52.5.1 A tral
location shal
assembly is i
the case with

52.5.2 A spd
terminal insu

52.5.3 The p
ignition energ
essentially si
acceptability
(rms) value 4
cycles.

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

tested in accordance with these requirements.

ansformer. Each end of a high-tension lead shall be provided with a fixed lo
facilitate and make sure adequate connection to the terminal. A high-tension
ndividually in a manner to avoid sharp bends.

'mers

sformer shall be mounted as closely as\possible to the spark gap to avoid |
be such that it will not be placed within 1 inch (25.4 mm) of the floor whq

in 1 inch (25.4 mm) of the floor is-waterproof.

lcing of at least 1/8 inch (3:2 mm) shall be provided between a transform
ator and any adjacent metal part other than the transformer case.

receding requirements for electric high-tension ignition systems are based up
y that is essentidlly sinusoidal. Other types of systems employing ignition ene
nhusoidal may be considered. Among the factors taken into consideration in dg
of such systems are dielectric properties, electrical spacings, the true root-
ind the peak voltage of the system, the average pulses, duration of the puls

sulator shall be so located that no detrimental accumulations of carbon will\folm on it when

n cable shall have a voltage rating equal to or greater than'the rated secondary voltage of

op, eyelet, or
lead or cable

bng leads. Its
n the burner

hstalled in accordance with the mangfacturer’s installation instructions unless that portion of

er secondary

bn the use of
gy that is not
termining the
mean-square
es, and duty
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53 Gas Pilots

53.1 Except as indicated in 51.1, each main burner unit shall be equipped with a proved pilot to
accomplish proper ignition of the main burner. If multiple burners are operated as a unit, a sufficient
number of pilots shall be employed to accomplish the ignition of all main burners smoothly. The input to
a pilot or the total input to all pilots being ignited simultaneously shall be in accordance with 64.10.1 and
shall not exceed 5 percent of the maximum input of the main burner or total maximum input of all burners
being operated as a unit for the following burners:

a) For an atmospheric natural draft gas burner; and

b) For any burner employing intermittent pilots.

53.2 If the input to a pilot or total input to all pilots being ignited simultaneously exceeds.40D,000 Btu per
hour the burnjer in conjunction with the appliance on which it is used shall comply with-the Delayed Ignition
— Test No. 10, 64.10.1 — 64.10.3.

53.3 A pilot burner shall be so located that fuel oil will not accumulate on or in it'when the Qurner is firing
or when the burner fails to ignite.

53.4 The ga$ supply pressure to the pilot or a group of pilots shall be) regulated separately of the main
burner gas rggulator. The pilot-supply line shall be connected, or arranged to permit connectfon, upstream
from all main{burner valves and the main burner regulator.

53.5 Primary| air openings and orifices shall be accessible<fer servicing.

53.6 A pilot burner, electric igniter, and pilot flame-sensing device shall be supported in such a manner
that their podition relative to each other and to the-ports of the main burner or burners will remain fixed
and means spall be provided to prevent the accidental incorrect assembly or mounting of arfy pilot burner
in relation to the burner being served.

53.7 Clearar]ce shall be provided for removal and replacement of the pilot burner without kipking the pilot
gas tubing.

53.8 If a pilof burner supply line\is'taken from a horizontal line, the connection shall be mad¢ either at the
side or top of the pipe. The(pilot supply line shall be connected upstream of all main burng¢r valves and
regulators.
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54 Control Applications

54.1 A safety-control circuit shall be two-wire, one side grounded, having a nominal voltage of 120. A
safety control or protective device shall interrupt the ungrounded conductor.

54.2 ltis the intent of the requirement in 54.1 that a short circuit or combination of short circuits to ground
will not render a safety control or protective device inoperative. Safety control circuit arrangements other
than described in 54.1 may be considered if they accomplish the intent of this requirement.

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

in 54.1 shall provide equivalent protection.

54.4 The req
extension of

54.5 A contr
can be prote(
components

54.6 All safe]

54.7 A safet
the intended

is in its inteng@led location.

54.8 Nothing

54.9 Where
controls or it

primary safety control. For systems where' the reset feature is remote from the limit control

be provided t

54.10 A fuel
manual restal
of an interrug

54.11 A fuel
or temperatu

uirement of 54.1 does not apply to a supervised circuit within a safetyrcon
Such circuit to a separate element of the control, such as a flame-sensing.dev

bl circuit shall be arranged so that it may be connected to a powersupply bran
ted against overcurrent at not more than the value appropriate for the rating of
ncluded in the circuit.

fy controls shall be accessible.

control shall be supported in such a manner thabit-and its sensing element
position. It shall be possible to determine by observation or test whether or no

50 specified, safety shutdown may be provided either by employing manual re
may be effected remotely by-utilizing the manual reset feature of another contrg

0 indicate the limit contral)has operated when it causes safety shutdown.
burning device noetequipped to provide automatic restarting shall be arrang
't after any contral-functions to cause the fuel supply to be shut off and followi

ted power supply.

burning_device shall permit installation with a limit control(s) to prevent exces
e in the appliance being fired.

trol or to the
ce.

ch circuit that
the electrical

will remain in
each control

shall be provided for the purpose of permitting any safety control to be rendered ineffective
or allowing fifing of the burner without the protection’of each of the required safety controls

set type limit
[, such as the
means shall

ed to require
hg restoration

Sive pressure

54.12 The c

TitrotTircuit of & burmer mtended—for use with—a firmit controt-witichfonctions

0 interrupt or

reduce the delivery of fuel for combustion by opening an electrical circuit shall be arranged to permit the
limit control to be wired into the circuit so as to effect the direct opening of that circuit, whether the
switching mechanism is integral with the sensing element or remote from same.
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54.13 The purpose of the requirement in 54.12 is to prevent interposing in the limit-control circuit other
controls, the failure of which may result in a condition the limit control is intended to prevent. For this
purpose, a limit control may interrupt the pilot circuit of a magnetic-type motor controller which, in turn,
directly opens the desired circuit when it is necessary to interrupt a single-phase circuit carrying a load
greater than the capacity of available limit controls, or to interrupt a multiphase circuit.

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

54.15 A fuel burning device circuit shall be arranged to prevent feedback by a motor capacitor, or similar
device from ¢nergizing a fuel valve or ignition device.

55 Primary Safety Controls

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

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

a) Ppwer burners and mechanical draft atmospheric gas“burners having an input i excess of
2,500,000 Btu per hour (732 Kw) firing gas, in excess.of 20 gph (75.7 L/h) firing oil

b) Anpy type of burner equipped with a manuallydighted continuous pilot; and
c) Alburner employing direct electric ignition™of main burner gas.
55.3 Following the loss of flame at the point afysupervision and de-energization of the safety| shutoff valve
within the time interval specified in Table 55.2; the ignition means may be automatically reagtivated for an
attempt to resgtart the burner under the-following conditions:
a) For a power burner ora mechanical draft burner having an input not exceeding [2,500,000
Btu ger hour (732 Kw)-firing gas, 20 gph (75.7 L/h) firing oil, after completion of thg purge in
accofrdance with 56¢I.1"or 56.1.2; and

b) For any atmigspheric natural draft gas burner after a 5 minute delay if the burnef has
unrestricted @in passages or after a 90 second delay after opening of an automatic damper.

55.4 A primdry. Safety control shall conform to the requirements of 55.5 — 55.9 and provide |programming
and monitorlunmmﬁanﬁnmmmneﬁmmwme
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Table 55.1

Required programming and timings based on maximum fuel input rating firing oil as a main fuel

Operation

Maximum input

Above 3 to 20 gph (above 11.4 to
75.7 L/h)

Above 20 gph (above 75.7

L/h)

Pilot typ

Prepurge

Postpurge timing

e and flame establishing

Up to 7 gph (26.5 L/h) not required
Over 7 gph required if oil pump
operates independently of the burner.
See 56.1.1

Not Required

Interrupted, 10 seconds maximum if

Four air changes at 60 percent
damper opening and with proven

airflow. See 56.1.2

15 seconds minimum
Interrupted, Nos. 2 and 4 oil

10

period

Main bul
period

Ignited |
Direct ig

Flame f
Ignition

Direct ig
Safety S
after de
Action r
Proven

Combus
Action r
combus
Oil pres

Low ato
supervig

ner flame establishing

y pilot
nition

ilure reaction time,d

by pilot

nition,°

hutoff valve closing time
energization

bquired on flame failure
ow fire start

tion air proving

bquired on loss of

ion air

bure supervision

Mizing media pressure
ion

pilot used

15 seconds maximum®

15 seconds maximum
Intermittent or interrupted

4 seconds maximum

15 seconds maximum for inputs up to
7 gph

4 seconds maximum for inputs over 7
gph

5 seconds maximum

One recycle permitted‘if:-flame failure
response time doestnot exceed 4
seconds.

Not Required

Required’if fan is not mounted on
burner motor shaft

Safety shutdown except may recycle
once. See 56.2.1.

Required if oil pump is remote from
burner motor. See 57.3.

Required unless atomization is
accomplished by oil pump mounted on
burner motor shaft. See 57.3.

seconds maximum, Nos. 5 &
15 seconds maximum?@

10 seconds maximum

Not permitted-except for low
start up_ to 20 gph, in which
seconds ‘fhaximum.d

4 seconds maximum
4'seconds maximum

1 second maximum

Safety shutdown required
Required with direct ignition
input exceeds 20 gph.
Required

Safety shutdown

Required if oil pump is remo|

burner motor. See 57.2.
Required. See 57.2

nd 6 oil,

fire
tase 15

f total

e from

Oil temgerature-supervision High and low temperature supervision required on preheated oil. Excgssive
temperature shall cause safety shutdown.
2 |f it cah-be-demonstrated-by-teststhat-a-burrerequipped-to-fire-Ne—5-or6-oi-reedsmerethant5-seeends for

the main burner flame establishing period in order to avoid nuisance shutdown, the period may be extended to 30
seconds provided not more than 15 seconds of unburned fuel can be discharged during an attempt to establish

the main flame.
b Use of pilot for igniting the main flame is optional for inputs of 20 gallons per hour or less. See 55.12.
¢ See 55.12.
d The flame-failure reaction time is to be considered the interval between the actual flame extinguishment and the
time the safety shutoff device (such as an oil valve) is de-energized.

55.5 The operation of the primary safety control shall be such that after the end of the main burner flame
establishing period the combustion detector is responsive only to the properties of main burner flame.
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55.6 The control system for a burner assembly equipped with a pilot for ignition of main burner flame shall
be arranged so that no gas can flow to the main burner or burner group operating as a unit unless the
pilot is proved. See 53.1.

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

55.8 If a pilot is not proved, the gas to the pilot shall be automatically shut off and safety shutdown
established. In the event of pilot extinguishment the gas to such pilots shall be shut off within the time
interval specified in 55.15. A pilot, independently supervised, having an hourly input of 5000 Btu per hour
or less, intended to light a larger pilot which is supervised in accordance with 55.6 and 55.15, is

acceptable.
55.9 With re
equipped to
after a prepu

55.10 With r

failure no addlitional attempts to relight the burner shall be made and safety shutdown shall

55.11 When
valve is ener
not proved.

55.12 Direct

Exception: |

L/h) if :
a) Tl

b) T
provd

55.13 If burr
control mech
features shal

55.14 With r

Epect to 55.1, for an oil burner having an input not exceeding 20 gph (£5.7 L/
brovide prepurge, on flame failure one additional attempt may be magde 'to ign
'ge in accordance with 56.1.2. If flame is not established, safety shutdown sha
bspect to 55.1, for an oil burner having an input in excess«0f 20 gph (75.7 L
an automatically ignited pilot is used, the pilot flameshall be proved before
pized. Fuel to the pilot shall be shut off and safety shutdown shall occur if the

ignition of the main burner shall not be employed for inputs in excess of 20 g

Direct ignition may be used on a boilersassembly having an input in excess of|

ne initial ignition is accomplished at a input not exceeding 20 gph (75.7 L/h); a

pe input is not increased.until the main flame at the lower input has been esta
pql.

er assembliesare’designed for multiple installation in single devices, the aut
hnism of eachburner assembly shall operate independently of the other, or equ
be provided so that in no case can any one burner operate unsafely.

burners whefe. each section or group is ignited by its own proved pilot and each pilot of
section or gr&pmmmmmwmmrm

pspect.to 55.6, 55.8, and 55.13 for an atmospheric burner consisting of section

h) and that is
te the burner
Il occur.

/h), on flame
occur.

the main fuel
pilot flame is
bh (75.7 L/h).

20 gph (75.7

nd

blished and

pmatic safety
ivalent safety

5 or groups of
main burner

e considered

as an individual burner. If a pilot is not proved during the trial for ignition or if a pilot flame is extinguished
during the burner operation, safety shutdown of that particular section or group only needs to be effected
and the operation of all other groups may continue unaffected, provided the appliance complies with
combustion test requirements in 64.1.1 — 64.1.3 and Section 69.
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55.15 The time required to prove an expanded pilot, the pilot flame-establishing period for intermittent and
interrupted pilots, and the main burner flame-establishing period for a burner ignited by a pilot or directly
by an electric igniter, shall be as indicated in Table 55.1 or 55.2, as applicable.

Table 55.2
Required programming and timings based on maximum fuel input rating firing gas as a main
fuel
Operation Maximum firing rate per combustion chamber
Above 400,000 Btuh Above 2,500,000 Btuh Above 5,000,000 Btuh
(117,228 W) to 2,500,000 (732,678 W) to 5,000,000 (1,465,358 W) to 12,500,000
Btuh (732, 678 W) Btuh (1,465,356 W) Btuh (3,663,389 W)
Prepurge Four air changes in 90 Four air changes at 60 Four air changes$ at 60

Pilot type and
establishing f

Main burner f
establishing g

Ignited by pild
Direct ignition|
Flame failure

Safety shutoff
time after de-|

flame
eriod

ame
leriod

t

reaction timeP

valve closing
Pnergization

seconds with proven airflow,
or at 60 percent damper
opening, with both damper
opening and airflow proven

Intermittent or interrupted, 15
seconds maximum®

15 seconds maximum
4 seconds maximum
4 seconds maximum
5 seconds maximum

percent damper opening with
both damper opening and
airflow proven

Interrupted, 10 seconds
maximum

10 seconds maxifpum
4 seconds maximum?
4 seconds _maximum
1 secand\maximum

percent damper
both damper op
airflow, proven

Interrupted, 10 S
maximum

10 seconds maxjimum

Not permitted
4 seconds maxi
1 second maxin

opening with
Pning and

econds

num
um

safety shutoff

¢ The pilot fla
See 53.1.

device (such as algas valve) is de-energized.
e establishing period shall not exceed 4 seconds if the pilot input exceeds 400,000 Btu per hour| (117 Kw).

Action requirdd on flame One recycle permitted Onesrecycle permitted Safety shutdowr] required

failure

Proven low fiffe start Not required Required Required

Combustion dir proving Required Required Required

Action requirdd on loss of Safety shutdown exeept may | Safety shutdown except may | Safety shutdown]

combustion ajr recycle once. See 42.10 recycle once. See 42.10

Gas pressure|supervision Not required Low and high gas pressure Low and high ggs pressure
switches required switches required

a8 Maximum fel input at light off not to exceed 2,500,000 Btu per hour (732,678W). See 49.3.

b The flame-failure reaction time is(to\be considered, the interval between the actual flame extinguishment and [the time the

55.16 Super
pilot that is

isionsof the main gas burner flame is not required on a burner equipped with g
supervised throughout the burner operating cycle in accordance with 64.7.2

A tha falloana:

doac

n intermittent
and 64.8.1,

provided the

SNt firiaey vota oy aopalhiotioan sl o sl
Ao iy ratc— P OO U SUOT Chai T ioct

PN at o
CUUC S TTOT CACCTOtNCTONTOWITY,

a) 2,500,000 Btu per hour (732,678 W) for a mechanical draft burner; or

b) 5,000,000 Btu per hour (1,465,356 W) for an atmospheric burner.
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55.17 Supervision of the main gas burner flame only shall begin at the end of the main burner
flame-establishing period if:

a) The maximum firing rate per combustion chamber is more than 2,500,000 Btu per hour
(732,678 W) for a mechanical draft burner and 5,000,000 Btu per hour (1,465,356 W) for an
atmospheric burner;

b) The burner assembly is equipped with an interrupted pilot or an electric igniter for ignition of
the main burner gas; or

¢) The maximum firing rate per combustion chamber is more than 2,500,000 Btu per hour

(732,

678 W) and modulating or high-low firing is employed.

If the main bllArner flame is not proved, safety shutdown shall be established.

56 Purge an
56.1 Generdl

56.1.1 A forgq
chamber, hed
immediately

burner for di
sufficient timg
the air damp
combustion g

Exception: §

purging may
than 90 secq

l Combustion Air Monitoring Controls

ed or induced draft burner assembly shall provide preignitien purging for th
it exchanger, and flue passages of the device to which,the)burner assembly is
before ignition of an interrupted or intermittent pilot~ot before delivery of fug
Fect ignition by an electric igniter, whichever is¢applicable. Purging shall c
b to make sure a minimum of four air changes 0f this volume. With the air flo
ers proven to be open the air flow rate shallbbe at least equivalent of that
t 60 percent of the rated high-fire input.

For a burner assembly having an inputiiot exceeding that indicated below, as
be accomplished at a damper opehing that provides at least four air change
ds.

Firing Oil as a‘Wiain Fuel Firing Gas as a Main Fuel

P combustion
0 be applied,
to the main
bntinue for a
v proven and
provided for

an option, the
5 In not more

56.1.2 Purgsd
providing pur|

a) A

for combustten at rated, high-fire input of the burner assembly or device is obtained

In excess of 7 gph«(26.5 L/h) but
not exceeding 20 gph (75.7 L/h)

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

periods at air flow’ rates not less than those indicated in (a) and (b) may be ¢
ping in accordance with 56.1.1:

purge_period of 30 seconds, during which time air flow at a rate equivalent to

onsidered as

that provided
; and

b) A

nHEroa-noxio cocaond tuaan e floy k'S nt to

I+

At o rota Ao alo
oV ac o e cqoivarCit to

hat provided

L

for combustion at 60 percent of rated, high-fire input of the burner assembly or device is
obtained.

56.1.3 A prepurge of a shorter time than specified in 56.2 is acceptable for a burner that is designated by
a marking on the burner for use only on a specific appliance and it is determined that the shorter time
provides at least four complete air changes for the combustion chamber, heat exchanger and the flue
passages of the appliance. However, the purging shall be accomplished with the air flow at a rate not less
than equivalent to that provided for combustion at 60 percent of the maximum rated high-fire input. During
the purge the air flow and the damper position shall be proven.
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56.1.4 With respect to 56.1.1 — 56.1.3 if there is a loss of air during the purge, a complete required purge
of four air changes or the required period of purge shall be provided after reestablishment of air flow.

56.1.5 The requirement of air purging in 56.1.1 and 56.1.2 is based on flue gas recirculation not being
present during the prepurge period. This may be accomplished by an FGR blower assembly being
de-energized during purge or shutoff valve installed in the FGR ductwork.

56.1.6 Purging of the FGR system during preignition purging may be accomplished only when the
direction of the purge airflow through the FGR system ductwork is from the combustion chamber to the
flue stack.

56.1.7 The purging periods required by 56.1.1a and 56.1.2 shall either be provided as part of the primary

safety contro
initiated if thq
56.1.2.

56.1.8 A me
post-purge p

56.1.9 An at
draft damper
shall provide
least 90 secd

56.1.10 For

air are also ipcluded in Table 55.1.

56.2 Control

56.2.1 For a
shall result in
but less than
not integral W

57 Oil Atomi

57.1 A burn
atomizing m
means to sh

57.2 An oil
pressure int

programming or by a separaie device, arranged so that the Ignition of the bur
device has failed in a manner that will not provide purging in accordance wi

chanical draft oil burner having an input in excess of 20 gph (7557 L/h) sh
eriod of not less than 15 seconds.

mospheric or natural draft burner equipped with an automatically operated air s
which is closed or positioned so as to restrict the passage)of air when the burn
means to open such air shutters to the high-fire pasition and/or dampers for
nds immediately before each light-off cycle is initiated.

convenient reference, the requirements for putge and action required on loss g

5 for oil burning assemblies

n 0il burning assembly having an-input in excess of 20 gph (75.7 L/h), loss of ¢
safety shutdown. For an oilshurhing assembly having an input in excess of 3 ¢
20 gph (75.7 L/h), on which’the forced or induced draft fan that supplies com
ith the burner motor shaft) loss of combustion air shall result in fuel shutoff to

vation Control
r that uses ‘a medium such as air or steam for atomizing the fuel oil, and
dium is obtained from a source separate from the assembly shall be provided

t off the delivery of fuel to the firing portion of the burner.

urning assembly having an input rating in excess of 20 gph (75.7 L/h) shall emn

her cannot be
th 56.1.1 and

all provide a

hutter and/or
Er is not firing
n period of at

f combustion

bmbustion air

ph (11.4 L/h)

bustion air is
the burner.

in which the
with interlock

ploy a low oll

predetermined limit.

Exception No. 1: A low pressure interlock is not required for rotary cup type burners.

Is below the

Exception No. 2: A low pressure interlock switch is not required if the oil pump is secured directly on the
burner motor shatt.

Exception No. 3: A low oil pressure interlock switch is not required if both the oil and atomizing medium
are supplied to the burner from the same pump and an interlock switch is provided in accordance with
53.1.
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57.3 An oil burning assembly having an input rating in excess of 3 gph (11.4 L/h) shall be provided with
a low pressure interlock switch for the atomizing media that shall cause safety shutdown when the
pressure falls below the predetermined limit.

Exception: A low pressure interlock switch is not required provided the air pump is secured directly on

the burner m

otor shaft and the input does not exceed 20 gph (75.7 L/h).

57.4 With respect to 57.2 and 57.3, for convenient reference the requirements for pressure switches are

also included

in Table 55.1.

58 Oil Temperature Control
58.1 High arfjd Tow temperaiure Interlocks shall be provided for systems that fire preheafed oil. An oil
temperature |n excess of the limit established by the burner manufacturer shall result inrsaf¢ty shutdown.
If the oil temperature falls below the predetermined limit, the interlock shall operate~te_stop fuel delivery
to the burnerfand allow circulation of the oil until the temperature increases to permit‘firing.
59 Gas Pressure Controls
59.1 A burngr shall be equipped with low and high gas pressure switches/if:
a) The maximum firing rate per combustion chamber excegds 2,500,000 Btu (732,678 W) per
hour;| or
b) Rggardless of the firing rate, the burner is equipped with an electric igniter for d|rect ignition

of thg

The switches
rated pressu

upstream of the safety shutoff valve or valves(The high gas pressure switch shall be located

of the safety

59.2 With re
regulator if it

b main burner gas.

shall cause a safety shutdown in the-event the gas pressure varies by *50
e downstream of the main burner Yegulator. The low gas pressure switch sh

shutoff valve or valves.

bpect to 59.1, the high gas pressure switch may be located downstream of thq
can be determined the burner is capable of operation at the intended pressurg

ercent of the
hll be located
downstream

main burner
e settings.
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60 Interlocks

60.1 A control device provided as an interlock in the burner fuel supply-combustion air system, fuel
supply-atomizing air system, or for a similar purpose shall comply with the requirements specified in the
Standard for Limit Controls, UL 353.

61 Combination Gas-Oil Burners

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

intended to be fired.

61.2 A com{
from one fue

delivered to the ignition zone. The ignition system for the fuel to be fired shall provide a p

trial-for-ignitig
the ignition z

61.3 A burne
operating inp

61.4 An autd
to the main b
is assured (p

61.5 A comb|
switch conne
purpose of d
automatically]
accordance |

61.6 The fug
simultaneous
other safety

61.7 The fud

a T
oper

b) If

ination burner intended to burn only one fuel at a tme, equipped to change
to the other, shall be arranged so that the fuel being fired is shut off before, th

n period and shall be activated simultaneously with or before the initial, délivery
bne.

r intended to burn both gas and oil simultaneously shall be-arranged so that
Ut cannot exceed the maximum capacity of the burner asdfired.

matically or remotely lighted combination burner shallkbe equipped so that no
urner or burner group operating as a unit unless satisfactory ignition of the ma|
roved pilot).

automatically
b other fuel is
redetermined
of the fuel to

he maximum

gas can flow
in gas burner

nation gas-oil burner intended to burn one fuel at a time shall be provided with @ fuel selector

cted to the burner control circuit so that*it permits firing only the selected
hangeover from one fuel to the other, the switch may be operated either

such as by the outside temperature. It's operation and marking shall beg
vith 61.6 — 61.8.

| selector switch, when switéhed from one fuel to the other, shall be arrange
y and make effective alkthe required ignition devices, fuel control valves, interl|
ontrols required for the-selected fuel.

| selector switch shall be arranged to operate in accordance with one of the fg

e fuel chahgeover can be affected only at the time the burner is shut down by
ting control;

fuel. For the
manually or
arranged in

bd to activate
ocks and any

llowing:

an

thevfdel changeover can be effected at the time the burner is in operation and

preignition

purgi

1g1S ot Specified for the Tewly Sefectedfuet, the burmer operation is to e interrupted for
a sufficiently long time so that ignition of the newly selected fuel can not be effected by the
previously fired fuel, as determined by fuel changeover test, 63.17.1 — 63.17.3; or

c) If the fuel changeover can be effected at the time the burner is in operation and preignition
purge is specified for the newly selected fuel, the fuel changeover shall be accomplished only
after a burner shut-down. The restart with the newly selected fuel shall provide all the required
safety functions, including the preignition purge.
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61.8 For a manual fuel selector switch, the switch position shall be clearly marked indicating the type of
fuel and the off position. See 36.26.

PERFORMANCE
62 Test Installation
62.1 The burner is to be installed for test in an appliance of a size commensurate with the firing rate of

the burner to be tested, except that a burner intended for application to a specific appliance may be tested
as applied to that appliance or an appliance representative of the appliance for which the burner is

designed.

62.2 All hea
fired for the t

62.3 The bu

INg surfaces In contact with combustion products and the Tlue pipe of the ap
bst are to be thoroughly cleaned before the combustion test is begun.

‘ner is to be arranged for operation in accordance with the instructions furn

pliance to be

ished by the

manufacturer. The burner is to be fired at a rate within the rating of the burner~A)fire box, hearth, or the
like, as recommended or furnished by the manufacturer, is to be provided.

62.4 The bugner is to be fired with each of the lightest and heaviest grade’of fuel for which|the burner is
rated and thg air-fuel ratio adjusted in accordance with the manufacturer’s instructions. The draft over fire
is to be the value recommended by the manufacturer. Voltage is te-e adjusted to the normal test voltage
specified in Tlable 25.1.

63 Tests Firihg Oil

63.1 Combustion — Test No. 1

63.1.1 ComH

ustion shall be stable and complete at all firing rates over the operating range

of the burner

without excegsive smoke and without causingithe formation of excessive carbonization. The following is
to occur:
a) Rpte(s) shall be defined as_the manufacturer’s specified minimum and/or maximum input(s)
for which the burner (or device) is intended to operate;
b) Agtual test value(s)with the FGR system operative shall be +2 percent of the specified
valug(s); and
c) Agtual test value(s) without the FGR system operating shall not change to the ektent that a
deletgerious-affect on the combustion process is obtained.
63.1.2 The performmance of a burmerassembly or device during T est No—Tamdfor TestNo—2 shall be such
that:

a) Automatic ignition is obtained on each cycle within the intended period of time;

b) Ig

nition is obtained at each cycle without backfire, flash, or "puff;”

c) Stable combustion is obtained at all operating firing rates. Burner flames do not flash outside

the h

eating appliance being fired;

d) The observed smoke at all firing rates during the prescribed tests does not exceed the
following on the Shell-Bacharach scale with the Model RDC smokemeter or equivalent:


https://ulnorm.com/api/?name=UL 2096 2015.pdf

114

UL 2096

OCTOBER 27, 2006

1) Number 1 spot for all mechanical draft burners having a maximum capacity not

exceeding 7 gph (26.5 L/h) firing a distillate type fuel;

2) Number 2 spot for all vaporizing type burners firing a distillate type fuel and for
mechanical draft burners having a maximum capacity in excess of 7 gph firing a

distillate type fuel; and

3) Number 4 spot for all burners firing a residual type fuel.

e) The observed carbon monoxide concentration at all firing rates during the prescribed tests
does not exceed 4/100 of 1 percent for burners firing a distillate fuel in a "blue flame" condition.

f) Nd
the fl
is de

9) S
from

h) N
accu
as th
input

i) A
instru

i) Fle
affec

63.2 Mechar

63.2.1 The H
made for ead

EXCESS amount of soot 1S deposited on surfaces of the heat exchanger, TUg |
e pipe of the heating appliance fired for the test. Any tar or flocculent soot ag
bmed excessive;

irfaces of the fire box, hearth, nozzles, electrodes, and igniters and-their insul
detrimental formation of carbon, soot, and tar;

D excess amount of carbon, soot, and tar has been deposited on burner surfa
mulation likely to be deleterious to the performance of th€burner that continug
b test progresses, or that reduces the area of air openings in the burner or res

is to be deemed excessive;

bilot does not deposit detrimental carbon whenadjusted according to the man
ctions; and

Ime stability as confirmed by both audible and visual inspection shall not be d
ed with or without the FGR system, operating.

ical-atomizing burners — Test No. 2

urner is to be fired until_steady-state combustion conditions exist. Observatiq
h operating fire. Fora modulating burner, these observations are to be made

assages, or
cumulation

htors are free

ces. Any
lly increases
tricts fuel

facturer’'s

bleteriously

ns are to be
at minimum,

intermediate,|and maximum operating fires. The observed smoke is to be not more than tha} indicated on
the Shell-Bagharach smoke scale with the Model RDC smokemeter or equivalent as specifie¢l in 63.1.2(d).
63.2.2 An adtomatically:lighted burner of the "on” and "off" type is to be fired intermittently, 10 minutes
"on" and 10 minutes "off."

63.2.3 An aptomatically-lighted modulating-burner is to be fired in successive cycles, each cycle
consisting of ToTmimutes o igtTfire, Tominutes o imtermediate fire, T mimutes o mimimuom fire, and 10
minutes off.

63.2.4 During the test period, daily observations and recordings are to be made of the draft on each
operating fire, ignition, and combustion characteristics, combustion chamber conditions, and any
abnormal performance.
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63.2.5 The fuel-burning rate, draft over fire, smoke, CO, and NO, on each operating fire are to be
observed and recorded at the beginning of the test, after each 50 hours of operation thereafter, and at the
end of the test.

63.2.6 The duration of these tests is to be that required to obtain conclusive performance data. If excess
deposits of tar or unburned carbon are found on the firing head, additional fire testing may be required
which should not exceed 250 hours.

63.2.7 Following Test No. 2 the total electrical input and the electrical input of each component, except

those having

a pilot duty rating, are to be measured.

63.3 Combustion air failure test — Test No. 3

63.3.1 Ame
with the req
combustion-4

thanical draft burner not provided with a combustion air interlock shall operate-i
lirements specified in 63.3.3 or 63.3.4 during interruption and upon‘restg

ir supply.

63.3.2 The initial conditions for the test are to be as for Test No. 1. While the burner is bein

operating fire|
only from the]
drive the fan.

63.3.3 Ifthe
off due to the
period specif
of the air sup
supply provid

the fan supplying air for combustion is to be stopped, that is;hy disconnecting
electrical circuit, by disconnecting any flexible coupling, er by removing any b
Fuel to the main burner is to be shut off in accordance with 63.3.3.

main burner flame is extinguished following interrugtion of the air supply, the fug

inherent design of the burner or by action of a safety control within the safety
ed in Table 55.1. The burner is to require magual restart to fire the burner up
ply, or an automatically-lighted burner maypestart automatically upon restora
ed the intended automatic reignition is obtained.

63.3.4 If combustion is continued following interfruption of the air supply, the burner is to

function as it
and the burn
that:

a) D
the a

will for at least 48 hours. At the end of that period, the combustion air supply is 1
br ignited if the flame has been extinguished. The performance of the burner

iring that portion of the-test period beginning 3 hours immediately following in
r supply, the combustion, if maintained, is to be such that the burner flame dg

prodiice smoke in excess of that indicated on the Shell-Bacharach scale with the M

sSmokK

b) FI
the t4

emeter, as_specified in 63.1.2(d);

ames are)not expelled at any time from the burner or the heating appliance bd
pSt;

n accordance
ration of the

g fired at any
the fan motor
elt needed to

| is to be shut
control timing
bn restoration
ion of the air

pe allowed to
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63.4 FGR fan failure test — Test No. 4

63.4.1 A mechanical draft burner shall operate in accordance with the requirements specified in 63.4.3 or
63.4.4 during interruption and upon restoration of the recirculating flue gas fan assembly.

63.4.2 The initial conditions for the test are to be as for Test No. 1. While the burner is being fired at any
operating fire, the fan supplying recirculated flue gases is to be stopped, that is, by disconnecting the fan
motor only from the electrical circuit, by disconnecting any flexible coupling, or by removing any belt
needed to drive the fan. Fuel to the main burner is to be shut off in accordance with 63.4.3 or combustion,
if continued, is to be in accordance with 63.4.4.

63.4.3 If the main burner flame is extinguished following interruption of the air supply, the fuel is to be shut

off due to the
period specif
of the FGR f4
FGR fan mot
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to function as
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63.5 Interruption of atomization test — Test No. 5

63.5.1 A mechanical atomizing burner employing air, steam, or a mechanical device for atomizing fuel
shall be arranged to shut off the delivery of fuel for combustion upon interruption of the atomizing media
or the operation of the mechanical device.

63.5.2 The initial conditions for the test are to be as for Test No. 1. While the burner is being fired at any
operating fire, the atomizing media or operation of the mechanical device is to be interrupted, that is, by
disconnecting from the electrical circuit only the motor driving a device providing the atomizing means, by
disconnecting any flexible coupling or removing any belt needed to drive such device, or by stopping the
flow of an atomizing media furnished by a source other than the burner. Fuel to the main burner flame is
to be shut off due to the inherent design of the burner or by action of the safety control timing period
specified in Tfable 55.1. The burner IS to require manual restart upon restoration of the atonpizing means,
or an automatically lighted burner may restart upon restoration of the atomizing means|provided the
intended autgmatic reignition is obtained.

63.6 Underv

63.6.1 A bur
undervoltage

63.6.2 The i
regulated to

burner shall pe such that:
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b) FI
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63.7 Power interruption test — Test No. 7

63.7.1 A power-operated burner shall operate in accordance with the requirements of 63.7.3, during
interruption and upon restoration of the power supply.

63.7.2 The initial conditions for test are to be as for Test No. 1. While the burner is being fired at any
operating fire, the power supply is to be interrupted. The power is then to be restored after being
interrupted for any period of time. Fuel to the main burner is to be shut off immediately in accordance with
63.7.3.

63.7.3 If the main burner flame is extinguished immediately following interruption of the power supply, the
oil shall be automatically shut off due to the inherent design of the burner or by action of a safety control.
The burner ghall require manual restart to fire the burner upon restorafion of the power pupply, or an
automaticallytlighted burner may restart automatically upon restoration of the power supph| provided the
intended autgmatic reignition is obtained.

63.7.4 If combustion is continued following interruption of the power supply, thé‘burner is {o be allowed
to function aq it will for at least 48 hours. At the end of that period, the power‘supply is to bejrestored and
the burner igpited if the flame has been extinguished. The performance ef\the burner is to |be such that:

a) Dyring that portion of the test period beginning 3 hours imfmediately following inferruption of
the ppwer supply, the combustion, if maintained, is to be-such that the burner flam¢ does not
proddice smoke in excess of that indicated on the Shell-=Bacharach scale with the Model RDC
smoKemeter, as specified in 63.1.2(d);

b) Flames are not expelled at any time from thelburner or the heating appliance beging fired for
the test;

c) Cpmbustion is stable at all times during the test;

d) The reignition of the main burner flame is effected completely and without backfjre, flash or
"pufff” and

e) Spot does not accumulate in the appliance being fired for the test and in the flug¢ pipe to
such|an extent that stable*combustion cannot be obtained.
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63.8 Ignition tests, electric high-tension reduced voltage — cold oil — Test No. 8

63.8.1 A high-tension ignition system for an automatically- or remotely-lighted burner shall effect the
intended ignition of the fuel as introduced into the ignition zone when a voltage equivalent to 70 percent
of normal test voltage is impressed on the primary circuit of the ignition system, the combustion air supply
and burner are at room temperature and the temperature of the oil supplied to the burner is reduced to
the value specified in 63.8.3.

63.8.2 The burner, arranged and installed as for Test No. 1, is to be tested after it has been subjected to
the Combustion Test, except that the test voltages are as indicated in 63.8.3. The oil-temperature control
for a burner intended to burn preheated oil is to be set for the minimum temperature recommended in the
manufacturer’s instructions for the grade of oil fuel being used for the test. The spark gap or gaps are to

be adjusted f
the burner is
parts of the
If a burner is
less than 20°

63.8.3 Excey
regulated to
control is to
normal test v

63.8.4 If the
ignition, the

0 the maximum recommended by the manufacturer, but not less than 178 1nc
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F (11°C) above the pour point of the test fuel.
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63.9 Combustion detectors — Test No. 9

63.9.1 The combustion detector of a primary safety control that is capable of detecting the presence of
ignition spark shall be so positioned that the combustion detector shall sense only the presence or
absence of flame.

63.9.2 The test is to be made in conjunction with Test No. 1. Before a test is begun, a minimum pilot
condition shall be established with the safety control operating at the appropriate overvoltage as specified
in Table 25.1. The minimum signal strength, current or voltage, capable of permitting the flame relay to
remain energized shall be recorded. The fuel supply to the pilot, if provided, is then to be shut off and the
voltage reduced to normal test voltage. Five trials are to be made to determine that ignition spark, or a
reflection of the spark from any part of the burner or appliance cannot be detected by the combustion

detector at 4
holding in thg

63.10 Ignitio

63.10.1 A pi
introduced in
power supply
voltage for d
specified in 6

63.10.2 The
burner intend
instructions.
downstream

the temperatyire of the oil at the inlet to the preheater is to be at room temperature.
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63.10.4 The
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N test, gas reduced voltage — Test No. 10

ot flame for an automatically- or remotely-lighted burner shall €ffect ignition
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63.11 Pilot supervision — Test No. 11

63.11.1 Pilot supervision by a safety control shall be only at a point where the pilot flame will effectively
ignite the oil at the main burner or burner group when the gas supply to the pilot is reduced so the flame
is just sufficient to actuate the primary safety control.

63.11.2 Tests to determine conformance with 63.11.1 are to be made in conjunction with Test No. 1.
Initially the trial to ignite the main burner fuel is to be made with the fuel to the pilot regulated to produce
a pilot of the minimum size which can be detected by the combustion detector of the primary safety
control. The pilot flame size is then to be increased in small increments up to the maximum pilot size and
trials to ignite the main burner fuel are to be made with each pilot size. At least five trials to ignite the main
burner fuel shall be made with the minimum pilot and with any other size pilot which appears to be critical.

63.12 Flame

63.12.1 A bd
refractory glo

63.12.2 The
to the pilot is
control. Durir]
flame is supe
shall actuate
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63.14 Ignition test, gas-electric — Test No. 14

63.14.1 A burner equipped with a gas-electric ignition system shall not ignite when a trial-for-ignition is
made with no gas available, with the combustion air supplied at room temperature, and with the oil at the
intended operating temperature. This requirement does not apply to a burner equipped with a proved pilot
or a control which prevents a trial-for-ignition when no gas is available.

63.14.2 The burner is to be arranged and installed as for Test No. 1. The oil-temperature control for a
burner intended to burn preheated oil is to be set for the maximum recommended in the manufacturer’s
instruction. The oil supplied to any parts of the burner, except those located downstream from a preheater,
is to be at room temperature. If a burner is equipped with a preheater, the temperature of the oil at the
outlet of a preheater is to be the maximum recommended in the manufacturer’s instructions for the grade
of fuel being jused Tor the test.

63.14.3 The
voltage. The
to remain en
is to occur.

voltage of the power supply to the burner is to be regulated to 110 pereent ¢f normal test
pas supply to the ignition system is to be shut off. The burner is to becenérgized and allowed
prgized for the designed trial-for-ignition period. Five trials are to be“made. Nojignition of oil

63.15 Ignitiop test, gas-electric high-tension reduced voltage — cold oik—Fest No. 15
63.15.1 A g4
ignite the pild
test voltage |
introduced in
temperature

s-electric high-tension ignition system for an automatiCally- or remotely-lighted burner shall
t immediately upon admission of pilot gas with a yoltage equivalent to 70 percgent of normal
h the primary circuit of the ignition system. The pilot shall effect ignition of the oil fuel as
to the ignition zone when the combustion @ir'is supplied at room temperdture and the
pf the oil supplied to the burner is reduced.{o the value specified in 63.15.1.

63.15.2 The |burner is to be tested after it has been’ subjected to the Combustion — Test
that the test yoltage is to be as indicated in 63.15.3. The oil-temperature control for a burngr intended to
burn preheafed oil is to be set for the minimum temperature recommended in the mlanufacturer’s
instructions for the grade of oil fuel being.us€d for the test. The spark gap or gaps are to e adjusted to
the maximun] recommended by the matufacturer, but a gap is to be not less than 1/16 irfch (1.6 mm).
The temperajure of the oil as supplied_to any parts of the burner, except those located downstream from

No. 1, except

a preheater,
the oil at the

63.15.3 Excq
regulated to ]
is to be regy
voltage for di

s to be 35 +5°F (1.74+3°C). If a burner is equipped with an oil preheater, the temperature of
nlet to the preheater’is to be not less than 20°F (11°C) above the pour point of the test fuel.

pt as indicated in 63.15.4, the voltage of the power supply to the ignition system is to be
(0 percent of rated voltage, and the voltage of the power supply to the safety gontrol circuits

lated to_85 percent of normal test voltage for alternating current and 80 pelcent of rated
rect current.

63.15.4 If th

r interrupted

ignition, the voltage of the power supply to both the ignition system and primary safety control is to be
regulated to the minimum voltage necessary to initiate a trial for ignition.

63.15.5 The burner and ignition circuits are to be energized and allowed to remain energized for the
designed trial-for-ignition period. Five trials are to be made. If the burner is to employ an
"Interchangeable” transformer, the appropriate "Interchangeable” test transformer is to be applied to the
burner, and five additional trials-for-ignition are to be made. During each trial, ignition shall be effected so
that no flame is expelled from the burner or the heating appliance being fired for the test.
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63.15.6 Following the last trial for ignition and as a continuation thereof, the burner is to be allowed to fire
at high-fire rate for at least 15 minutes, during which period stable combustion is to be maintained.

63.15.7 A gas-electric high-tension ignition system shall conform also to 63.11.1 — 63.13.2.

63.16 Ignition test, multiple-atomizer burner — Test No. 16

63.16.1 An automatically-lighted-atomizing burner equipped with multiple atomizers, jets, or nozzles shall
be so constructed that the atomized oil delivered for combustion by each will be ignited by the flame at

each other atomizer when tested in accordance with 63.16.2 and 63.16.3. No incomplete ignition or
combustion shall be obtained when the fuel delivered by any one or more atomizers is interrupted during

an ignition or firing cycle.
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63.17 Fuel changeover test — Test No. 17

63.17.1 A combination gas-oil burner intended to burn only one fuel at a time that does not provide
preignition purge as part of its operating sequence, shall be subjected to tests in accordance with 63.17.2
and 63.17.3 to determine that upon fuel changeover the ignition of the new fuel is not affected by the
previously fired fuel and the ignition takes place without any risk of fire or explosion.

63.17.2 The initial conditions for the test shall be as specified for Combustion — Test No. 1. The burner
shall be started firing one fuel and operated on that fuel through a complete firing cycle until stable burner
flame is observed. The burner is then to be changed over to the other fuel as rapidly as possible, following
the instructions provided with the burner. The burner is to be observed for ignition and continued burning

until the flame stabilizes. The fuel changeover is then to be repeated to the original fuel.

63.17.3 The
backfire, flas

64 Tests Firi
64.1 Combu

64.1.1 Coml
space recom
of 1 percent
the burner as

a) R
for w|

b) A
valug

c) A
delet

64.1.2 Comg
sudden cha
accomplishe

64.1.3 The p

a) lg

ignition of both fuels shall be affected smoothly by the intended ignition mean
hback or burning of the flame outside of the combustion chamber.

hg Gas

5tion — Test No. 1

ustion shall be complete in the space provided by the device or, if a burner as|
mended by the manufacturer, and no carbon monoxidé in concentration in ex
hall be present in air free samples of the flue gases’taken over the full opera

sembly. The following is to occur:

hte(s) shall be defined as the manufacturer'sspecified minimum and/or maxim
hich the burner (or device) is intended to \operate;

Ctual test value(s) with the FGR system operative shall be +2 percent of the sy
(s); and

tual test value(s) withoutthe’ FGR system operating shall not change to the e
brious affect on the comhbustion process is obtained.

lete and stable combustion shall be maintained at the minimum rate of firing
safely.
erformange of a burner assembly or device during shall be such that:

hition”is obtained on each cycle within the expected safe period of time;

s without any

sembly in the
cess of 4/100
iting range of

um input(s)

ecified

ktent that a

pr during any

hge in the gas fifing rate between maximum and minimum rates. Ignifion shall be

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

fired

and without damage to parts of the device;

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

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

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


https://ulnorm.com/api/?name=UL 2096 2015.pdf

OCTOBER 27, 2006

UL 2096

125

f) A pilot does not deposit detrimental carbon when adjusted according to the manufacturer’s
instructions; and

g) Flame stability as confirmed by both audible and visual inspection shall not be deleteriously
affected with or without the FGR system operating.

64.2 Endurance — Test No. 2

64.2.1 The burner is to be fired until steady-state combustion conditions exist. Observations are to be
made for each operating fire. For a modulating burner, these observations are to be made at minimum,
intermediate, and maximum operating fires. The observed carbon monoxide concentration on an air-free
sample is not to exceed 4/100 of 1 percent.

64.2.2 A bur

for intermittent firing tests.

64.2.3 A mo|
minutes on h
intermittent fi

64.2.4 Durin
rate, ignition
performance.

64.2.5 The f:l:
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sections or g
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64.3 Combu
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upon restoration of the combustion' air supply, as determined by test in accordance with 64.3

ner assembly of the "on" and "off" type is to be fired 10 minutes "on” and\10

gh fire, 10 minutes on intermediate fire, 10 minutes on minimurn|fire, and 10 n
[ing tests.

j test periods, observations and recordings are to be,made of the draft on

, and combustion characteristics, combustion-chamber conditions, and

el burning rate, draft over fire, CO,, NO,, andany CO are to be observed ang
g fire. For an atmospheric burner consistifig of sections or groups of burner
hdividual burners (see 55.14), tests are t0\be conducted with different combinat
foups operating at a time.

uration of these tests is to be that required to obtain conclusive performance ¢
Stion air failure — Test Nos3

Chanical-draft burner.assembly or device shall not operate unsafely during int

64.3.2 The inpitial conditiohs for the test to determine conformance to the preceding are to
No. 1. While [the burneflassembly or device is being fired at any operating rate, the fan su

combustion i

disconnecting any-flexible coupling, or by removing any belt needed to drive the fan. Fug
burner is to Qe . shut off in accordance with 64.3.3.

to belstopped, that is, by disconnecting the fan motor only from the electri

minutes "off"

dulating burner assembly is to be fired in successive cycles, each)cycle consisting of 10

hinutes off for

(;t]ch operating

y unnatural

recorded for
5 that can be
ons of burner

ata.

erruption and
2 and 64.3.3.

e as for Test
bplying air for
cal circuit, by
| to the main

64.3.3 The fuel shall be shut off due to the inherent design of the burner assembly or by action of a
control before any conditions develop that may cause a risk of fire or explosion. For an automatically
lighted burner assembly whose maximum rated input does not exceed 2,500,000 Btu per hour (732 kW)
the light off may be accomplished automatically upon restoration of the air supply after completion of the
purge in accordance with 56.1.1 — 56.1.4. For a manually lighted burner and for an automatically lighted
burner whose maximum rated input is in excess of 2,500,000 Btu per hour a manual reset shall be

necessary to

restart the burner after restoration of the air supply.
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64.4 FGR fan failure test — Test No. 4

64.4.1 A mechanical draft burner assembly or device shall not operate unsafely during interruption and
upon restoration of the recirculating flue gas fan assembly.

64.4.2 The initial conditions for the test to determine conformance to the preceding are to be as for Test
No. 1. While the burner assembly or device is being fired at any operating rate, the fan supplying
recirculated flue gases is to be stopped, that is, by disconnecting the fan motor only from the electrical
circuit, by disconnecting any flexible coupling, or by removing any belt needed to drive the fan. Fuel to the
main burner is to be shut off in accordance with 64.4.3 or combustion, if continued, is to be in accordance
with 64.4.4.

64.4.3 The fieT1s o be shut off due to the inherent design of the burner assembly or by actipn of a safety

control within|
upon restorg
automatically|

64.4.4 If com
to function as
and the burn
that:

a) D
the H

proddice a carbon monoxide concentration in excess/of that indicated in 64.1.1.

b) Flames are not expelled at any time from the burner or the heating appliance be
the test;

c) Cpmbustion is stable at all times_during the test;

d) The reignition of the main burrer flame is effected completely and without backf
"puffy” and

e) Sgpot does not accumulate in the appliance being fired for the test and in the flu

such

a safe period. The burner assembly is to require manual restart to fire therbut|
tion of the FGR fan motor, or an automatically lighted burner assembly|
upon restoration of the FGR fan motor provided safety automatic rejgnition is

bustion is continued following interruption of the FGR fan motor, the burner is

it will for at least 48 hours. At the end of that period, the FGR fan motor is t
br ignited if the flame has been extinguished. The performance of the burner

iring that portion of the test period beginning 3 haurs’immediately following in
GR fan motor, the combustion, if maintained, is\to be such that the burner flan

an extent that Stable combustion cannot be obtained.

ner assembly
may restart
obtained.

to be allowed

D be restored
is to be such

erruption of
ne does not

ing fired for

re, flash or

b pipe to
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64.5 Undervoltage — Test No. 5

64.5.1 A burner assembly or device shall operate in accordance with these requirements when tested at
an undervoltage as specified in Table 25.1.

64.5.2 The initial conditions for test are to be as for Test No. 1. The voltage of the power supply to the
burner assembly or device is to be regulated to maintain the minimum voltage specified in Table 25.1 and
the burner assembly ignited and fired at high fire in the intended manner until steady-state conditions are

attained.

64.5.3 The performance of the burner or device shall be such that:

a) Ig
b) FI

c) C

fition of the main burner flame 1S effected safely during the five ignition trials,
ames do not flash outside the device being fired nor damage applianceparts;

bmbustion is complete and stable;

d) Tlhe concentration of carbon monoxide in an air free sample of'the flue gas take

high-

fire rate does not exceed 4/100 of 1 percent; and

e) The burner is capable of operation without interruption-

64.6 Power i

64.6.1 A poV
power supply
restart or shg

64.6.2 Thei
1. The test

device is bei
restored afte

nterruption — Test No. 6

Ver operated burner assembly or device shall not operate unsafely upon inter
. Upon restoration of the power supply, the burner assembly or device shall re
Il safely resume normal operation autematically.

itial conditions for test to determine conformance to the preceding are to be a
ay be conducted during the course of the combustion test. While the burnef
hg fired at any operating.«ate, the power supply is to be interrupted. The
being interrupted for anyperiod of time. The gas safety valve(s) shall be de-g

fuel to the main burner shall be shut-off within the time limit specified in 26.2.

64.6.3 The f
action of a s3
assembly up
automatically|

el is to be automatically shut off due to the inherent design of the burner as
fety control, In such case, the burner assembly is to require manual restart to f]
bn restoration of the power supply, or an automatically lighted burner assemb

n at the

ruption of the
quire manual

5 for Test No.
assembly or
ower is then
nergized and

sembly or by
re the burner
y may restart

upon restoration of the power supply provided safe automatic reignition is obtgined.
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64.7 Pilot supervision — Test No. 7

64.7.1 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.

64.7.2 Test to determine conformance with the preceding is to be made in conjunction with Test No. 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.

64.7.3 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 Joltage, the signal strength due to an ignition spark shall be not more than 50 percent of the

signal streng

64.7.4 The t¢
1. Before a

determine th
spark, will no
pilot flame es

64.8 Ignition
64.8.1 A gas

pilot upon ad
of the main b

h required to hold in the flame relay at 110 percent of rated voltage.

bst to determine conformance with the preceding is to be made in capjuriction
est is begun, the gas supply to the pilot is to be shut off. Five-trials are td
t ignition spark, or reflection from any part of the burner or devi¢e capable of
result in a signal strength in excess of that specified. Each trial shall extend for|
tablishing period.

gas-electric high tension — Test No. 8
-electric high tension ignition system, arranged for initially igniting a gas pilot, §

Mission of pilot gas in accordance with 64.8.3<~64.8.5. The pilot, in turn, shall
urner fuel as introduced into the ignition zone.

64.8.2 Anel
the ignition

ctric high tension ignition system arranged for ignition of main burner gas direc
hen tested in accordance with 64.8,3— 64.8.5. See also 64.10.1 — 64.10.3.

64.8.3 The hurner assembly or device,-arranged and installed as for Test No. 1 is to
conformance(to the preceding after it has-been subjected to the combustion test. The sparl
are to be adjpsted to the maximum recommended by the manufacturer, but a gap is to be
1/16 inch (1.%9 mm).

64.8.4 The \oltage of the power supply to the ignition system is to be regulated to 70 pe
voltage, and the voltage of\the power supply to the safety control circuit is to be regulated
of rated volthge for alfernating current equipped and 80 percent of rated voltage for

equipment.

64.8.5 The

with Test No.

be made to
reflecting the
the designed

hall ignite the

effect ignition

ly shall effect

be tested for

gap or gaps
not less than

cent of rated
o 85 percent
lirect current

b to be made.

rner’assembly or device and ignition circuits are to be energized. Five trials ar
If the burne fce T i

interchangeable test transformer is to be applied to the burner assembly or device and five ad

appropriate
ditional trials

for ignition are to be made. During each trial, ignition is to be effected safely and no flame is to flash

outside the device being fired.
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64.9 Ignition, multiple burner — Test No. 9

64.9.1 An assembly employing multiple burners which are automatically lighted shall be designed so that,
when tested in accordance with 64.9.2 and 64.9.3, the fuel delivered for combustion by each will be
ignited by the flame at each other. Furthermore, no unsafe ignition or combustion shall be obtained when
the fuel delivered by any one or more burners is interrupted during an ignition or firing cycle.

64.9.2 The initial conditions for test to determine conformance to 64.9.1 are to be as for Test No. 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 be repeated with each
additional igniter in turn activated while all others are deactivated. During each trial, ignition of the fuel as

introduced in
device being

64.9.3 The ipitial conditions for this test are to be as for Test No. 1. The burner assembly ¢

be energized
are to be ma
firing. The te
the ignition Z
combustion i

64.9.4 Durin
shall light saf
main gas fug
providing saf
plugged orifig
other burner

64.10 Delayed ignition — Test No. 10

64.10.1 For
or on which
not result in
connected vd

64.10.2 The
the electric ig
a controlled
energized at

0 the Ignition zone by each burner Is to be effected safely, no flame IS to 1las
fired, and stable combustion is to be maintained.

to fire in accordance with its design sequence of operation. Five.ditempts ta
e for each test. The port(s) of one burner is to be plugged and the assembly
5t iS to be repeated with any other burner(s) plugged. Duringreach test, fuel in
pne is to be safely ignited, no flame is to flash outside the-device being fire
5 to be obtained.

j this test multiple burners with more than one igniter capable of functioning i
cly when all but one igniter is deactivated; an automatically lighted multiple bur
| through the ports of more than one orifice<shall be equipped with an ignit
b ignition when the orifice of one burner adjacent to the igniter is plugged; and
e unplugged and any other one burner “erifice plugged. Safe ignition of all ga
ports shall occur.

n appliance that is arrangegd-for ignition of the main burner gas directly by an €
he input of the pilot exceéds 400,000 Btu per hour (117,228 W), delay of the
lashback of flame te.the outside of the appliance or any damage to the appli
nt system when tested in accordance with 64.10.2 and 64.10.3.

appliance shall-be arranged as specified for Combustion — Test No. 1 — excepf
niter is ta’be connected through a switching device so that energization can b
period . of time. The tests are to be conducted with both the control system a
the rated voltage.

h outside the

r device is to
initiate firing
energized for
troduced into
d, and stable

hdependently
her delivering
br capable of
With the initial
1ses from the

lectric igniter,
ignition shall
ance and the

the power to
e delayed for
nd the igniter

64.10.3 Ignit

OTT Oof the Tmai burmer or pitot, whichever is appticabte; s to be defayed mitiatt

for 1 second

from the time the gas valve is energized. The test is then to be repeated with the delay period
successively increased by 1 second, up to the maximum flame establishing period of the primary safety
control that is employed. The ignition of the main burner or pilot shall be in accordance with 64.10.1 for
each of the trials.
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PART IIl — BOILER ASSEMBLIES

CONSTRUCTION

65 Assembly

65.1 A boiler assembly shall be factory-built as a group assembly and shall include all the essential
components necessary for its normal function when installed as intended. A boiler assembly may be
shipped as two or more major subassemblies. The boiler assembly shall be constructed, equipped,
inspected, tested, and marked in accordance with the 1995 ANSI/ASME Boiler and Pressure Vessel
Code. BPVC 1995 Code Cases: Boilers and Pressure Vessels Interfiled; Supplements 1 — 3, 1995;
Supplements 4 — 7, 1996; Supplements 8 — 11, 1997; Supplements 12 —, 1998 (Boiler and Pressure

Vessel Code

65.2 A boile
subassemblig
assembly wit
Two or mord
installation o
incorporated
alteration or

as one elemq

65.3 To be i
burner and t
chamber, ca
subassemblig

65.4 A radia
of the boiler
normal operg
first attaching

65.5 A boile
insulation, or

65.6 A boiler
manipulation

65.7 An extd
installation w

5), Section |, Power boilers or Section [V, Heating boilers, whichever IS appsoj

assembly, if not assembled by the manufacturer as a unit, shall bearran
bS. See 65.3. Each subassembly shall be capable of being incorporated
hout requiring alteration, cutting, drilling threading, welding, or simifar tasks by
subassemblies, which must bear a definite relationship to éach other for
operation of the boiler assembly, shall be arranged and constructed to perm

hlignment, or such subassemblies shall be assembled, tésted, and shipped frg
nt.

ne heat exchanger sections of a cast iron seetional boiler including its base
Sing, and safety controls. A wiring harnéss may be packaged with one
s.

hssembly; or be part of a subassembly that must be attached to the boiler as
tion; or be designed so thatthe boiler assembly cannot be assembled for ope
a required shield or baffle\in’ its proper position.

assembly shall be such that, for any normal installation, the alteration or remo
a radiation shield-needed to prevent unsafe temperatures is not required.

assembly shall afford convenient operation by the user of those parts requirin
in normal/usage.

rnal door, providing access into the combustion chamber of a boiler assembly
th a clearance of less than 24 inches (610 mm) from the face of or 48 inches (1

briate.

ged in major
nto the final
the installer.
the intended
it them to be

nto the complete assembly only in the correct relationship. with each other, without need for

m the factory

n accordance with 65.2, major subassemblies «0f a boiler assembly are deemed to be the

, combustion
of the major

ion shield or baffle employed to prevent excessive temperature shall be assefnbled as part

sembly for its
ration without

al of a baffle,

g attention or

intended for
.22 m) above

the door, sh

tHesetf-closing:

65.8 A burner shall be secured so it will not twist, slide, or drop out of position.
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66 Accessibility for Servicing

66.1 A boiler assembly shall be built to allow cleaning of parts such as heating surfaces in contact with
combustion products, and oil strainers, without major dismantling of the boiler assembly or removal of
parts required by 65.2 to be factory-assembled.

66.2 The removal of access panels, burners, caps, plugs, or the like, specifically designed to permit ready
removal and replacement for servicing, and the detachment of the chimney connector are not considered
major dismantling as defined by 66.1.

66.3 Sufficient and reasonable accessibility shall be afforded for cleaning, inspection, repair, and
replacement of all burners, controls, and safety devices when the boiler assembly is installed as
recommendefl by the manufacturer. The disposition of parfs in the assembly removed fof normal care
shall be such|that their restoration, following removal, will not necessitate their realignmenttp secure their
proper relatignship with other parts of the assembly. Special facilities required for normal cafe to be done
by the operafor shall accompany the boiler assembly to the user.

67 Casing

67.1 The outer casing or jacket shall be made of steel or equivalent material, braced, reinfor¢ed or formed
so that it is pot likely to be damaged through handling in shipment,(installation, and use| Sheet metal
casings shalllbe made of steel at least 0.020 inch (0.51 mm) (Ne;X24 MSG) thick if uncodted, or 0.023
inch (0.58 min) (No. 24 GSG) if galvanized, or of nonferrous sheet'metal having an average thickness of
not less than|0.029 inch (0.74 mm).

67.2 Access|panels that need to be removed for normalService and accessibility shall be qonstructed to
permit removial and replacement repeatedly without causing damage or impairing any requifed insulating
value.

67.3 A remoyable panel through which air is@rawn for combustion shall be so constructed |as to prevent
it from being Jattached in a manner that may Cause unsafe performance of the boiler assentbly.

67.4 A remoyable panel shall be so‘canstructed that it will not be interchangeable with other panels on
the same boiler when interchange.may allow unsafe operation of the boiler assembly.

67.5 The caging of a boileragsembly for installation on combustible flooring shall completely close the
bottom or be| constructed‘to- provide an effective radiation barrier between the heat exchgnger and the
floor.
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68 Radiation Shields or Liners

68.1 A radiation shield or liner shall be so constructed, formed, and supported as to ensure proper
positioning and to prevent distortion or sagging in service. A shield or liner shall be protected against
corrosion if its deterioration may cause excessive temperature when the boiler assembly is tested in
accordance with these requirements. Any finish to obtain the required resistance to corrosion shall not be
damaged by heat when the boiler assembly is tested under these requirements.

68.2 Thermal insulation which is not adequately self-supporting shall be applied to solid surfaces in a
manner so as to prevent sagging. The insulating value of the material shall be unimpaired when the boiler

assembly is tested under these requirements.

68.3 An adh
the adhesive

69 Combusti

69.1 A comi

ESIVE Tor attaching Insulafing material shall retain its adhesive qualifies at any
may attain when the unit is tested under these requirements and at 0°F (miny

on Chamber

ustion chamber and flueway shall be constructed of cast iron, Sheet steel, or

temperature
s 17.8°C).

of a material

equivalent in mechanical properties and corrosion resistance. Plain carbonsheet steel, if used, shall be at
least 0.042 inch (1.07 mm) (No. 18 MSG) thick.

69.2 Combustion chamber or fire box lining material, if used, shall©e durable, adequately held in place,
and accessibje for replacement with equivalent lining material.

70 Baffles

70.1 A bafflg in a flue-gas passage or otherwise expesed to combustion products shall bg¢ constructed

and disposeg
be made of 1

in a manner to provide for reasonapfe’life and shall be fixed in position. A fly
haterial having resistance to corrosion equivalent to AlSI 1010 hot-rolled shee

a minimum thickness of 0.042 inch (1.07 mam) (No. 18 MSG) unless its deterioration W

excessive ter

70.2 A flue [
such as to fa

hperatures when the boiler agsembly is tested in accordance with these requir

affle shall be accessible for cleaning. A flue baffle which is removable for cleg
Cilitate its removal and permit replacement only in a safe position.

e baffle shall
| steel having
ill not cause
ements.

ning shall be
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71 Flue Collar

71.1 A flue collar shall be constructed and arranged to permit the secure attachment of the chimney
connector to the boiler assembly.

72 Flue Dam

pers, Draft Regulator, and Draft Hoods

72.1 An adjustable flue damper shall be equipped with minimum and maximum operating stops. The
minimum operating stop for such damper shall be located to obtain sufficient air for complete combustion
at minimum burner input.

72.2 An automatically operated flue damper shall be designed to maintain a safe damper opening at all

times and be

72.3 An autd
event of breg
interference

72.4 A fuel-q
not to require
permit a diffe

air supply.

72.5 A devic
to require the
that will perm

and the combustion air supply.

72.6 For gag
equipped wit
venting syste

72.7 For gag
the Standard

72.8 A doub
the gas supp

72.9 An adju
or draft regul

arranged to prevent starting of the burner unless the damper IS In a safe posiid

kage or failure of its operating means. Operating parts shall be located or shig
vith their movement and to prevent injury to the operator in case ef-breakage.

urning assembly to be equipped with a barometric draft regulator shall be dg
the regulator to be installed in a false ceiling, in a different'r@om, or in any m4
rence in pressure between the air in the vicinity external to)the regulator and th

e to be equipped with a barometric draft regulator or draft hood shall be desig
regulator or draft hood to be installed in a false-ceiling, in a different room, or i
t a difference in pressure between the air inthe vicinity external to the regulaton

burning appliances, a draft hood,*or draft regulator shall be furnished with
h an atmospheric or natural-draftburner, except a device for outdoor use only
M supplied as part of the assenibly or when a sealed combustion system is e

burning appliances, a draft hood shall comply with the applicable construction
for Listing Requirements for Draft Hoods, Fifth Edition, ANSI /IAS/A.G.A. Z21

e swing barometric draft regulator, if used, shall incorporate means which wil
y to be shut off-in the event flue gas spillage continues for a duration exceeding

stable. flue ‘damper shall not be used in connection with a device equipped with
Rtor.

n for starting.

matically operated flue damper shall be counterbalanced to assume an-0pen position in the

Ided to avoid

signed so as
inner that will
e combustion

hed so as not
N any manner
or draft hood

each device
and having a
mployed.

provisions of
13-1990.

act to cause
) 60 seconds.

a draft hood
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73 Controls

73.1 Application

73.1.1 Safety controls shall conform with the requirements in Control Applications, Section 54.

73.2 Operating controls

73.2.1 A boiler assembly shall be provided with operating controls that regulate the fuel supply so as not
to exceed the rated operating temperature or pressure as specified in 73.2.2 — 73.2.4.

73.2.2 A steam boiler shall be provided with at least one steam pressure actuated control that will shut

off fuel suppl
pressure. Thi

73.2.3 A water boiler shall be provided with at least one temperature actuated control to sh

supply to th
temperature.

7324 Ifab
high and low
operating cof
the limit cont

73.2.5 An of
furnished wit
furnished by

73.3 Limit cd

73.3.1 Abail
in case of a |
- 73.3.5and
73.2.5.

73.3.2 With
limit controls
as the primai
shall be prov

73.3.3 Fixed

[/ 10 the burner when the steam pressure in the boller reaches a preset maxini
S requirement does not preclude the use of additional operating controls, if.req

b burner when the temperature of the water in the boiler reaches a pre
This requirement does not preclude the use of additional operating controls, if

biler assembly equipped with an operating control that only regulates the fuel i
values of steam pressure or water temperature, it shall be provided with
trol that is set to shut off the fuel at a pressure or temperature value below th
ol.

erating control need not be factory-installed<provided the wiring diagram an
N the boiler indicate that an operating control of an appropriate type and se€
fhe installer. See 37.4.

ntrols

er shall be provided with limit.controls that operate to shut off fuel and cause saf
bw water condition and excessive temperature or excessive pressure, as spec
73.7.1. The limit controls_shall be in addition to any operating controls specifig

espect to 73.3(2,safety shutdown may be provided either by employing man
or it may be ‘effected remotely by utilizing the manual reset feature of another
y safety eonirol. For systems where the reset feature is remote from the limit ¢
ded to indicate the limit control has operated when it causes safety shutdown

setting hot-water temperature limit controls shall be marked with the operating

um operating
uired.

ut off the fuel
bet operating
required.

Nput between
an additional
e set point of

i instructions
tting is to be

ety shutdown
fied in 73.3.2
bd in 73.2.1 —

lal reset type
control, such
bntrol, means

temperature,

and steam-p

ESSUTE CoMntrots statt-be mmarked witt the operating pressure of their fixedpoin

s. Adjustable

setting hot-water temperature limit controls shall have their temperature range marked, and
steam-pressure controls shall have their pressure range marked.

73.3.4 Except as permitted in 54.13, a limit control that functions to interrupt or reduce the delivery of fuel
for combustion by opening an electrical circuit shall be so arranged as to effect the direct opening of that
circuit, whether the switching mechanism is integral with or remote from the sensing element.
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73.3.5 The purpose of the requirement in 73.3.4 is to avoid interposing in the limit-control circuit other
controls, the failure of which may result in a condition that the limit control is intended to prevent. However,
a limit control may interrupt the pilot circuit of a magnetic-type motor controller which, in turn, directly
opens the safety circuit when it is necessary to interrupt a single-phase circuit carrying a load greater than
the capacity of available limit controls or to interrupt a multiphase circuit.

73.3.6 The limit control for a boiler for alcove or closet installation shall be factory-located on the

assembly or its location shall be factory-predetermined.

73.4 Primary safety control

73.4.1 A primary safety control having timings and programming as indicated in Primary Safety Controls,

Section 55, §
73.5 Liquid |

73.5.1 A wat]
and water fe
water falls bg

Exception:
excessive te
cut-off.

73.5.2 Low

cut-offs or co
so that opers
lowest visiblg
than the othe
burner opera

Exception:
water cut-off;

a M
b) M

c) M

all be provided.
bvel limit controls
Er boiler shall be provided with at least one low water cut-off or combination low
ed control that operates to open the burner circuit and cause ‘safety shutdov
low the lowest permissible level as specified in 73.5.2.
A water tube or coil type boiler that requires forced Wwater circulation to ¢
mperatures (see 73.7.1), may employ a water flow,-s€nsing device instead o
pressure and high pressure steam boilers shall be provided with at least t
mbination low water cut-off and water feed (€ontrols. Both controls shall be wir
part of the gage glass. However, onexcontrol shall be set to operate at a low
r. The control set lower shall cause safety shutdown, requiring a manual re

ion.

\ boiler that does not excééd any of the following limits may be provided with

aximum working jpressure — 100 psig (689.5 kPa);
aximum inside, diameter of shell- 16 inches (406.4 mm);

ximum_hReating surface — 20 square feet (1.86 m?); or

d) G

water cut-off
in before the

uard against
[ a low water

vo low water
bd electrically

tion of either control causes fuel cut-off to*the burner before the water level falls below the

br water level
et to restore

only one low

Foss Volume, exclusive of casing and insulation — 5 cubic feet (0.142 m?). Seg

73.5.3.

73.5.3 With reference to the exception to 73.5.2, the gross volume is considered to be the volume of a
rectangular or cylindrical enclosure into which all the pressure parts of the boiler could be fitted in their
final assembly including gas passages that are integral with the assembled pressure parts. Projecting
nozzles or fittings need not be considered in this volume.
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73.5.4 With respect to 73.5.1 and 73.5.2, safety shutdown may occur simultaneously with the operation
of the low water cut-off 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.

73.6 Pressure limit controls
73.6.1 Each low pressure and high pressure steam boiler shall be provided with a pressure operated

control that operates to shut off all fuel to the burner and cause safety shutdown in case of excessive
steam pressure in the boiler. The control settings shall be in accordance with 73.6.2 and 73.6.3, as

appropriate.

73.6.2 The fhaximum sefting of a limit confrol on a low-pressure steam boiler shall i

pressure in t
setting shall

73.6.3 The li

maximum all
maximum se

73.7 Tempel

73.7.1 A water boiler shall be provided with at least one tempetatdre-operated limit control

to shut off al
exceeds the
shall occur b

73.8 Safety

73.8.1 Safety
74 Installatio
74.1 If a low
a water colun
no shutoff va

equivalent fit
inspection.

74.2 A low V]
blowoff valvi

he boiler to 15 psig (103 kPa). On a control having an adjustable setpoint;
pe limited by a fixed stop. Such a boiler is marked with ASME Code Symbol "

Mit control for a high pressure steam boiler shall limit the steam préssure in thg
pwable working pressure of the boiler. On a control having ‘an~adjustable
ting shall be limited by a fixed stop. Such a boiler is marked:with ASME Codsg
ature limit controls

fuel to the burner and cause safety shutdown before the water temperature
maximum rated operating temperature. For aow pressure hot water boiler saf
bfore the water temperature in the boiler exeeeds 250°F (121°C).
bhut-off valves
shutoff valves shall conform with the requirements in 45.1.1 — 45.3.2.
n of External Controls and-Fittings
water cutoff is installed external to a low pressure or a high pressure steam
(n, the connecting-Riping and fittings to the column shall not be smaller than 1-

ves of any typ€ shall be placed in the piping between the boiler and the cutg
ing shall be‘used in the piping connections at every right angle to facilitate

it the steam
he maximum
H" .

e boiler to the
setpoint, the
Symbol "S".

that operates
in the boiler
ety shutdown

boiler utilizing
nch NPS and
ff. A cross or
cleaning and

ater “cutoff that embodies a separate chamber shall incorporate a vertical drainpipe and a

chamber or

e Not smaller than 3/4-inch NPS, located at the lowest point of the

water-equali

Ty pipe conmectons so that the thamberand theequatizing pipe carm be fiuste

water cutoff can be tested for operation.

| and the low

74.3 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
cutoff connections. The ends of any nipples used shall be hollowed to full size of the internal diameter.
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74.4 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 will be in the upward direction.

74.5 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.

74.6 A steam pressure limit control shall be installed on the boiler without any shutoff valve between the
limit control and the boiler.

74.7 Each steam pressure limit control shall be protected with a siphon or equivalent means of
maintaining d water seal between the steam and the Inlet to the control. The size of the sighon shall not
be less than [L/4-inch NPS. Tubing of adequate temperature and pressure rating and ofregyivalent inside
diameter may be substituted for pipe.

74.8 If a steg
of the siphon

m pressure limit control that incorporates a mercury switch is mounted on a sif
shall be in a plane that is 90 degrees (1.57 rad) from the plan€ bf‘the mercur|

hon, the loop
y switch.

74.9 The stefam pressure connections to the steam pressure limit controkshall not be:

a) Smaller than 1/4-inch NPS, if the pipe is of nonferrous-material;

b) S

c) M
temp

PERFORMA
75 General

75.1 Perforni
23.

75.2 A boile

maller than 1/2-inch NPS, for ferrous materials up to 5 feet (1.52 m) in length;

pre than 1-inch NPS for ferrous materials over 5 feet in length. Tubing of adec

brature and pressure rating and of equivalent internal diameter may be substit

NCE

ance shall be determined on the boiler assembly as described in this Sectior

assembly shall,;meet the applicable requirements when tested as describe

assembly of & type not described specifically herein is to be tested in accordance with the i

requirements
continue to n
supplementa

If any indications are observed during the tests prescribed herein that an ass
neet thé requirements in normal usage so as to assure continued safe perfo
y tests shall be conducted as deemed necessary to assure safe service.

or

uate
uted for pipe.

and Section

d herein. An
htent of these
embly will not
mance, such

75.3 A boile

aSsempty s to be tested ormatly as suitabtefor mstattatior o moncombusti

le floors and

with clearances to combustible walls and ceilings not less than indicated in Table 75.1. Such a boiler
assembly is categorized under Form Il, Form Ill, or Form IV, depending on its physical size and/or
operating flue gas temperature as noted in Table 75.1. At the option of the manufacturer, a boiler
assembly operating at not more than 1000°F (537°C) flue gas temperature may be tested as suitable for
installation on combustible floors and when so tested is categorized under Form lla or Form llla,
depending on its physical size.
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Table 75.1
Standard clearances

Type of Boiler Minimum clearance, inches (mm)
A B C D D F
Above Front Chimney/vent Rear Sides Below
Connector
Form XIII 6 (152) 18 (457) 6 (152) 6 (152) 6 (152) NC
Form II 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) NC
Form lla 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) C
Form IlI 18 (457) 48 (1219) 18 (457) 18 (457) 18 (457) NC
Form llla 18 (457) 48 (1219) 18 (457) 18 (457) 18 (457) C
Form IV 48 (1219) 96 (2438) 36 (914) 36 (914) 36 (914) NC
Form IVa 48 (1219) 96 (2438) 36 (914) 36 (914) 36 (914) C
Where:
C — Combustible.
NC — Noncombustible.
Form XIl — Water walled types - hot water boilers, low pressure steam, boilérs, not larger than|100 cubic feet
(2.8 m3) in size excluding burner — equipped with draft hood.
Form Il — Water walled types - hot water boilers, low pressure steam’boilers, not larger than 1000 cubic feet (2.8
md) in size excluding burner — not equipped with draft hood.
Form lla — Warm Air Furnace, horizontal forced, not largerthan 100 cubic feet (2.8 m3) in sizd excluding
blower compartments and burner and installed at zero below clearance — not equipped with dfaft hood. And,
same as Form Il boilers except installed on combustible)flooring.
Form Il — Low Heat Industrial Device, Floor mounted type furnaces and heaters and not clasdified under
Forms | (furnaces) or Xl (furnaces and heaters)and, hot water boilers and steam boilers operfting at not more
than 1000°F (537°C) flue gas temperature not classified under Form Il or XII.
Form Illa — Same as Form IIl except installed on combustible flooring.
Form IV — Medium Heat Industrial Devices, steam boilers operating in excess of 1000°F (5379C) flue gas
temperature.
Form IVa — Same as Form IV exeept installed on combustible flooring.
75.4 At the further option of the manufacturer, a boiler assembly may be tested with clearances less than
those indicatg¢d in Table 75.1. A boiler assembly of the type categorized under Forms Il and |la, see Table
75.1, equippgd with an integrallimit control may be tested as suitable for installation in an algove or closet.
75.5 If a boiler assembly.is to be tested in a partial enclosure at clearances less than thoge designated

as standard i
above the pa
When the ch

N Table 756/1; a ceiling of construction equivalent to that required for the walls is
rtial englosure. Clearances from chimney connectors are to be at least 9 inch

to be placed
s (229 mm).

mney connector clearances are less than those designated as standard in T

ble 75.1, the

connector arfangement is to be as specified in 76.2.2 and Figure 76.2. Except for those magdifications of

the enclosure and as otherwise provided herein, tests are to be conducted in the manner described for
standard clearances.

75.6 The minimum standard clearances designated in Table 75.1 are based on the boiler assembly being
installed in a room that is large compared to the size of the assembly. All clearances designated in Table
75.1, or by the manufacturer under an option, are to be in integral inches for testing purposes.
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75.7 The maximum temperature of flue gases during the continuous operation temperature test no. 3, at
the maximum input recommended by the manufacturer shall not be in excess of the following:

Type of device Maximum temperature rise above ambient

Degree F Degree C
Devices equipped with draft hoods and 400 204.4
appliances intended for connection to a
Type B gas vent
Other appliances 850 454.4

The maximum temperatures specified above are for the purpose of obtaining safe temperatures on
combustible construction in proximity of the chimney or vent connector when the indicated clearances are

davicac ooy iana

maintained.

bh_deaft bhooda op ittt bhoaodc

annliananc

hat exhibit a

negative preg
devices are {

75.8 With re
are to be ma
the vent pipe
76.2. The preg

75.9 Addition]
76 Test Instd
76.1 Enclosl

76.1.1 A boll
in 76.1.2 — 74
and from the
75.1. If one 9
assembly is t
not be place
standard in T
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partial test ¢
specified by
within 9 inchg
specified in T

nh aaant 1 waatha
Jllly COCVICCS—COuUiPpPTa WHA—GfrateoaS—6t TP PTTTCC S vt oot arart rooousS

sure of the flue gases (see 75.8) are suitable for connection to a Type B gas
uitable only for connection to a chimney.

spect to 75.7, determination that the flue gases in the vent pipe areat a negg
e in the center within the vent pipe, 6 inches (152 mm) downstream from the
to the flue gas outlet of the appliance. The vent pipe is to be.connected in acq
ssure of the flue gases shall be negative at all permitted jnputs of the applian

al performance requirements are specified in 68.1, 682, and 68.3.
lllation for Standard Clearances
re

er assembly is to be placed in a partiakenclosure in the as-received condition,
.1.5. Except as permitted by 75.3, the’distance from the back, side, and top of
chimney connector to the walls-and ceiling of the enclosure is to be as indic
ide of the assembly may create a higher wall temperature than the other, th
b be directly opposite one wall.” A boiler assembly categorized under Forms IV
in a partial enclosure unless it is to be tested at clearances less than those (
able 75.1.

nclosure may be eliminated and thermocouples attached to the outer casi
P4.5.1 — 24:5.6. The temperature at points on external surfaces of the appl
s (229 imin) of the flue collar or any inspection or relief opening, shall not exce
able27.1.

ent. All other

tive pressure
connection of
ordance with
Ce.

as described
the assembly
ated in Table
at side of the
and [Va need
esignated as

alternative to 76.1.1, when tested at clearances designated as standard in Table 75.1, the

g panels as
ance, except
ed the values

76.1.3 The

f detachable;

oilet nccnmhly is ta be level | mmling means if 'r_\rm/irlarl, are to he removed

or, if not detachable, are to be adjusted to place the base of the boiler assembly the minimum allowable
distance above the floor.

76.1.4 The partial enclosure is to be formed by two walls of 1 inch (25.4 mm) nominal thickness wood
boards or plywood 3/4 inch (19.1 mm) thick, set at right angles and finished in flat black. See Figure 76.1.
A ceiling of equivalent construction is to be placed above the partial enclosure. The height of the walls is
to be such as to obtain the minimum clearance above the boiler assembly specified in Table 27.1 and in
accordance with 75.3. All joints in the test enclosure are to be tight or sealed. The walls and ceiling of the
partial enclosure are to extend 3 feet (0.91 m) beyond the end and side of the boiler assembly. Except as
permitted by 75.3, the walls are to be the minimum distance specified in Table 27.1 from the side and back
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of the boiler assembly, except when the flue outlet is horizontal, in which case the wall opposite the flue
collar is to be the specified distance from a vertical chimney connector as connected to the flue collar by
a 90-degree elbow. See 76.1.11.

Figure 76.1
Enclosure for standard clearances

\

1. Location of
heater, assembly
on platform.

S2584

76.1.5 If the|boiler is intended for direct installation on combustible flooring, the floor beneath the boiler
assembly is to be 1 inch (25.4 mm)-white-pine flooring covered with one thickness of building paper, and
then by 3/4 ipch (19.1 mm) thick-plywood, unpainted or finished with a clear sealer.

76.1.6 If the |boiler is intended to be insulated in service, it may be tested with the coverind furnished by
the manufacfurer as standard equipment. If the boiler covering is not furnished as part|of the boiler
assembly, thg assembly may be tested with plastic magnesia or equivalent insulation 1-1/9 inches (38.1
mm) thick.

76.1.7 If the|boiler covering is not furnished by the manufacturer or if the covering is furfiished by the
manufacturer but not factory assembled on the boiler, the manufacturer is to specify such covering as is
specified in 76.1.6 or the manner in which the separately packaged factory furnished covering is to be
installed. This information is to be furnished in conjunction with the clearance information to appear on the
boiler assembly. Such information should also be included with the instructions furnished with the boiler
assembly.
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76.1.8 The limit control, if furnished separately for mounting in the field, is to be located as specified in
the installation instructions furnished with the boiler assembly.

76.1.9 The inlet air temperature is to be measured by a thermocouple, not heavier than 24 AWG (0.21
mm?), shielded from direct radiation and located centrally 24 inches (610 mm) in front of the boiler
assembly and 24 inches above the floor of the test enclosure.

76.1.10 The water temperature in a boiler is to be measured by a thermocouple located so that the water
temperature 1 inch (25.4 mm) below the outlet connection of a hot-water boiler and 1 inch below the
surface of the water in a steam boiler may be determined.

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

76.2 Chimngy connector

76.2.1 The ghimney connector is to be the same nominal size as the flue collar;ar ‘outlet|of the boiler.
Galvanized stovepipe not heavier than 0.023 inch (0.58 mm) (No. 24 GSG) is-te)be used.|The chimney
connector is|to extend vertically through the ceiling of the test enclosuref |directly connected to and
extended veftically above a vertical flue outlet, and connected to a harizental flue outlgt by using a
90-degree sheet metal elbow at the bottom of the vertical section. See Figure 76.2.
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Figure 76.2
Chimney connectors clearance test
(O (MO
- 3) -
R &/ R
//@\
[¢] () -
2 -
H 0 ._-__-T
8”
/mm)

1o fCn —- D

HORIZONTAL RLUE OUTLET VERTICAL FLUE OUTLET

S258p

1. Centerline of thermocouple.

2. Support bracket.

3. Draft Regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
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76.2.2 For a boiler assembly tested in a partial enclosure (see Figure 76.1) at clearances less than those
designated as standard in Table 75.1, the clearances from the chimney connector are to be not less than
9 inches (229 mm). When the chimney connector clearances are less than those designated as standard
in Table 75.1, the chimney connector arrangement is to be as specified in 76.2.3 and Figure 76.3.

Figure 76.3
Sealing of annulus around chimney connector
CHIMNEY CONNECTOR

FIRE and HEAT RESISTIVE
INSULATING BARRIER

-

— 4" —e] — 4" —]

(102mm) (102mm)

N

76.2.3 A bdiler assembly with vertical flue outlets is to be tested with two chimngy connector
arrangementsg, Styles | and Ill, and-a boiler assembly with horizontal flue outlets is to be telsted with two
chimney conpector arrangements, Styles Il and 1l as indicated in Figure 76.4, unless the [manufacturer
elects to spegify the minimum/clearance from the boiler assembly as that obtained when tgsted with the
chimney conpector arrariged in accordance with Style | or Il only.

S2586
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Figure 76.4
Chimney alternate arrangement
L L
4 — o
:
TOP VIEWS — SEE NOTE |
Cv

!
STYLE 1 SIDE VIEWS STYLE I

S2588 STYLE SIDE VIEW
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76.2.4 Where the chimney connector pierces the enclosure, an opening 8 inches (203 mm) larger than
the chimney connector is to be cut in the enclosure and the annulus thus formed sealed on the exterior
surface with a fire and heat resistive insulating barrier at least 1/8 inch (3.2 mm) thick. See Figure 76.3.
Temperatures on the surfaces surrounding the chimney connector are not to be determined at points
located less than 2 inches (50.8 mm) from the outer edge of the annulus.

76.2.5 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
shown by item 2 of Figure 76.2.

76.2.6 A draft regulator is to be provided for test purposes and located in the chimney connector outside

the test enclosure. See Figure 76.2.

76.2.7 Any §
allowing max|

76.2.8 The d
imposing the

77 Initial Teq

77.1 The bo
Test Installat

mum draft.

himney connector is to be connected to a chimney, stack, or exhaust’syste
specified draft.

t Conditions

ler assembly is to be set up for test in the appropriate énclosure and mannel
on for Standard Clearances, Section 76.

ullt-in_draft regulator included as part of the boller assembly IS 10 be Tixed If the position

m capable of

described in

77.2 Unless ptherwise specified in the describing the tests, beiler assemblies are to be tested at the test

voltages indi¢ated in Table 25.1.

77.3 The boiler assembly is to be fired at its rated input,;'with each type of fuel for which the boiler is rated:
a) Rpate(s) shall be defined as the manufacturer’s specified minimum and/or maximum input(s)
for which the burner (or device) is intended to operate;

b) Agtual test value(s) without-the' FGR system operative shall be +2 percent of the specified
valug(s); and

c) Actual test value(s)ywith the FGR system operating shall not change to the extent that a
deletgrious affect onthe combustion process is obtained.

77.4 The in
manufacturer

77.5 All heat

put, air-fgel>ratio, and other operating conditions are to be in accorda
s instructions.

hce with the

ice to be fired

ng'sdrfaces in contact with combustion products and the vent pipe of the dev

for the test a

77.6 Tests a

£ to be thorougthty tleaned beforethecombustiomtestisbegur.

re to be conducted at normal fuel pressures.

77.7 The limit control is to be bypassed to permit continued operation when required by a test. During
test, the temperature or pressure within the boiler is to be not greater than its rated temperature or
pressure, but not less than the appropriate value given below:

a) 200°F (93.3°C) in a low pressure hot-water boiler;

b) 12 psi (82.74 kPa) in a low pressure steam boiler;
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c) 95 percent of maximum rated temperature in a high pressure water boiler; or

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

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

temperature t

est until equilibrium temperatures are attained.

78 Combustion — Test No. 1

78.1 When tested at steady state conditions as described in 78.2:

a) The observed smoke at all firing rates during the prescribed tests does not exceed the

follow

b) Fi
mong
of thg

c) Ig

d) Ig
fired

e) S

f) Ng
conn

g9 S
detri

h) A

Ing on the Shell-Bacharach scale with the Model RDC smokemeter or equiya

1) Number 1 spot for all mechanical draft burners having a maximum-capa
exceeding 7 gph (26.5 L/h) firing a distillate type fuel,

2) Number 2 spot for all vaporizing type burners firing a distillate type fuel
distillate type fuel; or

3) Number 4 spot for all burners firing a residual-type fuel.

Fing gas, combustion shall be complete in the space provided by the device a
xide in concentration in excess of 4/100 of 1%percent shall be present in air fr
 flue gases taken over the full operating.range of the assembly;

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

hition is obtained at each cycle without flash of flame outside the heating devi
and without damage to parts jof the device;

able fires are obtained atall operating firing rates;

bctor of the heating device fired for the test;

Irfaces of’the fire box, hearth, electrodes, and igniters and their insulators are
hental.formation of carbon, soot, and tar;

ent:

city not

and for

mechanical draft burners having a maximum capacity in excess of 7 gph fifing a

nd no carbon
be samples

ces being

soot has been deposited on surfaces of the heat exchanger, flue passages, ¢r vent

free from

ufacturer’s

pilot*does not deposit detrimental carbon when adjusted according to the mar

instrd

ctions; ard

i) Flame stability as confirmed by both audible and visual inspection shall not be deleteriously
affected with or without the FGR system operating.


https://ulnorm.com/api/?name=UL 2096 2015.pdf

OCTOBER 27, 2006 UL 2096 147

78.2 For the test specified in 78.1 the device is to be installed and adjusted in accordance with the
manufacturer’s instructions, and fired at rated input and operated until steady-state combustion conditions
of draft, fuel-input rate, and flue-gas temperature have been established. The current input to the
assembly is to be measured during this test.

78.3 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.

78.4 A boiler shall be capable of functioning uniformly and reliably at the maximum input recommended
by the manufacturer without a loss of heat to the chimney in excess of 25 percent of the heat input to the

device.

79 Limit Con

79.1 The lim
stop shall fun
(121°C) and
boiler assem
when the pre
the water ten
designed wo

79.2 The bo
provided with
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applicable. A
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control, set t(
test.

79.4 The wa
inlet and outl
the test.

79.5 A slow-
79.6 The bo

temperature
boiler nor theg

trol Cutout — Test No. 2

t control for a low-pressure boiler when adjusted to its maximum setting” allow
ction when the temperature of the water in a hot-water heating boiler’is not mo
When the pressure in a steam heating boiler is not more than 15-psi (103 kH
bly is tested as described herein. The limit control for a high-pressure boiler
sure in a steam boiler is not more than the designed working-pressure of the b
nperature in a hot-water boiler is not more than the temperature of saturated
king pressure of the boiler, when the boiler assemblyis tested as described h

ler is to be filled to the intended level with water. A steam or a hot-water b
a pressure-relief valve.

t control, if adjustable, is to be adjusted‘to the highest temperature or pressu
Ny modulating type operating control pravided to regulate the fuel input between
to be bypassed to permit the appliance to operate on high fire. The on-off ty
cut out at a value below the setpoint of the limit control, is also to be bypass

er temperature obtained.in a hot-water boiler is to be measured as described in
et water valves are tQ be adjusted so that hot water passes the thermocoupld
Closing valvetis-to be placed in the steam outlet line of a steam boiler.

iler is.to)be fired at rated input and the water or steam valves adjusted
br preéssure until the limit control functions. Neither the maximum water temp

ed by a fixed
e than 250°F
a), when the
shall function
piler, or when
steam at the
erein.

oiler is to be

re setting, as
high and low
pe operating
bd during this

76.1.10. The

bead during

to raise the
prature in the

pressure is to exceed the values indicated in 73.6.2 and 73.7.1.

79.7 Following the test in 79.6, the boiler is allowed to be filled to the intended level with water. The boiler
is to be fired at any input, a feed water device, if provided is to be disconnected, and the boiler drain valve
opened. Firing is to continue until the low water control operates to de-energize the burner.
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79.8 The water level in the boiler upon interruption of the burner circuit is to be the lowest safe
permissible water level established by the manufacturer.

80 Continuous Operation Temperatures— Test No. 3

80.1 When a boiler assembly is tested in accordance with these requirements, no part shall attain a
temperature sufficient to damage required corrosion protection, to impair intended operation of safety
controls, to impair the value of required thermal or electrical insulation, nor to cause creeping, distortion,
sagging, or similar damage if such damage to the material or part may cause the boiler assembly to
introduce a risk of fire, electric shock, or injury to persons. The temperature rises at specific points shall
be not greater than those specified in Table 27.1, unless otherwise indicated. Water temperature or steam
pressure shall not be excessive.

80.2 Motors [shall not exceed the temperature rises indicated in Table 27.1 when tested'|as described
herein.

80.3 During [this test, the temperature rises above inlet air temperature shallnot exceqd the values
specified in Tjable 27.1. See 27.1.

80.4 Each lipit control is to be bypassed to permit continued operation during this test.

80.5 The boller is to be fired at rated input. For boilers designed-for hot-water use only, the feed-water
inlet is to be throttled during the test until the water temperature”atithe outlet of the boiler hag reached the
value determjned in accordance with 79.6, but not less than<200°F (93°C). The feed water|is then to be
supplied at quch a rate as to maintain the temperature at the boiler outlet within £5°F (42.8°C) of the
specified valye. A steam boiler is to be maintained at the {pressure allowed by the limit contrd|, but not less
than 14 psi (97 kPa), and the feed water is to be supplied to maintain a relatively constant water level in
the gauge glpss. If the temperature of the boiler assembly components or the test enclosure would be
affected duripg the test by the feed-water temperature, the temperature of feed water megsured at the
inlet to the RHoiler is to be maintained 20°E (11.1°C) below the outlet-water temperature [for hot-water
boilers and npt less than 180°F (82°C) for.steam boilers. Boilers suitable for either hot waterf or steam are
to be tested @s steam boilers.

80.6 Firing gf the boiler is to be €ontinued until equilibrium temperatures are attained, as pvidenced by
no changes |n temperature rises*for three consecutive readings taken 15 minutes apar{ at observed
maximum temperature points.
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81 Low Water Cutoff — Test No. 4

81.1 A boiler equipped with a low water cutoff control or controls for compliance with 73.5.1 and 73.5.2
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 81.2 — 81.5.

81.2 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 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 81.4 and 81.5). If the boiler is provided with a second low water cutoff control and the

control that o

81.3 After of
operation of
low water cu
is to be dete
and 81.5.

81.4 With re
manual resef
whose action

81.5 If any o
delay feature
in compliancg

before the water level falls below the lowest level permitted by 73.5.1.

PART IV -F
CONSTRUC]
82 Assembly

82.1 Except
components

separate conpponents,{one component consisting of the burner assembly and the other cor

furnace or he
heater shall i

perated IS Oof an automatic reset type, the test IS to be continued In accordanc

eration of the automatic reset type low water cutoff, it is to be electrically_byp
he burner is resumed. The draining of the boiler water is to be continuéd un
off operates to shut down the burner. At that point the draining is-t@)be disco
mined that operation of the burner cannot be resumed without’ &, manual rest

Spect to 81.2 and 81.3, determination that a burner operation cannot be resur
can be made by increasing the water level in the-bdiler or by observing th
provided safety shutdown has operated and requipes’a manual reset.

f the controls whose operation is being tested«in’accordance with 81.2— 81.4 in
it shall be determined that the time delay ffem burner shutdown to safety shut
e with 73.5.2. The burner shutdown by the control that causes safety shutdown

L URNACES AND HEATERS

[ION

as permitted by,45.7.2 and 87.2.3, each device shall be factory built to in
hecessary for.its normal function when installed as intended. It may be furn

ater assembly. The burner assembly shall include the primary safety control. T}
hclude all the other parts constituting the complete gas-fired device.

b with 81.3.

hssed so that
il the second
tinued and it
art. See 81.4

hed without a
hat the control

cludes a time
Hown shall be
has to occur

clude all the
ished as two
sisting of the
he furnace or

82.2 A devic

o, T ot Tmanufacturedasarm assemply, shattconsist of as few subassembtiesas 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
described in 39.7 and 82.3. 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.
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82.3 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 82.2. 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, or the corners of the opening shall be embossed or be in knockout form.

82.4 A radiation shield or baffle employed to prevent excessive temperature shall be assembled as part
of the device; or be part of a subassembly that must be attached to the device for its normal operation;
or be designed so that the device cannot be assembled for operation without first attaching the required
shield or baffle in its proper position.

82.5 Each device shall afford convenient operation by the user of those parts requiring attention or
manipulation by him in normal usage.

82.6 Any adjustable part shall be provided with a locking device.
82.7 Opening in perforated or expanded metal panels, provided over combustigp-aif, circulating-air, or
vent-relief openings shall not be less than 1.8 inch (45.7 mm) diameter. If the openings in such panels are
other than cifjcular in shape, they shall be of such size that will permit entranceof a No. 20|drill.

82.8 A suspénded device shall be constructed to prevent the droppingcofincandescent partjcles from the
unit.

82.9 A suspeénded device shall be equipped with hangers or brackets to support the unit.

82.10 Furnages for space heating shall not allow the produets of combustion to become njixed with the
circulating ail.

83 Accessibi

ty

83.1 All flue pas passageways or heating surfaces shall be accessible for inspection and clganing without
major dismarjtling and without removal of\controls.

83.2 Provisign shall be made to permitobservation of each pilot and main burner flame during adjustment
and under operating conditions.

83.3 Sufficignt and reasonabte accessibility shall be afforded for cleaning, inspectionf repair, and
replacement pf all burnersiscontrols, and safety devices when the device is installed as recqmmended by
the manufacturer. Thedarrangement of parts in an assembly removed for normal care shalll be such that
their restoratipn, folldwing removal, will not necessitate realignment to secure their proper relptionship with
other parts off the assembly. Special tools that may be required for normal care to be done by the operator
shall be supgliedywith the device.

83.4 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.
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