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INTRODUCTI

1 Scope

ON

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 Oil-Burning Equipment, NFPA No. 31.

1.3 Deleted February 24, 2006

2 General

2.1 The term

2.2 Values stated without parentheses are the requirement. Values in parentheses’ are

approximate i

3 Glossary
3.1 Forthep

3.1.1 AIR-INT
which the air
connected to

3.2 AIR SHUJ
primary and/o

3.3 ANTIFLO
a rise in fuel |

fuel can occul.

3.4 APPLIAN

3.5 AUTOMA
normally turng

"appliance” refers to any equipment covered by this Standard.

hformation.
2.2 revised January 26, 2001

irpose of this Standard the following definitions apply:

AKE TERMINAL — The fitting which is located on the outside of the structure
or combustion is taken from the outside atmosphere. The terminal is intende
he combustion air intake of the boiler witlmadditional piping.

3.1.1 added January 26, 2001

[ TER — An adjustable device for_varying the size of the air inlet or inlets reg
[ secondary air.

DDING DEVICE — A primaty safety control which causes the fuel flow to be
bvel or upon receiving-excess fuel, and which operates before the hazardous
CE FLUE — The_flue passages within the appliance.

TICALLY-KIGHTED APPLIANCE — An appliance in which fuel to the main by
d on.and’ignited automatically.

3.6 BAFFLE 1

bxplanatory or

e through
d to be

lating

shut off upon
discharge of

rner is

- An object placed in an appliance to direct the flow of air or flue gases.

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.
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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.

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 BURNERMEEHAMNCAEATOMIANGTHRE—Apower-opetatet-burrerwhich—prepares and
delivers the oil and all or part of the air by mechanical process in controllable quantities' fof combustion.
Some examples are air atomizing, high and low pressure atomizing, horizontal rotary, vertical rotary
atomizing, andl vertical rotary wall-flame burner.

3.13 BURNER, MECHANICAL DRAFT TYPE — A burner which includes a power-driven fgn, blower, or
other mechan|sm as the principal means for supplying air for combustion.

3.14 BURNER, NATURAL DRAFT TYPE — A burner which depends, principally upon the natural draft
created in the|flue to induce into the burner the air required for campbustion.

3.15 CASING - An enclosure forming the outside of the appliance, no parts of which are likely to be
subjected to iptense heat.

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

3.17 COMBUSTIBLE MATERIAL — Combuistible material as pertaining to materials adjacgnt to or in
contact with heat-producing appliances;\chimney connectors and vent connectors, steam gnd hot water
pipes, refers tp material made of or surfaced with wood, compressed paper, plant fibers, of other
material that will ignite and burn..Such material shall be considered as combustible even through
flameproofed,|fire-retardant treated, or plastered.

3.18 COMBUISTION CHAMBER — The portion of an appliance within which combustion o¢curs.

3.19 CONTRQL, LIMIF - An automatic safety control, responsive to changes in liquid leval, pressure,
, far limiting the operation of the controlled equipment.

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

3.21 CONTROL, PRIMARY SAFETY — An automatic control that monitors the operation of a gas-fired
or an oil-fired burner. It normally consists of the following sections that may be integrated into a
common unit or may be separate units, interconnected by wiring:

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
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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.

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 appliance or in the chimney connector.

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

3.25 DAMPE
desired positid

3.25.1 DIRECQ

R, MANUALLY OPERATED - An adjustable damper manually set and locke
n.

T VENT SYSTEM, BOILER — A boiler which is constructed so that all air su

combustion, the combustion system of the boiler, and all products of combustian are com

from the atmo

3.26 DRAFT
energy potent
heat-exchang

3.27 DRAFT
automatically

3.28 ELECTH

sphere of the space in which it is installed.
3.25.1 added January 26, 2001

- The differential in static pressure available, betweén any two locations, to |
al for the moving of air for combustion or products’of combustion through a
ng apparatus, or both.

REGULATOR — A device which functions¢o-maintain a desired draft in the a
reducing the chimney draft to the desired value.

ICAL CIRCUITS:

a) High-Voltage Circuit — A circuitinvolving a potential of not more than 600 volts

circuit

b) Lo
currer

characteristics in excess ef those of a low-voltage circuit.

v-Voltage Circuit = Axcircuit involving a potential of not more than 30 volts a
t (42.4 volts peak))or direct current and supplied by:

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

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

J in the

pplied for
letely isolated

brovide the
fuel-burning

ppliance by

and having

ternating-

e, or by a
with what is

A circuit derived from a source of supply classified as a high-voltage circuit, by connecting
resistance in series with the supply circuit as a means of limiting the voltage and current, is not
considered to be a low-voltage circuit;

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

3.29 EXCESS AIR - Air which passes through the combustion area and the appliance flues in excess

of that which i

s theoretically required for complete combustion.
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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 FLUE COLLAR — That portion of an appliance designed for attachment of the chimney or vent

connector.

3.32 FLUE GASES — Combustion products and excess air.

3.33 FUEL OIL — Any hydrocarbon oil as defined by Commercial Standard CS12 or Specification for
Fuel Oils ANSI/ASTM D396-1986.

3.34 HEAT EXCHANGER DIRECT - A heat exchanger in whrch heat generated in the combustron

(such as air,
contained co

3.35 HEAT E
medium, such

separately comtained in close contact with or directed through the heat exchiahger.

3.36 HEATIN
medium to be

3.37 INDIREC¢

gases are not

3.38 MANUA
only by hand

3.39 NORMA
such as air, fu

Repair and re
to be normal

a) Cld

b) Se

c) Clganing strainers or replacing strainer or filter elements;

4team or Water) held in close contact with the combustion chamber walls, {t'i$

bustion and heat transfer device, hence a direct heat exchanger.

KCHANGER, INDIRECT - A heat exchanger which encloses or contains a h
as air, steam, or water, the heat from which is transferred to anether heatin

G SURFACES - All surfaces which transmit heat directly-from flame or flue
heated.

LT FIRED APPLIANCE — An appliance designed:so that combustion product
mixed in the appliance with the medium to be. heated and provided with a fl

LY LIGHTED APPLIANCE — An appliance in which fuel to the main burner
hnd ignited under supervision.

| CARE — The periodic tasks usually performed to operate and maintain an
el, pressure, and temperature-regulation, cleaning, lubrication resetting of cd
blacement of parts other-than those expected to be renewed periodically is 1
are. Some examples of‘normal care are:

baning or replacingjnozzles, atomizers, and pilots;

tting ignition-eleéctrodes;

| medium
5 a self-

eating
j medium

jases to the

5 or flue
e collar.

s turned on
appliance,

ntrols, etc.
ot considered

d) Re

setting safety control; and

e) Re

placing igniter cable.

3.40 OIL-FIRED BOILER ASSEMBLY — A boiler assembly as defined herein equipped with one or
more oil burners, and all the necessary safety controls, electrical equipment as needed, and related
equipment, manufactured for 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.
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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.

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 io the burner
by means of g4 safety control or controls so that restart cannot be accomplished withQut m@nual reset.

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

3.49 SPECIAL PARTS AND TOOLS - Those parts and tools that are naot*available on thel open retalil
market.

3.50 THERMPSTAT — An automatic control actuated by temperatire change to maintain femperatures
between predgtermined limits.

3.51 VALVE, |MANUAL OIL SHUT-OFF — A manually operated valve in the oil line for the |purpose of
completely tuning on or shutting off the oil supply to thexburner.

3.52 VALVE, |OIL CONTROL — An automatically. ar,;manually operated device consisting essentially of
an oil valve fgr controlling the fuel supply to a bukner:

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

b) Safety Valve — A normally elosed valve of the ON and OFF type, without any blypass to the
burnef, that is actuated hy\a Safety control or by an emergency device.

3.52.1 VENT4AIR INTAKE TERMINAL — The device used with a direct vent boiler which ig located on
the outside of|the structure\through which the air for combustion is taken from the outside [atmosphere
and from whigh flue gases are discharged.

3.52.1 added January 26, 2001

3.53 VENTED APPLIANCE — An indirect fired appliance provided with a flue collar to accpmmodate a
chimney connector for conveying flue gases to the outside air.

3.54 VENT TERMINAL - The fitting at the end of the vent pipe that directs the flue gases to the
outdoor atmosphere.

3.54 added January 26, 2001
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3A Undated References

3A.1 Any undated reference to a code or standard appearing in the requirements of this standard shall

be interpreted

as referring to the latest edition of that code or standard.
3A.1 added February 24, 2006

4 Components

4.1 Except as indicated in 4.2, a component of a product covered by this standard shall comply with the
requirements for that component. See the individual sections of this Standard for component

requirements.

4.1 revised April 6, 2011

4.2 A comporluent is not required to comply with a specific requirement that:

a) Iny
produ

b) Is

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

superseded by a requirement in this standard.
4.2 revised January 26, 2001

4.3 A compoient shall be used in accordance with its rating established for the intended

use.

4.4 Specific d
Such compon|
exceeding sp4
4.5 Deleted J
4.6 Deleted J

4.7 Deleted J

4.8 Deleted J

4.3 revised January 26;,2001
bmponents are incomplete in construction‘features or restricted in performang

cified limits, and shall be used only.'inder those specific conditions.
4.4 revised January 26, 2001

anuary 26, 2001
anuary 26, 2001
anuary 26, 2001

anuary 26;2001

hent in the

conditions of

e capabilities.

ents are intended for use only under_limited conditions, such as certain tenjperatures not
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CONSTRUCTION
5 Assembly

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.

5.1 revised April 6, 2011

5.2 A boiler
subassemblie
without requir
more subassg
operation of th
the complete
alignment, or
element.

5.3 Tobein 4
and the heat
casing, and s

5.4 A radiatiop shield or baffle employed to prevent exgessive temperature shall be assem
the boiler assembly; or be part of a subassembly that"must be attached to the boiler ag
normal operafjon; or be designed so that the boilepzassembly cannot be assembled for op¢
first attaching [a required shield or baffle in its preper position.

5.5 A boiler
insulation, or

5.6 A boiler 4
manipulation i

5.7 Adjustabl

5.8 Screws o
shall be capa

Fssembty;—ifnot—assembted—bythemanufactoreras—aomit—shattbe—arra
5. See 5.3. Each subassembly shall be capable of being incorporated intothe
ng alteration, cutting, drilling threading, welding, or similar tasks by-the ing
mblies, which must bear a definite relationship to each other for the-intended
e boiler assembly, shall be arranged and constructed to permit thém-to be ing
assembly only in the correct relationship with each other, witheut need fo
such subassemblies shall be assembled, tested, and shipped from the f

ccordance with 5.2, major subassemblies of a boiler’assembly are deemed td
bxchanger sections of a cast iron sectional boilefincluding its base, combus

sembly shall be such that, far-any normal installation, the alteration or remg
radiation shield needegd- tQ-prevent unsafe temperatures is not required.

h normal usage.

b or movabte\parts shall be provided with locking devices to prevent uninter

bolts ‘used to attach parts which are detached for normal care or servicing of
ble.of holding upon the application of the torques indicated in Table 5.1 afte

replacement.

1iged in major
final assembly
taller. Two or
installation or
orporated into
r alteration or
pctory as one

be the burner
tion chamber,

fety controls. A wiring harness may be packaged with one of the major subassemblies.

bled as part of
sembly for its
bration without

val of a baffle,

ssembly shall afford\eonvenient operation by the user of those parts requiring attention or

tional shifting.

the appliance
r removal and
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Table 5.1
Maximum torque requirements for screws
Screw size (mm) Torque, pound-inches (N-m)
No. 8 (4.2) 20 (2.3)
No. 10 (4.8) 25 (2.8)
1/4 inch (6.4) 100 (11.3)
5/16 inch (7.9) 200 (22.6)
3/8 inch (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 (135.5)
5.9 An exter:lill 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 ifiches ([L..22 m) above

the door, shal
5.10 A burne

5.11 Fuel oll

be self-closing.
shall be secured so it will not twist, slide, or drop out of position.

pumps provided as part of the burner shall comply withythe Standard for

Burning Applignces, UL 343.

5.12 Strainer
Strainers for H

6 Accessibilit

6.1 A boiler 3
combustion p
parts required

6.2 The remd
removal and r

6.3 Sufficient
replacement
recommended

5.11 added April 6, 2011

supplied with the boiler assembly shall comply with the requirements of th
lammable Fluids and Anhydrous AmmoniagUL 331.

5.12 added April-6, 2011
for Servicing
ssembly shall be built to allow Cleaning of parts such as heating surfaces i
oducts, and oil strainers;.without major dismantling of the boiler assembly

by 5.2 to be factory-assembled.

val of access panels, burners, caps, plugs, etc., specifically designed to

Pumps for Oil

p Standard for

n contact with
or removal of

permit ready

bplacement for(servicing, and the detachment of the chimney connector are fot considered
major dismanfling as defineéd.by 6.1.

and reasonable accessibility shall be afforded for cleaning, inspectior]
pf allKburners, controls, and safety devices when the boiler assembly i
byythe manufacturer. The disposition of parts in the assembly removed fd

, repair, and
5 installed as
r normal care

shall be such

frat their restoration, fottowimng Temovat, witt ot ecessitate ther reatigrmmment

0 secure their

proper relationship with other parts of the assembly. Special facilities required for normal care to be done
by the operator shall accompany the boiler assembly to the user.


https://ulnorm.com/api/?name=UL 726 2013.pdf

FEBRUARY 24, 2006

OIL-FIRED BOILER ASSEMBLIES - UL 726

8C

6A Air-Intake

Terminal

6A.1 The requirements in this section are applicable to boilers equipped to provide for separation
(isolation) of the combustion air system from the indoor atmosphere by an installation method.

6A.1 added January 26, 2001

6A.2 A boiler shall be provided with a combustion air-intake assembly. The intake shall be provided with
means for secure attachment to the boiler or building structure. An intake shall communicate with the

outside atmos

phere. The boiler shall be marked in compliance with 47.19.
6A.2 added January 26, 2001

6A.3 An air-intake assembly through the roof shall be such that, when the assembly is installed as

intended, the
exit will be at

6A.4 An air-in
mm) to 4-3/4 i
wall more tha

6A.5 The air
snow, debris,

6A.6 Opening
be a minimum

of such size that will permit entrance of a No. 3 DMS (5.4102 mm) drill.

HIT entrarnce witt be at feast 6 Mches (1oZ.4 TTm) above Uie 10p sSurface Of
east 6 inches below the top surface of the roof.

6A.3 added January 26, 2001

take assembly for installation through an outside wall shall extend.at least
hches (121 mm) beyond the inside face of the wall and shall not project beyo
h 3 inches (76.2 mm).

6A.4 added January 26, 2001

entrance of an air-intake assembly shall be guarded,) shielded, or located tg
and birds. A screen, if used, shall have a mesh.ofinot less than 1/4 inch (6.4
6A.5 added January 26,2001

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

6A.6 added January 26, 2001

roof and the

P inches (50.8
nd the outside

exclude rain,
| mm).

s in perforated or expanded metal panels.provided over openings for combustion air shall

| they shall be
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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.7 added January 26, 2001

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 Cogtings, ANSHASTVASS—Suchpartsthatareatwaysside—the—strocture—stll comply with
8.1.
6A.8 revised April 6, 2011

6B Vent-Air Iftake Assemblies

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

6B.1 added January 26, 2001

6B.2 A boiler] shall be provided with a vent-air intake. The.intake for a boiler equippef with a draft
regulator shall also provide air for draft regulator dilution. The'intake shall be provided with means for
secure attachiment 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.2 added January 26, 2001

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.3 added January 26, 2001

6B.4 The assgmbly shall be provided,with a cap to prevent the entrance of debris or rain info the flue-gas
conveying pipe and into any air_passages terminating outside the structure.

6B.4 added January 26, 2001

6B.5 A cap ghall be designed so that flue-gas or air passages will not be obstrycted by soot
accumulation,|by leaves or debris falling or blown onto it, or by birds.
6B.5 added January 26, 2001

6B.6 A vent-ait-thtake acamnb:y intendet-for-nstattation thluuyh the-roof-orottside-wattshall be designed

for varying thicknesses of roof and wall construction in accordance with 6A.3 or 6A.4.
6B.6 added January 26, 2001

6B.7 An outer casing or other structural part of a vent-air intake assembly or connector exposed to the
weather (exclusive of flue-gas conveying conduit) 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
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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.

6B.7 revised April 6, 2011
7 Casing

7.1 The outer casing or jacket shall be made of steel or equivalent material, braced, reinforced or formed
so that it is not likely to be damaged through handling in shipment, installation, and use. Sheet metal
casings shall be made of steel at least 0.020 inch (0.51 mm) (No. 24 MSG) thick if uncoated, or 0.023
inch (0.58 mm) (No. 24 GSQG) if galvanized, or of nonferrous sheet metal having an average thickness of

not less than 0.029 inch (0.74 mm).

7.2 Access p
permit removg
value.

7.3 A remova

it from being attached in a manner that may cause unsafe performance of'thé boiler asser

7.4 A remova
same boiler w

7.5 The casirn
bottom or be
floor.

8 Radiation §

8.1 A radiatig
positioning an
corrosion if it
accordance wj
damaged by H

8.2 Thermal
manner so as
assembly is tq

8.3 An adhes

hnels that need to be removed for normal service and accessibility shall,be
| and replacement repeatedly without causing damage or impairing any_ sequ

ble panel through which air is drawn for combustion shall be so‘constructed
pble panel shall be so constructed that it will not be interchangeable with other
hen interchange may allow unsafe operation of the{bailer assembly.
g of a boiler assembly for installation on combustible flooring shall complg
constructed to provide an effective radiation barrier between the heat exch
hields or Liners

n shield or liner shall be sox¢anstructed, formed, and supported as to
d to prevent distortion or sagging in service. A shield or liner shall be pro
b deterioration may cause.excessive temperature when the boiler assemb
eat when the boiler assembly is tested under these requirements.

nsulation which_is not adequately self-supporting shall be applied to solid
to prevent sagging. The insulating value of the material shall be unimpaired w

sted undefthese requirements.

ve forrattaching insulating material shall retain its adhesive qualities at any te

adhesive may

constructed to
ired insulating

as to prevent
nbly.
panels on the

tely close the
anger and the

bnsure proper
lected against
y is tested in

th these requirements. Any finish to obtain the required resistance to corrosign shall not be

surfaces in a
hen the boiler

mperature the

attain when the unit is tested under these requirements and at 0°F (minus 1

7.8°C).
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9 Combustion Chamber

9.1 A combustion chamber and flueway shall be constructed of cast iron, sheet steel, or of a material
equivalent in mechanical properties and corrosion resistance. Plain carbon sheet steel, if used, shall be at
least 0.042 inch (1.07 mm) (No. 18 MSG) thick.

9.2 Combustion chamber or fire box lining material, if used, shall be durable, adequately held in place,
and accessible for replacement with equivalent lining material.

10 Baffles

10.1 A baffle in a flue-gas passage or otherwise exposed to combustion products shall be constructed
and dlsposed ;II A THharimmreT tU HIUV;dC fUI ICGOUIIab:C :IfC al Id oha” bC fl/\Ud ;II pUO;t;UII. I"\\f e ba.fﬂe Sha”
be made of material having resistance to corrosion equivalent to ANSI C1010 hot-rolled shegt steel having
a minimum thickness of 0.042 inch (1.07 mm) (No. 18 MSG) unless its deterioration will not cause
excessive temperatures or deleterious performance characteristics when the boiler assembly is tested in

accordance wjth these requirements.

10.2 A flue baffle shall be accessible for cleaning. A flue baffle which is removable for clefning shall be
such as to fadilitate its removal and permit replacement only in a safe position.
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11 Flue collar

11.1 A flue collar shall be constructed and arranged to permit the secure attachment of the chimney
connector to the boiler assembly.

12 Damper and Draft Regulator

12.1 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 arran

12.3 A boiler
require the re
a difference i

supply.
13 Controls
13.1 Applicat

13.1.1 A safe
safety control

13.1.2 ltis th
ground will no
other than dej

13.1.3 The r¢
a circuit to a 9

13.1.4 A confrol circuit shall be arranged so that it may be connected to a power-supply

that can be fu
13.1.5 All saf
13.1.6 A safe

position. It shd
location.

!

At toof 41 £ £l L 1 o Al H H £ H'™
LU U PTTVETIU ostartiTy UT e UuTTicr uriiC oo tric uaripol 1o 1 a oAt guoiturt 1

assembly to be equipped with a barometric draft regulator shall be desighe
ulator to be installed in a false ceiling, in a different room, or in any-manner
pressure between the air in the vicinity external to the regulater and the d

on

ty control circuit shall be two-wire, one side gravnded, having a nominal vol
or protective device shall interrupt the ungrounded conductor.

E intent of the requirement in 13.1.1 that*a short circuit or combination of s
render a safety control or protectivegevice inoperative. Safety control circuit
cribed in 13.1.1 may be considered 'if they accomplish the intent of this reqy
quirement of 13.1.1 does notiapply to a circuit within a safety control or to th
eparate element of the gontrol, such as a flame-sensing device.

bed at not more than‘the value appropriate for the rating of any control include

bty controlssshéll be accessible.

by contrtel/and its sensing element shall be supported in such a manner to re
Il be possible to determine by observation or test whether or not each control

for starting.

d so as not to
hat will permit
ombustion air

age of 120. A

hort circuits to
arrangements
irement.

e extension of

branch circuit
H in the circuit.

main in proper
is in its proper

13.1.7 Nothing shall be provided for the purpose of permitting any safety control to be rendered
ineffective or to allow firing of the boiler assembly without the protection of each of the required safety
controls.

13.1.8 A burner not equipped to provide safe automatic restarting shall be arranged to require manual
restart after any control functions to cause the fuel supply to be shut off and after restoration of an
interrupted power supply.

13.1.9 A boiler assembly shall be provided with operating controls that regulate the fuel supply so as not
to exceed the rated operating temperature or pressure as specified in 13.1.10 — 13.1.12.
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13.1.10 A steam boiler shall be provided with at least one steam pressure actuated control that will shut
off fuel supply to the burner when the steam pressure in the boiler reaches a preset maximum 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

13.1.13 An oj
furnished with
furnished by t

equipment at a value below the set point of the limit control is required.

the boiler indicate that an operating control of an appropriate type and’s
ne installer. See 48.3.

13.2 Limit comtrols

13.2.1 A boilq
in case of a Id
—13.2.4 and

13.1.9- 13.1.1

13.2.2 With r{
limit controls

as the primargl

shall be provi

Exception: A
limit control fg
(117 kW) or 2

13.2.3 A limit
an electrical ¢
mechanism is

r shall be provided with limit controls that operate to shut off fueland cause s3
w water condition and excessive temperature or excessive pressure, as spe
|3.4.1 — 13.6.1. The limit controls shall be in addition_to any operating contrd
3.

bspect to 13.2.1, safety shutdown may be provided either by employing man
r it may be effected remotely by utilizing the mianual reset feature of anothe
safety control. For systems where the reset-feature is remote from the limit g

n automatic reset temperature limit:control may be employed in lieu of a malf
r a water boiler that has a main‘\flame hourly input of not more than 400,000
85 gallons of oil per hour (10:8 L/h).

13.2.2 revised February 24, 2006

control that functions.to interrupt or reduce the delivery of fuel for combusti
rcuit shall be so arranged as to effect the direct opening of that circuit, whethe
integral with_or.remote from the sensing element.

ed to indicate the limit control has operated when it causes safety shutdown.

13.2.4 The plirpose of thie requirement in 13.2.3 is to avoid interposing in the limit-contr

d instructions
btting is to be

fety shutdown
bified in 13.2.2
Is specified in

ual reset type
control, such
ontrol, means

ual reset type
Btus per hour

bn by opening
the switching

bl circuit other

controls, the failure_of:.which may result in a condition that the limit control is intended to prey
a limit controll may ,interrupt the pilot circuit of a magnetic-type motor controller which, i

ent. However,
turn, directly

opens the saf¢ty.circuit when it is necessary to interrupt a single-phase circuit carrying a logd greater than

the capacity of available limit controls or to interrupt a multiphase circuit.

13.2.5 The limit control for a boiler for alcove or closet installation shall be factory-located on the

assembly or its location shall be factory-predetermined.
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13.3 Primary safety control

13.3.1 An oil-fired boiler assembly shall be provided with a primary safety control to program and monitor
the burner operation in accordance with 13.3.2 — 13.3.7 and Table 13.1. The primary safety control may
be integral with the oil burner or it may be integrated into the boiler assembly.

13.3.2 The operation of the primary safety control shall be such that after the end of the main burner
flame establishing period the combustion detector is responsive only to the properties of main burner
flame.
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Table 13.1

Required programming and timings for burners based on maximum fuel input rating

Maximum Input

Operation

Prepurge

Pilot type
establishi

establishi
Ignited by

Direct ign

Flame fail
reaction ti

Ignited by
Direct ign

time after

Proven lo

Combusti
proving

loss of co
air

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. See 13.7.1.

Above 20 gph (above 75.7 1/h)

Above approximately 3,000,000
Btu/h

Four air changes at 60 percent
damper opening and with
proven air flow. See 13.7.2.

Postpurgd timing

and flame
g period®

Main burner flame

g period
pilot

fion

bre
me'
pilot
tion

Fuel valvq closing

de-energization

Action required on
flame faildre

fire start

n air

Action required on

mbustion

Not required
Not applicable

Not applicable

90 seconds maximum

Not applicable
90 seconds maximum

Not Applicable

One relight attempt
permitted; if flame\ngt
proved shall lock out

Not required

Not applicable

Not applicable

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 séebnds maximum

One recycle permitted if flame
failure response time does not
exceed 4 seconds.

Not required

Required if fan is not mounted
on burner motor shaft

Safety shutdown except may
recycle once. See 13.7.4.

15 seconds minimym,

Interrupted, 10 secong
maximum

"

10,seconds maximum|for Nos.
2 and 4 oil, 15 seconds
maximum for Nos. 5 ahd 6 oil

Not permitted except fpr low fire
start up to 20 gph, in yhich
case 15 seconds max{mum®

4 seconds maximum
4 seconds maximum

1 second maximum

Safety shutdown required.

Required with direct ignition if
total input exceeds 20|gph.
Required

Safety shutdown

Table 13.1 Continued on Next Page
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Table 13.1 Continued

Maximum Input

Oil pressu
supervisio

media pre
supervisio

supervisio

Low atomizing

Oil temperature

re
n

Not applicable Not required

Not applicable Required unless atomization is Required. See 13.7.7.
accomplished by oil pump
mounted on burner motor shaft.

See 13.7.7.

ssure
n

Not applicable
n

Excessive temperature shall cause safety shutdown.

Required if oil pump is remote
from burner motor. See 13.7.6.

High and low temperature supervision required on preheated oil.

2 QOil burners used for inputs up to 3 gph normally employ direct ignition of oil at fuel input. They ar

£

e not required to

employ al
combustig
burners.

b Continu
operation.

41f it can

the main

seconds (
main flam
¢ See 13.
" The flam
burners h
extinguish
inputs of

(detector)

¢ Use of gilot for igniting the main flame is optional for inputs of 20 gph or less. See 13.34%.

taxl ) it £ 1 +. + £ ot o P2
Y- e eSO oRTtE g OOt PreSStre-otemperattfrepPreSStre-oratomtAg— e aeo— ot

n air. Therefore, the requirements included in this table for such operations are not applicable-t

us and intermittent pilots are permitted if only the main burner flame is monitored during the by
See 13.3.2.

be demonstrated by tests that a burner equipped to fire No. 5 or 6 oil needssmore than 15 seco
urner flame establishing period in order to avoid nuisance shutdown, thesperiod may be extend
rovided not more than 15 seconds of unburned fuel can be discharged.during an attempt to est

b

7.

e failure reaction timing is to be based on the burner’s maximfum input. The flame-failure reactid

hving inputs in excess of 3 gph it is to be considered the interval between the actual flame

Iment and the time the safety shutoff device (such as an‘gil.valve) is de-energized. For burners
gph or less the timing may be considered the intervatmeasured from the time the flame sensi

first detects the loss of flame, to the time the safety‘shutoff device is de-energized.

pving
b these

rner

hds for
led to 30
ablish the

n time for

having
hg device

13.3.3 Fora
shall result in

a) An

b) Int
the flg

If flame is not
other inputs.

13.3.4 With r
equipped to p|

boiler having an input exceeding 3 gph (11.41 L/h), loss of flame at the point
the shutting off of all fuel to the buarner. For a boiler having:

input not exceeding 3 gph;-and

brrupted spark ignition, the ignition may be reactivated in not more than 0.8 se
me failure for an attempt to relight the burner.

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

bspect{o”13.3.3, for a boiler having an input not exceeding 20 gph (75.7 L

of supervision

cond following

required with

h) and that is

after a prepur

Fovide 'prepurge, on flame failure one additional attempt may be made to ignite the burner
jesin accordance with 13.7.2. If flame is not established, safety shutdown shgll occur.

13.3.5 With respect to 13.3.3, for a boiler having an input in excess of 20 gph (75.7 1/h), on flame failure
no additional attempts to relight the burner shall be made and safety shutdown shall occur.
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13.3.6 When an automatically ignited pilot is used, the pilot flame shall be proved before the main fuel
valve is energized. Fuel to the pilot shall be shut off and safety shutdown shall occur if the pilot flame is

not proved.

13.3.7 Direct ignition of the main burner shall not be employed for inputs in excess of 20 gph (75.7 L/h).

Exception: Direct ignition may be used on a boiler assembly having an input in excess of 20 gph if:

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

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

prove

13.3.8 A prin
Automatic Ele|
Ignition Syste

13.4 Liquid Ig
13.4.1 A watg
and water feqd
water falls bel
Exception No
a main flame

L/h).

Exception No

excessive tenpperatures (see 13.6.1), may employ a water flow sensing device instead (

cut-off.

13.4.2 Low p
cut-offs or cor
so that operat
lowest visible
than the othe
burner operat

Exception: A

d.

ary safety control shall be constructed and tested in accordance with, thg
ctrical Controls for Household and Similar Use - Part 2: Particular Reguiremsg
ms and Components, UL 372.

13.3.8 added April 6, 2011
vel limit controls

r boiler shall be provided with at least one low water cut-off or combination lo
d control that operates to open the burner circuit @nd cause safety shutdo
pw the lowest permissible level as specified in 13:4.2.

1: A low-water fuel cutoff control is not required to be furnished on a water
hourly input of not more than 400,000 Btu’sper hour (117 kW) or 2.85 gallons

2: A water tube or coil type boiler that requires forced water circulation to

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

hbination low watet.cut-off and water feed controls. Both controls shall be wi
ion of either conftrol ‘causes fuel cut-off to the burner before the water level
part of the gage_glass. However, one control shall be set to operate at a low
. The contrel'set lower shall cause safety shutdown, requiring a manual re
on.

Standard for
nts for Burner

v water cut-off
wn before the

boiler that has
per hour (10.8

guard against
bf a low water

wo low water
ed electrically
alls below the
er water level
set to restore

water cut-off:

bailer that does not exceed any of the following limits may be provided Wit/|1 only one low

a) Maximum working pressure — 100 psig (689.5 kPa);

b) Maximum inside diameter of shell- 16 inches (406.4 mm);

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

d) Gross volume, exclusive of casing and insulation — 5 cubic feet (0.142 m°). See 13.4.3.
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13.4.3 With reference to the exception to 13.4.2, the gross volume is considered to be the volume of a
rectangular or cylindrical enclosure into which all the pressure parts of the boiler could be fitted in their
final assembly including gas passages that are integral with the assembled pressure parts. Projecting
nozzles or fittings need not be considered in this volume.

13.4.4 With respect to 13.4.1 and 13.4.2, safety shutdown may occur simultaneously with the operation
of the low water cut-off to shut down the burner or it may incorporate a time delay. The time delay for
safety shutdown shall not exceed the boiler manufacturer’'s recommended time or 90 seconds, whichever
is less.

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 for Household and

LUl _ o070 1

Similar Use, R

13.5 Pressurg

13.5.1 Each
control that o
steam pressu
appropriate.

13.5.2 The n
pressure in th
setting shall b

13.5.3 The lin
maximum allg

maximum setting shall be limited by a fixed stop:

13.6 Temperd

13.6.1 A watd
to shut off all
exceeds the n
shall occur bg

+ 4 LRocH 4
art L, UTlicrar TATCYuIrTITntTnoe, UL UUTJU L.

13.4.5 added April 6, 2011

e [imit controls

ow pressure and high pressure steam boiler shall be provided ‘with a pres
Fe in the boiler. The control settings shall be in accordance with 13.5.2 3
aximum setting of a limit control on a low-preSsure steam boiler shall li
e boiler to 15 psig (103 kPa). On a control having an adjustable setpoint,
F limited by a fixed stop.

nit control for a high pressure steam bailer shall limit the steam pressure in th
wable working pressure of the boiler. On a control having an adjustablg
iture limit controls

r boiler shall be provided-with at least one temperature-operated limit contro
fuel to the burner.and cause safety shutdown before the water temperatur

haximum rated operating temperature. For a low pressure hot water boiler sg
fore the water temperature in the boiler exceeds 250°F (121°C).

sure operated

berates to shut off all fuel to the burner and cause safety.shutdown in cas¢ of excessive

nd 13.5.3, as

mit the steam
the maximum

e boiler to the
setpoint, the
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e in the boiler
fety shutdown
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13.7 Purge and combustion air monitoring controls

13.7.1 A boiler assembly having an input rating in excess of 7 gph (26.5 L/h) but not exceeding 20 gph
(75.7 L/h) shall be equipped to provide prepurge of sufficient length to assure four air changes in the
combustion chamber and associated flue passages. The purging shall be accomplished with either proven
air flow in not less than 90 seconds or at a damper opening of not less than 60 percent with both the air
flow and the damper position proven.

13.7.2 A boiler assembly having an input rating in excess of 20 gph (75.7 L/h) shall be equipped to
provide a prepurge of sufficient length to assure four air changes in the combustion chamber and
associated flue passages. The purging shall be accomplished at a damper opening of not less than 60
percent with both the air flow and the damper position proven. Such a boiler shall also be equipped to

provide a pos

rad—af 4+ ] +o 1L ol
PUTYLT PTTIUU UT TIUL TC oo Al LY oTULUTTUO.

13.7.3 The pdirging periods required by 13.7.1 and 13.7.2 shall either be provided as ‘part

safety control
initiated if the
13.7.2.

13.7.4 Fora
result in safet

programming or by a separate device, arranged so that the ignition,of the bu
device has failed in a manner that will not provide purging in accordance w

poiler assembly having an input in excess of 20 gph (75.74L/h), loss of comb
y shutdown. For a boiler assembly having an input inv exeess of 3 gph (11.4

than 20 gph, on which the forced or induced draft fan that supplieS*¢combustion air is not in

burner motor

13.7.5 For co
air are also in

shaft, loss of combustion air shall result in fuel shutoff to the burner.

nvenient reference, the requirements for purge”and action required on loss
cluded in Table 13.1.

13.7.6 A boilgr having an input rating in excess ©f*20 gph (75.7 L/h) shall employ a lo

interlock switc
Exception No

Exception No
burner motor

13.7.7 A boile
interlock switg
the predeterm

Exception: A
of oil, provide

h that shall cause safety shutdown-when the oil pressure falls below the prede
1: A low pressure interlockis-not required for rotary cup type burners.

2: A low pressure interlock switch is not required if the oil pump is secured
harft.

of the primary
ner cannot be
ith 13.7.1 and

stion air shall
} L/h) but less
tegral with the

of combustion

v oil pressure
termined limit.

directly on the

r having an input rating in excess of 3 gph (11.4 L/h) shall be provided with

low pressure

h for the atemizing media that shall cause safety shutdown when the pressuire falls below

ined limit;

low, pressure interlock switch is not required on systems that employ pressure atomization
['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 revised April 6, 2011
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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.

13.7.8.1 added April 6, 2011

13.7.9 With respect to 13.7.5 — 13.7.7, for convenient reference the requirements for temperature and
pressure switches are also included in Table 13.1.

13.8 Safety shut-off valves
13.8.1 The oil fuel train of each boiler assembly having an input in excess of 3 gph (11.4 L/h) shall be

provided with two oil safety shut-off valves or one safety shut-off valve and a nozzle cut-off valve. The
closing times of the shut-off valves shall not exceed the timings specified in Table 13.1. The pressure

rating of the g

13.8.2 A safe

e 1 [T —l ! 4l al ;
IUt=UIT valves STidlil TIUL DT 1ESS Uiall Uie THAATTIUTTT PulTipg pPressuic.

y shut-off valve that is responsive to pressure variations in a hydraulic-6rpne

control systen shall close upon failure of pressure in the control system.

13.8.3 Autom
for Electrically
standard.

13.8.4 Manug

ptic safety shutoff valves shall be constructed and tested in accordance with
Operated Valves, UL 429 or equivalent nationally recogrized automati

13.8.3 added April 6, 2011

lly operated valves shall be constructed and tested in accordance with thé

Valves for Flammable Fluids, UL 842, or equivalent nationallyrecognized manual valve sa

14 Installatior]

14.1 If a low
a water colum
no shutoff val
equivalent fitt
inspection.

14.2 A low w
blowoff valvd
water-equalizi

13.8.4 added April 62011
of External Controls and Fittings

water cutoff is installed external to-a low pressure or a high pressure steam
n, the connecting piping and fittings to the column shall not be smaller than 1
es of any type shall be placed in the piping between the boiler and the cut
ng shall be used in the piping connections at every right angle to facilitate

ter cutoff that embodies a separate chamber shall incorporate a vertical di
not smaller‘than 3/4-inch NPS, located at the lowest point of the
Ng pipe corhections so that the chamber and the equalizing pipe can be flush

water cutoff c

14.3 Alow w
be installed i

n be tested for operation.

ter cutoff or a comb|nat|0n cutoff and water feed control for a low pressure ste

umatic remote

the Standard
valve safety

Standard for
fety standard.

boiler utilizing
inch NPS and
Dff. A cross or
cleaning and

ainpipe and a
chamber or
ed and the low

lam boiler may

to the boiler.

For such installation, the connecnons shall be made with nonferrous T or "Y" f|tt|ngs for the low water
cutoff connections. The ends of any nipples used shall be hollowed to full size of the internal diameter.

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.
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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 water seal between the steam and the inlet to the control. The size of the siphon shall not
be less than 1/4-inch NPS. Tubing of adequate temperature and pressure rating and of equivalent inside

diameter may

14.8 If a stea

be substituted for pipe.

of the siphon

14.9 The stesd

a) Smaller than 1/4-inch NPS, if the pipe is of nonferrous material,

b) Snpaller than 1/2-inch NPS, for ferrous materials up to 5 feet (15 mm) in length

c) Md

Tubing of ad
substituted fo

14.10 When inultiple pressure controls, (i.e. pressure limit and pressure operator controls

a common mg
pipe size large
A suitable siz
pressure limit
15 Field Wirir
15.1 General

15.1.1 Provis
in accordance

15.1.2 Thelo

L it + Lilo ot o + ol to oo tacl H
T HPTTCOoOUTT TITTITL CUTTUTUT UNTAt THTUUTPUTALT O A TTITTUUT y - SVILLTT 1o TTTUUTIICU UTTH A Of

hall be in a plane that is 90 degrees (1.57 rad) from the plane of the mefcu

m pressure connections to the steam pressure limit control shall not be:

re than 1-inch NPS for ferrous materials over 5 feet in+length.

pquate temperature and pressure rating andyef equivalent internal dian
pipe.

nifold, the manifold and common source connection feeding the manifold sha
r than the NPS pipe size used to cennect the pressure limit control for complia
bd reducing bushing may be used in the piping connection between the m3
control.

g

on shall beqmade for connection of a wiring system that would be suitable fol
with the National Electrical Code, ANSI/NFPA 70.

15.1.1 revised February 24, 2006

hon, the loop
ry switch.

, or

heter may be

are fed from
Il be one NPS
nce with 14.9.
nifold and the

power supply

be made shall

cation of an outlet box or compartment in which field wiring connections are to

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.
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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 mm3).

15.1.4 revised February 24, 2006

Table 15.1

Size of junction boxes
Size of conductor Free space within box for each conductor
AWG (mm?2) Cubic inches (cm?3)
16 or prmatter t+Sor :coe) +5 2 6)
4 (2.1) 2.0 (328)
2 (3.3) 2.25 (3619)
0 (5.3) 25 (44.0)
B (8.3) 3.0 (49.2)

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

accommodate conduit of the trade size determined by applying Table 15.2:

15.1.6 Wiring| exterior to a boiler assembly between the burner assembly and a limit confrol, a primary
safety control] or a motor controller, that can be done readily/ using the following wiring methods in
accordance wjth the National Electrical Code, ANSI/NFPA 70;xheed not be furnished by thg manufacturer
as part of the|boiler assembly if adequate instructions for installing such wiring are furnished with each
boiler assembly. See 16.1.4.

a) Type T wire enclosed in conduit that complies with the Standard for Flexible Metal Conduit,
UL 1 pr the Standard for Electrical Rigid-Metal Conduit — Steel, UL 6, as applicablg, electrical

metallic tubing that complies with the. Standard for Electrical Metallic Tubing — Steel, UL 797 or
the Stiandard for Extruded Insulating-Tubing, UL 224;

b) Mgtal-clad cable that complies with the Standard for Metal Clad Cable, UL 1569 in

accorglance with these requiréments; or

c) Exposed Run Tray Cable, Type TC-ER, that complies with the requirements foff Power and
Contrgpl Tray Cabley\UL 1277 or, for applications not exceeding 150 volts and/or 5 famps,
Expoded Run_IAstrumentation 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 Mdtal Clad

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 I" or "oil resistant IlI" as
applicable to the respective cable requirements.
15.1.6 revised October 9, 2013
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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.

15.1.9 Except as otherwise permitted by 16.1.4, wiring to be done in the field between the boiler and

located, shall [conform to these requirements if done with a 60°C (140°F) rated wire uysing the following
wiring methods:

a) Type T wire enclosed in conduit that complies with the Standard for'Flexible Metal Conduit,
UL 1 pr the Standard for Electrical Rigid Metal Conduit — Steel, UL 6, as applicablg, electrical
metallic tubing that complies with the Standard for Electrical Metallic-Tubing — Ste¢l, UL 797 or
the Standard for Extruded Insulating Tubing, UL 224 or a metalkraceway electrical|enclosure;

b) Within metal-clad cable that complies with the Standardyfer Metal Clad Cable, UL 1569; or
c) Exposed Run Tray Cable, Type TC-ER, that complies with the requirements fof Power and
Contrgpl Tray Cable, UL 1277 or, for applications notexceeding 150 volts and/or 5 famps,
Expodged Run Instrumentation Tray Cable, Type{FC-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 Mgtal Clad
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 applicafion.

4) Be resistant to the effects of oil and be marked "oil-resistant 1" or "oil r¢sistant 1" as
applicable-to the respective cable requirements.
15.1.9 revised October 9, 2013
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Table 15.2
Trade size of conduit in inches
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 1/2 1/2 1/2 1/2 1/2
12 (3.3) 1/2 1/2 1/2 3/4 3/4
10 (5.3) 1/2 1/2 1/2 3/4 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13.3) 3/4 3/4 1 1-1/4 1-1/4
4 (21.2) 1 1 1-1/4 1-1/4 1-1/2
3 {26+ 4 % 4 T2 1-1/2
2 (33.6) 1 1 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
0 (53.5) 1-1/4 1-1/4 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 talple is based on the assumption that all conductors will be of the same size and there will be no jmore than six
conductors in thg 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-sectipnal area of the
wires, based on|the cross-sectional area of Type THW wire.

15.1.10 They
control box, o
in 15.1.1. If th
for splice con
conduit fittings
70, shall be in

a) Th
than 6

b) Nd
ampe

c) Th
as pra

viring of the appliance may terminate in a length’of flexible metal conduit with
equivalent enclosure intended for connectign of the product to the wiring sy
e conduit terminates in an outlet box larger than 4 by 4 by 2 inches (102 by 1
hection, locknuts on the fittings are notiacceptable as a means to prevent lo
. A grounding conductor of the sizé specified in the National Electrical Cod
cluded unless:

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

circuit conductop-protected by an overcurrent-protective device rated at mor,
es is includedyand

b conduitds.no larger than 3/4 inch trade size, or the fittings for the conduit &
viding, grounding.
15.1.10 revised February 24, 2006
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15.2 Leads and Terminals

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

15.2.1 revised February 24, 2006

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

15.2.3 Leads intended for connection to an external circuit shall be provided with strain relief if stress on
the lead may be transmitted to terminals, splices, or internal wiring which may cause the lead to separate

from its termi
withstanding 4§

15.2.4 Anide
switching devi

15.2.5 At tern
and from cont
soldering lugs|
slot-type conrf
resulting from
insulating tubi

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

e capable of

htified (grounded) terminal or lead shall not be electrically connected-to & single-pole manual
ce which has an OFF position or to a single-pole overcurrent (not,thermal) profective device.

ninals, stranded conductors shall be prevented from contacting”other uninsulpted live parts
hcting dead metal parts. This may be accomplished by use:of pressure-terminfal connectors,

crimped eyelets, soldering all strands of the wire together, or equivalent m
ector shall not be used unless it is constructed to{reduce the likelihood of
loosening of the clamping means. The shanks of terminal connectors shall b
hg, or the equivalent, if the required spacings_may be reduced as a result g

the clamping neans. The thickness of the insulation on the shanks shall be not less than 0.

mm).

15.2.6 Field v
between surfa
result in redud

iring terminals shall be secured to-their supporting surfaces by methods oth
ces so that they will be preventedifrom turning or shifting in position if sug
tion of spacings to less than these required. This may be accomplished by

rivets; by square shoulders or mortices; by‘a dowel pin, lug, or offset; by a connecting strg

into an adjacHg

15.2.7 Condu
in a continuoy
a marking of
installer shall
grounded con

nt part; or by some other eguivalent means.

ctors intended for eohnection to a grounded neutral line shall be identified, t
s white or gray_covering, three continuous white stripes on other than greer
white or gray color at the termination. All other current-carrying conductorg
be finished-in" colors other than white, gray, or green. A terminal for cg
puctor shall"be identified by a metallic-plated coating, substantially white in ¢

be readily distinguishable from other terminals, or it shall be identified in some other mann

an attached w

iring_diagram.

ans. An open
disconnection
b protected by
f loosening of
028 inch (0.71

br than friction
h motion may
two screws or
p or clip fitted

nat is, finished
insulation, or
visible to the
nnection of a
olor and shall
br, such as on

Revised 15.2.7 effective August 24, 2007

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.
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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.

15.2.9 revised February 24, 2006

15.2.10 A wire binding screw at a high-voltage wiring terminal for field connection shall not be smaller
than No. 10 (4.8 mm major diameter).

Exception No. 1: A No. 8 (4.2 mm major diameter) screw may be used for the connection of a conductor
not larger tha

g ANALIS (D g 2
L9 AVVG (<. L TTITTT ).

Exception No of a 16 or 18

AWG (1.3 or

2: A No. 6 (3.5 mm major diameter) screw may be used for the coniection
D.82 mm?) control-circuit conductor.

15.2.10 revised February 24, 2006

15.2.11 A ter
thickness for
for a wire larg
in the metal.

inal plate for a wire binding screw shall be of metal not lessythan 0.030 inc
14 AWG (2.1 mm?) or smaller wire, and not less than 0050 inch (1.27 m
er than 14 AWG (2.1 mm?); and in either case there ghall’be not less than t

(0.76 mm) in
) in thickness
vo full threads

15.2.11 revised February 24,2006

15.2.12 A ter ave the metal

extruded at th

minal plate formed from stock having the minimum required thickness may
e tapped hole for the binding screw so as(to provide two full threads.

15.2.13 A wirp binding screw shall thread into metal.
16 Internal Wjiring

16.1 General

16.1.1 The w

16.1.2 Wiring
temperature r
shall be not s

ring of high-voltage-circuits shall conform to the requirements in this Section

shall be done-with insulated conductors having current carrying capacity
htings consistent with their use. A conductor, other than an integral part of
maller than. 18 AWG (0.82 mm?).

16.1.2 revised February 24, 2006

voltage, and
a component,

16.1.3 Excep

as’indicated in 151 6 _the wiring for each hoiler assembly circuit shall be fu

nished 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.
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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

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 Sha” not .uldu:_y tVV;Ot, bcud, A4} 'JU” thc VV;I;IIH.
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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 cable; or

c) Exposed Run Tray Cable, Type TC-ER, that complies with the requirements for Power and
Control 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 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 Me

Ta¥NN| L1l 1L o0

Exception: H
same assemi
ST. cord, pro

a) It

b) Th
mainti

c) Th

relief

16.1.7 Group
16.1.6.

16.1.8 Flexibl
This does not

\PZ 1V | vran w g mu ww A v by

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

3) Have voltage and temperature ratings suitable for the intended-applicaf

applicable to the respective cable requirements.

actory wiring involving a potential of not more than 300 volts between parts &
ly with a predetermined fixed relationship one to\the other may be done wi
ided all of the following conditions are fulfilled.

5 not practical to do the wiring in accordance with 16.1.6;

e cord is not required to be bent, twisted, or otherwise displaced to render n
bnance and service; and

e length of cord exterior to the-assembly is not more than 4 inches (102 mm
s provided.
16.1.6 revised August 6, 2009

e metal-cenduit, if used, shall be not smaller than 3/8 inch (9.5 mm) electri
apply to-parts of components, such as conduit protecting flame sensor leads

tal Clad

ion.

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

ttached to the
h Type SO or

ormal

and strain

A of Table 16.1 in¢ludes some wiring materials suitable for use if enclosed as indicated in

cal trade size.
. See 4.1.

16.1.9 Flexibl

e 'metal conduit shall be mechanically secured at intervals not exceeding 4-1/

P 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 junction boX)fontrol 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 to.a fixed member in the
compartment go that they are not subject to movement or damage during servicCing.

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

Table 16.1
Typical wiring materials
Table 16.1 revised Fehruary 24, 2006

Group Type of wire, cord, cable, or appliance wiring Wire size Insulation thickness
material with insulation thickness shown at 2
the right corresponding to wire sizes indicated AWG mm Inch mm
10 and 5.3 2/64 0.8
smaller
8 8.3 3/64 1.2
6 13.3 4/64 1.6
FFH-2, TF, TFF, TFN;“TFFN, SF-2, SFF-2, RH, 4 212 4l64 16
A RHH, RHW, T, THW, XHHW, MTW, THWN, TW, 3 25.7 4/64 1.6
PF, PFF, PGENPGFF, RFH-2, RFHH-2, RFHH-3 2 33.6 4/64 1.6
or thermoplastic appliance wiring material. 1 42.4 5/64 20
1/0 53.5 5/64 2.0
2/0 67.4 5/64 2.0
316 85-6 564 2.0
4/0 107.0 5/64 2.0
18 0.82 4/64 1.8
16 13 4/64 1.6
SO, ST, SJO, SJT, S, SE, SJ, SJOO, SJTO, 14 21 5/64 2.0
B SJTOO, SO0, STO, STOO, or appliance wiring 12 3.3 5/64 20
material with thermoplastic or neoprene insulation 10 53 5/64 20
8 8.3 6/64 2.4
6 13.3 8/64 3.2

Table 16.1 Continued on Next Page
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Table 16.1 Continued

Group Type of wire, cord, cable, or appliance wiring Wire size Insulation thickness

material with insulation thickness shown at 2
the right corresponding to wire sizes indicated AWG mm Inch

mm

heat resistance, moisture-resistance, flammability, and the like.

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 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.3 mm?), are considered
equivalent to the wiring material referenced in group B, when the conductors are covered with 1/32 inch (0.8 mm) wall
thickness thermoplastic insulating tubing of a type suitable for the purpose from the standpoint of dielectric properties,

16.1.17 A wireway shall be such that the interconnection of sections and fittings will provide a rigid
mechanical assembly and ensure electrical conductivity. The interior of the wireway shall be free from

burrs and shafp TOMETs Or edges WHiCT Tmght cause damage o the msutation O Wires, |

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

moving parts.
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16.1.19 Cords or appliance wiring material as referenced in Group B of Table 16.1 may be employed if

the wiring is e

nclosed 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 located under
the wiring and the wires do not project through the plane of the top of the trough or channel,

b) If the appliance is for installation only on noncombustible flooring, the bottom of such
compartment may be open provided all sides of the compartment extend to the floor level;

c) Louvers or openings in other than the bottom will not permit entrance of a rod having a
diameter of 1/2 inch (12.7 mm), and openings for such items as pipe or conduit are not more

than 1/2

inch (12.7 mm) in diameter larger than the object that will be installed through the

openi

d) Oq
baffles

e) Cd

compartment is separated from such wiring material.

16.1.20 With
or HF-2 in ac
for Parts in [

characteristicyg.

16.1.21 Cord
being physica
where require

16.1.22 Holes

bear be provifled with smoothly rounded:bushings or surfaces upon which the wires or cg

to prevent ab
composition, f

16.1.23 A fibé
will not be ex
higher than 9(

16.1.24 To p

uch

enings are not closer than 6 inches (152 mm) to the wiring unless metallic b
b are placed between the wiring and the openings; and

mbustible material, other than electrical insulation, located within\the casing
reference to 16.1.19(e), plastic materials shall be classified’as Type V-0, V-1,

cordance with requirements in the Standard for Tests, for Flammability of Pl
Dbevices and Appliances, UL 94, and other nornimetallic materials shall ha

16.1.20 revised October 97 2013
5 and other wiring material permitted in‘actordance with 16.1.19 shall be arra
ly damaged, such as by closely fellowing surfaces, and shall be supporteg
d, shall be provided.

in walls or partitions through-which insulated wires or cords pass and on W

rasion of the insulation:“Bushings, if required, shall be ceramic, phenolig
ber, or equivalent material.

r bushing shall.be not less than 3/64 inch (1.2 mm) in thickness, shall be so
posed to meisture, and shall not be employed where it will be subjected to
°C (194°E) under normal operating conditions.

ovide,'an acceptable unbushed opening in sheet metal, not requiring a by

requires roll

arriers or

V-2, 5V, HF-1,
hstic Materials
ve equivalent

inged to avoid
. Strain relief,

hich they may
rds may bear,
, cold-molded

located that it
A temperature

shing, usually

priextrusion of the metal around the opening, or both, or the insertion

pf a grommet

conforming to

16.1.22.
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16.2 Short-circuit protection

16.2.1 Conductors of motor circuits having two or more motors, one or more of which are thermal or
overcurrent protected and wired for connection to one supply line shall withstand the conditions of a

short-circuit test without creating a risk of fire or electric shock. See Short-Circuit Test.

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

a) Conductors that have not less than one-third the ampacity of the required branch-circuit
conductors;

b) Conductors that are 18 AWG (0.82 mn??) or larger and not more than 4 feet (1.2 m) in length

ot £l JIAOCD T o

H H L
C Limrouit JrCAncCT 7

ated 60

provig
ampe
accep
this s

c) Cd
does

16.2.2 Factor
insulation, SP
insulation of €
compartment

17 Separation of Circuits

cu uarar are it bul‘t VVI.III' bU pl Uthth b)’ [ 4 fUJC Ul 1170\ I_y,..l
Fes or less as specified on the product nameplate or provided as part of the
table for branch-circuit protection. This applies to any of the wiring matérials

andard, including those enclosed those enclosed in raceways; or

nductors that serve as jumper leads between controls providing the length o
hot exceed 3 inches (76 mm) or the conductors are located i a control pane

16.2.1 revised February 24, 2006

T-2 cord or appliance wiring material having nedprene, thermoplastic, or e
quivalent thickness, or power limited circuit cable, if such wiring is located
bf an appliance and is adequately shielded from harm.

17.1 Unless
internal wirin
separated or
parts of the s

17.2 Segreg
means which

17.3 Field-in

a) Fi

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

rovided with insulation for the highest voltage involved, insulated conductd
circuits shall be separated hy’barriers or shall be segregated; and sha
egregated from uninsulated<live parts connected to different circuits or op
me circuit.

ion of insulated eonhductors may be accomplished by clamping, routing,
rovides permanént ‘separation from insulated or uninsulated live parts of a d

alled conductors of any circuit shall be segregated or separated by barriers

Id-installed and factory-installed conductors connected to any other circuit, u

product and
specified in

f the leads
.

y wiring of a low-voltage safety circuit may be doreywith SP-2 cord having all-neoprene

gually durable
in a cavity or

rs of different
ll also be so
posite-polarity

or equivalent
ifferent circuit.
from:

nless the

b) Uninsulated live parts of any other circuit; and

¢) 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.

17.3 revised February 24, 2006
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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 the number of openings in the enclosure does not exceed the minimum required for proper
wiring and if each opening is located opposite a set of terminals, it is to be assumed, for the

purpose of determining compliance with 17.3, that the conductors entering each opening will be
connected to the terminals opposite the opening; and

b) If more than the minimum number of openings are provided, the possibility of conductors
entering at points other than opposite the terminals to which they are intended to be connected

and CJIItabt;IIH IIIOU:ath VUl |duutu|o Ul ull;llou:atcd :IVC palto \aUIIIIUthd tU A dlfl‘cl
to be jnvestigated.
17.5 To detefmine if an appliance complies with the requirements of 17.3, it is to-belwired

in service an
enclosure, an
compartment.

17.6 If a barri
parts and field

17.7 A metal

whichever applies, based on the size of the barrier. A barrier-of insulating material shall be

0.028 inch (0
accomplished
1/16 inch (1.6

17.8 Opening
diameter and
which will neg
surface wherg
closure remoy

17.9 The outy
provided as
transformer d

d no more than average care is to be exercised in stowing this slack i

installed conductors, it shall be of metal or insulating*material and shall be

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

S0 as to defeat its purpose. Any clearance at the edges of a barrier shall be
mm) wide.

d to pass through the barrier. The closure for any other opening shall pre

ed, shall not be latger than required for the passage of the necessary wires.

h part of thejequipment shall not be interconnected with the output of
evice unléss the voltage and current measurements at the output ter

interconnected devices/are within the values for a single Class 2, 30 volt, or less, transforr

17.10 Two o

more transformer devices supplying circuits classified as Class 2, low-v|

l in doing so a reasonable amount of slack is to be left in each’ condug

br is used to provide separation between the wiring of diffefent circuits or betw

s in a barrier for the passage‘df’conductors shall be not larger than 1/4 ing
Shall not exceed in number, oi-the basis of one opening per conductor, the nimber of wires

ver an insulated wire may be in contact with it; and the area of any such opg

eNnt circuit is

as it would be
tor within the
hto the wiring

een operating
held in place.

or Table 21.2,
not less than

71 mm) in thickness and shall be of greater thickness if its deformation npay be readily

not more than

h (6.4 mm) in

bent a smooth
bning, with the

ut of a transfokmer device supplying a circuit classified as a Class 2 low-voltage circuit and

another such
minals of the
her device.

pltage 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 parts—as-dese i S—eet-Retbe—HoHREes ;

a) Adhesive-attached metal-foil markings, screws, handles, etc., which are lgcated on the
outside of enclosures or cabinets and isolated from electrical components orwiring by grounded
metal |parts;

b) Isdlated metal parts, such as magnet frames and armatures, small assembly s¢rews, etc.,
which|are separated from wiring and uninsulated live parts;

els and covers which do not enclose uninsulated live“parts if insulated part$ and wiring

nels and covers which are insulated from electrical components and wiring iy an attached
ing barrier of vulcanized fiber, varnished\cloth, phenolic composition, or similar material

pnent, such as a switch, likely to become separated from its normal grounding means for
¢sting or adjustment while the *€quipment is energized, is to be provided with a grounding
conductor not|requiring removal for such service.

18.5 Splices shall not be employed inwire conductors used for bonding.

18.6 Metal-tofmetal hinge bedring members may be considered as a means for bonding a door for
grounding.

18.7 A separgte bonding-conductor shall be of material rated for use as an electrical conductor. Ferrous
metal parts infthe greunding path shall be protected against corrosion by enameling, galvapizing, plating,
or equivalent means: A separate bonding conductor or strap shall:

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

b) Not be secured by a removable fastener used for any purpose other than bonding for
grounding unless the bonding conductor is unlikely to be omitted after removal and replacement
of the fastener.
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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
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.
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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) When carrying for the time indicated in Table 18.1 twice the current equal to the rating of the
branch-circuit overcurrent device required to protect the equipment; and

b) During a short-circuit test in series with a fuse of proper rating.

See Short-Cirpait—Fest

Table 18.1

Duration of current flow, bonding-conductor test

Ratin|

b of overcurrent device, amperes

Minimum duration of cutrent flow, min

tes

30 or less
31-60
61 — 100

101 - 200

2

4
6
8

18.12 The siz
based on the
Except as ind

Table 18.2

Bonding wire conductor size

e of a conductor or strap employed to bond an.glectrical enclosure or motor
rating of the branch-circuit overcurrent device to which the equipment will
cated in 18.11, the size of the conductoror strap shall be in accordance witl Table 18.2.

frame shall be
be connected.

Size of bonding conductor #
Rating of overcfirrent Copper wire Aluminum wire
device, ampgres 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 = 4333 4 (21.2)
2 Or equivalent cross-sectional area.
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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.

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:

equiva

b) In
metal

18.16 A term
conductor of
Code, ANSI/N

18.17 A soldq
shall not be u

18.18 The ter
removable ter
or a green pre)
entrance hole
symbol such §
equipment grd
marked.

lent opening in a metal enclosure intended to receive the power-supply syst
pquipment intended to be connected by a nonmetal-enclosed wiring system,
clad cable — an equipment grounding terminal or lead.

nal for connection of an equipment-grounding conductor shall be capable
he size required for the particular application, in accordance with the Nati
FPA 70.

18.16 revised February 24, 2006

ring lug, a push-in (screwless) connector, or a quick-connect or similar frictio
Sed for the terminal for the field installed grounding conductor.

minal for the connection of the equipment’grounding conductor shall be a gre
minal screw with a hexagonal head; @green, hexagonal, not readily removabl
ssure wire connector. If the terminahfor the grounding conductor is not visible,
shall be marked with the words *GREEN", "GROUND"; the letters "G", "GR
s Figure 18.1; or otherwise identified by a distinctive green color. When the t
unding conductor is readilytfemovable, the area adjacent to the terminal sh

Revised 18.18 effective August 24, 2007

m; and

for example,

of securing a
bnal Electrical

h fit connector

en not readily
e terminal nut,
the conductor
" a grounding
erminal for the
all be similarly
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Figure 18.1
Grounding symbol
Added Figure 18.1 effective February 24, 2006

18.19 The sufface of an insulated lead intended for.the connection of an equipment-groungiing conductor
shall be finishgd continuous green color or a contitidous green color with one or more yellgw stripes, and

no other lead visible to the installer shall be se-identified.

18.20 Groungling and bonding equipmént used to comply with this Section and otHer applicable
requirements pf this Standard shall camply with the Standard for Grounding and Bonding Equipment, UL

467.
18.20 added April 6, 2011
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ELECTRICAL COMPONENTS
19 General Components and Devices

19.1 Electrical equipment and wiring shall be arranged so that during periods of normal use or when
uncoupling of 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 breaking or making
of the circuit by such devices may allow unsafe operation of the equipment.

19.3 Wire connectors shall comply with the Standard for Wire Connectors, UL 486A-486B.
19.3 added April 6, 2011

19.4 Thermo;lylastic wiring material shall comply with the Standard for Thermoplastic-lnsulelted Wires and
Cables, UL 83.

19.4 added April 6, 2011

19.5 Flexible |cords and cables shall comply with the Standard for Flexible Cords and Cabjes, UL 62.

19.5 added April 6, 2011

19.6 Fittings 1
Cable Fittings

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

t, Tubing, and

19.6 revised October 9, 2013

19.7 Fusehol@lers shall comply with the Standard for Fuseholders — Part 1: General Requirements, UL
4248-1, and the applicable Part 2 (e.g. UL 4248-9 for Class K).

19.7 added.April 6, 2011

19.8 Fuses s
248-1; and th
and another 4

19.9 Circuit b

nall comply with the Standard for, Low-Voltage Fuses — Part 1: General Req
b applicable UL 248 Part 2 (e.gv' UL 248-5). Defined use fuses that comply
pplicable UL standard for fuses are considered to comply with this requiremsg

19.8 added April 6, 2011

reakers shall comply ‘with the Standard for Molded-Case Circuit Breakers,

uirements, UL
with UL 248-1
bNt.

Molded-Case

Switches and |Circuit-BreakerEnclosures, UL 489.

19.9 added April 6, 2011

19.10 Terminpl BlocKsshall comply with the Standard for Terminal Blocks, UL 1059.

19.10 added April 6, 2011

19.11 Electricat(Jurction) boxes stattcompty withthe—Stamdardfor vietattic Outlet Boxes, UL 514A or

the Standard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, as applicable.
19.11 revised October 9, 2013

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.

19.12 added April 6, 2011
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20 Mounting of Electrical Components

20.1 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from
turning, except as noted in 20.2 and 20.3.

20.2 The requirement that a switch be prevented from turning may be waived if all of the following

conditions are

met:

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

h will loosen

of the switch;
b) Th meario fUI IIIUUIIt;IIH thU ovv;t\,h malr\co It ull:llr\Cl_y that UPCIQ:;UII Uf thc va;t\.
it;
c) Thg spacings are not reduced below the required values if the switch rotates; g
d) The normal operation of the switch is by mechanical means rather than by dire
persops.

20.3 A lamphplder of the type in which the lamp cannot be replaced,/sueh as a neon pilot o

in which the 13
reduce spacin

20.4 The med
washer which
preventing a
turning.

20.5 Uninsulg

gs below the required values.

ns for preventing turning is to consist of more thian friction between surfaces.
provides both spring take-up and an interference lock is acceptable as
small stem-mounted switch or other device having a single-hole mountin

prevented frofn turning or shifting in position- if such motion may result in a reduction of s

the acceptable
21 Electrical
21.1 General
21.1.1 Uninsy

by persons du
access is requ

b values.

Enclosures

lated live\iigh-voltage parts shall be enclosed or guarded to prevent uninte
ring notmal use of the appliance. This applies to such parts located in a comp
ired for normal care of the appliance, such as resetting controls, replacing filtg

lh

ted live parts shall be so secured to the base or mounting surface that they will be

nd

ct contact by

indicator light

mp is sealed in a nonremovable jewel, need not be prevented from turning if fotation cannot

A toothed lock
e means for
means from

bacings below

htional contact

artment where
rs, lubrication,

cleaning, and

thelike.

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

a) Mechanical strength;

b) Resistance to impact;

c) Moisture-absorptive properties;

d) Combustibility;

e) Resistance to corrosion; and
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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) — ().

21.1.2 revised April 6, 2011

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 equipmen

21.1.4 All intg
with the requi

21.1.5 Steel {
21.1.6 The th

Exception: A
design and lo

21.1.7 Sheet
than 0.032 ing
GSQ) if galva

21.1.8 Ifinsul
is given to thg
source.

: rrrnl
IS THOUTmneu.

nded mounting positions of the unit are to be considered when deterfining
ement of 21.1.3.

bnclosures shall be protected against corrosion by painting, plating, or equiva

1 individual enclosure thinner than specified in Tablés\21.1 or 21.2 may be e
Cation of components and the strength and rigidity<of the outer cabinet warra

metal to which a wiring system is to be connected in the field shall have a thic
h (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034 inch (0.8
nized steel, and not less than 0.045 inch (1.14 mm) if nonferrous.

ating material other than electrical~insulation is provided within the enclosure
burning characteristics and cembustibility of the material and the proximity

ckness of a sheet metal enclosure shall be as indicated in Tables 21.1 or 21.

if it complies

lent means.
2.

mployed, if the
t.

kness not less

mm) (No. 20

consideration
of an ignition
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Table 21.1
Minimum thickness of sheet metal for enclosures — carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame 2 reinforcing Minimum thickness in inches (mm)
Maximum width ® | Maximum length ¢ | Maximum width ® | Maximum length
Metal coated
Inches (cm) Inches (cm) Inches (cm) nches (cm) Uncoated (MSG) (GSG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) - (24) -
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12,5 (31.8) (22) - (22) -
8.0 (20@ Nottmited 1270 (3075 Nottimited 0032 (081) 01034 (0.86)
9.0 (22)9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) - (RO) -
125 (311) Not limited 19.5 (49.5) Not limited 0.042 (1.0%) 0045 (1.14)
14.0 (358) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) — (L8) -
18.0 (4547) Not limited 27.0 (68.6) Not limited 0.053 (1:34) 0)056 (1.42)
20.0 (50J8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) - (L6) -
22.0 (55)9) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0063 (1.61)
25.0 (6344) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) - (L5) -
25.0 (6344) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0070 (1.78)
29.0 (73]7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) - (L4) -
33.0 (8318) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 01084 (2.13)
35.0 (89)0) 47.0 (119.4) 54.0 (137.1) 66.0 (167.6) (23) - (IL3) -
42.0 (106/7) Not limited 64.0 (162.6) Not fimited 0.093 (2.36) 0097 (2.46)
42.0 (1194) 59.0 (149.9) 68.0 172.7) 820 (213.4) (12) - (L2) -
52.0 (239.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) oj111 (2.80)
60.0 (15214) 74.0 (188.0) 84.0 (213:4) 103.0 (261.6) (11) - (L1) -
63.0 (160.0) Not limited 97.0 (246:4) Not limited 0.123 (3.12) 0J126 (3.20)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (20) - (o) -
2 A supporting filame is a structure of angle or chafinel or a folded rigid section of sheet metal which is rigidly aftached to and
has essentially the same outside dimensions &s the enclosure surface and which has sufficient torsional rigidity [to resist the
bending momenfs which may be applied via.the“enclosure surface when it is deflected. Construction that is considered to have
equivalent reinfdrcing may be accomplished by designs that will produce a structure which is as rigid as one bullt with a frame
of angles or chahnels. Construction considered to be without supporting frame includes single sheet with single |[formed flanges
(formed edges);|a single sheet which js’corrugated or ribbed; and an enclosure surface loosely attached to a frgme, e.g. with
spring clips.
P The width is tHe smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent [surfaces of an
enclosure may Have supports.in common and be made of a single sheet.
¢ For panels which are-not Supported along one side, e.g., side panels of boxes, the length of the unsupported $ide shall be
limited to the difpensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mym) wide.
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Table 21.2

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

With supporting frame or equivalent

Minimum thickness in inches

Without supporting frame 2 reinforcing 2 (mm)

Maximum width ° Maximum length © Maximum width ° Maximum length Minimum thickness

Inches (cm) Inches (cm) Inches (cm) Inches (cm) nches (mm) AWG
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58) (22)
35 (8.9) 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) 13.5 (34.2) - - -
6.0 (1p2) Nottmited 70 (3570) Notfimited 0036 0791) (18)
6.5 (1$.5) 8.0 (20.4) 15.0 (38.1) 18.0 (45.7) - - -
8.0 (2p.4) Not limited 19.0 (48.3) Not limited 0.045 (1.14) (16)
9.5 (2h.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) - . -
12.0 (3p.5) Not limited 28.0 (71.2) Not limited 0.058 (1.47) (14)
14.0 (36.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) - . -
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.92) (12)
20.0 (5.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139:7) - - -
25.0 (6B.4) Not limited 60.0 (152.4) Not limited 0.095 (2.41) (10)
29.0 (78.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) - - -
40.0 (94.0) Not limited 87.0 (221.9) Net limited 0.122 (3.10) 8)
42.0 (196.7) 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 (192.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) - - -

2 A supporting fi
has essentially t
bending momen
equivalent reinfd
of angles or chal
(formed edges);
spring clips.

b The width is th
enclosure may H

limited to the dir]

lame is a structure of angle or channel or a foldéd rigid section of sheet metal which is rigidly af
he same outside dimensions as the enclosurgZsurface and which has sufficient torsional rigidity
s which may be applied via the enclosure“surface when it is deflected. Construction that is con
rcing may be accomplished by designs ‘that will produce a structure which is as rigid as one bu
hnels. Construction considered to belwithout supporting frame includes single sheet with single
a single sheet which is corrugated.or ribbed; and an enclosure surface loosely attached to a fra

le smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent
ave supports in common.and be made of a single sheet.
¢ For panels which are not supported\along one side, e.g., side panels of boxes, the length of the unsupported
hensions specified‘unless the side in question is provided with a flange at least 1/2 inch (12.7 n

tached to and
to resist the
sidered to have
It with a frame
formed flanges
me, e.g. with

surfaces of an

ide shall be
m) wide.
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21.1.9 Terminal housings of motors, to which connections are to be made in the field, shall be of metal
and shall be sized in accordance with the National Electrical Code, ANSI/NFPA 70.

21.1.9 revised February 24, 2006

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

that:

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

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

21.2 Accessitlyility of uninsulated live parts and film-coated wire

21.2.1 During
concerning ag

a) A
attach
remoy

b) Ing
c) Th

angle
to ex3

d) Th
openi
the m

21.3 Boilers |

21.3.1 The cH
of 3 gph (11.4

a) An
if:

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

bart of the enclosure that may be opened or removed by the‘user without us
an accessory, to make an operating adjustment, or for other reasons) is to
ed;

ulated brush caps are not required to be additionally enclosed;

b probes shall be applied to any depth that the opening will permit; and shal
| before, during, and after insertion through'the opening to any position that
mine the enclosure; and

P probes shall be used as measuring instruments to judge the accessibility p
nimum force necessary to determine accessibility.

aving an input in excess-of 3 gph (11.4 L/h)

teria for judging @n opening in an electrical enclosure of a boiler having an i
L/h) are givenin the following items and the related figures:

opening-that will not permit entrance of a 3/4 inch (19.1 mm) diameter rod i

requirements

ng a tool, (to

be opened or

be rotated or

S necessary

rovided by an

g, and not as instruments to judge the strength of a material; they shall be applied with

hput in excess

5 acceptable

1) A probe as illustrated in Figure 21.1 cannot be made to touch any unin

sulated 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.
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Figure 21.1
Probe for uninsulated live metal parts
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Probe for film-coated wire
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Figure 21.3
Opening in enclosure

Figure 21.3 revised January 18, 1999
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The opening is acceptable if, within the enclosure, there is no uninsulated live part or enamel-insulated wire:
a) Less than X inches (mm) from the perimeter of the opening; as well as

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane.

X equals five times the diameter of the largest diameter rod which can be inserted through the opening, but not less than 4 inches
(102 mm).
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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
complies withpthe-regutrements—H24-42
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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 dimension
48 more than 2

Minor dimension 2 of opening Minimum distance from opening to part
Inches (mm)® Inches (mm)®
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 {4465 +o-3H2 £394.0)
2-1J8 (54.0) 17-1/2 (444.0)
d 30 (762.0)

2 See 21.4.3.

ch and 2-1/8 inches, interpolation is to be used to determine a value between yalues specified
less than 1 inch applies to a motor only.
1/8 inches, but not more than 6 inches (152.0 mm).

n the table.

21.4.2 With r
mentioned in

a) An
if:

b) An
space

bspect to a part or wire as mentioned in 21.4.1, in¢n integral enclosure
he Exception to 21.4.1:

opening that has a minor dimension (see 21.4,3)\less than 3/4 inch (19.1 mm

1) Film-coated wire cannot be contagted by the probe illustrated in Figure

contacted 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 probé&illustrated in Figure 21.1.

opening that has a minor dimension of 3/4 inch or more is acceptable if a
d from the opening as specified in Table 21.3.

bf a motor as

is acceptable

21.2;

2) In a directly accessible motor (see 21.4.4), an uninsulated live part cannot be

art cannot be

part or wire is
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Figure 21.5
IEC articulate probe

Figure 21.5 revised January 18, 1999
Stop plate
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21.4.3 With rrerence to the requirements in 21.4:%and 21.4.2, the minor dimension of an jopening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.
21.4.4 With reference to the requirements in 21.4.2, an indirectly accessible motor is a mqtor:
a) Thpt is accessible only-by opening or removing a part of the outer enclosure, sych as a guard
or panel, that can be-opened or removed without using a tool; or
b) Thpt is located\at such a height or is otherwise guarded or enclosed so that it i§ unlikely to be
contagted.
21.4.5 A diregtly~aecessible motor is a motor:

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

b) Th

at is located so as to be accessible to contact.

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

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

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.
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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 entrance of a rod having a diameter of 9/64 inch (3.6 mm) at any setting or position of the dial,

knob, lever, or handle.

21.5.6 A fuse
live parts with
or wiring termy
fuses. An insd
not less than

21.5.7 The dd
protective de
in connection
protective deyf
Exception: A

a) Cd
than 4

b) EX
c) Ful

21.5.8 Hingeq

requiring the yise of tools to hold\them closed, but shall be provided with a catch or spring

21.5.9 A spri
door in place
the door in pla

holder shall be so constructed, installed, or protected that adjacent uninsulate
n 4 inches (102 mm), other than the screw shell of a plug fuseholder,(Cartri
inals to the fuseholder, will not be exposed to contact by persons removin
lating barrier of vulcanized fiber or equivalent material employed for this pu
D.028 inch (0.71 mm) in thickness.

or or cover of an enclosure shall be hinged if it gives access to fuses or any 1
ce, the normal functioning of which requires renewal, or it is necessary to g
vith the normal operation of the protective device such as resetting a manual
ice.

hinged cover is not required for a device in_which the only fuses enclosed 3

ntrol-circuit fuses of 2 amperes or less, provided the fuses and control-circy
fixed control-circuit load, such as pilot lamp, are within the same enclosure

(ractor-type fuses each with its<ewn enclosure; or
ses in low-voltage circuits:

covers, where required, shall not depend solely upon screws or other

g latch, a_magnetic latch, a dimple or any other mechanical arrangement th

\ce as\required in 21.5.8.

21.5.10 A dograr cover giving direct access to fuses in other than low-voltage circuits sha

d high-voltage
ige fuse clips,
g or replacing
rpose shall be

notor overload
pen the cover
reset overload

re.

it loads, other
or

similar means
latch.

at will hold the

nd wouldequire some effort on the user’s part to open, is an acceptable means for holding

Il 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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21.5.12 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a
thickness not less than:

a) 0.014 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for a hole having
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 hole having
a 1-3/8 inch (34.9 mm) maximum dimensions.

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 elee

21.6 Field wirfing system connection

21.6.1 If threg
or if an equivg
in the metal, 2

21.6.2 If thred
wall, conduit h
smooth, round
that provided
same as that

21.6.3 An en
engaging with

21.6.4 A kno
deformation o

21.6.5 A knoq
shall be so lo
notresultin s

22 Motors an

22.1 Each md
or combinatio

1ds for the connection of conduit are tapped all the way through adale in an e
lent construction is employed, there shall be not less than three nor more tha
nd the construction of the device shall be such that a conduit\sushing can b

ds for the connection of conduit are not tapped all the way through a hole ir
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 conductor
by a standard conduit bushing and which shall have an internal diameter app
bf the corresponding trade size of rigid condulit.

Closure threaded for support by rigid_conduit shall provide at least five f
the conduit.

ckout in a sheet metal enclesure shall be capable of being removed
the enclosure.

kout shall be provided with a flat surrounding surface for seating of a condu
cated that installationhof a bushing at any knockout likely to be used during
bacings between(uninsulated live parts and the bushing of less than those re

0 Motor Overload Protection

tor shall-be protected by an integral thermal protector or by an overcurrent prg
hs thereof.

rgnical damage.

nclosure wall,
N five threads
e attached.

an enclosure
ere shall be a

5 equivalent to
roximately the

ull threads for

vithout undue

it bushing,and
nstallation will
quired.

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

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.

[T,

d the motor

For a
is to [

b) If

highe
currer

22.3 An integ
Motors, UL 21

22.4 Separatx

be assemble
equipment. S
interruption m

standrrd sizes or ratings of fuses, or magnetic or thermal overload protéctive devi

L Al + ™ HEW= H + I al Al +al
ITTUTUOPTTU TTTULUT, TACLTT VWITTUTITY CUTITTTULIUT oTfAall VT LUTTOTUTTTU oL yaratcly dAdi

e protected at all speeds.
e values specified for motor-running overcurrent protection do not-cotrespo

size or rating may be used, but not higher than the following percent of mot
t rating:

1) Motors with a marked service factor not less than, 1+15, 140 percent;

3) All other motors, 130 percent.
22.2 revised Febryari»24, 2006

ral thermal protective device shall camply with the Standard for Overheating
11 or the Standard for Thermally Protected Motors, UL 1004-3.

UL 1004-3 will replace Partli of UL 2111 effective September 15, 2014

overcurrent devices, except when included as part of a magnetic motor co
as part of the equipment, and be readily identifiably as such after as
ich protection is net'to include means for manually interrupting the motor
hy result in the risk) of fire, electric shock, or injury to persons.

22.5 Three-p

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

b) Thermal protectors, combination of thermal protectors and overcurrent devices,

ase motors:shall be provided with overcurrent protection as follows:

2) Motors with a marked temperatures rise not‘ever 40°C, 140 percent; and

hd to the
ces, the next

or full-load

Protection for

ntroller, are to
sembly to the
circuit if such

or equivalent

methods of protection may be employed where the specific protective arrangement has been
investigated and found to provide proper protection under primary single-phase failure
conditions when supplied from transformers connected Wye-Delta or Delta-Wye.

Assemblies so investigated shall be marked to indicate that the motor is protected under primary
single-phase conditions. This marking may be a paper sticker, decal, or an attached wiring diagram.
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22.6 Motors such as direct-drive fan motors which are not normally subjected to overloads, and which are
determined to be adequately protected against overheating due to locked-rotor current by a thermal or
overcurrent protective device, may be accepted under the requirement for overcurrent protection provided
it is determined that the motor will not overheat under actual conditions of use.

22.7 Impedance protection may be accepted for motors which are determined to be adequately protected
against overheating due to locked-rotor current, provided it is determined that the motor will not overheat
under the performance requirements of this Standard.

22.8 Fuses shall not be used as motor overload protective devices unless the motor is adequately
protected by the largest size fuse which can be inserted in the fuseholder.

mply with the

22.10 A motor shall be designed for continuous duty as indicated by the designation/”CON
"CONT" on the nameplate.

22.11 In no case shall interruption of the circuit to a motor by the overcurrent-or thermal prg
result in a rigk of fire, electric shock, or injury to persons during operation of the equ
discharge of fuel that may result in a risk of fire or injury to persons: If-a burner depends 1

TINUOUS" or

tective device
pment or the
olely upon an

electrical valvg to stop the flow of fuel to the burner, the interruption of the circuit to the
protective device shall also cause the interruption of the circuit t@ the valve.

motor by the

22.12 Automatic-reset type protective devices shall not be used if the automatic reclosing ¢f the circuit to
the motor by the device may result in a risk of fire, elegtric’shock, or injury to persons durirl]g operation of
the equipment.

22.13 The en
falling vertical

closure of a motor shall have no -epenings which will permit a drop of liquig
y onto the motor, to enter the motor as applied to the assembly.

, or a particle

22.14 Confor
shield, or a ca
assembly.

mance to 22.13 may be-ptovided by the motor frame or by another enclos
mbination of two or more-such items, and is to be determined with the motor

ure, structure,
applied to the

22.15 Motors
from falling ou

having openingsJin the enclosure or frame shall be installed or shielded to pr
t of the motox onto combustible material located within or under the assemb

bvent particles
V.

22.16 The requirement’'in 22.15 will necessitate the use of a barrier of nonflammable material under an
open type mofor . unless:

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

b) The motor overload protection device provided with a single-phase motor is such that no
burning insulation or molten material falls to the surface that supports the appliance when the
motor is energized under each of the following fault conditions , as applicable to the particular
type of motor:

1) Open main winding;

2) Open starting winding;
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3) Starting switch short-circuited; and

4) Capacitor shorted, permanent split capacitor type; or
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c) The motor is provided with a thermal motor protector (a protective device that is sensitive to
temperature and current) that will prevent the temperature of the motor windings from becoming
more than 125°C (257°F) under the maximum load below which the motor will run without causing
the protector to cycle and from becoming more than 150°C (302°F) with the rotor of the motor
locked; or

d) The motor complies with the requirements for impedance-protected motors and the motor
winding will not exceed a temperature greater than 150°C during the first 72 hours of operation
with the rotor of the motor locked.

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 descnbed |n that illustration. Openlngs for dramage vent|Iat|on and the like,
may be empleyet—r—the—barrierprovidec—that-steh—openings v i etal, burning
insulation, or the like to fall on combustlble materlal
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Figure 22.1
Location and extent of barrier

Figure 22.1 revised January 18, 1999

EB100A C

A — Motor windinp ta“be, shielded by barrier. This is to consist of the entire motor winding if it is not otherwise ghielded, and is to
consist of the unghielded portion of a motor winding which is partially shielded by the motor enclosure or equivalént.

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.

22.18 added April 6, 2011

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 req
23.2 Direct-cq

23.2.1 For th¢
is supplied fro
It is not tappe
within the pro

23.3 Tapped

23.3.1 For th
tapped within
a circuit shall

23.3.2 A high
control equip
National Elec

23.3.3 A tapp
rating of the g
Exception No
m) long betwe

rated 60 amp

Exception No|

i

renTents:
nnected high-voltage control circuit

b purpose of these requirements, a direct-connected high-voltage’ ¢control cirg
M a branch circuit separate from a branch circuit that supplies other loads with

juct. See 47.9.
high-voltage control circuits

b purpose of these requirements, a tapped high-voltage control circuit is a
he burner on the load side of the overcurrent device or devices for the control
be protected in accordance with 23.3.3 2374.2.

voltage control circuit that is tapped’from the main power circuit at a point
ent enclosure shall be protectedtas specified in Column A of Table 43
cal Code, ANSI/NFPA 70.

23 3.2 tevised February 24, 2006

ed high-voltage control-Cifcuit conductor shall be provided with overcurrent
vercurrent-protective\device shall not exceed the value specified in Table 23

1: A 18, 16,,0r.24 AWG (0.82, 1.3, or 2.1 mm?) conductor that is not more t
len points gf-0pposite polarity may be protected by a fuse or an HACR Type
bres or Jess.

25An overcurrent-protective device of a higher rating may be used if t

uit is one that
n the product.

 from the load side of the overcurrent device or devices of the controlled cifjcuit or circuits

circuit that is
ed load. Such

outside of the
D-72(b) of the

rotection. The
1.

han 4 feet (1.2
icircuit breaker

he conductors

withstand shol

ft-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

Trans

formers, Section 24; and
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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.

23.3.3 revised February 24, 2006

Table 23.1

Overcurrent protective device rating for control circuit conductors

Table 23.1 revised February 24, 2006

Tapped control-circuit Maximum rating of overcurrent protective device, amperes
conductor size, . . -
Conductors contained in control Conductors extending beyond control
equipment enclosure equipment enclosure
AWG frAFRL) Coppet A2 Copper Ateinum 2
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
Larfger than 10 b b c c
@ Includes dopper-clad aluminum.
b 400 perceht of value specified for 60°C conductors in Table 310-17 of Nationdl Electrical Code, ANSI/NFIPA 70.
¢ 300 percent of value specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSI/NFRA 70.

23.4 Overcurfent-protective devices

23.4.1 Overclirrent protection for a tapped high-voltage. control-circuit conductor, as required by 23.3.3,
shall be provided as part of the product. If a fuse is used, the product shall be marked in agcordance with

47.7.

Exception: The overcurrent device or devices need not be provided as part of the produgt if, based on
the marked rdting of the product, the rating of the branch-circuit overcurrent-protective device or devices

does not excded the values specified(inyTable 23.1.
23.4.2 A control-circuit overcurrént-protective device shall:
a) Be provided forall-Ungrounded conductors;
b) B of a size)in accordance with the requirements in 23.3.3; and

c) Have“awoltage rating not less than the circuit in which it is used.

The device shall be a circuit breaker or a fuse that is acceptable for branch-circuit protection. Examples
of an acceptable fuse are 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.
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24 Overcurrent Protection of Transformers

24.1 High-voltage transformers

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

a) Be provided with thermal-overload protection in accordance with the requirements in 24.1.2;

or

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

3) Cd

24.1.2 If a hig
be arranged t
overload cond
Test, High-Vo

Exception: If|
test is to be
Section 43.

24.1.3 A the
Requirements

have an end{rance rating of not less than 6000 cycles and shall comply with the red

calibration of
Equipment, U
Similar Use, H
UL 60730 ser

24.1.4 Each
requirements

24.1.5 A high
in the primaryj
24.2.3.

mply with the requirements in the Burnout Test, High-Voltage Transformgts)

D interrupt primary current and shall limit temperatures of the transformer w
itions to those acceptable for the class of insulation employed in the windings.
tage Transformers, Section 42.

the thermal-overload-protective device provided is a noenrehewable thermal ct
conducted in place of the overload test. See Burniolt Test, High-Voltage

'mal cutoff shall comply with the requirements in the Standard for Th
and Application Guide, UL 60691. A manually or automatically reset thermal

temperature-limiting controls in the¢Standard for Temperature-Indicating a
| 873. Compliance with the Standard for Automatic Electrical Controls for H
art 1: General Requirements, *JL 60730-1, and/or the applicable Part 2 stal
es fulfills the UL 873 requirements.

24.1.3 revised October 9, 2013

overcurrent devigenthat protects a high-voltage transformer shall cor
Specified in 24.15,)24.1.6 and 24.2.3 — 24.2.5.

Lvoltage 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

Section 43.

h-voltage transformer is provided with a thermal-overload-protective-device, the device shall

indings under
See Overload

toff, a burnout
Transformers,

ermal-Links —
protector shall
uirements for
nd Regulating
ousehold and
dard from the

hply with the

that is located
ee 24.1.6 and

24.1.6 Ifthe g

ircuit supplying a transformer is provided with overcurrent protection rated or §

et at not more

than 250 percent of the rated primary current of the transformer, additional overcurrent protection is not
required in the primary circuit provided the secondary circuit is protected by a protective device rated or
set as indicated in Table 24.1 for the secondary.
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Maximum rating of transformer overcurrent protective device

Table 24.1

Rated primary or secondary current,

Maximum rating of overcurrent device, percent of transformer current

amperes rating, when in:
Primary Secondary
Less than 2 3002 167
2 or more, less than 9 167 167
9 or more 125P 125P

and 60 amperes

@ 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,

24.2 Low-voltage transformers

24.2.1 Excepi as specified in 24.2.2, a transformer having a rated output of not\more thap 30 volts and
1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcufrent devige, or devices,
located in the[primary circuit. The overcurrent device, or devices, shall be rated or set at hot more than

167 percent of the primary current rating of the transformer. See 24.2.3.

24.2.2 A trangformer that directly supplies a Class 2 circuit (see~-3¢28(b)) shall, in accordance with the
requirements |n the Standard for Low Voltage Transformers — Rart/1: General Requirements, UL 5085-1
and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformefs, UL 5085-3,
either limit thg output current (inherently-limiting transformer).or be equipped with an overgurrent device,
or devices (ngninherently-limiting transformer).

24.2.2 revised December 9, 2009

24.2.3 Overclirrent 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 devicejor devices, does not exceed the values specified in 24.1.5 or

24.2.1, as applicable.

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

provided as p

rt of the appliancex if'a fuse is used, the appliance shall be marked in accordgnce with 47.7.



https://ulnorm.com/api/?name=UL 726 2013.pdf

52

OIL-FIRED BOILER ASSEMBLIES - UL 726

APRIL 6, 2011

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

a) Be

provided for all ungrounded conductors;

b) Be of a size in accordance with the requirements in 24.1.5 — 24.2.1, as applicable; and

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

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

Exception:
used for overg
rating accepta
accordance w

25 Switches §nd Controllers

25.1 A contrg

more than ong¢ motor intended for connection to the same power supply.

Exception: A
fuse size doe
not more thari

25.2 Motor ¢
ungrounded ¢

25.3 A single
controlled. Th

a remote motgr(s) in addition to the motor(s)-in the unit containing the controller.

25.4 A contro
load external

25.5 A contro

a current-intefrupting capacity not less than the locked-rotor load of the motor controlled.

25.6 If the co
endurance te

bble for the circuit in Wh/ch it is used. See Table 41. 1 The product shall
th 47.8.

ller(s) for controlling the loads involved shall be provided forhall assemblies

controller is not required for an assembly with moredhan one motor if the ma
5 not exceed 20 amperes at 125 volts or less or 15 amperes at 600 volts o
6 amperes full-load current for each motor.

bntrollers shall be arranged so that theywill simultaneously open a sufficig
pbnductors to interrupt current flow to the motor.

controller may control more than ene motor if the controller is rated for the
b assembly shall be marked in acc¢ordance with 47.10 if the same controller ¢
ler or switch shall be rated for the load that it controls. The load controlled is
o the assembly for.which connections in the controller or switch circuit are p
ller that may be_galled upon to break a motor load under locked-rotor conditi

htrollenis-Cycled by the operation of an automatic-reset overload device, it is t
5t under locked-rotor conditions without malfunction. The endurance test

If a transformer supp/y is tapped from a circuit supp/y/ng other loads in the product, a fuse

a short-circuit

be marked in

incorporating

ked maximum
less and with

ent number of

ombined load
bntacts handle

to include any
rovided.
bns shall have

b withstand an
is to be of a

duration equi\

alent 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.
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25.9 As applicable, switches shall comply with the Standard for Enclosed and Dead Front Switches, UL
98, the Standard for General-Use Snap Switches, UL 20, the Standard for Special Use Switches, UL 1054

or the Standard for Switches for Appliances — Part 1: General Requirements, UL 61058-1.

25.10 Control

25.9 added April 6, 2011. Note: UL 1054 will be withdrawn on June 23, 2015

lers shall comply with the following, as applicable:

rs and

a) The Standard for Industrial Control Equipment, UL 508;

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

¢) TheStandard-fortow=voltageSwitchgearand-Controtgear="Part4=1—Contacty

Motor

d) Th
Devic

26 Capacitors

26.1 A motor
protect the pl

be of metal p
thick.

26.2 The ind
mounted in an
or the like, is

26.3 If the ¢
dead-metal p3

26.4 A capac
against expul
requirements
used. See Sh

Exception: Iff

Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1A

e Standard for Low-Voltage Switchgear and Controlgear — Part 5-2: Control
bs and Switching Elements — Proximity Switches, UL 60947-5-2,
25.10 added April 6, 2011

starting or running capacitor shall be housed withih*an enclosure or conf

oviding strength and protection not less than that of uncoated steel 0.020 i

vidual container of a capacitor may;be of material other than metal if th
enclosure that houses other parts of the boiler assembly, and provided that s
hcceptable for the enclosure of<cdrrent-carrying parts.

pntainer of an electrolyti¢.capacitor is constructed of metal, it shall be i
rts in accordance with Table 28.1.

tor employing a. liguid dielectric medium more combustible than askarel sha
ion of the dielectric medium when tested in accordance with the applicablg
pf this standard, including faulted overcurrent conditions based on the circui
Drt-Circuit Test, Section 41.

the ayailable fault current is limited by other components in the circuit, such a

, or

Circuit

ainer that will

ptes against mechanical damage and that will_prevent the emission of flgme or molten
material resulfing from malfunction of the capacitor. Except.asioted in 26.2 and 26.3, the

container shall
ch (0.51 mm)

e capacitor is
Lich box, case,

nsulated from

| be protected
b performance
t in which it is

S a motor start

winding, the ¢

apacitor 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.

26.5 added April 6, 2011
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27 Insulating Material

27.1 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 C |ju||ut;u|| VV;th art a;l opau;llu Uf IIUt :COD thall JTTC ha:f Uf thC thluuyh a;l OP Clng requlred.
The liner shall be located so that it will not be damaged by arcing. Material having a lessenthickness may

be used if it hps equivalent insulating, mechanical, and flammability properties.

SPACINGS
28 High-Voltgge Circuits
28.1 Except gs noted in 28.2 — 28.4, the spacings between uninsulated-live parts of opposite polarity and
between an uninsulated live part and a dead-metal part shall be nattess than the values indicated in Table

28.1.

Table 28.1
Minimum Spagcings

Ratings Minifdam spacings @ inch (mm)
Volt-amperds Volts Through a@ir Over surface To enclosyre d
0 — 2000 0 — 300P 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 1/2¢ 12.7
151 - 300 4 6.4 3/8 9.5 1/2¢ 12.7
301 - 600 3/8 9.5 1/2d.e 12.7 1/2¢ 12.7
a See 27.3.

b If over 300 olts, spacings in last line of table apply.
¢ The spacings between wiriiig 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 frgm projecting
strands of wire, the spacing need not be greater than that given in the above table. Wiring terminals are those connected
in the field and nat factory wired. Measurements are to be made with solid wire of adequate ampacity for thefload
connected to jeach terminal.

4 Includes fittmgsforcomnduit ormetat-ctadcabte:

€ 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
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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.

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 hUhUQt vu:tauc ;IIVU:VCd.

28.5 For circyits not exceeding 300 volts, the over-surface spacings for glass-insulate¢l terminals of
motors may b 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) whefe 3/8 inch (9.5 mm) is specified.
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29 Low-Voltage Circuits

29.1 The spacings for low-voltage electrical components that are installed in a circuit that includes a
motor overload protective device, or other protective device, where a short or grounded circuit 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 including fittings for
the connection of conduit or metal-clad cable shall be not less than 1/8 inch (3.2 mm). See 28.4.

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

29.4 The spaking between uninsulated live parts, regardless of polarity, and between ‘an insulated live
part and a degd-metal part, other than the enclosure, which may be grounded when thée,device is installed
shall be not legss than 1/32 inch (0.8 mm), provided that the construction of the parts is such that spacings
will be definitgly maintained.

29.5 The spagings in low-voltage circuits that do not contain devices suchh\as indicated in 29.1 are not
specified.

PROTECTION OF USERS AND SERVICE PERSONNEL
30 General
30.1 An uningulated high-voltage live part and a moving-part that may involve a risk of injury to persons
shall be located, guarded, or enclosed so as to reduce the likelihood of unintentional contacgt by personnel
performing sefvice 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 incjude:

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

(2]

b) Regsetting control trip mechanism;
c) Ogerating manual. switches; or

d) Adjusting aif<flow dampers.

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

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.
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30.5 An electrical control component that may require examination, adjustment, servicing, or
maintenance while energized, not including voltage measurements, shall be located and mounted with
respect to other components and grounded metal parts so that it is accessible for electrical service
functions without subjecting the serviceman to a risk of electric shock from adjacent uninsulated live parts
or to unintentional contact from adjacent moving parts that may involve a risk of injury to persons.

30.6 Accessibility and protection from a risk of fire, electric shock, or injury to persons may be obtained
by mounting the control components in an assembly so that unimpeded access is provided to each
component through the access cover or panel in the outer cabinet and the cover of the control assembly
enclosure with the following arrangement. See Figure 30.1:

a) The components are located with respect to the access opening in the cabinet so that the
farthe rom the plane
of the

4 o +la 4 1 N H + +ho A4 2N (2L =)
U LUITTPUTITTIU T TS CUTTIUUT AooTITIVTY 1o TTUL THTUTT U TAINT L5 11U TTC o (OJU TTINTT )

access opening;
b) Un
within
locate

insulated live parts outside the control assembly projected clear space (except for live parts
a control panel) or unguarded moving parts that may involve a risk ef injury {o persons are
d not closer than 6 inches (152 mm) from any side of the access\area. The projected clear

space
perim
The &
the a
outsid

c) Th
openi
wiring

d) Ac
other

e) EX
enclog

is considered to be bounded on the sides by the projectionvof the smallg
bter surrounding the outside edge of the components or gontrol enclosure W
ccess area is considered to be bounded on the sides-by-the projection of th
cess opening in the outer cabinet to the closest«fectangular perimeter sy
e edge of the component or control enclosure;

b volume generated by the projected clear_space of the control assembly
g in the outer cabinet (within the access.atea) is completely free of obstruct
cess to the components in the contfol assembly is not impeded in the directio

components or by wiring in this ‘assembly; and

tractor-type fuseholdersvand snap switches mounted through the con
ure are to be located so-that:

1) There is unimpeded access to these components through the access
outer cabinet; and

2) Theyare not immediately adjacent to uninsulated live parts outsig
assembly enclosure, unless guarded.

st rectangular
hen provided.
e perimeter of
rrounding the

to the access
ons, including

n of access by

rol assembly

bpening in the

e the control
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Figure 30.1
Accessibility and protection

Figure 30.1 revised January 18, 1999
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30.7 Components in a low-voltage circuit shall camply with the requirements of 30.5 in their relation to
uninsulated liye parts in a high-voltage circuit and to hazardous moving parts.

30.8 The follqwing are not considered to (e uninsulated live parts:
a) Cdils of controllers;
b) Rdlays and solenoids;
c) Transformer windings, if the coils and windings are provided with insulating ovgrwraps;

d) Enclosed-motor windings;

e) Insulated-termin

Al
Tttt

i
9

f) Insulated wires.
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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
c) 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).

30.10 The digtanee A Hre+ tree-gHare-orenelos ROV mentioned in
ot in any case

found by apprppriate interpolation between the corresponding values in the right¢hand colunjn of the table.
The minor dinjension of the opening is determined by the largest hemispherically tipped cylindrical probe
that can be inperted through the opening with a force of 5 pounds (22 N).

Table 30.1
Dimensions of openings
Minor dimensions of opening Mininium distance from opening to movirjg part
Inches (mm) Inches (mm)
1/4 (6.4) 1/2 (1R.7)
3/ (9.5) 1-1/2 (38.1)
1/ (12.7) 2-1/2 (6B.5)
3/4 (19.1) 4-1/2 (114)
1 (25.4) 6-1/2 (165)
1-142 (38:1) 10-1/2 (367)
2 (50:8) 14-1/2 (368)
Over 2 |nches (Over 50.8) 30 (162)
2 Openings less|than 1/4 inch (6.4 mm) jare not to be considered.

30.11 A moving part is et to be considered when judging compliance with 30.1 and 30.p if the part is
unlikely to be [contactedthrough the opening because of fixed components, including bafflgs.

PERFORMANCE

31 General

31.1 A boiler assembly shall meet the applicable requirements when tested as described herein. An
assembly of a type not described specifically herein is to be tested in accordance with the intent of these
requirements. If any indications are observed during the tests prescribed herein that an assembly will not
continue to meet the requirements in normal usage so as to assure continued safe performance, such
supplementary tests shall be conducted as deemed necessary to assure safe service.
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31.2 A boiler assembly is to be tested normally as suitable for installation on noncombustible 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 IV, 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.

Table 31.1
Standard clearances

Revised Table 31.1 effective August 24, 2007

Type of Minimum clearance, inches (mm)
Boiler
A B C D E F
Above Front Chimney Rear Sides Below
connector
Form 1l 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) NC
Form lla 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) Cc
Form 1ll 18 (457) 48 (1219) 18 (457) 18 (457) 18 (457) NC
Form llla 18 (457) 48 (1219) 18 (457) 18 (457) 18 (457) C
Form IV 48 (1219) 96 (2438) 36 (914) 36 (914) 36 914) NC
Form IVa 48 (1219) 96 (2438) 36 (914) 36 (914) 36 (914) C
Where:
C — Combustiblg.
NC — Noncombystible.
Form Il — Water|walled types - hot water boilers, low pressure steamnboilers, not larger than 100 cubic feet (2.8|m3) in size
excluding burnef - not equipped with draft hood.
Form lla — Warm Air Furnace, horizontal forced, not larger thaf’ 100 cubic feet (2.8 m3) in size excluding blower| compartments
and burner and |nstalled at zero below clearance - not equipped with draft hood. And, same as Form Il boilers gxcept installed
on combustible flooring.
Form Il — Low Hleat Industrial Device, Floor mounted-type furnaces and heaters and not classified under Formg | (furnaces) or
Xl (furnaces and heaters) and, hot water boilers\and steam boilers operating at not more than 1000°F (537°C) flue gas
temperature not|classified under Form Il or XIk
Form llla — Same as Form Il except installed-on combustible flooring.
Form IV — Mediym Heat Industrial Deviegs, steam boilers operating in excess of 1000°F (537°C) flue gas tempgrature.
Form IVa — Sanfe as Form |V except,inStalled on combustible flooring.

31.3 At the ful
those indicate
31.1, equippe

rther optien_of the manufacturer, a boiler assembly may be tested with cleara
H in Takile)31.1. A boiler assembly of the type categorized under Forms Il and
| withzah integral limit control may be tested as suitable for installation in an al

nces less than
lla, see Table
Cove or closet.

31.4 If a boil

Ll H s Lo + ol o TSP | ] + ] ] 4l 4l
ASSTITTUTY TS TU DT TColTU T A Ppditiar Triciosurc dtr Licdirarntt o recostrarm T

e designated

as standard in Table 31.1, a ceiling of construction equivalent to that required for the walls is to be placed
above the partial enclosure. Clearances from chimney connectors are to be at least 9 inches (229 mm).
When the chimney connector clearances are less than those designated as standard in Table 31.1, the
connector arrangement is to be as specified in 33.2.3 and Figure 33.2. Except for those modifications of
the enclosure and as otherwise provided herein, tests are to be conducted in the manner described for
standard clearances.
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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.

32 Test Instal

lation for Standard Clearances

32.1 Enclosure

32.1.1 A boiler assembly is to be placed in a partial enclosure in the as-received condition, as described
in32.1.2 — 32.1. 5 Except as permltted by 31.3, the d|stance from the back S|de and top of the assembly

and from the g
31.1. If one s
assembly is td
not be placed

standard in Table 31.1.

32.1.2 As an
partial test er
specified by 3
within 9 inche

32.1.3 The bgiler assembly is to be level. Leveling means, if provided, are to be removed

or, if not deta
distance abov

32.1.4 The partial enclosure is to be formed by-two walls of 1 inch (25.4 mm) nominal th

boards or plyy
A ceiling of eg
to be such as
accordance w|
partial enclost
permitted by 3
of the boiler &
collar is to be
a 90-degree €

de of the assembly may create a higher waII temperature than the other,t
be directly opposite one wall. A boiler assembly categorized under Forms IV
in a partial enclosure unless it is to be tested at clearances less than those

alternative to 32.1.1, when tested at clearances designated ‘as/standard in T
closure may be eliminated and thermocouples attached to the outer cas
4.5.4 — 34.5.6. The temperature at points on external surfaces of the app

thable, are to be adjusted to place the bas€-of the boiler assembly the minin
e the floor.

ood 3/4 inch (19.1 mm) thick, seépat right angles and finished in flat black. Se
uivalent construction is to beiplaced above the partial enclosure. The height
to obtain the minimum clearance above the boiler assembly specified in Tal
th 31.3. All joints in the test enclosure are to be tight or sealed. The walls an
re are to extend 3 feet (0.91 m) beyond the end and side of the boiler assem
1.3, the walls are(to be the minimum distance specified in Table 31.1 from the
ssembly, except when the flue outlet is horizontal, in which case the wall op

Ibow. Seg¢32.2.1.

5 (229 mm) of the flue collar or any inspection or relief,epening, shall not exce
specified in Table 39.1.

icated in Table

at side of the
and IVa need
designated as

able 31.1, the
ng panels as
liance, except
bed the values

if detachable;
hum allowable

ickness wood
e Figure 32.1.
of the walls is
le 31.1 and in
i ceiling of the
bly. Except as
side and back
posite the flue

the specified\distance from a vertical chimney connector as connected to th¢ flue collar by
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Figure 32.1
Test enclosure for standard clearances

\

1.)Location of
heater, assembly
on platform.

S2584

32.1.5 If the boiler is intended for direct installatief’ on combustible flooring, the floor ben

assembly is tq
then by 3/4 in

32.1.6 If the
the manufact
assembly, the
mm) thick.

32.1.7 If the
manufacturer
specified in 3
installed. This

be 1 inch (25.4 mm) white-pine-flooring covered with one thickness of build

Ch (19.1 mm) thick plywood, unpainted or finished with a clear sealer.

!

oiler is intended to be ifsulated in service, it may be tested with the coverin
rer as standard equipment. If the boiler covering is not furnished as par
assembly may bejtested with plastic magnesia or equivalent insulation 1-1/

hoiler covering is not furnished by the manufacturer or if the covering is fu
but not(factory assembled on the boiler, the manufacturer is to specify such
P.1.6%0rthe manner in which the separately packaged factory furnished co

infarmation is to be furnished in conjunction with the clearance information to

boiler assem

Iy Qo infarmatinn chanld Alen ha ineabidAaA vt tha tnetriiatinne fririchad

path the boiler
ng paper, and

y furnished by
of the boiler
P inches (38.1

nished by the
covering as is
ering is to be
appear on the

assembly.
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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.

32.1.9 revised February 24, 2006
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 fo—extend—verticatty—through—the—ceitimg—ofthe—testenctosure;—directty commected to and
extended vertjcally above a vertical flue outlet, and connected to a horizontal flue outleDpy 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

Figure 32.2 revised January 18, 1999
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S2585

|
[T %
—

VERTICAL FLUE OUTLET
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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.
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Figure 32.3
Sealing of annulus around chimney connector

Figure 32.3 revised January 18, 1999
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ket for supporting the thermocouple\fer measuring flue-gas temperature is to

shown by itenp 2 of Figure 32.2.

32.2.5 The piimary safety control, if furniShed separately for mounting in the chimney con

to the boiler
enclosure. No
standard cleal

32.2.6 A draft
the test enclo

assembly, may be locdted at any appropriate point either within or exter
temperature measurements in or on a control so located are to be made d
ances.

regulator is t0 be provided for test purposes and located in the chimney con
bure. See/figure 32.2.

be located as

hector exterior
or to the test
uring tests for

nector outside
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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.

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

Jired to obtain

walls and ceili
the clearance
case is the cg

33.1.2 The w
or 3/4 inch (14
of the walls a
floor is to be

purposes. Coinbustible floors are to be made of 1 inch (25.4 mm) flooring covered with on

building pape

33.1.3 For th
assembly. Th

assembly, ang a wall is to be placed opposite the open-side of the enclosure at a distanc

24 inches (1.2

33.1.4 For the closet installation test, a simulated door is to be provided for the enclosure.

have two ope
floor level of t
the enclosure
openings is to|

but not more than an area equivalent to 20 percent of the total area of the simulated door.

are to be cen
assembly.

33.1.5 The bailer is tothe level. Leveling means, if provided, are to be removed if detach

detachable, a
floor.

Iy Uf thC tCOt CII\;:UOUIC. ThC \;C;:;IIU hcluht Uf thC CIIb:UOUIC ;O tU bC that Icq
from the top of the boiler assembly to the ceiling specified by the manufact
iling height to be more than 7 feet, 6 inches (2.25 m). See Figure 33.1¢

hlls and ceiling of the enclosure are to be made of 1 inch nominal dhickness w
.1 mm) thick plywood. The walls are to be vertical and at right angles. The in
nd ceiling are to be finished in flat black. All joints in the encleSure are to b
of combustible or noncombustible material, as selected«by the manufactu
superimposed by 3/4 inch thick plywood, unpainted-or finished with clear se

e alcove installation test, the enclosure is tosbe open opposite the front
b side walls and ceiling are to extend 18 inches (457 mm) beyond the fror

2, 0.91, or 0.6 m, respectively), as specified by the manufacturer for testing
nings located so that the lowerxédge of the lower opening is 6 inches (152 n
ne enclosure and the other iS\lecated so that its upper edge is 6 inches beloy
The height of each opehing is to be one-half the width. The free area of e

be at least 1 square inch/(6.4 cm?) per 1000 Btu per hour (293 W) of the boi

fered on vertical(center lines in accordance with the instructions furnished

e to betadjusted to place the base of the boiler the minimum allowable distal

Lrer, but in no

ooden boards
terior surfaces
e sealed. The
rer for testing
e thickness of
aler.

of the boiler
t of the boiler
b of 48, 36, or
purposes.

The door is to
hm) above the

the ceiling of
hch of the two
er input rating
Both openings
ith the boiler

able; or, if not
nce above the

33.1.6 If the boiler is intended to be insulated in service, it may be tested with the insulation furnished by
the manufacturer as standard equipment with each boiler.

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.

33.1.7 revised February 24, 2006


https://ulnorm.com/api/?name=UL 726 2013.pdf

FEBRUARY 24, 2006 OIL-FIRED BOILER ASSEMBLIES - UL 726

65

Figure 33.1
Test enclosure for alcove or closet installation

Figure 33.1 revised January 18, 1999
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TOP VIEW
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VENTILATING
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FRONT ELEVATION SIDE ELEVATION
SpS87

A — From top of hoiler assembly.

B — From front of{boiler assembly.

CH — From chimney connector, measured horizontally or below connector. See Figure 33.3.
CV — From chimney connector, measured vertically above connector. See Figure 33.3.

D — From back of boiler assembly.

E_ — From left side of boiler assembly.

Er — 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 boiler assembly with vertical flue outlets is to be tested with two_Chimney connector
arrangements| Styles | and Ill, and a boiler assembly with horizontal flue outlets is to' be tgsted with two
chimney connector arrangements, Styles Il and Il as indicated by Figure 33.2( unless thel manufacturer
elects to spedfy 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

Figure 33.2 revised January 1851999
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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 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 fierthe-fite—e St—H-arretovr a Sehreetly A #ehes downstream
from the dowrnstream end of the elbow. See item 6 of Figure 33.3.

33.2.7 A draff regulator is to be provided for test purposes and located in the chimney conpector outside
the test enclogure. See Figure 33.3.

33.2.8 Any btilt-in draft regulator included as part of the boiler assemhly\is”to be fixed |n the position
allowing maxijnum draft.

33.2.9 The chimney connector is to be connected to a chimney; stack, or exhaust syst¢m capable of
imposing the $pecified draft.



https://ulnorm.com/api/?name=UL 726 2013.pdf

66B OIL-FIRED BOILER ASSEMBLIES - UL 726 JANUARY 18, 1999

No Text on This Page



https://ulnorm.com/api/?name=UL 726 2013.pdf

JANUARY 26, 2001

OIL-FIRED BOILER ASSEMBLIES - UL 726

67

Chimney

9

Figure 33.3
connectors — alcove and closet test

Figure 33.3 revised January 18, 1999

$2589

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 burette capable of the same resultant accuracy.

34.3 Power nLeasurement

34.3.1 The total electrical input to a boiler assembly is to be measured in amperes.

34.3.2 An el€
be measured.

s the value to
le range.

ctrical meter is to have a maximum scale range of not more than 1-1/2 time
The smallest scale division is to be not more than 1/50 of thevmaximum scg

34.4 Speed measurement
34.4.1 Mechg

mechanism d
stroboscope is

nical or electronic means are to be used to measure the speed of a imotor or of a
[iven by it. The load imposed by the counter<is not to adversely affect mptor speed. A
recommended for measuring speed of a motor under 1/8 horsepower (94 W).

34.5 Tempergture measurement

34.5.1 Tempgratures are to be determined by means of a potentiometer and bead-type thermocouples.

Unless otherw

34.5.2 Therm
required to o
enclosure, ter
(152 mm) aw

ise indicated, a thermocouple is'to be made of wires not heavier than 24 AW,
34.5: L revised February 24, 2006

pcouples are to be placed on surfaces of the test enclosure at various locatig
pserve maximum temperatures during tests. Where the chimney connect
nperature measutemients on the inside surfaces of the enclosure are to be 1
ay from the_chimney connector. Thermocouples are to be attached to g

G (0.21 mm3).

ns as may be
br pierces the
hade 6 inches
ther pertinent

materials and|parts such+@as'those mentioned in Table 39.1.

34.5.3 Each thermgeouple junction and adjacent thermocouple lead wire are to be securel

thermal conta};‘t with the surface of the material whose temperature is being measured. In most cases,
adequate theqmal contact will result from securely taping or cementing the thermocouplg in place; but
where a metal surface is involved, brazing or soldering the thermocouple to the metal may be necessary.

y held in good

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.
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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
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.
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Figure 34.1
Standard thermocouple for flue-gas temperature

Figure 34.1 revised February 24, 2006

11/8"
(28.6""")
5/32" MAX.
(4.0mm)
l SILVER SOLDER OR
- WELD JUNCTION:
DO NOT OXIDIZE
| .070" MAX
(1.78mm)
e o0
PATS2 A

1. 20 AWG (0.5] mm?) iron-censtantan, asbestos, or woven-glass-covered thermocouple wires extending from hot junction to
potentiometer or feference junction.

2.1 — Leeds & Northrup,Standard 714B, or equal 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insufator cut to length
and ends beveled on_two sides.

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

4. 1 — Small wooden handle.

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

6. In lieu of individual components described in Items 1, 2 and 3 above, any combination of preassembled parts of tubing, insulators
and thermocouples may be used.
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Figure 34.2
Flue-gas thermocouple and support bracket

CHIMNEY CONNECTOR
| /
>
I
|
THERMOCOUPLE SUPPORT

—-f\—- ERackET
. %

1-1/8"—=
(28.6mm)

|
\_/Q Section Ar'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 ¢6nnection of a hot-water boiler and 1 inch below the
surface of the|water in a steam boiler may be determined.

34.5.8 Coil onfwinding temperatures are 10,be measured by thermocouples unless the coil |s inaccessible
for mounting qf these devices (for example, a coil immersed in sealing compound) or unless the coil wrap
includes thernpal insulation such as more than two layers, 1/32 inch (0.8 mm) maximum, of cotton, paper
rayon, or the [like. For a thermoCouple measured temperature of a coil of an alternating-furrent motor,
other than a yniversal motorhaving a diameter of 7 inches (178 mm) or less, the thermogouple is to be
mounted on the integrally applied insulation on the conductor.
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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 Installatio

n for Standard Clearances, Section 32.

35.2 Unless otherwise specified in the paragraphs describing the tests, boiler assemblies are to be tested

at the potential

Is indicated in Table 35.1.

Table 35.1
Test voltages

Rated voltage Normal test voltage
110 - 120 120
200 - 208 208
220 — 240 240
254 — 277 277
440 - 480 480
550 — 600 600
Other Rated

35.3 The boil

not more than
not more than

36 Combustig

br assembly is to be fired at its rated Btu per hour (W)4nput, +2 percent, with
for which the burner is rated. The draft at the flue collar is to be as\ecommended by the m3

0.06 inch (1.5 mm) water column for burners fired at 5 gallons (18.9 L) per hq
0.09 inch (2.29 mm) for burners fired at ratesifrom 5 to 16 gallons (18.9 to 60

35.3 revised February.24, 2006

n Test — Burner and Boiler

h grade of fuel

nufacturer but
ur or less and
.6 L) per hour.

36.1 When tested at steady state conditions as described in 36.2:
a) The smoke in the flue gases:shall not exceed that indicated by a number 2 spqt for boilers
firing f distillate fuel and a number 4 spot for boilers firing a residual type fuel as indicated on

the Shell-Bacharach Scale with the Model RDC Smokemeter; and

b) Th

36.2 For the
manufacturer’
of draft, fuel
assembly is td

P stack loss for-a-boiler assembly shall not 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 combus
nputsrate, and flue-gas temperature have been established. The curren
be measured during this test.

ance with the
ion conditions
[ input to the
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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.
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38 Limit Control Cutout Test

38.1 The boiler is to be filled to the intended level with water. A steam or a hot-water boiler is to be
provided with a pressure-relief valve.

38.2 The limit control, if adjustable, is to be adjusted to the highest temperature or pressure setting, as
applicable. Any modulating type operating control provided to regulate the fuel input between high and low
fire values is to be by-passed to permit the appliance to operate on high fire. The on-off type operating
control, set to cut out at a value below the set point of the limit control, is also to be bypassed during this
test.

38.3 The water temperature obtained in a hot-water boiler is to be measured as described in 34.5.7. The
Inlet and Outl’t VVQtUI V(J.:VCD arc tU bC adjuotcd U that hut VVQtCI PGODCO thU thCIIIIU\aUUrJ bead durlng

the test.

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

38.5 The boiler is to be fired at rated input and the water or steam valves adjusted to raise the
temperature gr pressure until the limit control functions. Neither the maximum water temperature in the
boiler nor the |pressure is to exceed the values indicated in 13.5.2 and 13.6.1.

39 Temperatdre Tests

39.1 When a|boiler assembly is tested in accordance with<these requirements, no part|shall attain a
temperature dufficient to damage required corrosion protection, to impair intended operation of safety
controls, to impair the value of required thermal or electrical insulation, nor to cause in creeging, distortion,
sagging, or similar damage if such damage to the material or part may cause the boiler assembly to
introduce a rigk of fire, electric shock, or injury to_persons. The temperature rises at specific points shall
be not greater|than those specified in Table 39.1;unless otherwise indicated. Water tempergature or steam
pressure shall not be excessive. See Continugus Operation Test.

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

Device or Material

Degrees

1. Cl

2.C
diam
motd

3.C
diam

4. C
diam
motd

A. Motors®®

ass A insulation on coil windings of alternating-current motors having a frame

diameter of 7 inches (178 mm) or less (not including universal motors).

a. In open motors:
Thermocouple or
Resistance method

_b_In totally enclosed motors:

75

Thermocouple or
Resistance method

Aass A insulation on coil windings of alternating-current motors having a frame
eter of more than 7 inches (178 mm) and of direct-current motors and universal
rs.

a. In open motors:
Thermocouple method
Resistance method

b. In totally enclosed motors:
Thermocouple method
Resistance method

Ass B insulation on coil windings of alternating-current motors having a frame
eter of 7 inches (178 mm) or less (not including universal ' motors).

a. In open motors:
Thermocouple or
Resistance method

b. In totally enclosed motors:
Thermocouple or
Resistance method

Ass B insulation on coil windings,'ef alternating-current motors having a frame
eter of more than 7 inches (178"'mm) and of direct-current motors and universal
rs.

a. In open motors:
Thermocaouple method
Resistaneé method

b. In totally’enclosed motors:
Thermocouple method
Resistance method

80

65
75

70
80

95

100

85
95

90
100

135

144

117
135

126
144

171

180

153
171

162
180

Table 39.1 Continued on Next Page
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