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INTRODUCTION
1 Scope
1.1 These requirements apply to oil-fired boiler assemblies.

1.2 Requirements for the installation and use of oil-burning equipment are included in the Standard of
the National Fire Protection Association for the Installation of Qil-Burning Equipment, NFPA 31.

1.3 Deleted

2 General

2.1 The term "appliance" refers to any equipment covered by this Standard.

2.2 Values s$tated without parentheses are the requirement. Values in parentheses are gxplanatory or
approximate ipnformation.

3 Glossary
3.1 For the purpose of this Standard the following definitions apply.

3.1.1  AIR-INTAKE TERMINAL — The fitting which is located en the outside of the structure|through which
the air for combustion is taken from the outside atmosphéte. The terminal is intended to bg¢ connected to
the combustign air intake of the boiler with additional piping.

3.2 AIR SHUTTER - An adjustable device for varying the size of the air inlet or inlets reglilating primary
and/or secondary air.

3.3 ANTIFLDODING DEVICE — A primary safety control which causes the fuel flow to be $hut off upon a
rise in fuel leVel or upon receiving excess fuel, and which operates before the hazardous discharge of fuel
can occur.

3.4 APPLIANCE FLUE - The'flue passages within the appliance.

3.5 AUTOMATICALLYNLIGHTED APPLIANCE — An appliance in which fuel to the npain burner is
normally turngd on<ahd ignited automatically.

3 6 BAFFL An-obicectolacadin-an-asnplianecata-dirapt tha flava, ~Af oipr ~Ap flLiA Ao
. = T oOoCCrpIac el a T appPmancC o Un T oric oW O dit U T gyasStoT

3.6A BIODIESEL - Any biodiesel blend stock as defined by Standard Specification for Biodiesel Fuel
Blend Stock (B100) for Middle Distillate Fuels ASTM D6751, intended to be utilized as a complete fuel
source (B100) or blended with a distillate fuel oil.

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

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

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

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

3.12 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.

3.13 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.

3.14 BURNHR, NATURAL DRAFT TYPE — A burner which depends principally upon thg
created in the flue to induce into the burner the air required for combustion.

3.15 CASIN

— An enclosure forming the outside of the appliance, no_parts of which a

subjected to intense heat.

3.16 CENT

L HEATING APPLIANCE - A stationary indirect<fired vented appliance ¢

following clasges: boilers, central furnaces, floor furnaces, and\wecessed heaters. A floor

heater to be c

3.17 COMBU
contact with h
pipes, refers t
that will ignite
fire-retardant t

3.18 COMB\

3.19 CONTHR
temperature, fi

3.20 CONTR
equipment usg
of fire, electric

nnected to a duct system is categorized also as.a'central heating appliance.

eat-producing appliances, chimney connectors and vent connectors, steam
b material made of or surfaced with-wood, compressed paper, plant fibers, or
and burn. Such material shall be“considered as combustible even through
Feated, or plastered.

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

OL, LIMIT — An automatic safety control, responsive to changes in liquid leve
Dr limiting the operation of the controlled equipment.

OL, SAFETY - Automatic controls, including relays, switches, and o
d in cohjunction therewith to form a safety control system, that is intended to r
shock, or injury to persons during operation of the controlled equipment.

natural draft

e likely to be

bmprising the
mounted unit

USTIBLE MATERIAL — Combustible material as pertaining to materials adjacent to or in

and hot water
bther material
flameproofed,

urs.

, pressure, or

ther auxiliary
bduce the risk

3.21 CONT

OL, PRIMARY SAFETY — An automatic control that monitors the operation of

a gas-fired or

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

a) 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); or

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.

3.22 CONTROL, SAFETY COMBUSTION — A primary safety control responsive directly to flame
properties, sensing the presence of flame and causing fuel to be shut off in event of flame failure.
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3.23 DAMPER - A valve or plate for regulating draft or flow of flue gases. A damper is generally
considered as being located on the downstream side of the combustion chamber, usually in a flue passage

of the applian

ce or in the chimney connector.

3.24 DAMPER, AUTOMATICALLY OPERATED — A damper operated by an automatic control.

3.25 DAMPER, MANUALLY OPERATED - An adjustable damper manually set and locked in the desired

position.

3.25.1

DIRECT VENT SYSTEM, BOILER — A boiler which is constructed so that all air supplied for

combustion, the combustion system of the boiler, and all products of combustion are completely isolated
from the atmosphere of the space in which it is installed.

3.26 DRAF]
energy poten
heat-exchang

3.27 DRAFT
automatically

3.28 ELECT

a) Hig
charag

b) Low
(42.4

A circ
resistg
consid

[ — The differential in static pressure available, between any two locations,
ial for the moving of air for combustion or products of combustion threugh
ing apparatus, or both.

reducing the chimney draft to the desired value.

RICAL CIRCUITS:

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

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

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

2) Is limited to a maximum of 100 volt-amperes.

it derived from{a) source of supply classified as a high-voltage circuit,
nce in series with the supply circuit as a means of limiting the voltage and
ered to be.aijow-voltage circuit;

c) Sa

fi
3.29 EXCEI

ty Control Circuit — A circuit involving one or more safety controls.

to provide the
a fuel-burning

[ REGULATOR — A device which functions to maintain a desired draft in the appliance by

having circuit
nating-current
ance, or by a

e with what is

by connecting
current, is not

S\AIR — Air which passes through the combustion area and the appliance flugs in excess of

that which is t

heoretically required for complete combustion.

3.30 FLUE - A general term for the conduit or passageway through which flue gases pass from the
combustion chamber to the outside air.

3.31
connector.

3.32 FLUE GASES - Combustion products and excess air.

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

3.33 FUEL OIL — Any hydrocarbon oil as defined by the Standard Specification for Fuel Oils ASTM D396
any biodiesel as defined by the Standard Specification for Biodiesel Fuel Blend Stock (B100) for Middle
Distillate Fuels, ASTM D6751, or any fuel oil/biodiesel blend.
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3.33A FUEL OIL/BIODIESEL BLEND — Blended fuels composed of a No. 2 or lighter fuel oil component
and a biodiesel component. The biodiesel component shall meet the Standard Specification for Biodiesel
Fuel Blend Stock (B100) for middle Distillate Fuels, ASTM D6751. The numerical value corresponding to
the biodiesel component determines the blend rating (such as B20 for 20 % biodiesel, 80 % diesel).

3.34 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.

3.35 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 corjtained in close contact with or directed through the heat exchanger.

3.36 HEATING SURFACES - All surfaces which transmit heat directly from flame or’flug gases to the
medium to be heated.

3.37 INDIRECT FIRED APPLIANCE — An appliance designed so that combustion productd or flue gases
are not mixed |n the appliance with the medium to be heated and provided with a flue collar.

3.38 MANUALLY LIGHTED APPLIANCE - An appliance in whigh\fuel to the main burnef is turned on
only by hand gnd ignited under supervision.

3.39 NORMAL CARE - The periodic tasks usually performed to operate and maintain gn appliance,
such as air, fyiel, pressure, and temperature regulation;\cleaning, lubrication resetting of|controls, etc.
Repair and replacement of parts other than those expected to be renewed periodically is not|considered to
be normal car¢. Some examples of normal care are;

a) Clegning or replacing nozzles, atomizers, and pilots;

b) Setting ignition electrodes;

c) Cleaning strainers or replacing strainer or filter elements;
d) Resegtting safety contral; and

e) Replacing igniter.cable.

3.40 OIL-FIRED BOILER ASSEMBLY — A boiler assembly as defined herein equipped with one or more
oil burners, and alkthe necessary safety controls, electrical equipment as needed, and reIatTd equipment,
manufactured far-assembly as a unit

3.41 PILOT - A flame which is utilized to ignite the fuel at the main burner or burners.

3.42 POSTPURGE PERIOD — The period of time after the fuel delivered to the burner is stopped and
during which the burner motor or fan continues to run to supply air to the combustion chamber.

3.43 PREPURGE PERIOD - The period of time during the burner start-up in which air is introduced into
the combustion chamber and the associated flue passages in such volume and manner as to completely
replace the air or fuel-air mixture contained therein prior to initiating ignition.

3.44 PRIMARY AIR — The air introduced into a burner and which mixes with the fuel before it reaches the
ignition zone.
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3.45 RADIATION SHIELD OR LINER — A separate panel(s) interposed between heating surfaces and
adjacent objects to reduce heat transmission by radiation.

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

3.47 SAFETY SHUTDOWN (LOCKOUT) — The shutting off of all fuel and ignition energy to the burner by

means of a safety control or controls so that restart cannot be accomplished without manual reset.

3.48 SECONDARY AIR — The air externally supplied to the flame at or beyond the point of ignition.

3.49 SPECI

Al PARTS AND TOOI S — Those parts and tools that are not available on

he open retail

market.

3.50 THERMOSTAT — An automatic control actuated by temperature change to. maintairy

between pred

3.51 VALVE
completely tu

3.52 VALVE
oil valve for c(

a) Metering (Regulating) Valve — An oil control valve for regulating burner input;

b) Saf
burnet

3.52.1 VEN]
outside of thq
from which flu

3.53 VENTE
chimney conr]

3.54 VENT
atmosphere.

etermined limits.

ning on or shutting off the oil supply to the burner.

OIL CONTROL — An automatically or manually operated device consisting e
ntrolling the fuel supply to a burner:

pty Valve — A normally closed valve of the ON and OFF type, without any
, that is actuated by a safety control.or:by an emergency device.

[-AIR INTAKE TERMINAL — The\device used with a direct vent boiler which is
structure through which thevair for combustion is taken from the outside at
e gases are discharged.

D APPLIANCE - Anvindirect fired appliance provided with a flue collar to ag
ector for conveyihg)flue gases to the outside air.

TERMINAL ="The fitting at the end of the vent pipe that directs the flue gases

3A Referen

’:ed Publications

temperatures

MANUAL OIL SHUT-OFF — A manually operated valve in“thé oil line for the purpose of

ssentially of an

bypass to the

located on the
mosphere and

commodate a

to the outdoor

3A.1

be interpreted as referring to the latest edition of that code or standard.

3A.2 The fol

lowing publications are referenced in this Standard:

ASME Boiler and Pressure Vessel Code

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

ASTM A90, Standard Test Method for Weight (Mass) of Coating on Iron and Steel Articles with Zinc or
Zinc-Alloy Coatings

ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process
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ASTM D396, Standard Specification for Fuel Oils

ASTM D6751, Standard Specification for Biodiesel Fuel Blend Stock (B100) for Middle Distillate Fuels

NFPA 31, Installation of Oil-Burning Equipment

NFPA 70, National Electrical Code

UL 1, Flexible

Metal Conduit

UL 6, Electrical Rigid Metal Conduit — Steel

UL 20, Generd
UL 62, Flexible
UL 83, Therm
UL 94, Tests f

UL 98, Enclos

UL 224, Extrudled Insulating Tubing

UL 248-1, Low
UL 248-5, Low
UL 296, Oil By
UL/ULC 331, {
UL 343, Pump
UL 353, Limit

UL 372, Auton

I-Use Snap Switches

b Cords and Cables

bplastic-Insulated Wires and Cables

br Flammability of Plastic Materials for Parts in Devices andyAppliances

bd and Dead Front Switches

-Voltage Fuses — Part 1: General Requirements

-Voltage Fuses — Part 5: Class G Fuses

rners

btrainers for Flammablé Fluids, Anhydrous Ammonia and Non-potable Water
s for Oil Burning Appliances

Controls

hatic Electrical Controls for Household and Similar Use — Part 2: Particular Re(

yuirements for

Burner Ignition

Systems and Components

UL 467, Grounding and Bonding Equipment

UL 486A-486B, Wire Connectors

UL 489, Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures

UL 498, Attachment Plugs and Receptacles

UL 508, Industrial Control Equipment

UL 508A, Industrial Control Panels

UL 514A, Metallic Outlet Boxes
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UL 514B, Conduit, Tubing, and Cable Fittings

UL 514C, Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers
UL 574, Electric Oil Heaters

UL 746C, Polymeric Material — Use in Electrical Equipment Evaluations
UL 797, Electrical Metallic Tubing — Steel

UL 810, Capacitors

UL/ULC 842, \Valves for Flammable Fluids

UL 969, Markjng and Labeling Systems

UL 1004-1, Rptating Electrical Machines — General Requirements
UL 1004-3, Thermally Protected Motors

UL 1059, Terminal Blocks

UL 1277, Power and Control Tray Cable

UL 1569, Methl Clad Cable

UL 2111, Overheating Protection for Motors

UL 2250, Insttumentation Tray Cable

UL 4248-1, Fuseholders — Part 1: Géneral Requirements

UL 4248-9, Fyseholders — Part,9: Class K

UL 5085-1, Low Voltagé/Fransformers — Part 1. General Requirements

UL 5085-3, Low Moltage Transformers — Part 3: Class 2 and Class 3 Transformers

UL 60691, Thermal-Links — Requirements and Application Guide
UL 60730-1, Automatic Electrical Controls — Part 1: General Requirements

UL 60730-2-15, Automatic Electrical Controls i— Part i2-15, iParticular Requirements for Automatic
Electrical Air Flow, Water Flow and Water Level Sensing Controls

UL 60947-1, Low-Voltage Switchgear and Controlgear — Part 1: General Rules

UL 60947-4-1, Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and Motor-Starters —
Electromechanical Contactors and Motor-Starters
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I UL 61058-1, Switches for Appliances — Part 1: General Requirements

4 Components

I 4.1 A component of a product covered by this Standard shall:
a) Comply with the requirements for that component as specified in this Standard;
b) Be used in accordance with its rating(s) established for the intended conditions of use; and

c) Be used within its established use limitations or conditions of acceptability.

I 4.2 A compénent of a product covered by this Standard is not required to comply,with a specific
requirement that:

a) Invqlves a feature or characteristic not required in the application of;the” component in the
product;

b) Is syperseded by a requirement in this standard; or

c) Is s¢parately evaluated when forming part of another component, provided the component is
used within its established ratings and limitations

| 43 Deleted

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

4.5 Deleted
4.6 Deleted
4.7 Deleted
4.8 Deleted

CONSTRUCT|ON

5 Assemblyl

5.1 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. An oil-fired boiler assembly may
be shipped as two or more major subassemblies. The boiler vessel of an oil-fired boiler assembly shall be
constructed, equipped, inspected, tested, and marked in accordance with the ASME Boiler and Pressure
Vessel Code, Section 1, Power Boilers or Section IV, Heating Boilers, whichever is appropriate. The oil
burner of an oil-fired boiler assembly shall comply with the Standard for Oil Burners, UL 296.

5.2 A boiler assembly, if not assembled by the manufacturer as a unit, shall be arranged in major
subassemblies. See 5.3. 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. Two or more
subassemblies, which must bear a definite relationship to each other for the intended installation or
operation of the boiler assembly, shall be arranged and constructed to permit them to be incorporated into
the complete assembly only in the correct relationship with each other, without need for alteration or
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alignment, or such subassemblies shall be assembled, tested, and shipped from the factory as one
element.

5.3 To be in accordance with 5.2, major subassemblies of a boiler assembly are deemed to be the burner
and the heat exchanger sections of a cast iron sectional boiler including its base, combustion chamber,
casing, and safety controls. A wiring harness may be packaged with one of the major subassemblies.

5.4 A radiation shield or baffle employed to prevent excessive temperature shall be assembled as part of
the boiler assembly; or be part of a subassembly that must be attached to the boiler assembly for its
normal operation; or be designed so that the boiler assembly cannot be assembled for operation without
first attaching a required shield or baffle in its proper position.

5.5 A boilerjassembly shall be such that, for any normal installation, the alteration or remdval of a baffle,
insulation, or @ radiation shield needed to prevent unsafe temperatures is not required,

5.6 A boilerlassembly shall afford convenient operation by the user of those parts requiripg attention or
manipulation |n normal usage.

5.7 Adjustalle or movable parts shall be provided with locking devices to prevent unintentipnal shifting.

5.8 Screws pr bolts used to attach parts which are detached for normal care or servicing of the appliance
shall be capaple of holding upon the application of the torques.dndicated in Table 5.1 aftgr removal and
replacement.

Table 51
Maximum torque requirements for screws

Screw size (mm) Torque, pound-inches (N-m)
No. 8 (4.2) 20 P-3)
No. 10 (4.8) 25 (p-8)
1/4 inch (6.4) 100 (11.3)
5/16 inch (7.9) 200 (22.6)
3/8inch (9.5) 350 (44.5)
7/16 inch (11.1) 550 (62.1)
1/2 inch (12.7) 800 (90.3)
9/16 inch (14.3) 1200 (1B5.5)

5.9 An external door, providing access into the combustion chamber of a boiler assembly intended for
installation with a clearance of less than 24 inches (610 mm) from the face of or 48 inches (1.22 m) above
the door, shall be self-closing.

5.10 A burner shall be secured so it will not twist, slide, or drop out of position.

5.11 Fuel oil pumps provided as part of the burner shall comply with the Standard for Pumps for Oil
Burning Appliances, UL 343.

5.12 Strainers supplied with the boiler assembly shall comply with the requirements of the Standard for
Strainers for Flammable Fluids and Anhydrous Ammonia, UL 331.
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6 Accessibility for Servicing

6.1 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 5.2 to be factory-assembled.

6.2 The removal of access panels, burners, caps, plugs, etc., 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 6.1.

6.3 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

recommende
shall be such
proper relatior]
by the operato

6A Air-Intakie Terminal

6A.1 The re
(isolation) of th

6A.2 A boile
means for se
outside atmos

6A.3 An air-
intended, the
exit will be at |

6A.4 An air-
(50.8 mm) to
outside wall m

6A.5 The air

‘1

by the manufacturer. The disposition of parts in the assembly removed ifo
hat their restoration, following removal, will not necessitate their realignment {
ship with other parts of the assembly. Special facilities required for normal c4
r shall accompany the boiler assembly to the user.

juirements in this section are applicable to boilers ,equipped to provide f

shall be provided with a combustion air-intake assembly. The intake shall be
ture attachment to the boiler or building structure. An intake shall commun
bhere. The boiler shall be marked in compliance with 47.19.

ntake assembly through the roof shall be such that, when the assembly i
past 6 inches below the top surface of the roof.

ntake assembly for installation through an outside wall shall extend at I¢
-3/4 inches (121 mm) beyond the inside face of the wall and shall not proje

pre than 3 inches (7612 mm).

entrance of an.air-intake assembly shall be guarded, shielded, or located to|

snow, debris,

6A.6 Openin
be a minimum
such size that

nd birds./A’screen, if used, shall have a mesh of not less than 1/4 inch (6.4 mn

s in‘perforated or expanded metal panels provided over openings for comby

e combustion air system from the indoor atmosphereby. an installation method.

r normal care
o secure their
re to be done

or separation

provided with
cate with the

-

5 installed as

bir entrance will be at least 6 inchés (152.4 mm) above the top surface of the roof and the

bast 2 inches
ct beyond the

exclude rain,

n).

stion air shall

1/4yinch (6.4 mm) diameter. If the openings are other than circular in shape, t

ey shall be of

6A.7 The design and path of an air-intake shall provide the intended amount of combustion air to the
boiler and of dilution air to any draft regulator.

6A.8 An outer casing or other structural part of an air-intake assembly or connector exposed to the
weather shall be made of material having durability and resistance to corrosion, fire, and heat equivalent to
that of galvanized steel, 0.018 inch (0.46 mm) thick, and have a coating of zinc conforming with the coating
Designation G90 in Table | of the Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40
percent of the zinc on any side, based on the minimum single spot test requirement in this ASTM
Designation. The weight of zinc coating may, in case of question, be established in accordance with the
Standard Test Method for Weight (Mass) of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy
Coatings, ANSI/ASTM A90. Such parts that are always inside the structure shall comply with 8.1.
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6B Vent-Air Intake Assemblies

6B.1 The requirements in this section are applicable to direct vented boiler systems that provide for
separation (isolation) of the combustion system from the indoor atmosphere by an installation method.

6B.2 A boiler shall be provided with a vent-air intake. The intake for a boiler equipped with a draft
regulator shall also provide air for draft regulator dilution. The intake shall be provided with means for
secure attachment to the boiler or building structure. An intake shall communicate with the outside
atmosphere. The boiler shall be marked in compliance with 47.20.

6B.3 Parts of flueways shall be joined in a manner to prevent disengagement and shall be tight when
tested in accordance with this standard.

6B.4 The ag
conveying pip

sembly shall be provided with a cap to prevent the entrance of debris or raifvinto the flue-gas

e and into any air passages terminating outside the structure.

6B.5 A cap
accumulation

shall be designed so that flue-gas or air passages will not ‘be obstructed by soot

by leaves or debris falling or blown onto it, or by birds.

wall shall be
4.

6B.6 A ven
designed for

-air-intake assembly intended for installation through the roof or outside
arying thicknesses of roof and wall construction in accordance with 6A.3 or 6A

6B.7 An outer casing or other structural part of a vent-air, intake assembly or connector ¢
weather (exdusive of flue-gas conveying conduit) shall be made of material having
resistance to [corrosion, fire, and heat equivalent to that ef galvanized steel, 0.018 inch (0
and have a ¢oating of zinc conforming with the coating Designation G90 in Table | off
Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvan
Hot-Dip Procgss, ASTM A653/A653M, with not less than 40 percent of the zinc on any side
minimum sing
question, be gstablished in accordance, with  the Standard Test Method for Weight (Mass)
Iron and Stegl Articles with Zinc or Zinc-Alloy Coatings, ANSI/ASTM A90. Such parts th
inside the strycture shall comply with 8:1.

7 Casing

7.1 The outgr casing onjacket shall be made of steel or equivalent material, braced, reinfo
so that it is rjot likely 1o be damaged through handling in shipment, installation, and usq
casings shall pe made of steel at least 0.020 inch (0.51 mm) (No. 24 MSG) thick if uncoated
(0.58 mm) (Np. 24/GSG) if galvanized, or of nonferrous sheet metal having an average th

xposed to the
durability and
46 mm) thick,
the Standard
healed) by the
based on the

le spot test requirement in this ASTM Designation. The weight of zinc coating may, in case of

of Coating on
at are always

ced or formed
. Sheet metal
, or 0.023 inch
ickness of not

less than 0.029-+reh{0--+4-mt)

o (O )T

7.2 Access panels that need to be removed for normal service and accessibility shall be constructed to
permit removal and replacement repeatedly without causing damage or impairing any required insulating
value.

7.3 A removable panel through which air is drawn for combustion shall be so constructed as to prevent it
from being attached in a manner that may cause unsafe performance of the boiler assembly.

7.4 A removable panel shall be so constructed that it will not be interchangeable with other panels on the
same boiler when interchange may allow unsafe operation of the boiler assembly.

7.5 The casing of a boiler assembly for installation on combustible flooring shall completely close the
bottom or be constructed to provide an effective radiation barrier between the heat exchanger and the
floor.
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8 Radiation Shields or Liners

8.1 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.

8.2 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.

8.3 Anadhe
adhesive may

9 Combusti

9.1 A comby
equivalent in n
least 0.042 ing

9.2 Combus
and accessibl

10 Baffles

10.1 A bafflg
and disposed
made of mate
minimum thick
temperatures
with these req

10.2 Aflue b
such as to faci

1"

ive for attaching insulating material shall retain its adhesive qualities at any te
attain when the unit is tested under these requirements and at 0°F (minus'17.§

bn Chamber

stion chamber and flueway shall be constructed of cast iron, sheet steel, of
hechanical properties and corrosion resistance. Plain carbén sheet steel, if us
h (1.07 mm) (No. 18 MSQG) thick.

ion chamber or fire box lining material, if used, shall be durable, adequately
for replacement with equivalent lining material.

in a flue-gas passage or otherwisé.exposed to combustion products shall bj
n a manner to provide for reasonable life and shall be fixed in position. A flue

ial having resistance to corrosion equivalent to ANSI C1010 hot-rolled sheet

ness of 0.042 inch (1.07 mm),(No. 18 MSG) unless its deterioration will not ca
br deleterious performance characteristics when the boiler assembly is tested
lirements.

affle shall be accessible for cleaning. A flue baffle which is removable for cle
itate its removaland permit replacement only in a safe position.

Flue collar

11.1 A flue ¢

mperature the
°C).

of a material
bd, shall be at

held in place,

e constructed
baffle shall be
steel having a
Ise excessive
n accordance

bning shall be

ollar shall be constructed and arranged to permit the secure attachment o

the chimney

connector to the boiler assembly.

12 Damper and Draft Regulator

121

An adjustable 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.

12.2 An automatically operated damper shall be designed to maintain a safe damper opening at all times
and be arranged to prevent starting of the burner unless the damper is in a safe position for starting.

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

supply.

13 Controls

13.1 Application

13.1.1
safety control

13.1.2
ground will ng

or protective device shall interrupt the ungrounded conductor.

t render a safety control or protective device inoperative_Safety control circuit

A safety control circuit shall be two-wire, one side grounded, having a nominal voltage of 120. A

It is the intent of the requirement in 13.1.1 that a short circuit or combination of short circuits to

arrangements

other than de

scribed in 13.1.1 may be considered if they accomplish the intent of this requiire

13.1.3 The fequirement of 13.1.1 does not apply to a circuit within a safety control or to th

acircuittoa s

13.14 Aco
that can be fu

13.1.5 All sg

eparate element of the control, such as a flame-sensing device.

ntrol circuit shall be arranged so that it may be connected to~a-power-supply
5ed at not more than the value appropriate for the rating of ‘any control includec

fety controls shall be accessible.

13.1.6 A safety control and its sensing element shall be supported in such a manner to re

position. It sh
location.

13.1.7 Noth
ineffective or
controls.

13.1.8 Abu

bll be possible to determine by observation or test whether or not each control

ng shall be provided for the purpose of permitting any safety control td
to allow firing of the boiler assembly without the protection of each of the

ner not equipped to provide safe automatic restarting shall be arranged to r

restart after @any control functions. to cause the fuel supply to be shut off and after res

interrupted pg

13.1.9 Abo
to exceed the

wer supply.

er assembly shall be provided with operating controls that regulate the fuel sy
rated operating temperature or pressure as specified in 13.1.10 - 13.1.12.

13.1.10 As

ment.

e extension of

branch circuit
in the circuit.

main in proper
is in its proper

be rendered
equired safety

equire manual
toration of an

pply so as not

am boiler shall be provided with at least one steam pressure actuated cont

rol that will shut
off fuel supply tothe burner when the steam pressure in the boiler reaches a preset maxi;F

um operating

pressure. This requirement does not preclude the use of additional operating controls, if required.

13.1.11 A water boiler shall be provided with at least one temperature actuated control to shut off the fuel
supply to the burner when the temperature of the water in the boiler reaches a preset operating
temperature. This requirement does not preclude the use of additional operating controls, if required.

13.1.12 If a boiler assembly is equipped with an operating control that only regulates the fuel input
between high and low values of steam pressure or water temperature, an additional operating control set
to shut off the equipment at a value below the set point of the limit control is required.

13.1.13 An operating control need not be factory-installed provided the wiring diagram and instructions
furnished with the boiler indicate that an operating control of an appropriate type and setting is to be
furnished by the installer. See 48.3.
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13.2 Limit controls

13.2.1 A boiler shall be provided with limit controls that operate to shut off fuel and cause safety
shutdown in case of a low water condition and excessive temperature or excessive pressure, as specified
in 13.2.2 — 13.2.4 and 13.4.1 — 13.6.1. The limit controls shall be in addition to any operating controls
specified in 13.1.9 -13.1.13.

13.2.2 With respect to 13.2.1, safety shutdown may be provided either by employing manual reset type
limit controls or it may be affected remotely by utilizing the manual reset feature of another control, such as
the primary safety control. For systems where the reset feature is remote from the limit control, means

shall be provided to indicate the limit control has operated when it causes safety shutdown.

Exception No.
type limit cont|
hour (117 kW)

Exception No.
limit control fo
Btu/hr (117 kW

13.2.3 Alimi
an electrical ci
mechanism is

13.24 Thed
controls, the fa
a limit control

1. An automatic reset temperature limit control may be employed in lieu of.a
rol for a water boiler that has a main flame hourly input of not more than 400
or 2.85 gallons of oil per hour (10.8 L/h).

2: An automatic reset pressure limit control may be employed in’liet of a man
I a low pressure steam boiler that has a main flame hourly input of not more
/) or 2.85 gallons of oil per hour (10.8 L/h).

t control that functions to interrupt or reduce the delivery of fuel for combustic
rcuit shall be so arranged as to effect the direct opening of that circuit, whether
integral with or remote from the sensing element,

urpose of the requirement in 13.2.3 is tox@void interposing in the limit-contrg
ilure of which may result in a condition that the limit control is intended to prev
may interrupt the pilot circuit of a.magnetic-type motor controller which, in

opens the safgty circuit when it is necessary to interrupt a single-phase circuit carrying a loa

the capacity of

13.25 The |
assembly or it

13.3 Priman
13.3.1 Anoill

the burner ope
integral with th

available limit controls or to intétrupt a multiphase circuit.

mit control for a boiler for alcove or closet installation shall be factory-Ig
5 location shall be factory-predetermined.

) safety controt

ration.if accordance with 13.3.2 — 13.3.7 and Table 13.1. The primary safety g
e oil burner or it may be integrated into the boiler assembly.

manual reset
000 Btus per

ual reset type
than 400,000

n by opening
the switching

| circuit other
ent. However,
turn, directly
 greater than

cated on the

Lfired boilep-assembly shall be provided with a primary safety control to program and monitor

ontrol may be

13.3.2 The operalion of the primary safely conirol 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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Table 13.1
Required programming and timings for burners based on maximum fuel input rating

Maximum Input

Operation

Prepurge

3 gph (11.4 L/h) or less

Approximately 400,000 Btu/h
(117 KW)? or less

Not required

Above 3 to 20 gph (above
11.4 to 75.7 L/h)

Above approximately 400,000
Btu/h to approximately
3,000,000 Btu/h (879 kW)

Up to 7 gph (26.5 L/h) not
required Over 7 gph required
if oil pump operates
independently of the burner.

Above 20 gph
1/h)

(above 75.7

Above approximately
3,000,000 Btu/h

Four air changes at 60

percent damp
with proven ai
13.7.2.

er opening and
r flow. See

Postpurge timin

Pilot type and fl
establishing pe

Main burner flaf
establishing pe

Ignited by pilot

Direct ignition

Flame failure re
Ignited by pilot

Direct ignition

Fuel valve closi
de-energization|

Action required
failure

Proven low fire

Combustion air

0

hme
jod®

he
iod

hction time'

hg time after

on flame

Action required

Not required

Not applicable

Not applicable

90 seconds maximum

Not applicable

90 seconds maximum

Not Applicable

One relight attempt permitted;
if flame not proved shall lock
out

See 13.7.1.
Not required

Interrupted, 10 seconds
maximum

15 seconds maximum?

15 seconds maximum

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 does not
exceed 4 seconds.

15 secands nfinimum

Interrupted, 1
maximum

10 seconds n
Nos.2 and 4
maximum for

Not permitted
fire start up to
which case 1§
maximum®

4 seconds m3

4 seconds mg

1 second max

Safety shutdg

D seconds

aximum for
pil, 15 seconds
Nos. 5 and 6 oil®

except for low
20 gph, in
seconds

Ximum

Ximum

imum

wn required.

direct ignition if
eeds 20 gph.

wn

combustion air

Oil temperature

Qil pressure supervision

Low atomizing media
pressure supervision

supervision

Not applicable

Not applicable

Required unless atomization
is accomplished by oil pump
mounted on burner motor
shaft. See 13.7.7.

Gtart NoOt required Not required Required with
total input exg
proving Not applicable Required if fan is not mounted | Required
on burner motor shaft
on,loss of Not applicable Safety shutdown except may Safety shutdd
Tecycle once. see 13.7.4.
Not applicable Not required Required if ol

pump is remote

from burner motor. See

13.7.6.

Required. See 13.7.7.

High and low temperature supervision required on preheated
oil. Excessive temperature shall cause safety shutdown.

2 Qil burners used for inputs up to 3 gph normally employ direct ignition of oil at fuel input. They are not required to employ any
interlocks for monitoring of oil pressure or temperature, pressure of atomizing media or for proving combustion air. Therefore, the
requirements included in this table for such operations are not applicable to these burners.

Table 13.1 Continued on Next Page



https://ulnorm.com/api/?name=UL 726 2024.pdf

22

UL 726

SEPTEMBER 24, 2024

Table 13.1 Continued

Maximum Input

13.3.2.

®See 13.3.7.

b Continuous and intermittent pilots are permitted if only the main burner flame is monitored during the burner operation. See

¢ Use of pilot for igniting the main flame is optional for inputs of 20 gph or less. See 13.3.7.

4If it can be demonstrated by tests that a burner equipped to fire No. 5 or 6 oil needs more than 15 seconds 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.

The flame failure reaction timing is to be based on the burner's maximum input. The flame-failure reaction time for burners having
inputs in excess of 3 gph it is to be considered the interval between the actual flame extinguishment and the time the safety shutoff

ed the interval

device (such as
measured from t
de-energized.

a-oilvalvelis-de-aneraized-EForburners-havina-ihrpuis-of-3-aph-orless-the-timina-mav-be-conside
7 b4 v D o I J J

he time the flame sensing device (detector) first detects the loss of flame, to the time the safety 'sh

Itoff device is

13.3.3 Fora
shall resultin {

a)Ani

b) Inte
the flan

If flame is not
other inputs.

13.3.4 With
equipped to p
after a prepurg

13.3.5 With fespect to 13.3.3, for a bpiler having an input in excess of 20 gph (75.7 1/h), o

no additional 3
13.3.6 When
valve is energ

proved.

13.3.7 Direct

|

boiler having an input exceeding 3 gph (11.41 L/h), loss of flame_ at th'e point
he shutting off of all fuel to the burner. For a boiler having:

put not exceeding 3 gph; and

upted spark ignition, the ignition may be reactivated-in_not more than 0.8 seq
ne failure for an attempt to relight the burner.

established, safety shutdown shall occur. See“13.3.4 and 13.3.5 for action

espect to 13.3.3, for a boiler havingzan input not exceeding 20 gph (75.7 L
rovide prepurge, on flame failure one additional attempt may be made to ign|
e in accordance with 13.7.2. If flame is not established, safety shutdown shall

ttempts to relight the burher shall be made and safety shutdown shall occur.

an automatically.ignited pilot is used, the pilot flame shall be proved before
zed. Fuel to the-pilot shall be shut off and safety shutdown shall occur if the pil

ignition- of the main burner shall not be employed for inputs in excess of 20 gp

bf supervision

ond following

required with

h) and that is
ite the burner
bCcur.

n flame failure

the main fuel
bt flame is not

h (75.7 L/h).

Exception: Dir

a) The

e e ) g fo oo i] fode, | : H ot £00
CLLTYTITUUIT ITiay” D& usStU UINT a DUINCT aSSCTITIVTY Tiavirlty arrirfiput ITT ©AUESS Ul 2U

initial ignition is accomplished at a input not exceeding 20 gph; and

ph if:

b) The input is not increased until the main flame at the lower input has been established and
proved.

13.3.8 A primary safety control shall be constructed and tested in accordance with the Standard for
Automatic Electrical Controls for Household and Similar Use — Part 2: Particular Requirements for Burner
Ignition Systems and Components, UL 372.

13.4 Liquid level limit controls

13.4.1

A water boiler shall be provided with at least one low water cut-off or combination low water cut-off

and water feed control that operates to open the burner circuit and cause safety shutdown before the
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water falls below the lowest visible part of the gage glass or the equivalent visual permissible level as
specified by the manufacturer.

Exception No. 1: A low-water fuel cutoff control is not required to be furnished on a water boiler that has a
main flame hourly input of not more than 400,000 Btu's per hour (117 kW) or 2.85 gallons per hour (10.8
L/h).

Exception No. 2: A water tube or coil type boiler that requires forced water circulation to guard against
excessive temperatures (see 13.6.1), may employ a water flow sensing device instead of a low water cut-

off.

13.4.2 Low

pressure and high pressure steam boilers shall be provided with at least two

low water cut-

offs or combi
that operation
visible part o
However, ong
shall cause sg

Exception No|
BTU/hr (117 K
that is allowe(

Exception No|
low water cut-
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b) Ma
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13.4.3 With
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or fittings nee

13.4.4 With
of the low wa

hation low water cut-off and water feed controls. Both controls shall be wired
of either control causes fuel cut-off to the burner before the water level falls be
the gage glass or the equivalent visual permissible level specified(by-the
control shall be set to operate at a lower water level than the other) The co
fety shutdown, requiring a manual reset to restore burner operation!

1: A low pressure steam boiler that has a main flame houtly~input of not more
W) or 2.85 gallons/hr (10.8 L/hr) shall be provided with at least one low water
) to employ automatic reset to restore burner operation.

2: A boiler that does not exceed any of the following limits may be providea
off:

imum working pressure — 100 psig (689.5'kPa);
imum inside diameter of shell- 16 inches (406.4 mm);

imum heating surface — 20 square feet (1.86 m?); and

reference to the exception to 13.4.2, the gross volume is considered to be th
cylindrical enclosufe into which all the pressure parts of the boiler could be fitt
uding gas passages that are integral with the assembled pressure parts. Proj
H not be considered in this volume.

respect'to 13.4.1 and 13.4.2, safety shutdown may occur simultaneously with

ss volume, exclusive of ¢asing and insulation — 5 cubic feet (0.142 m®). See 13,

electrically so
low the lowest
manufacturer.
ntrol set lower

b than 400,000
cut-off control

with only one

.4.3.

e volume of a
ed in their final
ecting nozzles

the operation

ter'cat-off to shut down the burner or it may incorporate a time delay. The

time delay for

safety shutdo
is less.

Wi shatt ot excesdthe boiter manufacturer's Tecommended timeor 90-secor

ds, whichever

13.4.5 A liquid level limit control shall comply with the Standard for Limit Controls, UL 353 or the

requirements for protective controls in the Standard for Automatic Electrical Controls — Part 2-15,
Particular Requirements for Automatic Electrical Air Flow, Water Flow and Water Level Sensing Controls,

UL 60730-2-15.
13.5 Pressure limit controls

13.5.1 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 13.5.2 and 13.5.3, as
appropriate.
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13.5.2 The maximum setting of a limit control on a low-pressure steam boiler shall limit the steam
pressure in the boiler to 15 psig (103 kPa). On a control having an adjustable setpoint, the maximum
setting shall be limited by a fixed stop.

13.5.3 The limit control for a high pressure steam boiler shall limit the steam pressure in the boiler to the
maximum allowable working pressure of the boiler. On a control having an adjustable setpoint, the

maximum setting shall be limited by a fixed stop.

13.6 Temperature limit controls

13.6.1

A water boiler shall be provided with at least one temperature-operated limit control that operates

to shut off all fuel to the burner and cause safety shutdown before the water temperature in the boiler

exceeds the mjaximum rated operating temperature. For a low pressure hot water boiler sa

shall occur bef

13.7 Purge and combustion air monitoring controls
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13.7.2 A boi
provide a pre
associated flu
percent with 4
provide a post
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Il be equipped to provide prepurge of sufficient length té_assure four air ¢
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less than 90 seconds or at a damper opening of notléss than 60 percent wit
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burge period of not less than 15 seeonds.
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programming or by a separate device, arranged so that the ignition of the bur|
device has failed in a-manner that will not provide purging in accordance w

boiler assembly-having an input in excess of 20 gph (75.7 L/h), loss of combt
shutdowns, For a boiler assembly having an input in excess of 3 gph (11.4 L/h
ch the forced or induced draft fan that supplies combustion air is not integral W
5s of<eombustion air shall result in fuel shutoff to the burner.

ety shutdown
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hanges in the
either proven
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air are also included in Table 13.1.

13.7.6 A boiler having an input rating in excess of 20 gph (75.7 L/h) shall employ a low oil pressure
interlock switch that shall cause safety shutdown when the oil pressure falls below the predetermined limit.

Exception No. 1: A low pressure interlock is not required for rotary cup type burners.

Exception No. 2: A low pressure interlock switch is not required if the oil pump is secured directly on the
burner motor shatft.

13.7.7 A boiler 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.
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Exception: A low pressure interlock switch is not required on systems that employ pressure atomization of
oil, provided the oil pump is secured directly on the burner motor shaft and the input does not exceed 20
gph (75.7 L/h).

13.7.8 High and low temperature interlocks shall be provided for systems that fire preheated oil. An oil
temperature in excess of the limit established by the burner manufacturer shall result in safety shutdown. If
the oil temperature falls below the predetermined limit, the interlock shall operate to stop fuel delivery to
the burner and allow circulation of the oil until the temperature increases to permit firing. Preheaters
supplied as part of the boiler shall comply with the Standard for Electric Oil Heaters, UL 574 and interlocks
shall comply with the Standard for Limit Controls, UL 353.

13.7.8.1 A control device provided as an interlock, as described in 13.7.6 — 13.7.8, shall be constructed
and tested in accordance with the Standard for Limit Controls, UL 353.

13.7.9 With
pressure swit

respect to 13.7.5 — 13.7.7, for convenient reference the requirements)for temperature and
Ches are also included in Table 13.1.

13.8 Safety|shut-off valves
13.8.1 The
provided with

closing times
rating of the s

il fuel train of each boiler assembly having an input in éxcess of 3 gph (11.
two oil safety shut-off valves or one safety shut-off-valve and a nozzle cut;
of the shut-off valves shall not exceed the timings ‘Specified in Table 13.1.
hut-off valves shall not be less than the maximum:pump pressure.

4 L/h) shall be
off valve. The
The pressure

13.8.2 A safety shut-off valve that is responsive to\pressure variations in a hydraulic
remote contrdl system shall close upon failure of pressure in the control system.

or pneumatic

13.8.3 Autoinatic safety shutoff valves shall be~constructed and tested in accordance with the Standard
for Electrically Operated Valves, UL 429 or-equivalent nationally recognized automati¢ valve safety
standard.

13.8.4 Mant

Valves for Fla

14 Installat

14.1 If alow
water column

ally operated valves shall be constructed and tested in accordance with thé
mmable Fluids, UL842, or equivalent nationally recognized manual valve safe

on of External.Controls and Fittings

water. Cutoff is installed external to a low pressure or a high pressure steam b
the connecting piping and fittings to the column shall not be smaller than 1-ing

b Standard for
y standard.

oiler utilizing a
h NPS and no
ff. A cross or

shutoff valveg -ofyany type shall be placed in the piping between the boiler and the cutg
equivalent fittmgshatt-beusedimthe pipingconmections—atevery Tight angtetofacititate
inspection.

cleaning and

14.2 A low water cutoff that embodies a separate chamber shall incorporate a vertical drainpipe and a
blowoff valve not smaller than 3/4-inch NPS, located at the lowest point of the chamber or water-equalizing
pipe connections so that the chamber and the equalizing pipe can be flushed and the low water cutoff can
be tested for operation.

14.3 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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14.4 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.

14.5 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.

14.6 A steam pressure limit control shall be installed on the boiler without any shutoff valve between the
limit control and the boiler.

14.7 Each steam pressure limit control shall be protected with a siphon or equivalent means of

maintaining a
less than 1/4-
diameter may

14.8 If a steg
of the siphon s

14.9 The ste
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b) Sm4g
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nch NPS. Tubing of adequate temperature and pressure rating and of equ
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hall be in a plane that is 90 degrees (1.57 rad) from the plane0f the mercury s

am pressure connections to the steam pressure limit control shall not be:
ller than 1/4-inch NPS, if the pipe is of nonferrous material;

ller than 1/2-inch NPS, for ferrous materials up:to'5 feet (1.5 mm) in length; or

bquate temperature and pressurenfating and of equivalent internal diam
pipe.

multiple pressure controls, (i.é. pressure limit and pressure operator controls)
fold, the manifold and carhmon source connection feeding the manifold shal
r than the NPS pipe size used to connect the pressure limit control for complia

n shall not be
ivalent inside

bhon, the loop
itch.

eter may be

are fed from a
be one NPS

nce with 14.9.

hifold and the

bd reducing bushing:may be used in the piping connection between the ma

pressure limit control.

15 Field Wining

15.1 GenerT

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

15.1.2 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.

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

15.1.4 The size of a junction box in which field-installed conductors are to be connected by splicing shall
be not less than that indicated in Table 15.1. A conductor passing through the box is counted as one
conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).
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Table 15.1

Size of junction boxes

Size of conductor Free space within box for each conductor

AWG (mm?) Cubic inches (cm®)

16 or smaller (1.3 orless) 1.5 (24.6)
14 (2.1) 2.0 (32.8)

12 (3.3) 2.25 (36.9)

10 (5.3) 25 (41.0)

8 (8.3) 3.0 (49.2)

15.1.5 A knpckout for connection of a field wiring system to a terminal box or compartment shall

accommodats

15.1.6  Wirin
safety contro
accordance W
as part of thg
boiler assemkt

a) Typ
or the
tubing

b) Me
with th

c) Exg
Contrg
Run
Instrun

Stander for Extruded Insulating Tubing, UL 224;

conduit of the trade size determined by applying Table 15.2.

g exterior to a boiler assembly between the burner assembly and a limit con
, or a motor controller, that can be done readily using the following wirin
ith the National Electrical Code, ANSI/NFPA 70, need not be furnished by the
boiler assembly if adequate instructions for installing such wiring are furnis
ly. See 16.1.4.

e T wire enclosed in conduit that complies with the'‘Standard for Flexible Metal
Standard for Electrical Rigid Metal Conduit — Steel, UL 6, as applicable, ele
that complies with the Standard for Electrical Metallic Tubing — Steel, U

I-clad cable that complies with the Standard for Metal Clad Cable, UL 1569
ese requirements; or

osed Run Tray Cable, TypelTC-ER, that complies with the requirements f
| Tray Cable, UL 1277 or,for applications not exceeding 150 volts and/or 5 a
nstrumentation Tray Cable, Type ITC-ER, that complies with the re
hentation Tray Cabley UL 2250. The cable utilized shall:

1) Comply withrthe' crush and impact requirements of the Standard for Metal (
1569;

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

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

trol, a primary
g methods in
manufacturer
hed with each

Conduit, UL 1
ctrical metallic
L 797 or the

in accordance

or Power and
mps, Exposed
juirements of

Clad Cable, UL

4) Be resistant to the effects of oil and be marked "oil-resistant 1" or "oil resistant II" as

applicable to the respective cable requirements.

15.1.7 A box or enclosure, included as part of the assembly and in which a branch circuit supplying
power to the boiler assembly is to be connected, shall not require that it be moved for normal care of the
unit. This requirement does not apply to separate limit controls and stack switches, where permitted, to
which metal-clad cable or flexible metallic conduit is to be directly attached.

15.1.8 A box or enclosure in which field installed conductors are to be connected as indicated in 15.1.5,
15.1.6, 15.1.7, and 15.1.9 shall be so located that the temperature of conductors within the box or surfaces

of the box likely to be in contact with the conductors will not exceed that specified for a wire having a 60°C
(140°F) temperature rating when the boiler assembly is tested in accordance with these requirements.
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15.1.9 Except as otherwise permitted by 16.1.4, wiring to be done in the field between the boiler and
devices not attached to the boiler assembly or between separate devices which are field installed and
located, shall conform to these requirements if done with a 60°C (140°F) rated wire using the following
wiring methods:

a) Type T wire enclosed in conduit that complies with the Standard for Flexible Metal Conduit, UL 1
or the Standard for Electrical Rigid Metal Conduit — Steel, UL 6, as applicable, electrical metallic
tubing that complies with the Standard for Electrical Metallic Tubing — Steel, UL 797 or the
Standard for Extruded Insulating Tubing, UL 224 or a metal raceway electrical enclosure;

b) Within metal-clad cable that complies with the Standard for Metal Clad Cable, UL 1569; or

c) Exposed Run Tray Cable, Type TC-ER, that complies with the requirements for Power and
Contro| Tray Cable, UL 1277 or, for applications not exceeding 150 volts and/or 51amps, Exposed
Run Ipstrumentation Tray Cable, Type ITC-ER, that complies with the! requirements of
Instrumentation Tray Cable, UL 2250. The cable utilized shall:

1) Comply with the crush and impact requirements of the Standard for Metal lad Cable, UL
1569;

2) Be secured and supported at intervals not exceeding 6 feet (1.8m).
3) Have voltage and temperature ratings suitable forthe intended application.

4) Be resistant to the effects of oil and be marked "oil-resistant 1" or "oil resistant 11" as
applicable to the respective cable requirements;

Table15.2
Trade size of'¢onduit in inches
Wirp size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 12 12 12 12
12 (3.3) 1/2 12 12 3/4 3/4
10 (5.3) 12 12 12 3/4 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13:3) 3/4 3/4 1 1-1/4 1-1/4
4 (2172) 1 1 1-1/4 1-1/4 1-1/2
3 (26.7) 1 1 1-1/4 1-1/2 1-1/2
2 (33.6) 1 1 1-174 1-172 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
0 (53.5) 1-1/4 1-1/4 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 1-1/2 2 2-1/2 2-1/2
4/0 (107.2) 2 2 2-1/2 2-1/2 3
NOTE - 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.

15.1.10 The wiring of the appliance may terminate in a length of flexible metal conduit with an outlet box,
control box, or equivalent enclosure intended for connection of the product to the wiring system specified
in 15.1.1. If the conduit terminates in an outlet box larger than 4 by 4 by 2 inches (102 by 102 by 51 mm)
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for splice connection, locknuts on the fittings are not acceptable as a means to prevent loosening of the
conduit fittings. A grounding conductor of the size specified in the National Electrical Code, ANSI/NFPA
70, shall be included unless:

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

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

¢) The conduit is no larger than 3/4 inch trade size, or the fittings for the conduit are identified as
providing grounding.

15.2 Leadsl|and Terminals

15.2.1 Wiring terminals or leads not less than 6 inches (152 mm) long for conngection
conductors of| at least the size required by the National Electrical Code, ANSI/NRPRA 70, co
the marked rgting of the assembly shall be provided.

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

15.2.3 Leadp intended for connection to an external circuit shall be provided with strain re
the lead may |pbe transmitted to terminals, splices, or internal wiring which may cause the le
from its termination or result in damage to the lead from sharp edges. Each lead shall

of field-wiring
rresponding to

a longer lead

ief if stress on
ad to separate
be capable of

withstanding a pull of 10 pounds (44.5 N) for 1 minute without damage to the assembly.

15.2.4 An identified (grounded) terminal or lead”shall not be electrically connected to
manual switching device which has an OFF pasition or to a single-pole overcurrent (not ther
device.

a single-pole
mal) protective

15.2.5 At terminals, stranded conductors shall be prevented from contacting other uninsu
and from confacting dead metal parts. This may be accomplished by use of pressure-termir
soldering lugg, crimped eyelets,-soldering all strands of the wire together, or equivalent m¢
slot-type conmector shall not-be/used unless it is constructed to reduce the likelihood of
resulting from| loosening ofithe” clamping means. The shanks of terminal connectors shall b
insulating tubing, or theequivalent, if the required spacings may be reduced as a result of I
clamping means. Thé thickness of the insulation on the shanks shall be not less than 0.

mm).

ated live parts
al connectors,
bans. An open
disconnection
e protected by
osening of the
D28 inch (0.71

15.2.6 Field'wirmgtermimatsstrattbesecuredtotheirsupporting surfaces by methodsother than friction
between surfaces so that they will be prevented from turning or shifting in position if such motion may
result in reduction of spacings to less than those required. This may be accomplished by two screws or
rivets; by square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted
into an adjacent part; or by some other equivalent means.

15.2.7 Conductors intended for connection to a grounded neutral line shall be identified, that is, finished
in a continuous white or gray covering, three continuous white stripes on other than green insulation, or a
marking of white or gray color at the termination. All other current-carrying conductors visible to the
installer shall be finished in colors other than white, gray, or green. A terminal for connection of a grounded
conductor shall be identified by a metallic-plated coating, substantially white in color and shall be readily
distinguishable from other terminals, or it shall be identified in some other manner, such as on an attached
wiring diagram.
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15.2.8 Leads provided for spliced connections to an external high-voltage circuit shall not be connected
to wire-binding screws or pressure terminal connectors, located in the same compartment as the splice or
visible to the installer, unless the screws or connectors are rendered unusable for field wiring connections
or the leads are insulated at the unconnected ends.

15.2.9 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 15.2.5.

Exception: 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.

15.2.10 A wire binding screw at a high-voltage wiring terminal for field connection shall. ot be smaller
than No. 10 (418 mm major diameter).

Exception No.[1: A No. 8 (4.2 mm major diameter) screw may be used for the cennection ¢f a conductor
not larger tharl 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 0082 mm?) control-circuit conductor.

15.2.11 A teqminal plate for a wire binding screw shall be of métal not less than 0.030 inch (0.76 mm) in
thickness for 4 14 AWG (2.1 mm?) or smaller wire, and not lessthan 0.050 inch (1.27 mm) in thickness for
a wire larger than 14 AWG (2.1 mm?); and in either case there shall be not less than two full threads in the
metal.

15.2.12 A tefminal plate formed from stock having’the minimum required thickness may hjave the metal
extruded at th¢ tapped hole for the binding screw'so as to provide two full threads.

15.2.13 A wife binding screw shall thread'into metal.
16 Internal Wiring
16.1 General

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

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

16.1.3 Except as indicated in 15.1.6, the wiring for each boiler assembly circuit shall be furnished by the
manufacturer as part of the boiler assembly. If the boiler assembly is not assembled and wired at the
factory, such wiring shall be furnished as harness with each boiler and be arranged to facilitate attachment
when the boiler is assembled; and a pictorial diagram showing the exact arrangement of the wiring shall
be included with each boiler assembly.

16.1.4 If insulated conductors rated for use at temperatures in excess of 60°C (140°F) are required, such
wiring shall be furnished as part of the assembly and the devices to be connected by such wiring shall be
factory-located on the equipment.

Methods
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16.1.5 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, i.e., 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.

16.1.6 Except as permitted by 16.1.19, conductors shall be:
a) Enclosed within conduit, electrical metallic tubing, metal raceway electrical enclosure;

b) Within-metal-clad-cableor

c) Exgosed Run Tray Cable, Type TC-ER, that complies with the requirements for Power and
Contrql Tray Cable, UL 1277 or, for applications not exceeding 150 volts and/or 5 amps, Exposed
Run [Instrumentation Tray Cable, Type ITC-ER, that complies withOthe requirements of
Instrumentation Tray Cable, UL 2250. The cable utilized shall:

1) Comply with the crush and impact requirements of the Standard for Metal ¢lad Cable, UL
1569;

2) Be secured and supported at intervals not exceeding 6 feet (1.8m).
3) Have voltage and temperature ratings suitable-for the intended application.

4) Be resistant to the effects of oil and\be’marked "oil-resistant 1" or "oil fesistant II" as
applicable to the respective cable requirements.

Exception: Fgctory wiring involving a potential 6f'not more than 300 volts between parts gttached to the
same assemhly with a predetermined fixed rélationship one to the other may be done with Type SO or ST.
cord, provided all of the following conditions-are fulfilled.

a) It is|not practical to do the wiring in accordance with 16.1.6;

b) The cord is not required to be bent, twisted, or otherwise displaced to fender normal
maintg@nance and service; and

¢) Thelength oflcard exterior to the assembly is not more than 4 inches (102 mm) and strain relief
is proyided.

16.1.7 Group~A)of Table 16.1 includes some wiring materials suitable for use if enclosed as indicated in
16.1.6.

16.1.8 Flexible metal conduit, if used, shall be not smaller than 3/8 inch (9.5 mm) electrical trade size.
This does not apply to parts of components, such as conduit protecting flame sensor leads. See 4.1.

16.1.9 Flexible metal conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet (1.37
m) and within 12 inches (305 mm) on each side of every junction box except for lengths not over 36 inches
(914 mm) where flexibility is necessary.

16.1.10 All splices and connections shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered if breaking or loosening of the
connection may result in risk of fire, electric shock, or injury to persons.
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16.1.11 A splice shall be provided with insulation equivalent to that required for the wires involved if
permanence of spacing between the splice and other metal parts is not ensured.

16.1.12 A splicing device, such as a fixture-type splicing connector, pressure wire connector, and the
like, may be employed if the device has insulation suitable for the voltage to which it is subjected.
Thermoplastic tape wrapped over a sharp edge is not acceptable.

16.1.13 Each splice shall be enclosed by being installed in a junction box, control box, or other
compartment in which high-voltage wiring materials may be employed.

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

16.1.15 A splice is considered to be adequately enclosed when installed in a junctionbox, ¢ontrol box, or
other enclosefl compartment in which wiring materials, as specified in Group A of [Table [16.1, may be
employed. Splices in enclosed machinery compartments are to be secured te,'a@fixed member in the
compartment $o that they are not subject to movement or damage during servicing:

16.1.16 At a|l points where conduit or metal tubing terminates, the céenddctor shall be protected from
abrasion. If m¢tal-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 ¢quivalent will be visible for inspection.

Table 16,1
Typical wiring'materials

Type of wire, cord, cable, or Wire size Insulation thickness
appliance wiring material with
insulation thickness shown at the
right corresponding to wire sizes
Group 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
4 21.2 4/64 1.6
FFH-2, TEATRF, TFN, TFFN, SF-2,
SFF-2, RE, RHH, RHW, T, THW, 3 25.7 4/64 1.6
XHHWMTW, THWN, TW, PF, PFF,

A PGF,PGFF, RFH-2, RFHH-2, RFHH-3 2 336 4/64 16
onhthérmoplastic appliance wiring 1 42.4 5/64 2.0
material

170 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 16.1 Continued on Next Page
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Table 16.1 Continued

Type of wire, cord, cable, or Wire size Insulation thickness
appliance wiring material with
insulation thickness shown at the
right corresponding to wire sizes
Group indicated AWG mm? Inch mm
18 0.82 4/64 1.8
16 1.3 4/64 1.6
SO, ST, SJO, SJT, S, SE, SJ, SJOO, 14 2.1 5/64 2.0
B SJTQ, SJTQQ, SO0, S_TO,_ STOO, or 12 33 5/64 20
appliance wiring material with
thermoplastic or neoprene insulation 10 5.3 5/64 2.0
8 8.3 6/64 24
6 13.3 8/64 3.2
Thermoplastic Wiring materials, as referenced in group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or 18 AWG (1.3 or
0.82 mm?) and $/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.3 mm?), are consideréd equivalent fo the wiring
material refereniced in group B, when the conductors are covered with 1/32 inch (0.8 mm) wall thickness thermoplastic insulating
tubing of a type|suitable for the purpose from the standpoint of dielectric properties, heat resistance, moisture-resistance,
flammability, anf the like.

16.1.17 A wireway shall be such that the interconnection of seetions and fittings will provide a rigid

mechanical assembly and ensure electrical conductivity. The interior of the wireway sha
burrs and sharp corners or edges which might cause damage 10.the insulation on wires.

16.1.18 All Wiring shall be supported and routed to prevent damage due to sharp edges or

| be free from

moving parts.

16.1.19 Corfs or appliance wiring material as reférenced in Group B of Table 16.1 may lbe employed if
the wiring is enclosed 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 loc

wiring fand the wires do not projectthrough the plane of the top of the trough or chann

b) If the appliance is for installation only on noncombustible flooring, the bg

bted under the
el;

ttom of such

compgrtment may be open-provided all sides of the compartment extend to the floor level;

c¢) Loupers or openings in other than the bottom will not permit entrance of a rod hayj
of 1/2linch (12.7_mm), and openings for such items as pipe or conduit are not morg

(12.7 ;nm) indiameter larger than the object that will be installed through the opening;

ng a diameter
than 1/2 inch

d) Op
are pl

nings are not closer than 6 inches (152 mm) to the wiring unless metallic bar

riers or baffles

e) Combustible material, other than electrical insulation, located within the casing or compartment
is separated from such wiring material.

16.1.20 With reference to 16.1.19(e), plastic materials shall be classified as Type V-0, V-1, V-2, 5V, HF-1,
or HF-2 in accordance with requirements in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94, and other nonmetallic materials shall have equivalent
characteristics.

16.1.21

Cords and other wiring material permitted in accordance with 16.1.19 shall be arranged to avoid

being physically damaged, such as by closely following surfaces, and shall be supported. Strain relief,
where required, shall be provided.
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16.1.22 Holes in walls or partitions through which insulated wires or cords pass and on which they may
bear be provided with smoothly rounded bushings or surfaces upon which the wires or cords may bear, to
prevent abrasion of the insulation. Bushings, if required, shall be ceramic, phenolic, cold-molded
composition, fiber, or equivalent material.

16.1.23 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 90°C (194°F) under normal operating conditions.

16.1.24 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 16.1.22.

16.2 Short-g

16.2.1 Cond
overcurrent pr
circuit test with

Exception: Co

a) Con
condud

b) Con|
providd
orless
branch

ircuit protection

ictors of motor circuits having two or more motors, one or more~ofwhich &
btected and wired for connection to one supply line shall withstand the conditic
out creating a risk of fire or electric shock. See Short-Circuit Tést.

hductors that conform to the following are considered accéptable without test:

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

ductors that are 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.}
d that the circuit will be protected by a fuse or HACR Type circuit breaker rate
as specified on the product nameplateor provided as part of the product and
Lcircuit protection. This applies to any of the wiring materials specified in

includimpg those enclosed those enclosegin raceways; or

c) Con
not exd

16.2.2 Facto
insulation, SP
insulation of ¢
compartment

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

ry wiring of a low-voltage safety circuit may be done with SP-2 cord having
T-2 cord or appliance wiring material having neoprene, thermoplastic, or ec
quivalent thickness, or power limited circuit cable, if such wiring is located
bf an appliance and is adequately shielded from harm.

17 Separatipn of Circuits

re thermal or
ns of a short-

branch-circuit

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

e leads does

all-neoprene
ually durable
in a cavity or

171

Unless provided with insulation for the highest voltage involved, insulated conductors of different

internal wiring circuits shall be separated by barriers or shall be segregated; and shall also be so
separated or segregated from uninsulated live parts connected to different circuits or opposite-polarity
parts of the same circuit.

17.2 Segregation of insulated conductors may be accomplished by clamping, routing, or equivalent
means which provides permanent separation from insulated or uninsulated live parts of a different circuit.

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

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

b) Uninsulated live parts of any other circuit; and
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¢) 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.

Exception: 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 16.1 are or will be installed when wired in accordance with the National Electrical Code,
ANSI/NFPA 70.

17.4 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:

a) If th
wiring
purpos
conne

b) If n
enterir
contad
investi

17.5 To dets
in service an
enclosure, ar
compartment

17.6 If a ba
operating part
place.

17.7 A metq
whichever ap
0.028 inch (O
accomplished
1/16 inch (1.6

17.8 Openir
diameter and

e number of openings in the enclosure does not exceed the minimum requ
and if each opening is located opposite a set of terminals, it is to/be)asg
e of determining compliance with 17.3, that the conductors entering €ach o
cted to the terminals opposite the opening; and

nore than the minimum number of openings are provided,\the possibility
g at points other than opposite the terminals to which they‘are intended to be
ting insulated conductors or uninsulated live parts connected to a different
gated.

rmine if an appliance complies with the requirements of 17.3, it is to be wired
d in doing so a reasonable amount of slack is to be left in each condu
d no more than average care is to be(exercised in stowing this slack i

rrier is used to provide separation between the wiring of different circui
s and field installed conductors;\it'shall be of metal or insulating material and s

| barrier shall have a.thickness at least as great as that required by Table 21.1

red for proper
umed, for the
pening will be

of conductors
tonnected and
Circuit is to be

as it would be
tor within the
hto the wiring

s or between
hall be held in

or Table 21.2,

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

gs.in“a'barrier for the passage of conductors shall be not larger than 1/4 ing

b not less than
nay be readily
not more than

h (6.4 mm) in
imber of wires

shall'not exceed in number, on the basis of one opening per conductor, the n

which will needtopassthroughthe barrier—The tlosure forany other openingshaitpresent a smooth
surface wherever an insulated wire may be in contact with it; and the area of any such opening, with the
closure removed, shall not be larger than required for the passage of the necessary wires.

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

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

18.1 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.

18.2 Except as indicated in 18.3, 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, etc., are to be bonded for grounding if they may be contacted by
the user or serviceman.

18.3 Metal pgrts, as described below, need not be grounded:

a) Adh
of encl
parts;

b) Isolg
are sef

c) Pan
separa

d) Pan
insulati

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

18.4 A comg
purposes of te
conductor not

18.5 Splices

18.6 Metal-tg
grounding.

18.7 A sepa
metal parts in
or equivalent

fed from the panel or cover; and

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

ted metal parts, such as magnet frames and armatures, small\asSsembly screv
arated from wiring and uninsulated live parts;

pls and covers which do not enclose uninsulated live parts if insulated parts 4

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

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

requiring removal for such service.

shall not be employed in Wire conductors used for bonding.

-metal hinge bearing members may be considered as a means for bondi
ate bonding conductor shall be of material rated for use as an electrical cond

the grounding path shall be protected against corrosion by enameling, galvar
neans. A separate bonding conductor or strap shall:

n the outside
bunded metal

s, etc., which

nd wiring are

y an attached
r material not

ng means for

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

ng a door for

Lictor. Ferrous
izing, plating,

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.

18.8 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 454°C (850°F). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.

18.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if it complies with 18.11 under any degree of compression permitted by a variable clamping
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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.

18.10 Where the bonding means depend on screw threads, two or more screws or two full threads of a
single screw engaging metal is considered in compliance with 18.8.

18.11 If the adequacy of a bonding connection cannot be determined by examination, or if a bonding
conductor is smaller than required by 18.12 — 18.14, it shall be considered acceptable if the connecting
means does not open:

a) WhER carrying for the ume indicated in Iable 18.1 twice the current equal 1o thg rating of the
branch-circuit overcurrent device required to protect the equipment; and

b) Dur|ng a short-circuit test in series with a fuse of proper rating.

See Short-Circuit Test.

Table 18.1
Duration of current flow, bonding-conductor test

Ratipg of overcurrent device, amperes Minimum duration of current flow, minutes

30orless 2
31-60 4
61-100 6
101 -200 8

18.12 The sjze of a conductor or strap-employed to bond an electrical enclosure or motor [frame shall be
based on the| rating of the branch-circuit overcurrent device to which the equipment will pe connected.
Except as ind|cated in 18.11, the size of the conductor or strap shall be in accordance with Table 18.2.

Table 18.2
Bonding wire conductor size
Size of bonding conductor?
Rating of overfurrent Copper wire Aluminum wire
device, amperes AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) 8 (8.3)
60 10 (5.3) 8 (8.3)
100 8 (8.3) 6 (13.3)
200 6 (13.3) 4 (21.2)

@ Or equivalent cross-sectional area.

18.13 A bonding conductor to a component or electrical enclosure is not required to be larger than the
size of the conductors supplying power to the component(s) within the enclosure.
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18.14 If more than one size of branch-circuit overcurrent device is involved, the size of the bonding
conductor is to be based on the rating of the overcurrent device intended to provide ground-fault protection
for the component bonded by the conductor. For example, if a motor is individually protected by a branch-
circuit overcurrent device smaller than other overcurrent devices used with the equipment, a bonding
conductor for that motor is sized on the basis of the overcurrent device intended for ground-fault protection
of the motor.

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

a) In equipment intended to be connected to a metal-enclosed wiring system — A knockout or
equivalent opening in a metal enclosure intended to receive the power-supply system; and

for example,

of securing a
nal Electrical

18.17 A soldgring lug, a push-in (screwless) connector, or a quick-conpéct or similar friction fit connector
shall not be used for the terminal for the field installed grounding conductor.

18.18 The tgrminal for the connection of the equipment grounding conductor shall be a green not readily
removable terinal screw with a hexagonal head, a green, hexagonal, not readily removabl¢ terminal nut,
or a green prepsure wire connector. If the terminal for the grounding conductor is not visible, the conductor
entrance hole|shall be marked with the words "GREEN","GROUND"; the letters "G", "GR'; a grounding
symbol such gs Figure 18.1; or otherwise identified by:a distinctive green color. When the terminal for the
equipment grqunding conductor is readily removable, the area adjacent to the terminal shall be similarly
marked.

Figure 18.1

Grounding symbol

18.19 The surface of an insulated lead intended for the connection of an equipment-grounding conductor
shall be finished continuous green color or a continuous green color with one or more yellow stripes, and
no other lead visible to the installer shall be so identified.
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18.20 Grounding and bonding equipment used to comply with this Section and other applicable
requirements of this Standard shall comply with the Standard for Grounding and Bonding Equipment, UL

467.

ELECTRICAL COMPONENTS

19 General

19.1
uncoupling of

Components and Devices

a connection is required for servicing they will not be contacted by water or oil.

19.2 Attachment plugs or separable connectors shall not be used in circuits when the brea

of the circuit b

y such devices may allow unsafe operation of the equipment.

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

19.4 Therm

Cables, UL 83.

19.5 Flexibl

19.6 Fittings
Cable Fittings

19.7 Fusehg
4248-1, and t

19.8 Fuses
248-1; and th
another applig

19.9 Circuit
Switches and

19.10 Termi

19.11 Electr
the Standard

bplastic wiring material shall comply with the Standard for Thermoplastic-Insulz

for conduit and/or metal clad cable shall comply.with the Standard for Condu
, UL 514B.

Iders shall comply with the Standard for<Fuseholders — Part 1: General Req
ne applicable Part 2 (e.g. UL 4248-9 for'€lass K).

shall comply with the Standard_for Low-Voltage Fuses — Part 1: General Req
b applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with
able UL standard for fuses-are considered to comply with this requirement.

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

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

cal (Junction) boxes shall comply with the Standard for Metallic Outlet Boxe
for\-Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, as 4

Electrical equipment and wiring shall be arranged so that during periods of normal use or when

king or making

ted Wires and

b cords and cables shall comply with the Standard for Elexible Cords and Cablés, UL 62.

it, Tubing, and

uirements, UL

uirements, UL
UL 248-1 and

Molded-Case

s, UL 514A or
pplicable.

19.12 Attachment-plug receptacles intended for general use as a convenience receptacle on the
equipment shall be of the grounding type, and shall comply with the Standard for Attachment Plugs and

Receptacles,

UL 498.

20 Mounting of Electrical Components

20.1

turning, except as noted in 20.2 and 20.3.

A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from

20.2 The requirement that a switch be prevented from turning may be waived if all of the following
conditions are met:
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a) The switch is of a plunger or other type that does not tend to rotate when operated. A toggle
switch is considered to be subject to forces that tend to turn the switch during normal operation of
the switch;

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

¢) 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.

20.3 A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or indicator

light in which

he lamp is sealed in a nonremovable jewel need not be prevented from tur

ing if rotation

cannot reduce

20.4 The me
lock washer w
preventing a
turning.

20.5 Uninsul
prevented fror
acceptable va

21 Electrica

211

21.1.1 Unins
by persons du
access is requ
cleaning, and

21.1.2 Amon
a) Mec
b) Res

¢) Mois

I Enclosures

General

spacings below the required values.

ans for preventing turning is to consist of more than friction between isurfac
hich provides both spring take-up and an interference lock is acceptable as
small stem-mounted switch or other device having a single-hole” mounting

pted live parts shall be so secured to the base ory/mounting surface tha
n turning or shifting in position if such motion may result'in a reduction of spaci
ues.

ulated live high-voltage parts shall be enclosed or guarded to prevent uninter
ring normal use of the appliance This applies to such parts located in a compa
ired for normal care of the appliance, such as resetting controls, replacing filte
he like.

g the factors takeminto consideration when judging the acceptability of an encl
hanical strength;
stance tonmpact;

turé-absorptive properties;

es. A toothed
he means for
means from

they will be
ngs below the

tional contact
rtment where
s, lubrication,

osure are:

d) Combustibility;

e) Resi

stance to corrosion; and

f) Resistance to distortion at temperatures to which the enclosure may be subjected under
conditions of normal or abnormal use.

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

21.1.2(a) - (f).
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21.1.3 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.

21.1.4 All intended mounting positions of the unit are to be considered when determining if it complies
with the requirement of 21.1.3.

21.1.5 Steel enclosures shall be protected against corrosion by painting, plating, or equivalent means.

21.1.6 The thickness of a sheet metal enclosure shall be as indicated in Table 21.1 or Table 21.2.

Exception: An_individual enclosure thinner than specified in Table 21 1 or Table 21.2 may he employed, if

the design anpl location of components and the strength and rigidity of the outer cabinet wartant.

21.1.7 Shedt metal to which a wiring system is to be connected in the field shall have g thickness not
less than 0.032 inch (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034-inhch (0.86 mm) (No. 20

GSQG) if galvahized steel, and not less than 0.045 inch (1.14 mm) if nonferrous.

21.1.8

If insplating material other than electrical insulation is provided within the enclosure| consideration

is given to the burning characteristics and combustibility of the material and the proximity of an ignition

source.

Minimum thickness of sheet metal f;r? gLeclzgs.Lres — carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness i1| inches (mm)
Maximum widfh® | Maximum length® | Maximum width® [ Maximum length Metal coated
Inches (cmp) Inches (cm) Inches (cm) Inches (cm) Uncoated (MSG) (GSG)
4.0 (10]2) Not limited 6:25 (15.9) Not limited 0.020 (0.51) 01023 (0.58)
4.75 (12]1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) - 24) -
6.0 (15]2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 01029 (0.74)
7.0 (1718) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) - 22) -
8.0 (20}4) Notlimited 12.0 (30.5) Not limited 0.032 (0.81) 0j034 (0.86)
9.0 (22]9) 115 (29.2) 13.0 (33.0) 16.0 (40.6) (20) - 20) -
12.5 (3118) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 01045 (1.14)
14.0 (35]6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) - 18) -
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.34) 0.056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) - (16) -
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0.063 (1.61)
25.0 (63.4) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) - (15) -
25.0 (63.4) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) - (14) -
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 0.084 (2.13)
35.0 (89.0) 47.0 (119.4) 54.0 (137.1) 66.0 (167.6) (13) - (13) -
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
42.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) - (12) -

Table 21.1 Continued on Next Page
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Table 21.1 Continued

With supporting frame or equivalent

Without supporting frame? reinforcing?® Minimum thickness in inches (mm)
Maximum width® | Maximum length® | Maximum width® | Maximum length Metal coated
Inches (cm) Inches (cm) Inches (cm) Inches (cm) Uncoated (MSG) (GSG)

52.0 (135.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.80)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) - (11) -
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) - (10) -

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the sgme outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resis{ the bending
moments which thay be applied via the enclosure surface when it is deflected. Construction that is consideredto'hgve equivalent
reinforcing may He accomplished by designs that will produce a structure which is as rigid as one built with & frarhe pf angles or
channels. Construction considered to be without supporting frame includes single sheet with single formed flanges [formed edges);
a single sheet which is corrugated or ribbed; and an enclosure surface loosely attached to a frame, e,g\wijth spring lips.

® The width is the| smaller dimension of a rectangular sheet metal piece which is part of an enclosufe, Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.

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

Minimum thickness of sheet metal-lm;g?lgnzc}bzsures = aluminum, copper or brass
With supporting frame or equivalent Minimum thicknpess in inches
Withouf supporting frame? reinforcing? (mm)

Maximum width® Maximum length® Maximum width® Maximum length | Minimum thickans

Inches (cn) Inches (cm) Inches (cm) Inches (cm) Inches (mrl\) AWG
3.0 (7l6) Not limited 720 (17.8) Not limited 0.023 (0.58) (22)
35 8l9) 4.0 (10.2) 8.5 (21.7) 9.5 (24.1) - - -
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74) (20)
5.0 (12.7) 6.0 15:2) 10.5 (26.7) 135 (34.2) - - -
6.0 (13.2) Not lifnited 14.0 (35.6) Not limited 0.036 (0.91) (18)
6.5 (14.5) 8.0 (20.4) 15.0 (38.1) 18.0 (45.7) - - -
8.0 (29.4) Not limited 19.0 (48.3) Not limited 0.045 (1.14) (16)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) - - -
12.0 (39.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47) (14)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) - - -
18.0 (45.7) Not limited 420 (106.7) Not limited 0.075 (1.91) (12)
20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7) - - -
25.0 (63.4) Not limited 60.0 (152.4) Not limited 0.095 (2.41) (10)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) - - —
40.0 (94.0) Not limited 87.0 (221.9) Not limited 0.122 (3.10) (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) - - -
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89) (6)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) - - -

Table 21.2 Continued on Next Page
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Table 21.2 Continued

Without supporting frame®

With supporting frame or equivalent Minimum thick

reinforcing®

(mm)

ness in inches

Maximum width®

Maximum length® Maximum length

Maximum width®

Minimum thickness

Inches

(cm)

Inches (cm) Inches (cm) Inches (cm) Inches

(mm)

AWG

® The width is th
enclosure may

¢ For panels wh
to the dimensio

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes single sheet with single formed flanges (formed
edges); a single sheet which is corrugated or ribbed; and an enclosure surface loosely attached to a frame, e.g. with spring clips.

e smaller dimension of a rectanqular sheet metal piece which is part of an enclosure. Adjacent surfaces of an

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

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

shall be limited

21.1.9 Term
and shall be s

21110 Aju
that:
a)An
does

b) An
mm) d

21.2 Accessibility of uninsulated live parts and film-coated wire

21.2.1  Durin
concerning ad

a)Ap
attach
remov|

b) Insy

c) The

nal housings of motors, to which connections are to be made in'the field, sh
ized in accordance with the National Electrical Code, ANSI/NFPRA 70.

bpening between the box and motor frame having.a dimension exceeding 1/2 i
ot permit a flat feeler gauge, 5/64- by 1/2-inch’(2:0 by 12.7 mm) wide to enter;

opening between the box and motor frame having no dimension exceeding
pes not permit the entrance of a 13/64;inch (5.2 mm) diameter rod.

g the examination of a~product to determine whether it complies with the
cessibility of uninsulated-ive parts and film-coated wire:

art of the enclosurerthat may be opened or removed by the user without ug
an accessory,(fo make an operating adjustment, or for other reasons) is to
ed;

lated brush caps are not required to be additionally enclosed;

all be of metal

hction box partially formed by another part such as a fan scroll or a motor casing is to fit such

nch (12.7 mm)
and

1/2 inch (12.7

requirements

5ing a tool, (to
be opened or

be rotated or

prebés shall be applied to any depth that the opening will permit; and shal

angled

hafar. A nad-oftar i hiantheraab-th 0 $ A H TP~ 1 ~-¢ W
VCITUTGC, U y» AU ATt TToTTUUTT NTUuyiT uirc UPTTInTy U - Ally pPpUSITUUTT UiTat 1

urirry

examine the enclosure; and

necessary to

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.

21.3 Boilers having an input in excess of 3 gph (11.4 L/h)

21.3.1
of 3gph (11.4

L/h) are given in the following items and the related figures:

The criteria for judging an opening in an electrical enclosure of a boiler having an input in excess

a) An opening that will not permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable if:
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1) A probe as illustrated in Figure 21.1 cannot be made to touch any uninsulated live part
when inserted through the opening; and

2) A probe as illustrated in Figure 21.2 cannot be made to touch film-coated wire when
inserted through the opening;

b) An opening that will permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable under
the conditions described in Figure 21.3.

Figure 21.1

Probe for uninsulated live metal parts
f ANY CONVENIENT LENGTH

1/2 INCH D&
(12.7mm)

3/4 INCH DIA.
(19.1mm)

)

\g

\ 3/16 INCH R
(4.8mm)

A

9/16 INCH(14.3mm)

.

4 INCHES
(101.6mm)

PA130A
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Figure 21.2

Probe for film-coated wire

—m ~m— ANY CONVENIENT LENGTH

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

I :

7l
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The opening is acceptable if, within the enclosure, there is no uninsulated live part or enamel-insulated wire:

Figure 21.3

Opening in enclosure
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SECTION B-B
§\\\\\\\\\\1 ////J////Z
\\ X ,’I

< T A
N 7
~o _-
LIVE PART —

EC100B

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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21.4 Boilers having an input of 3 gph (11.4 L/h) or Less

21.4.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire an opening in an enclosure shall comply with either (a) or (b):

a) For an opening that has a minor dimension (see 21.4.3) less than 1 inch (25.4 mm), such a part
or wire shall not be contacted by the probe illustrated in Figure 21.4; or

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced
from the opening as specified in Table 21.3.

Exception: An opening in an integral enclosure of a motor need not comply with these requirements if it

COITI,O”GS withrthre lc'qut'lc'ulc'ufo T 2t=-2-
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Figure 21.4
Articulate probe with web stop
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Table 21.3

Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

b Between 3/4 i

¢ Any dimensior

48 more than 2

ch and 2-1/8 inches, interpolation is to be used to determine a value between values ‘specified in 4
less than 1 inch applies to a motor only.

1/8 inches, but not more than 6 inches (152.0 mm).

Minor dimension?® of opening Minimum distance from opening to part
Inches (mm)° Inches (mm)P
3/4° (19.1) 4-1/2 (114.0)
1° (25.4) 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (41.1) 12-1/2 (318.0)
1-7/8 (47.6) 15-1/2 (394.0)
2-1/8 (54-03 1Z2-4/2 (444.0)
d 30 (7p2.0)
aSee 21.4.3.

he table.

21.4.2 With
mentioned in

a) An
if:

b) An
space

respect to a part or wire as mentioned in 21.4.1, jntan integral enclosure
he Exception to 21.4.1:

bpening that has a minor dimension (see 21.4.3)less than 3/4 inch (19.1 mm

2) In a directly accessible motor (see 21.4.4), an uninsulated live part canng
by the probe illustrated in Figure-21.5; or

3) In an indirectly accessible motor (see 21.4.4), an uninsulated live p
contacted by the probe illustrated in Figure 21.1.

opening that has~a“minor dimension of 3/4 inch or more is acceptable if a
j from the openingas specified in Table 21.3.

1) Film-coated wire cannot be contacted by the probe illustrated in Figure 21.2;

of a motor as

is acceptable

t be contacted

art cannot be

part or wire is
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IEC articulate probe

Figure 21.5
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21.4.3 With feference to the requirements_in 21.4.1 and 21.4.2, the minor dimension of an

diameter of th

opening.

e largest cylindrical probe(having a hemispherical tip that can be inserte

21.4.4 With feference to the requirements in 21.4.2, an indirectly accessible motor is a mot

a) That
panel,

b) Tha

contac'ed.

is accessible.only by opening or removing a part of the outer enclosure, such
hat can be)opened or removed without using a tool; or

is located at such a height or is otherwise guarded or enclosed so that it is

bpening is the
i through the

pr:

as a guard or

unlikely to be

21.4.5 A directly accessible motor is a motor:

a) That can be contacted without opening or removing any part; or

b) That is located so as to be accessible to contact.

21.4.6 The probes illustrated in Figure 21.4 and Figure 21.5 shall be applied in any possible
configuration; and, if necessary, the configuration shall be changed after insertion through the opening.

21.5 Doors and covers

21.5.1

for securing it in place.

A cover or access panel of an enclosure for uninsulated live parts shall be provided with means
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21.5.2 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.

21.5.3 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 21.5.7.

21.5.4 A required protective device shall be wholly inaccessible from outside the boiler assembly without
opening a door or cover, except that the operating handle of a circuit breaker, the operating button of a
manually operable motor protector, the reset button of a manually resettable pressure switch, and similar
parts may project outside the boiler assembly enclosure.

21.5.5 An opening in an enclosure to provide clearance around a dial, knob, lever,or,handle shall not

allow the enty
knob, lever, o

2156 A fus
voltage live p
clips, or wiring
fuses. An ins
not less than

ance of a rod having a diameter of 9/64 inch (3.6 mm) at any setting ©Or posit
handle.

eholder shall be so constructed, installed, or protected that adjacent uni
brts within 4 inches (102 mm), other than the screw shell of a-plug fuseholder,
terminals to the fuseholder, will not be exposed to contactby persons removi
Ilating barrier of vulcanized fiber or equivalent material employed for this pu
D.028 inch (0.71 mm) in thickness.

21.5.7 The dloor or cover of an enclosure shall be hinged ifit-gives access to fuses or any 1

protective de
in connection
protective de

Exception: A

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

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

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

than a

fixed control-circuit loady-such as pilot lamp, are within the same enclosure; or

b) Extractor-type fuses each with its own enclosure; or

c) Fus

21.5.8 Hing

BS in low-voltage circuits.

bd covers) ‘'where required, shall not depend solely upon screws or other

requiring the lise oftools to hold them closed, but shall be provided with a catch or spring lat

on of the dial,

hsulated high-
cartridge fuse
hg or replacing
rpose shall be

notor overload
pen the cover
reset overload

it loads, other

similar means
ch.

21.5.9 A spring Tatch, a magnetic Tatch, 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 21.5.8.

21.5.10 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.

21.5.11 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.
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21.512 A plate or plug for an unused conduit opening or other hole in the enclosure
thickness not less than:

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

b) 0.027 inch (0.68 mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal for a
1-3/8 inch (34.9 mm) maximum dimensions.

shall have a

hole having a

hole having a

A closure for a larger hole shall have a thickness equal to that required for the enclosure of the device or a

standard knockout seal shall be used. Such plates or plugs shall be securely mounted.

21.5.13 An
damage.

1 4 PN H | 1 1 1 ! H I} [T n n ! H
CICUUUIT tUDT U oliTiidal YidosoS=TTILIUSTU  UTVILT - olidil DT PrultlUiTUu aydlilig

21.6 Field wiring system connection

21.6.1 If thre
or if an equiva
in the metal, a

ads for the connection of conduit are tapped all the way through a hole in an e
lent construction is employed, there shall be not less than thrée nor more tha
hd the construction of the device shall be such that a conduit-bushing can be a

21.6.2 If thre
wall, conduit H
smooth, round
that provided

same as that g

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

21.6.3 An enclosure threaded for support by .rigid conduit shall provide at least five fy
engaging withjthe conduit.

21.6.4 A kn¢ckout in a sheet metal~enclosure shall be capable of being removed W
deformation of the enclosure.

21.6.5 A kngckout shall be provided with a flat surrounding surface for seating of a condu
shall be so located that installation of a bushing at any knockout likely to be used during instg
result in spacings between-uninsulated live parts and the bushing of less than those required

22 Motors and Motor Overload Protection

t mechanical

nclosure wall,
n five threads
tached.

an enclosure
ere shall be a
equivalent to
oximately the

Il threads for

ithout undue

t bushing,and
llation will not

22.1 Each
device or combinations thereof.

22.2 "Overcurrent protective device" as referred to in 22.1 means those that conform to the
of the National Electrical Code, ANSI/NFPA 70, as follows:

ent protective

requirements

a) A separate overcurrent device that is responsive to motor current. This device shall be rated or
selected to trip at no more than the following percent of the motor full-load current rating:

1) Motors with marked service factor not less than 1.15, 125 percent;

2) Motors with a marked temperature rise not over 40°C (72°F), 125 percent; and

3) All other motors, 115 percent.

For a multispeed motor, each winding connector shall be considered separately and the motor is to

be protected at all speeds.
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b) If the values specified for motor-running overcurrent protection do not correspond to the
standard sizes or ratings of fuses, or magnetic or thermal overload protective devices, the next
higher size or rating may be used, but not higher than the following percent of motor full-load
current rating:

1) Motors with a marked service factor not less than 1.15, 140 percent;
2) Motors with a marked temperatures rise not over 40°C, 140 percent; and

3) All other motors, 130 percent.

22.3 An integral thermal protective device shall comply with the Standard for Overheating Protection for

Motors, UL 2

11 or the Standard for Thermally Protected Motors, Ul 1004-3

22.4 Separg
be assemble
equipment. §
interruption m

22.5 Three-
a) Thr

b) The
metho
investi
when

Assemblies s
phase conditi

22.6 Motors
are determing
overcurrent p
it is determine

22.7
protected agg

te overcurrent devices, except when included as part of a magnetic mater/cg
H as part of the equipment, and be readily identifiably as such.after as
uch protection is not to include means for manually interrupting~the motor
ay result in the risk of fire, electric shock, or injury to persons.

bhase motors shall be provided with overcurrent protection‘as follows:
be properly rated overcurrent devices shall be employed; or

rmal protectors, combination of thermal protectors and overcurrent devices
s of protection may be employed where the-specific protective arrangem
gated and found to provide proper protection under primary single-phase fai
supplied from transformers connected Wye-=Delta or Delta-Wye.

such as direct-drive fan-meotors which are not normally subjected to overlog
d to be adequately protected against overheating due to locked-rotor current
otective device, may.be accepted under the requirement for overcurrent protg
d that the motor will hot overheat under actual conditions of use.

inst overheating due to locked-rotor current, provided it is determined that the

overheat und¢r the_performance requirements of this Standard.

22.8 Fuses

ntroller, are to
sembly to the
circuit if such

or equivalent
ent has been
ure conditions

b investigated shall be marked to indicate that the motor is protected under primary single-
bns. This marking may be a papéristicker, decal, or an attached wiring diagram.

ds, and which
y a thermal or
ction provided

Impedance prote¢tion may be accepted for motors which are determined to e adequately

motor will not

protected by t

shall not be used as motor overload prnfpr‘ﬁ\/p devices unless the motor
he largest size fuse which can be inserted in the fuseholder.

is adequately

22.9 Overcurrent protective devices and thermal protective devices for motors shall comply with the
requirements of the Short-Circuit Test.

22.10 A motor shall be designed for continuous duty as indicated by the designation "CONTINUOUS" or
"CONT" on the nameplate.

2211 In no case shall interruption of the circuit to a motor by the overcurrent or thermal protective device
result in a risk of fire, electric shock, or injury to persons during operation of the equipment or the
discharge of fuel that may result in a risk of fire or injury to persons. If a burner depends solely upon an
electrical valve to stop the flow of fuel to the burner, the interruption of the circuit to the motor by the
protective device shall also cause the interruption of the circuit to the valve.
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2212 Automatic-reset type protective devices shall not be used if the automatic reclosing of the circuit to
the motor by the device may result in a risk of fire, electric shock, or injury to persons during operation of
the equipment.

22.13 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.

22.14 Conformance to 22.13 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.

22.15 Motors having openings in the enclosure or frame shall be installed or shielded to prevent particles

from falling ou

2216 The rg
open type mot

a) The
of such

b) The
insulati
energij

c) The
temper

of the motor onto combustible material located within or under the assembly.

quirement in 22.15 will necessitate the use of a barrier of nonflammable mat
pr unless:

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

brial under an

he equivalent

Imotor overload protection device provided with a single-phase motor is such that no burning

on or molten material falls to the surface that supports the appliance wher
ed under each of the following fault conditions , as applicable to the particular

1) Open main winding;

2) Open starting winding;

3) Starting switch short-circuited; and

4) Capacitor shorted, permanent’split capacitor type; or

motor is provided with (@ thermal motor protector (a protective device that
ature and current) that will prevent the temperature of the motor windings fi

more than 125°C (257°F).under the maximum load below which the motor will run w

the prg
locked

d) The

tector to cyclesand from becoming more than 150°C (302°F) with the rotor
or

motor complies with the requirements for impedance-protected motors a

winding will not éxceed a temperature greater than 150°C during the first 72 hours of

the rotq

r of'the motor locked.

the motor is
ype of motor:

S sensitive to
pm becoming
thout causing
of the motor

nd the motor
bperation with

22.17 The barrier mentioned in 22.16 shall be horizontal, located as indicated in Figure 22.1 , and have
an area not less than that described in that illustration. Openings for drainage, ventilation, and the like,
may be employed in the barrier provided that such openings would not permit molten metal, burning
insulation, or the like to fall on combustible material.
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Figure 22.1

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

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

2) Five 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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22.18 Motors shall comply with the Standard for Rotating Electrical Machines — General Requirements,
UL 1004-1.

23 Overcurrent Protection of High-Voltage Control-Circuit Conductors

23.1 General

23.1.1 For the purpose of the requirements in 23.2.1 — 23.4.2, 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 24, for additional
requirements.

23.2 Direct-connected high-voltage control circuit
uit is one that
n the product.
Cuit or circuits

23.2.1 For th
is supplied fro
It is not tappe
within the prod

e purpose of these requirements, a direct-connected high-voltagecontrol cirg
M a branch circuit separate from a branch circuit that supplies other loads withi
] from the load side of the overcurrent device or devices of the.controlled cir
uct. See 47.9.

23.3 Tapped high-voltage control circuits

circuit that is
ed load. Such

23.3.1 For the purpose of these requirements, a tapped high-voltage control circuit is a
tapped within the burner on the load side of the overcurrent,device or devices for the controll
a circuit shall he protected in accordance with 23.3.3 — 23.4.2.

putside of the
f the National

23.3.2 A high-voltage control circuit that is tapped-from the main power circuit at a point
control equipnment enclosure shall be protected,as specified in Column A of Table 430-72(b) ¢
Electrical Codg, ANSI/NFPA 70.

rotection. The

23.3.3 Atap
rating of the o

Exception No.
m) long betwg
rated 60 amps

Exception No

bed high-voltage controlécircuit conductor shall be provided with overcurrent p
ercurrent-protective device shall not exceed the value specified in Table 23.1.

1: A 18, 16, of T#AWG (0.82, 1.3, or 2.1 mm2) conductor that is not more th
en points of opposite polarity may be protected by a fuse or an HACR Type
res or less,

2. An overcurrent-protective device of a higher rating may be used if th

an 4 feet (1.2
tircuit breaker

e conductors

withstand sho

t=circuiting when tested as specified in 41.1.

Exception No. 3: A lead that is not more than 12 inches (305 mm) long need not be provided with
overcurrent protection.

Exception No. 4: A control-circuit conductor, supplied from the secondary of a single-phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device located in the primary side of the transformer if:

a) This protection is in accordance with the requirements specified in Overcurrent Protection of
Transformers, Section 24; and

b) The rating of the device does not exceed the applicable value specified in Table 23.1 multiplied
by the ratio of secondary-to-primary rated transformer voltage.
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Table 23.1
Overcurrent protective device rating for control circuit conductors

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

Lgrger than 10 b b c ¢

b 400 percent o

300 percent of

2 Includes coppgr-clad aluminum.

value specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA 70.
value specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSI/NFPA 70.

23.4 Overcurrent-protective devices

23.4.1 Over
shall be provi
47.7.

Exception: TH
marked rating
not exceed th

23.4.2 A control-circuit overcurrent-pratective device shall:

a) Be
b) Be

c) Hav

The device sh
an acceptablg

Current protection for a tapped high-voltage control-circuit conductor, as requ
Hed as part of the product. If a fuse is used, the‘product shall be marked in ag

e overcurrent device or devices need not be provided as part of the product if
of the product, the rating of the bran¢h-circuit overcurrent-protective device o
e values specified in Table 23.1.

brovided for all ungrounded conductors;
bf a size in accordance with the requirements in 23.3.3; and

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

red by 23.3.3,
cordance with

based on the
 devices does

all be-acircuit breaker or a fuse that is acceptable for branch-circuit protection. Examples of
fuseare a Class CC, G, H, J, K, L, R, or T cartridge fuse of a Type S plug fuse,

Exception: If the control circuit is tapped from a circuit supplying other loads in the product, a device used
for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 41.1. If the supplementary device used is a fuse,
the product shall be marked in accordance with 47.8.

24 Overcurrent Protection of Transformers

241 High-v

2411

oltage transformers

transformer and shall:

A transformer, other than as described in 24.2.1 and 24.2.2, is considered to be a high-voltage

a) Be provided with thermal-overload protection in accordance with the requirements in 24.1.2; or
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b) Be protected by an overcurrent device or devices in accordance with the requirements in 24.1.4;
or
3) Comply with the requirements in the Burnout Test, High-Voltage Transformers, Section 43.

24.1.2 If a high-voltage transformer is provided with a thermal-overload-protective device, the device

shall be arranged to interrupt primary current and shall limit temperatures of the transformer windings
under overload conditions to those acceptable for the class of insulation employed in the windings. See
Overload Test, High-Voltage Transformers, Section 42.

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

43.

24.1.3 A the
Requirements
have an enddy
calibration of
Equipment, U
Similar Use, H
UL 60730 seri

2414 Each
requirements

rmal cutoff shall comply with the requirements in the Standard for’ Thermal-Links —

and Application Guide, UL 60691. A manually or automatically reset-thermal
rance rating of not less than 6000 cycles and shall comply with the req
temperature-limiting controls in the Standard for Temperature-Indicating ar
| 873. Compliance with the Standard for Automatic Electricab Controls for H
art 1: General Requirements, UL 60730-1, and/or the applicable Part 2 stan
bs fulfills the UL 873 requirements.

overcurrent device that protects a high-voltage transformer shall con
specified in 24.1.5,24.1.6 and 24.2.3 — 24.2.5.

24.1.5 A high-voltage transformer shall be protected by.an overcurrent device, or devices,
circuit and that is rated or set as indicated in Table 24.1 for the primary. S¢e 24.1.6 and

in the primary|
24.2.3.

2416 If the
more than 25(
not required in

circuit supplying a transformer is provided with overcurrent protection rated
percent of the rated primary’current of the transformer, additional overcurren

brotector shall
uirements for
d Regulating
pusehold and
dard from the

ply with the

hat is located

or set at not
t protection is

the primary circuit provided the secondary circuit is protected by a protectivg device rated
or set as indicated in Table 24.1 forthe secondary.

Table 24.1
Maximum rating of transformer overcurrent protective device
Maximum rating of overcurrent device, percent of transformer durrent rating,
Rated primary|or. secondary current, when in:
Jmperes Primary Secondary
Less than 2 3002 167
2 or more, less than 9 167 167
9 or more 125P 125P

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

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

24.2 Low-voltage transformers

24.2.1 Except as specified in 24.2.2, a transformer having a rated output of not more than 30 volts and
1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device, or devices,
located in the primary circuit. The overcurrent device, or devices, shall be rated or set at not more than 167
percent of the primarv current ratina of the transformer. See 24.2.3.
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24.2.2 A transformer that directly supplies a Class 2 circuit (see 3.28(b)) shall, in accordance with the
requirements in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1
and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3,
either limit the output current (inherently-limiting transformer) or be equipped with an overcurrent device,
or devices (noninherently-limiting transformer).

24.2.3 OQvercurrent protection in the primary circuit of a transformer, as described in 24.1.5 and 24.2.1,
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 24.1.5 or
24.2.1, as applicable.

24.2.4 Qvercurrent protection in the secondary circuit of a transformer, as required by 24.1.6 shall be

provided as p

2425 Ared
a)Be
b) Be

c) Hav

brt of the appliance. If a fuse is used, the appliance shall be marked in accorda

uired transformer overcurrent-protective device provided as part of thefproduc
brovided for all ungrounded conductors;
bf a size in accordance with the requirements in 24.1.5 — 24.2.1y"as applicable;

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

nce with 47.7.

shall:

and

The device shall be a circuit breaker, or a fuse, that is acceptable for branch-circuit protection. Examples

of an accepta

ble fuse are a Class CC, G, H, J, K, L, R, or T cariridge fuse or a Type S plug fu

Exception: If & transformer supply is tapped from a circuit supplying other loads in the produ

for overcurre
rating accept
accordance w

25 Switche

25.1 A cont
more than on

Exception: A
fuse size doe
more than 6 4

it protection may be of the supplementary type provided that the fuse has
hble for the circuit in which it is used. See Table 41.1. The product shall
ith 47.8.

5 and Controllers

oller(s) for controlling the loads involved 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 ma
5 not exceed 20 amperes at 125 volts or less or 15 amperes at 600 volts or les
imperes.full-load current for each motor.

25.2 Motor

Se.

ct, a fuse used
a short-circuit
be marked in

incorporating

ked maximum
s and with not

confrollers shall be arranged so that they will simultaneously open a suffici

ent number of

ungrounded conductors to interrupt current flow to the motor.

25.3 A single controller may control more than one motor if the controller is rated for the combined load
controlled. The assembly shall be marked in accordance with 47.10 if the same controller contacts handle
a remote motor(s) in addition to the motor(s) in the unit containing the controller.

25.4 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.

25.5 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.
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25.6 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.

25.7 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.

25.8 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 may be connected to the same power supply if it can be determined that a fuse of the marked
size will not open under the most severe conditions of service that might be encountered.

25.9 As applicable, switches shall comply with the Standard for Enclosed and Dead Front|Switches, UL
98, the Standgrd for General-Use Snap Switches, UL 20, the Standard for Special Use-Swit¢hes, UL 1054
or the Standard for Switches for Appliances — Part 1: General Requirements, UL 61058-1.

25.10 Contrqllers shall comply with the following, as applicable:
a) The [Standard for Industrial Control Equipment, UL 508;
b) The [Standard for Low-Voltage Switchgear and Controlgear& Part 1: General Ruleq, UL 60947-1

¢) The|Standard for Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and Motor-
Starterg — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A; or

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

26 Capacitors

26.1 A motof starting or running capacitor shall be housed within an enclosure or contpiner that will
protect the plates against mechanical damage and that will prevent the emission of flame or molten
material resulfing from malfunction, of the capacitor. Except as noted in 26.2 and 26.3, the dontainer shall
be of metal providing strength and\protection not less than that of uncoated steel 0.020 inch (0.51 mm)
thick.

26.2 The individual container of a capacitor may be of material other than metal if th¢ capacitor is
mounted in an|enclosdre'that houses other parts of the boiler assembly, and provided that sych box, case,
or the like, is acceptable for the enclosure of current-carrying parts.

26.3 If the comtaimerof amefectrotytic tapacitor istomnstructed of metat; it shattbeinsutated from dead-
metal parts in accordance with Table 28.1.

26.4 A capacitor employing a liquid dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium when tested in accordance with the applicable performance
requirements of this standard, including faulted overcurrent conditions based on the circuit in which it is
used. See Short-Circuit Test, Section 41.

Exception: If the available fault current is limited by other components in the circuit, such as a motor start
winding, the capacitor may be tested using a fault current less than the test current specified in Table 41.1
but not less than the current established by dividing the circuit voltage by the impedance of the other
component(s).

26.5 Capacitors shall comply with the Standard for Capacitors, UL 810.
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27 Insulating Material

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

27.2 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.

27.3 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 cgnjunction with an air spacing of not less than one-half of the through air spacing required.
The liner shall be located so that it will not be damaged by arcing. Material having a lesser thickness may
be used if it has equivalent insulating, mechanical, and flammability properties.

SPACINGS
28 High-Voltage Circuits

28.1 Excepflas noted in 28.2 — 28.4, the spacings between uninsulated live parts of opposi|te polarity and
between an uhinsulated live part and a dead-metal part shall be‘not’less than the values indjcated in Table
28.1.

Table 28:1
Minimum'Spacings
Ratings Minimum spacings? inch (mm)
Volt-ampgres Volts Through air Over surface To|enclosure®
0-2000 0-300° 1/8° 3.2 1/4 6.4 1/4 6.4
More than|2000 0-150 1/8¢ 3.2 1/4 6.4 1/29 12.7
154=1300 1/4 6.4 3/8 9.5 1/29 12.7
301 — 600 3/8 9.5 1729 12.7 1/29 12.7
2 See 27.3.

b If over 300 volls, spacings\n last line of table apply.

¢ The spacings petween wiring terminals of opposite polarity, or between a wiring terminal and grounded metal, shall be not less
than 1/4 inch (6]4. mm);except that if short-circuiting or grounding of such terminals will not result from projecting dtrands of wire,
the spacing nedd net be greater than that given in the above table. Wiring terminals are those connected in the field and not
factory wired. Measurements are to be made with solid wire of adequate ampacity for the load connected to each terminal.

4 Includes fittings for conduit or metal-clad cable.

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

28.2 The through-air and over-surface spacings at an individual component part are to be judged on the
basis of the total volt-ampere (VA) 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 VA of the motor. A component that controls loads
in addition to the motor is similarly judged on the basis of the sum of the VA of the loads so controlled;
however, a component that independently controls separate loads is judged on the basis of the VA of the
larger load. The VA values for the load referred to above are to be determined by the measured input.
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28.3 The spacing requirements in Table 28.1 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.

28.4 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 28.1 — 28.3 and shall be judged on the
basis of the highest voltage involved.

28.5 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
(6.4 mm) whefle 3/8 inch (9.5 mm) is specified.

29 Low-Volthge Circuits

29.1 The sp
motor overloa

hcings for low-voltage electrical components that are installed ‘in & circuit th
| protective device, or other protective device, where a short-0r grounded cirg

at includes a
uit may result

in a risk of fire| electric shock, or injury to persons shall comply with 29.2 < 29/4.

29.2 The spacing between an uninsulated live part and the wall of-a‘metal enclosure inclug
the connectior of conduit or metal-clad cable shall be not less than' 1/8 inch (3.2 mm). See 2§

ing fittings for
.4.

29.3 The spacing between wiring terminals regardless of polarity, and between the wiring ferminal and a
dead-metal part (including the enclosure and fittings for, the-Connection of conduit) which may be grounded
when the devige is installed shall be not less than 1/4 jnch (6.4 mm).

insulated live
ce is installed
that spacings

29.4 The spacing between uninsulated live parts, regardless of polarity, and between an
part and a degd-metal part, other than the enclosure, which may be grounded when the dev
shall be not legs than 1/32 inch (0.8 mm), provided that the construction of the parts is such
will be definite]ly maintained.

29.5 The spacings in low-voltage\circuits that do not contain devices such as indicated ir
specified.

29.1 are not

PROTECTION OF USERS AND SERVICE PERSONNEL

30 General

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

30.2 Service functions which may have to be performed with the equipment energized include:
a) Adjusting the setting of temperature controls with or without marked dial settings;
b) Resetting control trip mechanism;
¢) Operating manual switches; or

d) Adjusting air-flow dampers.

A factory set and sealed control is not considered to be adjustable.
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30.3 The requirements of 30.1 are not applicable to mechanical service functions which are not normally
performed with the equipment energized.

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

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

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

30.5 An el - -
maintenance |while energized, not including voltage measurements, shall be located and
respect to other components and grounded metal parts so that it is accessible for, ‘ele
functions withjout subjecting the serviceman to a risk of electric shock from adjacent uninsu
or to unintentipnal contact from adjacent moving parts that may involve a risk of.injury to per:

servicing, or
mounted with
ctrical service
ated live parts
EONS.

30.6 Accesgdibility 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 proyvided to each
component through the access cover or panel in the outer cabinet andthe cover of the coptrol assembly
enclosure with the following arrangement. See Figure 30.1:

et so that the

a) Thg
fartheq
the ac

components are located with respect to the-access opening in the cabin
t component in the control assembly is not more than 14 inches (356 mm) fro
Cess opening;

b) Uni
within
locate
space
perime
The ad
acces
edge ¢

sulated live parts outside the controbassembly projected clear space (excef
@ control panel) or unguarded moving parts that may involve a risk of injury

is considered to be bounded-on the sides by the projection of the smallg
ter surrounding the outside~edge of the components or control enclosure W
cess area is considered\te be bounded on the sides by the projection of the p
5 opening in the outér cabinet to the closest rectangular perimeter surroundi
f the component orcontrol enclosure;

c) Thg
openir
wiring

volume generated by the projected clear space of the control assembly
g in the guter cabinet (within the access area) is completely free of obstruct

m the plane of

t for live parts
0 persons are

l not closer than 6 inches (152.fam) from any side of the access area. The projected clear

st rectangular
hen provided.
brimeter of the
ng the outside

to the access
ons, including

n of access by

d) Acgess,to the components in the control assembly is not impeded in the directio

and

th ampelnenic-ar-byaaneina 1n thic oo g
other (:\.llllpul TS UT Oy Wit g i aio aSSTTory;—arta

e) Extractor-type fuseholders and snap switches mounted through the control assembly enclosure

are to be located so that:

1) There is unimpeded 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 co
enclosure, unless guarded.

ntrol assembly
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Figure 30.1
Accessibility and protection
~ A

[ ummum&a LIVE PART AT LEAST
| 6 IN.(152 MM) FROM ACCESS AREA
1

UNINSULATED LIVE PART

>~.6 in.(152mm) SHORTEST

< | 1
« DISTANCE \ CONTROL ACCESS OPENING
. ENCLOSURE \ 0\,
FARTHEST | \
COMPONENT L COMPONENT
n OPENING no [\
N 4N WAt Vo1 T
= Y ACCESS - /
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] \ PROJ%CTED g /! 0
s ata RESET~
S SPACE BuTTonT 1 /7
CURRD | RECTANGULAR Fe 5% 0N K
. S PERIME TER Az 217« -
/ \ GUARD
/
7
/
J/’ RS TaiLE PROJECTED CLEAR SPACE
7 (GROSS-HATCHED AREA)
e HAZARDOUS, MOVING PART AT LEAST
_-=="" HAZARDOUS I 6 IN.(152 MM) FRDM ACCESS AREA
--=- MOVING PART | (UNLESS GUARDED)
SECTION A-A '
EA100 N Lo

30.7 Compopents in a low-voltage circuit_shall comply with the requirements of 30.5 in their relation to
uninsulated livie parts in a high-voltage circuit and to hazardous moving parts.

30.8 The follpwing are not considered to be uninsulated live parts:
a) Coilsg of controllers;
b) Relgys and solenoids;
c¢) Transformer.windings, if the coils and windings are provided with insulating overwraps;

d) Enclpsed motor windings;

e) Insulated terminals and splices; and

f) Insulated wires.

30.9 Moving parts such as fan blades, blower wheels, pulleys, belts, etc., which may cause injury shall
be enclosed or guarded. If the removal of doors, panels or shields will expose such moving parts:

a) The opening or removal of the door, panel or shield shall require the use of tools;
b) An interlocking device shall shut off the mechanism; or
¢) A warning marking shall be displayed which reads essentially as follows:

DANGER - TO AVOID INJURY FROM MOVING PARTS, SHUT OFF THE (EQUIPMENT)
BEFORE (REMOVING-OPENING) THIS (COVER-DOOR).


https://ulnorm.com/api/?name=UL 726 2024.pdf

SEPTEMBER 24, 2024 UL 726 65

30.10 The distance from an opening in a required guard or enclosure to the moving part mentioned in
30.9 shall be in accordance with Table 30.1, but the minor dimension of the opening shall not in any case
exceed 3 inches (76.2 mm). For an opening having a minor dimension intermediate between two of the
values included in the table, the distance from the opening to the moving part shall be not less than that
found by appropriate interpolation between the corresponding values in the right-hand column of the table.
The minor dimension of the opening is determined by the largest hemispherically tipped cylindrical probe
that can be inserted through the opening with a force of 5 pounds (22 N).

Table 30.1
Dimensions of openings

IM-rnor-d-Hnene-lons-ef-epeﬂ-mg Minimum dietmﬂree—irem—epenhg—te—m?ving part

Inciles (mm) Inches (am)
174 (6.4) 1/2 (12.7)

3/B (9.5) 1-1/2 (38.1)

1/ (12.7) 2-1/2 (63.5)

3/4 (19.1) 4-1/2 (14)

1 (25.4) 6-1/2 (165)
1-12 (38.1) 10-4/2 (267)

2 (50.8) 14-172 (68)
Over 2 Inches (Over 50.8) 30 (162)

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

30.11 A moying part is not to be considered when“judging compliance with 30.1 and 309 if the part is
unlikely to be contacted through the opening because of fixed components, including baffles

PERFORMANCE
31 General

31.1 A boilgr assembly shalls\meet the applicable requirements when tested as descrijed herein. An
assembly of g type not described specifically herein is to be tested in accordance with the jntent of these
requirements| If any indications are observed during the tests prescribed herein that an assembly will not
continue to meet the fequirements in normal usage so as to assure continued safe perfgrmance, such
supplementary tests-shall be conducted as deemed necessary to assure safe service.

31.2 A boll dbbclllb:y istobe-tested ||un||c|”y as-stitablte-forinstattationonmoncombustible floors and
with clearances to combustible walls and ceilings not less than indicated in Table 31.1. Such a boiler
assembly is categorized under Form Il, Form Ill, or Form |V, depending on its physical size and/or
operating pressure as noted in Table 31.1. At the option of the manufacturer, a boiler assembly operating
at not more than 50 psi (345 kPa) pressure 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 31.1

Standard clearances

Minimum clearance, inches (mm)

excluding burne

Form lla — Warn]
burner and insta

C — Combustiblg.
NC — Noncombustible.

- not equipped with draft hood.

Air Furnace, horizontal forced, not larger than 100 cubic feet (2.8 m%)in size excluding blower compartments and
led at zero below clearance - not equipped with draft hood. Andssame as Form Il boilers except installed on
combustible floofing.

Form llla — Samg as Form Ill except installed on combustible flooring.

Form IVa — Samg as Form IV except installed on combustible flooring.

A B c D F
Chimney
Type of Boiler Above Front connector Rear Sides Below
Form I 6 (152) 24 (610) 18 6 (152) 6 (152) NC
Form lla 6 (152) 24 (610) 18 6 (152) 6 (152) C
Form Il 18 (457) 48 (1219) 18 18 (457) 18 (457) NC
Form llla 18 (457) 48 (1219) 18 18 (457) 18 (457) C
Form IV 48 (1219) | 96  (2438) | 36 36 ©14) 36 b14) | NC
Form IVa 48 (1219) 96 (2438) 36 36 (914) 36 914) C
Where:

Form Il — Water fvalled types - hot water boilers, low pressure steam boilers, not larger than 100 cubic feet (2.8 m®)in size

Form Ill — Low Heat Industrial Device, Floor mounted type furnaces and héaters and not classified under Forms | (furnaces) or XI
(furnaces and hgaters) and, hot water boilers and steam boilers operating at not more than 1000°F (537°C) flue gap temperature
not classified unfler Form Il or XII.

Form IV — Mediym Heat Industrial Devices, steam boilers operating in excess of 1000°F (537°C) flue gas temperatlire.

31.3 At the firther option of the manufagcturer, a boiler assembly may be tested with clearances less than

those indicate

j in Table 31.1. A boiler assembly of the type categorized under Forms Il and|lla, see Table

31.1, equipped with an integral limif\control may be tested as suitable for installation in an alcpve or closet.

31.4 If a boil
as standard in
above the par

er assembly is to' be tested in a partial enclosure at clearances less than those designated

Table 31,4, a'ceiling of construction equivalent to that required for the walls i$ to be placed

lial enclosure. Clearances from chimney connectors are to be at least 9 inches (229 mm).

When the chimney<eonnector clearances are less than those designated as standard in Table 31.1, the
ngement is to be as specified in 33.2.3 and Figure 33.2. Except for those mpdifications of

connector arrg

the enclosure

and as othenwise pm\/idnd herein_tests are to be conducted in the mannerldescribed for

standard clearances.

31.5 The minimum standard clearances designated in Table 31.1 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 31.1, or by the manufacturer under an option, are to be in integral inches for testing purposes.

31.6 Additional performance requirements are specified in 8.1, 8.2 and 25.8.

31.7 When a boiler assembly is intended to fire a fuel oil/biodiesel blend comprised of greater than
twenty percent biodiesel (i.e. >B20 biodiesel), the boiler assembly shall be tested in accordance with this
standard with No. 2 fuel oil. In addition, the Range of Fuels test described in 36A.1 shall be conducted

immediately following the Combustion Test — Burner and Boiler as described in Section 36.
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32 Test Installation for Standard Clearances

321 Enclosure

32.1.1 A boiler assembly is to be placed in a partial enclosure in the as-received condition, as described
in 32.1.2 — 32.1.5. Except as permitted by 31.3, the distance from the back, side, and top of the assembly
and from the chimney connector to the walls and ceiling of the enclosure is to be as indicated in Table
31.1. If one side of the assembly may create a higher wall temperature than the other, that side of the
assembly is to be directly opposite one wall. A boiler assembly categorized under Forms IV and 1Va need
not be placed in a partial enclosure unless it is to be tested at clearances less than those designated as

standard in Table 31.1.

32.1.2 As af alternative to 32.1.1, when tested at clearances designated as standard in_]

partial test e
specified by |
within 9 incheg
specified in T4

32.1.3 The
or, if not deta
distance aboy

32.1.4 The

boards or ply
A ceiling of eg
be such as ¢
accordance W
partial enclos
permitted by ]
of the boiler 3
collar is to be
90-degree elb

nclosure may be eliminated and thermocouples attached to the outer! ¢cas
B4.5.4 — 34.5.6. The temperature at points on external surfaces of the“app
s (229 mm) of the flue collar or any inspection or relief opening, shalbnot exc
ble 39.1.

boiler assembly is to be level. Leveling means, if providedy.are to be removed
Chable, are to be adjusted to place the base of the boijlef_assembly the minin
e the floor.

vood 3/4 inch (19.1 mm) thick, set at right angles and finished in flat black. S¢
uivalent construction is to be placed above-the partial enclosure. The height o

obtain the minimum clearance above,thé boiler assembly specified in Tab
ith 31.3. All joints in the test enclosureare to be tight or sealed. The walls an
ire are to extend 3 feet (0.91 m) beyond the end and side of the boiler assemn
$1.3, the walls are to be the miniraum distance specified in Table 31.1 from the
ssembly, except when the flue outlet is horizontal, in which case the wall op
the specified distance froma’vertical chimney connector as connected to the
ow. See 32.2.1.

[able 31.1, the
ing panels as
liance, except
ped the values

if detachable;
hum allowable

bartial enclosure is to be formed by two walls of4 inch (25.4 mm) nominal thickness wood

e Figure 32.1.
the walls is to

e 31.1 and in
J ceiling of the
bly. Except as
side and back
posite the flue
flue collar by a
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Figure 32.1

Test enclosure for standard clearances

\

32.1.5 Ifthe
assembly is td
then by 3/4 ing

32.1.6 Ifthe
the manufacty
assembly, the
mm) thick.

32.1.7 If the
manufacturer

1. Location of
heater, assembly
on platform,

S2584

boiler is intended for direct installation on combustible flooring, the floor beng
be 1 inch (25.4 mm) white4pine flooring covered with one thickness of buildi
h (19.1 mm) thick plywo0d;*unpainted or finished with a clear sealer.

rer as standard ;equipment. If the boiler covering is not furnished as part
assembly may.be tested with plastic magnesia or equivalent insulation 1-1/2

boiler.covering is not furnished by the manufacturer or if the covering is fur

ath the boiler
ng paper, and

boiler is intendedtobe insulated in service, it may be tested with the covering furnished by

of the boiler
inches (38.1

hished by the

but ‘N6t factory assembled on the boiler, the manufacturer is to specify such

covering as is

specified in 327176 or the manner in which the separately packaged factory furnished cov
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.

ering is to be

32.1.8 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.

32.1.9 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.
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32.2 Chimney connector

32.2.1 The chimney connector is to be the same nominal size as the flue collar or outlet of the boiler.
Galvanized stovepipe not heavier than 0.023 inch (0.58 mm) (No. 24 GSG) is to be used. The chimney
connector is to extend vertically through the ceiling of the test enclosure, directly connected to and
extended vertically above a vertical flue outlet, and connected to a horizontal flue outlet by using a 90
degree sheet metal elbow at the bottom of the vertical section. See Figure 32.2.
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Figure 32.2

Chimney connectors — standard clearance test

(M (M

1 ©; -

- |="H —={ B=D

HORIZONTAL FLUE OUTLET VERTICAL FLUE OUTLET

S2385

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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32.2.2 For a boiler assembly tested in a partial enclosure (see Figure 32.1) at clearances less than those
designated as standard in Table 31.1, 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 31.1, the chimney connector arrangement is to be as specified in 33.2.3 and Figure 33.2.

32.2.3 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 32.3.
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.

Eigure-32-3
Sealing of annulus around chimney connector

CHIMNEY CONNECTOR

-

FIRE ond HEAT RESISTIVE
INSULATING BARRIER

4

B N\ 1 47—

(102mm) (102mm)

>/

$2586

32.2.4 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
shown by item 2 of Figure 32.2.

32.2.5 The primary safety control, if furnished separately for mounting in the chimney connector exterior
to the boiler assembly, may be located at any appropriate point either within or exterior to the test
enclosure. No temperature measurements in or on a control so located are to be made during tests for
standard clearances.

32.2.6 A draft regulator is to be provided for test purposes and located in the chimney connector outside
the test enclosure. See Figure 32.2.

32.2.7 Any built-in draft regulator included as part of the boiler assembly is to be fixed in the position
allowing maximum draft.
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32.2.8 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.

33 Test Installation for Alcove or Closet

33.1 Enclosure

33.1.1  The boiler assembly is to be installed in an enclosure as described in 33.1.2— 33.1.4 and Figure
33.1, in the as-received condition, with clearances in integral inches as selected by the manufacturer to
walls and ceiling of the test enclosure. The ceiling height of the enclosure is to be that required to obtain
the clearance from the top of the boiler assembly to the ceiling specified by the manufacturer, but in no
case is the ceiling height to be more than 7 feet, 6 inches (2.25 m). See Figure 33.1.

33.1.2 The wWalls and ceiling of the enclosure are to be made of 1 inch nominal thickness'wpoden boards
or 3/4 inch (19.1 mm) thick plywood. The walls are to be vertical and at right angles.' The interior surfaces
of the walls and ceiling are to be finished in flat black. All joints in the enclosure arefo be sealed. The floor
is to be of combustible or noncombustible material, as selected by the manufacturer for testing purposes.
Combustible floors are to be made of 1 inch (25.4 mm) flooring covered with one thickness of building
paper superimposed by 3/4 inch thick plywood, unpainted or finished with.clear sealer.

of the boiler
of the boiler

33.1.3 For the alcove installation test, the enclosure is to be,open opposite the front
assembly. The side walls and ceiling are to extend 18 inches {457 mm) beyond the fron

assembly, and
inches (1.22, (

33.1.4 Forth
have two ope
floor level of t
the enclosure
openings is to
but not more {
are to be cen
assembly.

33.1.5 The

{

a wall is to be placed opposite the open side ofithe enclosure at a distance o
.91, or 0.6 m, respectively), as specified by the.manufacturer for testing purpo

e closet installation test, a simulated door'is to be provided for the enclosure.
ings located so that the lower edgecf‘the lower opening is 6 inches (152 m
e enclosure and the other is located'so that its upper edge is 6 inches below
The height of each opening is.to be one-half the width. The free area of ez
be at least 1 square inch (6.4-em?) per 1000 Btu per hour (293 W) of the boil
han an area equivalent to"20 percent of the total area of the simulated door. E
ered on vertical center lines in accordance with the instructions furnished

oiler is to be level. Leveling means, if provided, are to be removed if detach

F 48, 36, or 24
5es.

The door is to
m) above the
the ceiling of
ch of the two
br input rating
Both openings
vith the boiler

hble; or, if not

detachable, are to be adjuisted to place the base of the boiler the minimum allowable distafce above the

floor.

33.1.6 Ifthe

boiler/is intended to be insulated in service, it may be tested with the insulatio

n furnished by

the manufactt

er-as standard pqnipmpnf with each hoiler.

33.1.7 The inlet air temperature is to be measured by a thermocouple not heavier than 24 AWG (0.21
mm?) and shielded from direct radiation. For alcove installation, the thermocouple is to be placed centrally
24 inches (610 mm) in front of the boiler and 24 inches (610 mm) above the floor of the test enclosure. For
closet installation, the thermocouple is to be placed in the center of the lower ventilating opening into the
closet.


https://ulnorm.com/api/?name=UL 726 2024.pdf

SEPTEMBER 24, 2024

UL 726

73

BACK

Figure 33.1

Test enclosure for alcove or closet installation

BACK

TOP VIEW |

TOP VIEW |

CLOSET

INSTALLATION

A

FRONT

S2587

VENTILATING
AIR OPENING
ER
AIR INLET
OPENING
ELEVATION

!
18" (457mm)

1

ALCOVE<™  INSTALLATION

SIDE ELEYATION

A — From top of boiler assembly.

B — From front of boiler assembly.

CM — From chimney connector, measured horizontally or below connector. See Figure 33.3.

C" — From chimney connector, measured vertically above connector. See Figure 33.3.

D — From back of boiler assembly.

E, — From left side of boiler assembly.

Egr — From right side of boiler assembly.
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33.2 Chimney connector

33.2.1 The chimney connector is to be the same nominal size as the flue collar or outlet of the boiler
assembly. Galvanized stovepipe not heavier than 0.023 inch (0.58 mm), No. 24 GSG, is to be used.

33.2.2 The clearance between the nearest surfaces of the chimney connector and the walls and ceiling
is to be not less than 9 inches (229 mm) nor more than 18 inches (457 mm), with the following exception: If
the construction of the boiler assembly is such that when installed with the clearances selected by the
manufacturer, the clearance between the chimney connector and the interior walls of the test enclosure is
less than 9 inches, the test may be conducted with such lesser clearance from the walls with portions of
the wall located within 9 inches of the chimney connector that is protected, in which case directions that
such surfaces shall be so protected are to be included in the instructions furnished with the boiler
assembly.

33.2.3 A bo|ler assembly with vertical flue outlets is to be tested with two")chimney connector
arrangements| Styles | and lll, and a boiler assembly with horizontal flue outlets isyto be tgsted with two
chimney conngctor arrangements, Styles |l and Il as indicated by Figure 33.2, unless the[manufacturer
elects to spec|fy the minimum clearance from the boiler assembly as that obtained when tested with the
chimney conngctor arranged in accordance with Style | or Il only.

Figure 33.2

Chimney connectors arrangement for alcove and closet installation

iy [ |
— |

TOP VIEWS — SEE NOTE |

) -

Al

—={Bf~— —D}— —= B |— —1 D

STYLE 1 SIDE VIEWS STYLE I
— |-—CH
—=B{=— —=IDf—
$2588 STYLE Il SIDE VIEW

33.2.4 Where the chimney connector pierces the enclosure, an opening having a diameter 8 inches (203
mm) larger than the diameter of the chimney connector is to be cut and the chimney connector centered in
the opening. The annulus thus formed is to be sealed by a fire and heat resistive insulating barrier at least
1/8 inch (3.2 mm) thick, placed on the exterior surface. See Figure 32.3. Temperatures on the surfaces
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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.

33.2.5 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
shown by item 2 of Figure 33.3.

33.2.6 The primary safety control, if furnished separately for mounting in the chimney connector, is to be
located with its element in a plane perpendicular to the axis of the flue-gas flow, 6 inches (152 mm)
downstream from the flue collar or, if an elbow is attached directly to the flue collar, 6 inches downstream
from the downstream end of the elbow. See item 6 of Figure 33.3.

33.2.7 A draft requlator is to be provided for test purposes and located in the chimney connector outside
the test enclogure. See Figure 33.3.

33.2.8 Any built-in draft regulator included as part of the boiler assembly is to be|fixed jn the position
allowing maximum draft.

33.2.9 The ghimney connector is to be connected to a chimney, stack, ‘orexhaust system capable of
imposing the gpecified draft.



https://ulnorm.com/api/?name=UL 726 2024.pdf

76 UL 726 SEPTEMBER 24, 2024

Figure 33.3

Chimney connectors — alcove and closet test

O O

?\Eﬁtﬁ'\

~o—-1-18"

S2589

1. Center line of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
6. Location of stack element of safety control.
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34 Instrumentation

34.1 Draft

34.1.1 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.

34.2 Fuel input

34.2.1 The fuel input rate to a burner during a test is to be determined by a scale accurate to 0.01 pound
(4.54 g) or a hurette capable of the same resultant accuracy

34.3 Power|measurement

34.3.1 The tptal electrical input to a boiler assembly is to be measured in amperes:

34.3.2 Anel
measured. Th

34.4 Speed
34.4.1 Mech

mechanism d
stroboscope i

ectrical meter is to have a maximum scale range of not more.thah 1-1/2 times
e smallest scale division is to be not more than 1/50 of the-tnaximum scale ran

measurement

anical or electronic means are to be used:i0 measure the speed of a
riven by it. The load imposed by the counter is not to adversely affect m
5 recommended for measuring speed of aimotor under 1/8 horsepower (94 W)

34.5 Temperature measurement

3451 Temj
Unless othery

eratures are to be determined-by means of a potentiometer and bead-type t
ise indicated, a thermocouple is to be made of wires not heavier than 24 AWG

34.5.2 Ther

ocouples are to be placed on surfaces of the test enclosure at various locati

he value to be
ge.

motor or of a
otor speed. A

nermocouples.
(0.21 mm?).

bNs as may be

required to dbserve maximun temperatures during tests. Where the chimney connect
enclosure, temperature measurements on the inside surfaces of the enclosure are to be 1
(152 mm) away from the\chimney connector. Thermocouples are to be attached to ¢
materials and|parts such’as those mentioned in Table 39.1.

br pierces the
nade 6 inches
ther pertinent

34.5.3 Each thermocouple junction and adjacent thermocouple lead wire are to be securely held in good
thermal contqct\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.

34.5.4 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.

34.5.5 Thermocouples are to be attached to surfaces other than as described in 34.5.3 and 34.5.4 by
being cemented or taped to the surface in a manner to assure good thermal contact with the surface.

34.5.6 The flue-gas temperature is to be measured by a thermocouple such as illustrated by Figure 34.1
inserted into the chimney connector as shown on Figure 34.2. There is to be no draft control between the
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boiler 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.

Figure 34.1

Standard thermocouple for flue-gas temperature

7707777777777

[
e S e e I I 777772

11/8"

1. 20 AWG (0.51
potentiometer or r}

2.1 - Leeds & Ng

(28.6mm)

5/32" MAX.
(4.0mm)

1

SILVER SOLDER OR
WELD JUNCTION.
DO NOT OXIDIZE

.070" MAX
(1.78mm)

((AH

A152

ference junction.

ends beveled on tvo sides.

3.1-15/16 inch (}
ends over bevele

4.1 — Small wood
5. 1 — Piece of rul

6. In lieu of indivig

.9 mm) outside diameter by 0.032¢dngch (0.81 mm) wall tubing. Ream, if necessary, to fit over ins
ends of insulator.

en handle.
ber tubing, approximately-5/16 by 3/32 by 2 inches long (7.9 by 2.4 by 50.8 mm long).
ual components described in ltems 1, 2 and 3 above, any combination of preassembled parts of

and thermocouplgs may be used.

mm?) iron-constantan, asbestos, or woven-glass-covered thermocouple wires extending fror

rthrup Standard 714B, or equal 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insulator]

h hot junction to

cut to length and

ilator; then crimp

tubing, insulators
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Figure 34.2

Flue-gas thermocouple and support bracket

/ CHIMNEY CONNECTOR

T

THERMOCOUPLE7 SUPPORT
N || P BRACKET

|
v<> Section A-A

S2700

34.5.7 The water temperature is to be measured by a thermocouple located in the boiler so that the
water temperature 1 inch (25.4 mm) below.the outlet connection of a hot-water boiler and 1 jnch below the
surface of the|water in a steam boiler may be determined.

34.5.8 Coil ¢r winding temperatures are to be measured by thermocouples unless the coil |s inaccessible
for mounting ¢f these devices (for example, a coil immersed in sealing compound) or unlesp the coil wrap
includes thermal insulation\such as more than two layers, 1/32 inch (0.8 mm) maximum, of cotton, paper
rayon, or thellike. For@-thermocouple measured temperature of a coil of an alternating-current motor,
other than a ;tniversal motor, having a diameter of 7 inches (178 mm) or less, the thermogouple is to be
mounted on the integrally applied insulation on the conductor.

35 Initial Test Conditions

35.1 The boiler assembly is to be set up for test in the appropriate enclosure and manner described in
Test Installation for Standard Clearances, Section 32.

35.2 Unless otherwise specified in the paragraphs describing the tests, boiler assemblies are to be
tested at the potentials indicated in Table 35.1.
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Table 35.1
Test voltages
Rated voltage Normal test voltage

110-120 120

200 - 208 208

220240 240

254 277 277

440 - 480 480

550 — 600 600

QOthor Ratad

35.3 The boiler assembly is to be fired at its rated Btu per hour (W) input, £2 percent;'with a grade of fuel

for which the |
not more than
not more than

Bacharach Scale with the Model RDC Smokemeter; and

36 Combust
36.1
a) The
a distill
b) The
36.2 For the
manufacturer'
of draft, fuel-

assembly is tg
36A Range
36A.1 In acd

oil/biodiesel b
(B100).

When tg¢sted at steady state conditions as described in 362

urner is rated. The draft at the flue collar is to be as recommended by, the ma
0.06 inch (1.5 mm) water column for burners fired at 5 gallons (18.9-L) per ho
0.09 inch (2.29 mm) for burners fired at rates from 5 to 16 gallens (18.9 to 60.6

ion Test — Burner and Boiler

smoke in the flue gases shall not exceed thatindicated by a number 2 spot fo
ate fuel and a number 4 spot for boilers firing;a residual type fuel as indicated

stack loss for a boiler assembly shallnot exceed 25 percent.

test specified in 36.1 the boiler is to be installed and adjusted in accord
5 instructions, and fired at.rated input and operated until steady-state combust
nput rate, and flue-gas temperature have been established. The current
be measured during,this test.

bf Fuels Test <Burner and Boiler

ordance with' 31.7, this test shall be conducted on a boiler assembly intende
end comprised of greater than twenty percent biodiesel (i.e. >B20 biodiese

hufacturer but
ur or less and
L) per hour.

r boilers firing
on the Shell-

ance with the
on conditions
input to the

j to fire a fuel
) or biodiesel

36A.2 The boiler assembly is to be set up as defined in the Combustion Test — Burner and Boiler in
Section 36, as applicable.

36A.3 The boiler assembly shall be fired with the highest percentage fuel oil/biodiesel blend (minimum
B21) or B100, the burner excess air, flue gas CO,, or flue gas oxygen shall be adjusted to a level specified
by the manufacturer in their instructions shipped with the burner for the manufacturer’s rated fuel
oil/biodiesel blend or B100. If the manufacturer’s instructions do not specify an excess, flue gas CO,, or
flue gas oxygen level when operating with the rated fuel oil/biodiesel blend, the burner air/fuel ratio shall
be adjusted to provide 11.5 % flue gas CO,.

36A.4 Without any other adjustment to the burner the fuel supply shall be changed from the rated fuel
oil/biodiesel blend or B100 to No. 2 fuel oil. When operating at steady state, in accordance with 36.2, with
No. 2 fuel oil, the boiler assembly shall meet all requirements of the Combustion Test — Burner and Boiler
described in Section 36.
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37 Operation Tests

37.1  The limit control for a low-pressure boiler when adjusted to its maximum setting allowed by a fixed
stop shall function when the temperature of the water in a hot-water heating boiler is not more than 250°F
(121°C) and when the pressure in a steam heating boiler is not more than 15 psi (103 kPa), when the
boiler assembly is tested as described herein. The limit control for a high-pressure boiler shall function
when the pressure is not more than the designed working pressure of the boiler, or when the water
temperature in a hot-water boiler is not more than the temperature of saturated steam at the designed
working pressure of the boiler, when the boiler assembly is tested as described herein. See Limit Control
Cutout Test.

38 Limit Control Cutout Test

38.1 The bqiler is to be filled to the intended level with water. A steam or a hot-water poiler is to be

provided with[a pressure-relief valve.

38.2 The linit control, if adjustable, is to be adjusted to the highest temperature or press
applicable. Any modulating type operating control provided to regulate the fuelinput betwee
fire values is [to be by-passed to permit the appliance to operate on high-fire. The on-off
control, set tg cut out at a value below the set point of the limit control{is also to be bypas

ure setting, as
n high and low
ype operating
sed during this

test.

38.3 The water temperature obtained in a hot-water boiler isite be measured as described|in 34.5.7. The
inlet and outlgt water valves are to be adjusted so that hot water passes the thermocouple bead during the
test.

38.4 A slowjclosing valve is to be placed in the steam outlet line of a steam boiler.

38.5 The inIer is to be fired at rated input and the water or steam valves adjusted to raise the
temperature @r pressure until the limit confrol functions. Neither the maximum water temperature in the

boiler nor the

39 Temperz

39.1 When
temperature

pressure is to exceed the values indicated in 13.5.2 and 13.6.1.

ture Tests

B boiler assembly is tested in accordance with these requirements, no part

shall attain a

sufficient to_damage required corrosion protection, to impair intended opera

tion of safety

controls, to im
sagging, or g
introduce a ris
not greater th
pressure shall not be excessive. See Contlnuous Operatlon Test

pair the value of required thermal or electrical insulation, nor to cause in creeging, distortion,

39.2 Motors shall not exceed the temperature rises indicated in Table 39.1 when tested as described
herein.
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