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INTRODUCTION

1 Scope

1.1 These requirements apply to field assembled boiler assemblies that are provided with or are intended
for installation with single fuel-gas, single fuel-oil, or combination gas-oil burning equipment.

1.2 These requirements apply to fuel burning equipment which require flame failure and other safeguards
and which are intended primarily for commercial and industrial installation.

1.3 Equipment covered by these requirements may be operated without a competent attendant being

constantly on

duty at the equipment while the burners are in operation.

1.4 The app
Oil-Burning H
Code, NFPA

1.5 A produd
from those cq
or injury to
requirements
product who
requirements
shall be prop
implementati

1.6 Equipme
accordance

Code. Confo
applicable th

1.7 Each fie

ASME code fequired testing and inspecétion, and operational testing. The inspection shall cq

required by t

iance shall be suitable for installation in accordance with the Standards for
quipment, NFPA 31, and/or National Fuel Gas Code, NFPA 54, and the\Natig
70-1993.

t that contains features, characteristics, components, materials,’or Systems ng
vered by the requirements in this standard, and that involves.a,risk of fire or of
persons shall be evaluated using appropriate additionalcomponent and
to maintain the level of safety as originally anticipated by the intent of thig
se features, characteristics, components, materijals, or systems conflict

or provisions of this standard does not comply with ‘this standard. Revision of
bsed and adopted in conformance with the methads employed for development,
bn of this standard.

Nt covered by these requirements shall ‘be designed, assembled, tested, and
vith the requirements of Section | or;Section IV of the ASME Boiler and Prg
rmance with the code will be determined by application of the "H or "S "
b "A " symbol stamp on the appropriate part of the boiler assembly.

d erected boiler shall undergo a final inspection following completion of fig

he authority having jurisdiction.

nstallation of
nal Electrical

w or different
blectric shock
end-product
standard. A
with specific
requirements
revision, and

inspected in
ssure Vessel
stamp and, if

Id assembly,
ver all points
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2 General

2.1 Terminol

ogy

2.1.1 The term "appliance” or "boiler assembly” refers to any equipment covered by this Standard.

2.1.2 The terms "combustible” and "noncombustible” as used in these requirements, are defined in the
Glossary of Terms Relating to Chimneys, Vents, and Heat-Producing Appliances, ANSI/NFPA 97M-1988.

2.2 Units of measurement

2.2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or

approximate
3 Glossary

3.1 For the
3.2 APPLIAN
3.3 BAFFLE

3.4 BOILER
generated or

3.5 BOILER
either the oil

nformation.

urpose of this Standard the following definitions apply.
CE FLUE - The flue passages within the appliance.
— An object placed in an appliance to direct the flow of air or flue gases.

— A closed vessel in which water or some other liguid is heated or in which st
superheated, under pressure or vacuum, by direct'application of heat.

IASSEMBLY — A boiler assembly as define@herein equipped with one or morg
or gas type, and all necessary safety controls, electrical equipment as needed

equipment, manufactured for assembly as a unit.

3.6 BOILER,
than 15 psig

3.7 BOILER|

HIGH PRESSURE STEAM — Achoiler in which steam is generated at a press
103 kPa gauge).

HIGH TEMPERATURE.WATER — A boiler intended for operation at a pressu

160 psig (1103 kPa gauge) or at @ temperature exceeding 250°F (121°C) or both.

3.8 BOILER,
(1103 kPa g3

3.9 BOILER,
exceeding 15

HOT WATER = A’boiler that furnishes hot water at a pressure not exceeding
uge) and at a.temperature not exceeding 250°F (121°C).

LOW.PRESSURE STEAM — A boiler in which steam is generated at a presst
psigi (103 kPa gauge).

Pam is

burners of
, and related

ure higher

re exceeding

160 psig

re not

3.10 CASING=Arerctosure forming the outsite of theapptiance, o parts of wiichare i
subjected to intense heat.

ely to be

3.11 COMBUSTIBLE MATERIAL — Combustible material as pertaining to materials adjacent to or in
contact with heat-producing appliances, chimney connectors and vent connectors, steam and hot water
pipes, refers to material made of or surfaced with wood, compressed paper, plant fibers, or other
material that will ignite and burn. Such material shall be considered as combustible even through

flameproofed

, fire-retardant treated, or plastered.

3.12 COMBUSTION CHAMBER — The portion of an appliance within which combustion occurs.
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3.13 CONTROL, LIMIT — An automatic safety control, responsive to changes in liquid level, pressure,

or temperatu

re, for limiting the operation of the controlled equipment.

3.14 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, el

ectric shock, or injury to persons during operation of the controlled equipment.

3.15 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.

provi
igniti

b) C
at thq
abse

3.16 CONTR
properties, sd

3.17 DAMPEH
considered a|
passage of tf

3.18 DAMPE

3.19 DAMPH
desired posit

3.20 DRAFT
energy poten
heat-exchang

3.21 DRAFT]
automatically

3.22 ELECT

es the necessary timings, in proper sequence, for purging, pilot flame ignition
bn, and in case of ignition or flame failure, for safety shutdown (lockout):

bmbustion Detector — A device that is responsive to flame properties) 1t monitg
e point of flame supervision and transmits a signal to the programming unit, in
nce or presence of flame.

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

R — A valve or plate for regulating draft or flow~of flue gases. A damper is ger
e appliance or in the chimney connector,
R, AUTOMATICALLY OPERATED —;A'damper operated by an automatic con

R, MANUALLY OPERATED — An adjustable damper manually set and locked
on.

— The differential in static’pressure available, between any two locations, to p
tial for the moving of.air for combustion or products of combustion through a f
ing apparatus, or-hath.

REGULATOR — A device which functions to maintain a desired draft in the af
reducingdthe chimney draft to the desired value.

RICAE CIRCUITS:

t also
, main flame

rs the flame
Hicating

flame
ailure.

erally

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

trol.

in the

rovide the
Lel-burning

pliance by

a) H
circui

gh-Vottage Circuit=A Tircuit Mvolving a potentiatof ot more tharm 600 voits
t characteristics in excess of those of a low-voltage circuit.

nd having

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts alternating-

curre

nt (42.4 volts peak) or direct current and supplied by:

1) A Class 2 transformer, or by a battery, by a battery and fixed impedance, or by a

transformer and fixed impedance each of which, as a unit is in compliance
required for a Class 2 transformer, or

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

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

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

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

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

connector.
3.25 FLUE @

3.26 HEAT H
chamber of t
(such as steg
combustion 4

3.27 HEAT H
medium, suc
separately cg

3.28 HEATIN

BASES — Combustion products and excess air.

EXCHANGER, DIRECT — A heat exchanger in which heat generateddin the co
e appliance is transferred direct through walls of the appliance‘tp, the heating
m or water) held in close contact with the combustion chamber walls. It is a s
nd heat transfer device, hence a direct heat exchanger.

FXCHANGER, INDIRECT — A heat exchanger which-eficloses or contains a hg
N as steam, or water, the heat from which is transferréd to another heating mg
ntained in close contact with or directed througfithe heat exchanger.

medium to b

3.29 INDIRECT-FIRED APPLIANCE — An appliance designed so that combustion products

gases are n

3.30 NORMAL CARE — The periodic tasks usually performed to operate and maintain an g

such as air,

Repair and r¢placement of parts e@ther than those expected to be renewed periodically is n
to be normalfcare. Some examples of normal care are:

a) Cleaning or replacing nozzles, atomizers, and pilots.
b) Setting ignition electrodes.

c) Cleaning strainers or replacing strainer or filter elements.

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

mixed in the appliance with the"medium to be heated and provided with a flu

mbustion
medium
b|f-contained

pating
dium

ases to the
or flue

e collar.

ppliance,

el, pressure, and temperature regulation, cleaning, lubrication resetting of controls, etc.

bt considered

d) Resetting safety control.

e) Replacing igniter cable.

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

3.32 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.
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3.33 RADIATION SHIELD OR LINER — A separate panel(s) interposed between heating surfaces and
adjacent objects to reduce heat transmission by radiation.

3.34 READILY ACCESSIBLE — Capable of being reached easily and quickly for operation, adjustment,

and inspectio

n.

3.35 SAFETY SHUTDOWN (LOCKOUT) — The shutting off of all fuel and ignition energy to the burner
by means of a safety control or controls so that restart cannot be accomplished without manual reset.

3.36 SPECIAL PARTS AND TOOLS — Those parts and tools that are not available on the open retalil

market.

3.37 THER
between pred

3.38 VENTE
chimney con

4 Componern
4.1 Except a
and its prima
Appendix A f
standard.

4.2 A compd

a) In

OSTAT — An automatic control actuated by temperature change 1o maintain
etermined limits.

D APPLIANCE — An indirect fired appliance provided with a flue collagr td acco
hector for conveying flue gases to the outside air.

ts

s indicated in 4.2, a component of a product covered by(this standard, includi
iry safety control assembly, shall comply with the reQuirements for that con
or a list of standards covering components generally’ used in the products cg

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

volves a feature or characteristic notrequired in the application of the compon

prodyict covered by this standard, or

b) Is

4.3 A compd
use.

4.4 Specific
Such compo
exceeding sp

superseded by a requirement_ifi this standard.
nent shall be used in accordance with its rating established for the intended
Components arg incomplete in construction features or restricted in performanc

hents are inténded for use only under limited conditions, such as certain tem
ecified limits; and shall be used only under those specific conditions.

emperatures

mmodate a

ng the burner

\ponent. See
vered by this

ent in the

conditions of

b capabilities.
peratures not
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CONSTRUCTION — MECHANICAL

5 Assembly

5.1 General

5.1.1 A field erected boiler shall include all the essential components necessary for its assembly and
normal function when installed and constructed as intended. The pressure vessel shall be constructed,
equipped, inspected, tested, and marked in accordance with the ANSI/ASME Boiler and Pressure Vessel
Code, Section I, Power Boilers or Section 1V, Heating Boilers, whichever is appropriate.

5.1.2 A boiler assembly shall be arranged in major subassemblies. See 5.1.3. Each subassembly shall

be capable ¢f being incorporated mio the final assembly without requiring alteration, cy

threading, or
welding shall
by the loca
subassemblie
operation of t
the complete
alignment, o
element.

5.1.3 To be
constructed i

similar tasks by the installer. When welding is required to join major subasss
be undertaken only by qualified/certified welders and the welding process.shall
authority having jurisdiction and/or authorized inspection agency. T
s, which must bear a definite relationship to each other for the.intended
he boiler assembly, shall be arranged and constructed to permit them to be inc
assembly only in the correct relationship with each other; without need for
such subassemblies shall be assembled, tested, and shipped from the fg

N the field are considered to be the burner, (heat\exchanger sections of a cast

boiler including its base,) pressure vessel, flue tubes, water’tubes, combustion chamber, (

controls and

5.1.4 A radi
assembled a
assembly for
operation wit

5.1.5 A boile|
insulation, or
is not require

5.1.6 A boile
manipulation

5.1.7 Adjust
unintentional

wiring harness.

ation shield or baffle employed to.reduce the risk of excessive tempera
5 part of the boiler assembly; or be_part of a subassembly that must be attache
its normal operation; or be designed so that the boiler assembly cannot be 4
nout first attaching a required shield or baffle in its proper position.

I assembly shall be such.that, for any normal installation, the alteration or remo

d.

r assembly shall afford convenient operation by the user of those parts requirin
in normal/usage.

able “ar' movable parts shall be provided with locking devices to reducg

tting, drilling,
emblies, such
be inspected
WO Oor more
nstallation or
brporated into
alteration or
ctory as one

in accordance with 5.1.2, major subassemblies ‘of a boiler assembly intended to be

iron sectional
asing, safety

ure shall be
Il to the boiler
ssembled for

al of a baffle,

a radiation shield needed to reduce the risk of temperatures not intended dufing operation

g attention or

b the risk of

shifting.

5.1.8 Screws or bolts used to attach parts which are detached for normal care or servicing of the
appliance shall be capable of holding upon the application of the torques indicated in Table 5.1 after

removal and

replacement.
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Table 5.1
Maximum torque requirements for screws

Screw size (mm) Torque, pound-inches (N-m)

No.
1/4
5/16
3/8
7116
1/2

No. 8

9/16-+aeh

20
25
100
200
350
550
800

1200

4.2)
(4.8)
(6.4)
(7.9)
(9.5)
(11.1)
(12.7)

(2.3)
(2.8)
(11.3
(22.6
(44.5
(62.1
(90.3

L(12L,
= g

10
inch

inch
inch

inch
inch

(142

T2 vay 2}

AY
7

\Con g

P)

)
)
)
)
)

5.1.9 An ext
installation w
the door, sha
5.1.10 A bur|
5.2 Moving {

5.2.1 Moving
be enclosed

5.2.2 Ifther

a) The opening or removal of the door, pangl or shield shall require the use of tools;

b) A
c) A

DAN
BEF(

5.2.3 The di
5.2.1 shall bg
exceed 3 inc
values includ

ernal door, providing access into the combustion chamber of a boiler assembly
th a clearance of less than 24 inches (610 mm) from the face of or 48 inches (1
Il be self-closing.

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

arts

parts such as fan blades, blower wheels, pulleys, belts, etc., which may caus
br guarded.

bmoval of doors, panels or shields will expose*such moving parts:

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

5ER — TO AVOID INJURY FROM MOVING PARTS, SHUT OFF THE (EQUIH
DRE (REMOVING-QRENING) THIS (COVER-DOOR).

stance from ansopening in a required guard or enclosure to the moving part
in accordanee with Table 5.2, but the minor dimension of the opening shall ng
nes (76-2.;mm). For an opening having a minor dimension intermediate betwe
ed inthe-table, the distance from the opening to the moving part shall be not

found by app

The minor dinension of the opening is determined by the largest hemispherically tipped cyl

opriate interpolation between the corresponding values in the right-hand colum

intended for
.22 m) above

be injury shall

MENT)

mentioned in
tin any case
en two of the
ess than that
n of the table.

that can be inserted through the opening with a force of 5 pounds (22 N).

ndrical probe
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Table 5.2

Dimensions of openings

Minor dimensions of opening Minimum distance from opening to moving part
Inches mm Inches mm
1/4 (6.4) 1/2 (12.7)
3/8 (9.5) 1-1/2 (38.1)
1/2 (12.7) 2-1/2 (63.5)
3/4 (19.1) 4-1/2 (114)
1 (25.4) 6-1/2 (165)
1-1/2 (38.1) 10-1/2 (267)
2 (50.8) 14-172 (363)
Over P inches (Over 50.8) 30 (762)
@ Openings lgss than 1/4 inch (6.4 mm) are not to be considered.

5.2.4 A moving part is not to be considered when judging compliance with 324:2’and 5.2.1 if the part is

unlikely to bg contacted through the opening because of fixed components, including baffle

6 Servicing

)

6.1 A boiler pssembly shall be built to allow cleaning of parts such as heating surfaces i) contact with
combustion products, and oil strainers, without major dismantling” of the boiler assembly ¢r removal of
parts requiredl by 5.1.2 to be factory-assembled.

6.2 The remg@val of access panels, burners, caps, plugs;.ahd the like specifically designed tq permit ready
removal and feplacement for servicing, and the detachment of the chimney connector are npt considered
major dismarjtling as defined by 6.1.

6.3 Accessiljility shall be afforded for cleaning, inspection, repair, and replacement of all burners,
controls, and|safety devices when the bojléer. assembly is installed as recommended by the manufacturer.
The dispositipn of parts in the assemhbly-removed for normal care shall be such that thejr restoration,
following rempoval, will not necessitate-their realignment to secure their proper relationship with other parts
of the assemply. Special facilities\required for normal care to be done by the operator sha|l accompany

the boiler asgembly to the user:.
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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 GSG) if galvanized, or of nonferrous sheet metal having an average thickness of
not less than 0.029 inch (0.74 mm).

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

value.

7.3 A removhpble panel through which air 1Is drawn for combustion shall be so construcied

the risk of it

eing attached in a manner that may cause unintended performance of the\bei

7.4 A removable panel shall be so constructed that it will not be interchangeable with ‘0ther

same boiler

7.5 The casi
bottom or be
floor.

8 Radiation

8.1 A radiati
positioning a
against corrg
tested in acc
shall not be ¢

8.2 Thermal
manner so as
the boiler ass

8.3 An adhe
adhesive ma

Vhen interchange may result in unintended operation of the boiler,assembly.

as to reduce
ler assembly.

panels on the

hg of a boiler assembly for installation on combustible flooting shall completely close the

constructed to provide an effective radiation barrier between the heat exchg

Shields or Liners

pn shield or liner shall be so constructed, *fermed, and supported as to €
nd to reduce the risk of distortion or saggirg in service. A shield or liner shall
sion if its deterioration may cause unintended temperatures when the boile
prdance with these requirements. Any:finish to obtain the required resistance
amaged by heat when the boiler assembly is tested under these requirements

insulation which is not adequately self-supporting shall be applied to solid
to reduce the risk of saggdittd. The insulating value of the material shall be unir
embly is tested under these requirements.

nger and the

nsure proper
be protected
assembly is
to corrosion

surfaces in a
npaired when

bive for attachinginsulating material shall retain its adhesive qualities at any temperature the

attain when the,unit is tested under these requirements.
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9 Combustio

n 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, held in place as intended,

and accessib

10 Baffles

le for replacement with equivalent lining material.

10.1 A baffle in a flue-gas passage or otherwise exposed to combustion products shall be constructed

and dispose
be made of
a minimum
unintended te

10.2 A flue
such as to fa

11 Flue Collar

11.1 A flue
connector to

12 Damper &

12.1 An adj
minimum ope
at minimum |

12.2 An autd
arranged to
starting.

12.3 A boile
require the rg
a difference

supply.

IN a manner to provide for reasonable life and shall be fixed In position. A, iU

1aterial having resistance to corrosion equivalent to AISI 1010 hot-rolled shee

ickness of 0.042 inch (1.07 mm) (No. 18 MSG) unless its deterioration W
mperatures when the boiler assembly is tested in accordance with thesé requ

affle shall be accessible for cleaning. A flue baffle which is renfovable for cleg
Cilitate its removal and permit replacement only in its intended, position.

collar shall be constructed and arranged to permit the secure attachment of]
the boiler assembly.

ind Draft Regulator

Istable damper shall be equipped-with minimum and maximum operatin
rating stop for such damper shall bé-tocated to obtain sufficient air for complet
urner input.

matically operated damper.shall maintain the intended damper opening at all
educe the risk of starting’ of the burner unless the damper is in the intende

assembly to ke ,equipped with a barometric draft regulator shall be designed
gulator to hetinstalled in a false ceiling, in a different room, or in any manner t
n pressurel.between the air in the vicinity external to the regulator and the ¢

e baffle shall
| steel having
ill not cause
irements.

ning shall be

the chimney

) stops. The

e combustion

times and be
i position for

SO as not to
hat will permit
bmbustion air
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13 Installation of External Controls and Fittings

13.1 If a low water cutoff is installed external to a low pressure or a high pressure steam boiler utilizing
a water column, the connecting piping and fittings to the column shall not be smaller than 1-inch NPS and
no shutoff valves of any type shall be placed in the piping between the boiler and the cutoff. A cross or
equivalent fitting shall be used in the piping connections at every right angle to facilitate cleaning and
inspection.

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

water cutoff can be tested for operation.

13.3 Alow W
be installed i

ater cutoff or a combination cutoff and water feed control for a low pressureistee
n the tapped openings provided for attachment of a water gage glass directly

For such instgallation, the connections shall be made with nonferrous "T" or "Y" fittings for

cutoff conned

13.4 Forah
water conditi
level as in th

13.5 A wate
cannot feed
of such float

tions. The ends of any nipples used shall be hollowed to full size,of ihe intern

bt water heating boiler, the low water cutoff may be installed external to the boil
bns, the chamber in which the cutoff is located shall drain¢so-as to maintain th
b boiler, and if flow occurs in the chamber, it will be in, the)upward direction.

vater into the boiler through a float chamber of alow water cutoff or through the
chamber.

13.6 A steam pressure limit control shall be installed ‘on the boiler without any shutoff valve

limit control g

13.7 Each

maintaining
be less than
diameter may

Q) (N

13.8 If a sted
of the siphon

13.9 The ste

a) S

nd the boiler.

team pressure limit control shall be protected with a siphon or equivale
water seal between the steam and the inlet to the control. The size of the sig

1/4-inch NPS. Tubing of adequate temperature and pressure rating and of eqy
be substituted for pipe:

m pressure limit eentrol that incorporates a mercury switch is mounted on a sig
shall be in a plane that is 90 degrees (1.57 rad) from the plane of the mercur|

am pressgre connections to the steam pressure limit control shall not be:

mallerthan 1/4-inch NPS, if the pipe is of nonferrous material;

m boiler may
to the boiler.
he low water
hl diameter.

er. Under low
P same water

feed control, when used, shall be constructed andvinstalled so that the water inlet valve

e connections

between the

nt means of
hon shall not
ivalent inside

hon, the loop
y switch.

b) S

Tatter tham /2=nmch NPSfor ferrous Taterats up to 5 feet (-5 mm)imfengttT,

¢) More than 1-inch NPS for ferrous materials over 5 feet in length.

or

Tubing of adequate temperature and pressure rating and of equivalent internal diameter may be
substituted for pipe.
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14 Field Wiring System Connection

14.1 If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall,
or if an equivalent construction is employed, there shall be not less than three nor more than five threads
in the metal, and the construction of the device shall be such that a conduit bushing can be attached.

14.2 If threads for the connection of conduit are not tapped all the way through a hole in an enclosure
wall, conduit hub, or the like, there shall be not less than 3-1/2 threads in the metal and there shall be a
smooth, rounded inlet hole for the conductors which shall afford protection to the conductors equivalent to
that provided by a standard conduit bushing and which shall have an internal diameter approximately the
same as that of the corresponding trade size of rigid conduit.

14.3 An enclpsure threaded for support by rigid conduit shall provide at least five Tull threadd for engaging
with the conduit.

14.4 A knocHKout in a sheet metal enclosure shall be capable of being removed withleut'undug deformation
of the encloslpre.

14.5 A knockout shall be provided with a flat surrounding surface for seating of a conduit|bushing, and
shall be so Iqcated that installation of a bushing at any knockout likely.to-be used during installation will
not result in $pacings between uninsulated live parts and the bushing(of less than those remuired.

CONSTRUCTION — ELECTRICAL
15 Controls
15.1 Application

15.1.1 A safgety control circuit shall be two-wire,yone side grounded, having a nominal voltage of 120. A
safety contro| or protective device shall interrapt the ungrounded conductor.

15.1.2 It is the intent of the requirement-in 15.1.1 that a short circuit or combination of sHort circuits to
ground will ngt render a safety control.or protective device inoperative. Safety control circuit @rrangements
other than dgscribed in 15.1.1 may be considered if they accomplish the intent of this requirement.

15.1.3 The requirement of 15,171 does not apply to a circuit within a safety control or to the extension of
a circuit to a separate element of the control, such as a flame-sensing device.

15.1.4 A control ciréuit shall be arranged so that it may be connected to a power-supply pranch circuit
that can be fysed atnot more than the value appropriate for the rating of any control included in the circuit.

15.1.5 All safetycontrots—shatttte—accessibie:

15.1.6 A safety control and its sensing element shall be supported in such a manner to remain in proper
position. It shall be possible to determine by observation or test whether or not each control is in its proper
location.
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15.1.7 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.

15.1.8 A burner not equipped to provide the intended 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.

15.1.9 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 15.1.10 — 15.1.12. See also 15.2.1.

15.1.10 A steam boiler shall be provided with at least one steam pressure actuated control that will shut

off fuel suppl
pressure. Thi

15.1.11 A wg
supply to th
temperature.

15.1.12 If a
between high
to shut off the

15.1.13 An d
furnished wit
furnished by

15.2 Limit cg

15.2.1 A boil
in case of a |
—15.2.4 and
15.1.9 — 15.1

15.2.2 With

limit controls
as the primar
shall be prov

15.2.3 A limi
an electrical g

[/ 10 the burner when the steam pressure in the boller reaches a preset maxini
S requirement does not preclude the use of additional operating controls, if.req

iter boiler shall be provided with at least one temperature actuated caontrol to sh
b burner when the temperature of the water in the boiler reaches a pre
This requirement does not preclude the use of additional operating controls, if

and low values of steam pressure or water temperature{_an additional operati
b equipment at a value below the set point of the limif*Control is required.

perating control need not be factory-installed provided the wiring diagram an
N the boiler indicate that an operating contral~of an appropriate type and se€
the installer. See 37.3.

ntrol

bw water condition and excessive temperature or excessive pressure, as spec
15.4.1 — 15.5.1. The limit.eontrols shall be in addition to any operating contro
.13.

espect to 15.2.1safety shutdown may be provided either by employing man
or it may be effected remotely by utilizing the manual reset feature of another
y safety contrel: For systems where the reset feature is remote from the limit ¢
ded to indicate the limit control has operated when it causes safety shutdown

L contiol that functions to interrupt or reduce the delivery of fuel for combustig

um operating
uired.

ut off the fuel
bet operating
required.

boiler assembly is equipped with an operating control that’' only regulates the fuel input

ng control set

d instructions
tting is to be

er shall be provided with limit controls that operate to shut off fuel and cause safety shutdown

fied in 15.2.2
s specified in

lal reset type
control, such
bntrol, means

n by opening

irctit’shall be so arranged as to effect the direct opening of that circuit, whether

the switching

mechanism i

frtegrat- withror Termote fronT the Sensing efement:

15.2.4 The purpose of the requirement in 15.2.3 is to reduce the risk of interposing in the limit-control
circuit and other controls, the failure of which may result in a condition that the limit control is intended to
preclude. However, a limit control may interrupt the pilot circuit of a magnetic-type motor controller which,
in turn, directly opens the safety circuit when it is necessary to interrupt a single-phase circuit carrying a
load greater than the capacity of available limit controls or to interrupt a multiphase circuit.
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15.2.5 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.

15.3 Primary safety control
15.3.1 A field erected boiler assembly shall be provided with a primary safety control to program and

monitor the burner operation in accordance with the requirements specified in the Standard for Oil
Burners, UL 296; the Standard for Oil-Fired Boiler Assemblies, UL 726; or the Standard for

Commercial-l

ndustrial Gas-Heating Equipment, UL 795, as appropriate.

15.4 Liquid level limit controls

15.4.1 A wat
and water fe
water falls b

Exception Ng
a main flame
L/h).

Exception N
excessive te
cut-off.

15.4.2 Low

cut-offs or co
so that opers
lowest visiblg
than the othe
burner opera

Exception:
water cut-off;

a M
b) M

c) M

Er boiler shall be provided with at least one Tow wafer cut-off or combination [ow
bd control that operates to open the burner circuit and cause safety shutdey
low the lowest permissible level as specified in 15.4.2.

. 1: A low-water fuel cutoff control is not required to be furnished,on)a water b

. 2. A water tube or coil type boiler that requires forced_water circulation to
mperatures (see 15.5.1), may employ a water flow,-s€nsing device instead o

pressure and high pressure steam boilers shall be provided with at least t
mbination low water cut-off and water feed (€ontrols. Both controls shall be wir
part of the gage glass. However, onexcontrol shall be set to operate at a low
r. The control set lower shall cause safety shutdown, requiring a manual re

ion.

\ boiler that does not excééd any of the following limits may be provided with

aximum working pressure — 100 psig (689.5 kPa gauge).
aximum inside, diameter of shell- 16 inches (406.4 mm).

aximuni_Reating surface — 20 square feet (1.86 mP).

water cut-off
in before the

oiler that has

hourly input of not more than 400,000 Btu’s per hour (117 kW) or2.85 gallons per hour (10.8

juard against
[ a low water

vo low water
bd electrically

tion of either control causes fuel cut-off to*the burner before the water level falls below the

br water level
et to restore

only one low

15.4.3.

d) G

Foss Volume, exclusive of casing and insulation — 5 cubic feet (0.142 m®). Seg

15.4.3 With reference to the exception to 15.4.2, 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.
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15.4.4 With respect to 15.4.1 and 15.4.2, 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.

15.4.5 Each low pressure and high pressure steam boiler shall be provided with a pressure operated
control that operates to shut off all fuel to the burner and cause safety shutdown in case of excessive
steam pressure in the boiler. The control settings shall be in accordance with 15.4.6 and 15.5.1, as
appropriate.

15.4.6 The maximum setting of a limit control on a low-pressure steam boiler shall limit the steam
pressure in the boiler to 15 psig (103 kPa gauge). On a control having an adjustable setpoint, the
maximum sefting shall be Timited by a fixed stop.

15.4.7 The limit control for a high pressure steam boiler shall limit the steam pressure.in the boiler to the
maximum allowable working pressure of the boiler. On a control having an adjustable [setpoint, the
maximum sefting shall be limited by a fixed stop.

15.5 Temperature limit controls
15.5.1 A water boiler shall be provided with at least one temperature<operated limit control fthat operates
to shut off al| fuel to the burner and cause safety shutdown beferé the water temperaturg in the boiler
exceeds the maximum rated operating temperature. For a lowgressure hot water boiler safety shutdown
shall occur before the water temperature in the boiler exceeds, 250°F (121°C).
15.6 Purge gnd combustion air monitoring controls

15.6.1 Purgd and combustion air monitoring contrels shall be provided as specified in the| Standard for
Oil Burners,| UL 296; the Standard for Oil-Eired Boiler Assemblies, UL 726; or the [Standard for
Commercial-Industrial Gas-Heating Equipmenty; UL 795 as appropriate.
16 Field Wiring

16.1 Genera

16.1.1 Provigion shall be made-for connection of a wiring system that would be suitable for power supply
in accordance with the National Electrical Code, ANSI/NFPA 70-1993.

16.1.2 The Igcation of an outlet box or compartment in which field wiring connections are to e made shall
be such that theseé~connections may be inspected after the equipment is installed as intendged.

16.1.3 The ¢ ver 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.

16.1.4 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 16.1. 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).

16.1.4 revised June 30, 2010
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Size of junction boxes

Table 16.1

Size of conductor AWG (mm  2)

Free space within box for each conductor, cubic inches (cm

)

16 or smaller (1.3 or less) 1.5 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
10 (5.3) 25 (41.0)
8 (8.3) 3.0 (49.2)

16.1.5 A knockout for connection of a field wiring system to a terminal box or compartment shall

accommodate_canduit of the trade size determined hy Alnlnlying Tahble 16 2

Trade size of conduit in inches

Table 16.2

a

Wire Size Number of Wires
AWG (mm?2) 2 3 4 5 6
14 (2.1) 1/2 1/2 1/2 1/2 1/2
12 (3.3) 1/2 1/2 1/2 3/4 3/4
10 (5.3) 1/2 1/2 1/2 3/4 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13.3) 3/4 1 1 1-1/4 1-1/4
4 (21.2) 1 1 1:1/4 1-1/4 1-1/2
3 (26.7) 1 1-1/4 2-1/4 1-1/2 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
0 (53.5) 1-1/4 1-12 2 2 2-1/2
2/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2
4/0 (107.2) 2 2 2-1/2 2-1/2 3
2 This table is based @n the assumption that all conductors will be of the same size and
there will be no moresthan six conductors in the conduit. If more than six conductors will be
involved or if all_of term are not of the same size, the internal cross-sectional area of the
smallest conduit that may be used is determined by multiplying by 2.5 the total cross-
sectional area of the wires, based on the cross-sectional area of Type THW wire.

16.1.6 Wirin
safety contr

furnished by

furnished with each boiler assembly. See 17.1.4.

exterior to a boiler assembly between the burner assembly and a limit cont
, or ‘@ motor controller, that can be done readily with a wire enclosed in cq
metal-clad cahbleyin accordance with the National Electrical Code, ANSI/NFPA 70-1993,

rol, a primary
nduit or with
need not be

ch wiring are

16.1.7 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.
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16.1.8 A box or enclosure in which field installed conductors are to be connected as indicated in 16.1.5,
16.1.6, 16.1.7, and 16.1.9 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.

16.1.9 Except as otherwise permitted by 17.1.4, wiring to be done in the field between the boiler and
devices not attached to the boiler assembly or between separate devices which are field installed and
located, shall conform to these requirements if done with a 60°C (140°F) rated wire enclosed in suitable
conduit or metal-clad cable.

16.1.10 The wiring of the appliance may terminate in a length of flexible metal conduit with an outlet box,

control box,

in 16.1.1. If t
for splice cor
conduit fittind
70-1993, sha

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

than

b) N
ampg

c) The conduit is no larger than 3/4 inch trade size;-or the fittings for the conduit a

as pi

16.2 Leads 4

16.2.1 Wiring terminals or leads not less than 6 inches (152 mm) long for connection

conductors
correspondin

16.2.2 Leadq
might result i

16.2.3 Leads
the lead may
from its term
withstanding

r equivalent enclosure intended for connection of the product to the wiring system specified

e conduit terminates in an outlet box larger than 4 by 4 by 2 inches (102 by ¥
nection, locknuts on the fittings are not acceptable as a means to prevent log
s. A grounding conductor of the size specified in the National Electrical’Code]
| be included unless:

b feet (1.83 m);
D circuit conductor protected by an overcurrent-protective device rated at morg
res is included; and

pviding grounding.

ind terminals

pf at least the size required by the National Electrical Code, ANSI/NF

j to the marked rating of the’assembly shall be provided.

may be less than G.inches (152 mm) in length if it is evident that the use of
n a risk of fire, eleetric shock, or injury to persons.

intended foriconnection to an external circuit shall be provided with strain reli
be transmiitted to terminals, splices, or internal wiring which may cause the leg
nation (or) result in damage to the lead from sharp edges. Each lead shall 4
a pullof 10 pounds (44.5 N) for 1 minute without damage to the assembly.

2 by 51 mm)
sening of the
, ANSI/NFPA

t IS not more

than 20

e identified

pf field-wiring

PA 70-1993,

a longer lead

bf if stress on
d to separate
e capable of

16.2.4 Anid

ntified(grounded)terminat or tead-statt ot e etectricatty conmected toa singte-pole manual

switching device which has an OFF position or to a single-pole overcurrent (not thermal) protective device.

16.2.5 At terminals, stranded conductors shall be restrained from contacting other uninsulated live parts
and from contacting dead metal parts. This may be accomplished by use of pressure-terminal connectors,
soldering lugs, crimped eyelets, soldering all strands of the wire together, or equivalent means. An open
slot-type connector shall not be used unless it is constructed to reduce the risk of disconnection resulting
from loosening of the clamping means. The shanks of terminal connectors shall be protected by insulating
tubing, or the equivalent, if the required spacings may be reduced as a result of loosening of the clamping
means. The thickness of the insulation on the shanks shall be not less than 0.028 inch (0.71 mm).
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16.2.6 Field wiring terminals shall be secured to their supporting surfaces by methods other than friction
between surfaces so that they will be restrained from turning or shifting in position if such motion may
result in reduction of spacings to less than those required. This may be accomplished by two screws or
rivets; by square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted
into an adjacent part; or by some other equivalent means.

16.2.7 Conductors intended for connection to a grounded neutral line shall be identified, that is, finished
a white or gray color. All other current-carrying conductors visible to the installer shall be finished in colors
other than white, gray, or green. A terminal for connection of a grounded conductor shall be identified by
a metallic-plated coating, substantially white in color and shall be readily distinguishable from other

terminals, or it shall be identified in some other manner, such as on an attached wiring diagram.

16.2.7 revised June 30, 2010

16.2.8 Lead{
to wire-bindin
visible to the

provided for spliced connections to an external high-voltage circuit shall hot
g screws or pressure terminal connectors, located in the same compartment as

or the leads are insulated at the unconnected ends.

16.2.9 Term

hal parts by which field-wiring connections are made shalleonsist of sold

pressure ternpinal connectors secured in place in accordance with the requirements in 16.2.

for 10 AWG
clamps or w
equivalent, tg

16.2.10 A w
than No. 10

Exception Ng
not larger th3

Exception N
AWG (1.3 or

16.2.11 Ate
thickness for
for a wire lar
in the metal.

re binding screws with cupped washers, terminakplates having upturned
hold the wire in position.

16.2.9 revised June 30, 2010

re binding screw at a high-voltage wiringefminal for field connection shall n
4.8 mm major diameter).

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

. 2: A No. 6 (3.5 mm major-diameter) screw may be used for the connection
0.82 mm?) control-circuit-tonductor.

16.2.10 revised June 30, 2010
minal plate forlajwire binding screw shall be of metal not less than 0.030 inch

a 14 AWG«2:I mm?) or smaller wire, and not less than 0.050 inch (1.27 mm
jer than 14-AWG (2.1 mm?); and in either case there shall be not less than tw

16.2.11 revised June 30, 2010

be connected
the splice or

nstaller, unless the screws or connectors are rendered unusable for field wiring) connections

ering lugs or
b, except that

5.3 mm?) and smaller wires, the parts to which wiring colhections are made njay consist of

lugs, or the

ot be smaller

f a conductor

of a 16 or 18

(0.76 mm) in
in thickness
o full threads

16.2.12 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the tapped hole for the binding screw so as to provide two full threads.

16.2.13 A wi

re binding screw shall thread into metal.
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17 Internal Wiring

17.1 Genera

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

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

17.1.2 revised June 30, 2010

17.1.3 Except as indicated in 16.1.6, the wiring for each boiler assembly circuit shall be furnished by the

manufacture
factory, such
when the boi
be included

17.1.4 If insy
wiring shall b
factory-locate

17.2 Method

17.2.1 Electy

as part of the boiler assembly. If the boiler assembly is not assembled an
wiring shall be furnished as harness with each boiler and be arranged to facilita
er is assembled; and a pictorial diagram showing the exact arrangement-of th
vith each boiler assembly.

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

5

cal wiring to a part which must be moved for:hormal maintenance and serv

arranged so

hat the part may be moved without breaking soldered connections or disconne

Conductors tp be disconnected from terminals of such, patt shall terminate in eyelets or con
wiring to a pgrt which functions also as an access plateor cover, i.e., a transformer closing
the nozzle assembly, is not readily detachable, the-assembly shall include provision for supp
by means other than the wiring when the part.is'moved for servicing. Any allowable move

part shall not

17.2.2 Cond
enclosure, or]

Exception: |
same assem
cord, providg

a) It

unduly twist, bend, or pull the wiring.

ictors shall be enclosed within conduit, electrical metallic tubing, metal racev
metal-clad cable, except.as permitted by 17.2.15.

-actory wiring involving a potential of not more than 300 volts between parts aj
bly with a predétermined fixed relationship one to the other may be done with T
d all of the following conditions are fulfilled.

is not practical to do the wiring in accordance with 17.2.2.

b) TI|1

wired at the
e attachment
e wiring shall

equired, such
iring shall be

cing shall be
cting conduit.
hectors. If the
the access to
brt of that part
ment of such

ay, electrical
tached to the

ype SO or ST

rmal

e_Ccofd is not required to be bent, twisted, or otherwise displaced to render ng

mainténance and Service.

c) The length of cord exterior to the assembly is not more than 4 inches (102 mm) and strain

relief

is provided.


https://ulnorm.com/api/?name=UL 2106 2015.pdf

24

FIELD ERECTED BOILER ASSEMBLIES - UL 2106

JUNE 30, 2010

17.2.3 Group A of Table 17.1 includes some wiring materials suitable for use if enclosed as indicated in

17.2.2.
Table 17.1
Typical wiring materials
Table 17.1 revised June 30, 2010
Group Type of wire, cord, cable, or appliance Wire size Insulation thickness
wiring material with insulation thickness
shown at the right corresponding to wire AWG (mm?) Inch (mm)
sizes indicated
10 and smaller (5.3) 2/64 (0.8)
8 (8.3) 3/64. (1.2)
6 (13.3) 24/64 (1.6)
FFH-2, TF, TFF, TFN, TFFN, SF-2, SFF-2, 4 (21.2) Al64 (1.6)
RH, RHH, RHW, T, THW, XHHW, MTW, 3 (25.7) 4/64 (1.6)
A THWN, TW, PF, PFF, PGF, PGFF, RFH-2, 2 (33.6) 4164 (1.6)
RFH'H-2, REHH-3 or thermoplastlc 1 (42.4) 5/64 2.0)
appliance wiring material.
1/0 (53.5) 5/64 (2.0)
2/0 (67.4) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.0) 5/64 (2.0)
18 (0.82) 4/64 (1.8)
S0, ST, SJO, SJT, S, SE, SJ, SJI00 1o 3 a/ea (1.6
B SJTO, SJTOO, SO0, STO, STOO, or 14 (2.1) 5/64 (2.0)
appliance wiring material with thermoplastic 12 (3:3) 5/64 (2.0
or neoprene insulation 10 (5.3) 5/64 (2.0)
8 (8.3) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
Thermoplastic viring materials, as referenced in graup A, with insulation thickness of 2/64 inch (0.8 mm) for 16 gr 18 AWG (1.3 or
0.82 mm?) and|3/64 inch (1.2 mm) for 14, 12~10)0r 8 AWG (2.1, 3.3, 5.3, or 8.3 mm?), are considered equivaleft to the wiring
material refererjced in group B, when the conductors are covered with 1/32 inch (0.8 mm) wall thickness thermoplastic insulating
tubing of a typq suitable for the purpose from the standpoint of dielectric properties, heat resistance, moisture-registance,
flammability, arjd the like.

17.2.4 Flexih
This does no
4, Componer

17.2.5 Flexih

le metal conduit; if used, shall be not smaller than 3/8 inch (9.5 mm) electrig
I apply topartts of components, such as conduit protecting flame sensor leads
ts.

le myetal conduit shall be mechanically secured at intervals not exceeding 4-1/2

and within 12

(914 mm) where flexibility is necessary.

al trade size.
See Section

feet (1.37 m)

ver 36 inches

17.2.6 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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17.2.7 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.
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17.2.8 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.

17.2.9 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.

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

17.2.11 A splice is considered to be enclosed when installed in a junction box, control box, or other
enclosed compartment in which wiring materials, as specified in Group A of Table 17.1, may be employed.

Splices in en
that they are

17.2.12 At a
abrasion. If n
conductors a
bushing or itg

17.2.13 A w
mechanical 4

burrs and sharp corners or edges which might cause damage 40 the insulation on wires.

17.2.14 All v
moving parts

17.2.15 Cord
the wiring is

a) T
the W

b) |
com

c) Ld
diam
than
open

Flosed machinery compartments are 1o be secured to a fixed member In the co
not subject to movement or damage during servicing.

| points where conduit or metal tubing terminates, the conductor shall"be p
etal-clad cable is used, an insulating bushing or its equivalent shajl‘be provideg
nd the metal cladding, and the connector or clamp shall be of such design that
equivalent will be visible for inspection.

reway shall be such that the interconnection of sections and fittings will p
ssembly and ensure electrical conductivity. The interior of the wireway shall

iring shall be supported and routed to reduee’the risk of damage due to sh

s or appliance wiring material as referenced in Group B of Table 17.1 may b
bnclosed by a casing or compartment conforming to all of the following:

here are no openings in the\hottom, unless a U-shaped channel or trough is |
iring and the wires do notproject through the plane of the top of the trough o

the appliance is forsinstallation only on noncombustible flooring, the bottom o
artment may be ppen provided all sides of the compartment extend to the flog

uvers or openings in other than the bottom will not permit entrance of a rod h
bter of 1/2inch (12.7 mm), and openings for such items as pipe or conduit arg
1/2 inch_(12.7 mm) in diameter larger than the object that will be installed thro

ng.

npartment so

rotected from
between the
the insulating

ovide a rigid
be free from

arp edges or

b employed if

bcated under

channel.

such
r level.

Aving a
not more
ugh the

d) O

ENMgS are not closer tharm 6 mches (152 mm)to the wiring urntess metattic b

baffles are placed between the wiring and the openings.

rriers or

e) Combustible material, other than electrical insulation, located within the casing or
compartment is separated from such wiring material.
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17.2.16 With reference to 17.2.15(e), plastic materials shall be classified as Type V-0, V-1, V-2, 5V, HF-1,
or HF-2 in accordance with requirements in the Standard for Tests for Flammability of Plastic Materials
for Parts in Devices and Appliances, UL 94, and other nonmetallic materials shall have equivalent
characteristics.

17.2.17 Cords and other wiring material permitted in accordance with 17.2.15 shall be arranged to reduce
the risk of being physically damaged, such as by closely following surfaces, and shall be supported. Strain
relief, where required, shall be provided.

17.2.18 Holes in walls or partitions through which insulated wires or cords pass and on which they may
bear shall be provided with smoothly rounded bushings or surfaces upon which the wires or cords may
bear, to reduce the risk of abrasion of the insulation. Bushings, if required, shall be ceramic, phenolic,

cold-molded

17.2.19 Afib
will not be e
higher than 9

17.2.20 To {
requires roll
conforming tg

17.3 Short-c

17.3.1 Cond
overcurrent
short-circuit t
Oil-Fired Boil
Exception:
a) C
cond|

b) C
provi
ampd
acce,
this 3

c) C

Composition, fiber, or equivalent material.

er bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall-be)so
posed to moisture, and shall not be employed where it will be subjected to 3
0°C (194°F) under normal operating conditions.

rovide an acceptable unbushed opening in sheet metal, not _requiring a bus
or extrusion of the metal around the opening, or both, ‘ef the insertion 0
17.2.18.

rcuit protection
ictors of motor circuits having two or more ‘metors, one or more of which al
rotected and wired for connection to oneSupply line shall withstand the cg

pst without creating a risk of fire or electrie’shock. See Short-Circuit Test, in theg
er Assemblies, UL 726.

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

bnductors that are~t8 AWG (0.82 mm?) or larger and not more than 4 feet (1.
bres or less_as. specified on the product nameplate or provided as part of the
btable fordbranch-circuit protection. This applies to any of the wiring materials

tandard, including those enclosed those enclosed in raceways; or

prductors that serve as jumper leads between controls providing the length of|

Conductors that conform to the_following are considered acceptable without te$

ocated that it
temperature

hing, usually

f a grommet

re thermal or
nditions of a
Standard for

t

h-circuit

P m) in length

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

roduct and
bpecified in

the leads

does

17.3.1 revised June 30, 2010

IOt exceed 3 ches (76 T Or the Cornauctors are focated 1 a corrot parel.

17.3.2 Factory wiring of a low-voltage safety circuit may be done with SP-2 cord having all-neoprene
insulation, SPT-2 cord or appliance wiring material having neoprene, thermoplastic, or equally durable
insulation of equivalent thickness, or power limited circuit cable, if such wiring is located in a cavity or
compartment of an appliance and is adequately shielded from harm.
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18 Separation of Circuits

18.1 Unless provided with insulation for the highest voltage involved, insulated conductors of different
internal wiring circuits shall be separated by barriers or shall be segregated; and shall also be so
separated or segregated from uninsulated live parts connected to different circuits or opposite-polarity
parts of the same circuit.

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

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

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

b) Uhinsulated live parts of any other circuit.

¢) Any uninsulated live parts whose short-circuiting may permit operation of the appliance that
may fesult in a risk of fire, electric shock, or injury to persons excépt that a construgtion in
which field-installed conductors may make contact with wiring terminals is acceptaljle, provided
that ¢gonductors having insulation at least equivalent to those téferenced in group A of Table
17.1 jare or will be installed when wired in accordance wjth'the National Electrical Gode, ANSI/
NFPA 70-1993.

18.4 Segreggtion between field installed conductors and frem’"uninsulated live parts connectgd to different
circuits may be accomplished by arranging the location @f the openings in the enclosure fgr the various
conductors, with respect to the terminals or other uninsulated live parts, so that there is ng likelihood of
the intermingling of the conductors or parts of different circuits.

a) Iffthe number of openings in the enclosure does not exceed the minimum required for proper
wiringg and each opening is located_opposite a set of terminals, it is to be assumed| for the

purpxse of determining compliance with 18.3, that the conductors entering each opgning will be
conngcted to the terminals opposite the opening.

b) If[more than the minimum number of openings are provided, the possibility of cqnductors
enterjng at points other-than opposite the terminals to which they are intended to be connected
and ¢ontacting insulated conductors or uninsulated live parts connected to a different circuit is
to bel| investigated:

18.5 To detgrmineiif'an appliance complies with the requirements of 18.3, it is to be wired as it would be
in service and. _imvdoing so a reasonable amount of slack is to be left in each conducfor within the
enclosure, al i i i ' i imto the wiring

compartment.

18.6 a barrier is used to provide separation between the wiring of different circuits or between operating
parts and field installed conductors, it shall be of metal or insulating material and shall be held in place.
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18.7 A metal barrier shall have a thickness at least as great as that required by Table 23.1 or Table 23.2,
whichever applies, based on the size of the barrier. A barrier of insulating material shall be not less than
0.028 inch (0.71 mm) in thickness and shall be of greater thickness if its deformation may be readily
accomplished so as to defeat its purpose. Any clearance at the edges of a barrier shall be not more than
1/16 inch (1.6 mm) wide.

18.8 Openings in a barrier for the passage of conductors shall be not larger than 1/4 inch (6.4 mm) in
diameter and shall not exceed in number, on the basis of one opening per conductor, the number of wires
which will need to pass through the barrier. The closure for any other opening shall present a smooth
surface wherever an insulated wire may be in contact with it; and the area of any such opening, with the

closure removed, shall not be larger than required for the passage of the necessary wires.

18.9 The output of a tfransformer device supplying a circult classiied as a Class 2 low-vola

provided as
transformer
interconnectd

18.10 Two d
provided as g
wiring compd
maintained.

19 Bonding f

19.1 Expose

a part of the equipment shall not be interconnected with the output rof
device unless the voltage and current measurements at the output_tern
d devices are within the values for a single Class 2, 30 volt, or less ctransform

r more transformer devices supplying circuits classified as Class 2, low-vg
part of the appliance shall be treated as two separate circuits.each having its
rtment, and the output of each circuit shall be marked tocwarn that the separ

or Grounding

0 or accessible noncurrent carrying metal patts which may become energize

may be contacted by the user or by service personnel.during service operations likely to

when the apq
ground.

19.2 Except]
and mountin
interconnecti
contacted by

19.3 Metal p
a) A
outsi

meta]

b) Is

liance is energized, shall be electrically connected to the point of connection of

as indicated in 19.3, uninsulated metal parts of cabinets, electrical enclosures,
g brackets, controller mounting brackets, capacitors, and other electrical
g tubing and piping valves,’and the like, are to be bonded for grounding if
the user or serviceman!

arts, as described-below, need not be grounded.
Hhesive-attached metal-foil markings, screws, handles, etc., which are located

e of enclosures or cabinets and isolated from electrical components or wiring
parts,

pe circuit and
hnother such
hinals of the
er device.

Itage circuits
bwn separate
ation shall be

d, and which
be performed
AN equipment

motor frames
components,
they may be

on the
by grounded

Dlated metal parts, such as magnet frames and armatures, small assembly sc

ews, and

the li

€, Wiich are separatedfronm wiringand ummsutated five parts:

c) Panels and covers which do not enclose uninsulated live parts if insulated parts and wiring

are s

eparated from the panel or cover.

d) Panels and covers which are insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic compaosition, or similar material
not less than 1/32 inch (0.8 mm) thick.
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19.4 A component, such as a switch, likely to become separated from its normal grounding means for
purposes of testing or adjustment while the equipment is energized, is to be provided with a grounding
conductor not requiring removal for such service.

19.5 Splices shall not be employed in wire conductors used for bonding.

19.6 Metal-to-metal hinge bearing members may be considered as a means for bonding a door for
grounding.

19.7 A separate bonding conductor shall be of material rated for use as an electrical conductor. Ferrous
metal parts in the grounding path shall be protected against corrosion by enameling, galvanizing, plating,

or equivalent

means. A separate bonding conductor or strap shall:

a) Be protected from mechanical damage, such as by being located within the corLfines of the

outer| enclosure or frame, and

b) Npt be secured by a removable fastener used for any purpose other‘than bondi
grounding unless the bonding conductor is unlikely to be omitted aftér, removal and
of the fastener.

19.8 The bo
connection, g
than 454°C

vitreous enar

19.9 A conn|
acceptable if
device and if

thermal degr@dation which are likely to occur in service. The effect of assembling and disag

maintenance
clamping deV

19.10 Whersg
single screw

19.11 If the
conductor is
means does

a) When carrying for the time indicated in Table 19.1 twice the current equal to the

bran

nding shall be by a positive means, such as by clamping, riveting, bolteg
r by welding, soldering, or brazing with materials having a softening or melting
850°F). The bonding connection shall penetrate<honconductive coatings suc
nel.

pction that depends upon the clamping detion exerted by rubber or simila
it complies with 19.11 under any degreé.of compression permitted by a varia

purposes, such a clamping device is to be considered with respect to the likg
ice being reassembled in its.int€nded position.

the bonding means depend on screw threads, two or more screws or two ful
engaging metal is censidered in compliance with 19.8.

pdequacy of a(bonding connection cannot be determined by examination, of
smaller than required by 19.12 — 19.14, it shall be considered acceptable if tf
hot open:

ng for
replacement

or screwed
point greater
h as paint or

materials is
\ble clamping

the results are still acceptable after;exposure to the effects of oil, grease, fnoisture, and

sembling, for
blihood of the

threads of a

if a bonding
e connecting

rating of the

h-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-Circuit Test, in the
Standard for Oil-Fired Boiler Assemblies, UL 726.
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Table 19.1
Duration of current flow, bonding-conductor test

Rating of overcurrent device, amperes Minimum duration of current flow, minutes
30 or less 2
31-60 4
61 — 100 6
101 - 200 8

19.12 The size of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
based on the rating of the branch-circuit overcurrent device to which the equipment will be connected.

Except as indicated in 19 11 _the size of the conductar or strap shall he in accardance with Table 19.2.
Table 19.2
Bonding wire conductor size
Rating of overcurrent Size of bonding conductor 2
device, amperes ) ) )
Copper wire Aluminum wire
AWG (mm?) AWG mm?2)
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 (3.3)
200 6 (18:3) 4 21.2)
2 Or equivalenf cross-sectional area.

19.13 A bon
size of the cq

19.14 If mor
conductor is
protection fof
by a branch-
bonding cong
protection of

19.15 The fd

Hing conductor to a component or electrical enclosure is not required to be I

a)

the motor)

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

nductors supplying power.te’the component(s) within the enclosure.

than one size of franch-circuit overcurrent device is involved, the size of
to be based on~the rating of the overcurrent device intended to provide
the component bonded by the conductor. For example, if a motor is individu
ircuit overcutrent device smaller than other overcurrent devices used with the
uctor for{hat motor is sized on the basis of the overcurrent device intended fo

rger than the

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

a)

In equipment intended to be connected to a metal-enclosed wiring system — A knockout or

equivalent opening in a metal enclosure intended to receive the power-supply system.

b) In equipment intended to be connected by a nonmetal-enclosed wiring system, for example,

metal

-clad cable — An equipment grounding terminal or lead.


https://ulnorm.com/api/?name=UL 2106 2015.pdf

APRIL 18, 2006 FIELD ERECTED BOILER ASSEMBLIES - UL 2106 31

19.16 A terminal for connection of an equipment-grounding conductor shall be capable of securing a
conductor of the size required for the particular application, in accordance with the National Electrical
Code, ANSI/NFPA 70-1993.

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

19.18 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green colored head that is hexagonal, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be identified by being marked "G, GR, GROUND, GROUNDING," or
by a marking on a wiring diagram provided on the equipment. The wire-binding screw or pressure wire
connector shall be secured to the frame or enclosure and shall be so located that it is unlikely to be
removed dur[ng normal servicing. At a wire-binding screw, upturned lugs, or the equivalent, shall be
provided to r¢tain the conductor. If a pressure connector is used adjacent to the conneetors intended for
the supply cdnductors and if it could be mistaken for the neutral of a grounded supply,~a marking shall be
additionally grovided indicating "EQUIPMENT GROUND " and/or identifying thejeonnectgr by a green
19.19 The s

color.
shall be finis:t
no other lead

rface of an insulated lead intended for the connection of an eguipment-ground
ed continuous green color or a continuous green color with*ene or more yelloy
visible to the installer shall be so identified.

ng conductor
v stripes, and

20 Servicingland Adjustment

d or oriented
, resetting, or
moving parts

ble or resettable electrical control or manual*switching devices may be locatd
0 uninsulated live parts, so that manipulation of the mechanism for adjustment

20.1 Adjusta
with respect 1

operation carf

that may invg

a) N

b) A

guarded.

20.2 Service

a) A

b) R

c) O

be accomplished in the normal direction.of access if uninsulated live parts or
Ive a risk of injury to persons are:

Dt located in front, in the direction)of access, of the mechanism, and

e not located within 6 inches (152 mm) on any side or behind the mechanism

functions which may'have to be performed with the equipment energized incl

bsetting, control trip mechanism;

berating manual switches; or

d) Adjusting air-flow dampers.

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

Hjusting the_setting of temperature controls with or without marked dial settingg;

unless

ide:
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20.3 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.

20.4 Components in a low-voltage circuit shall comply with the requirements of 20.3 in their relation to
uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

21 Electrical Components

21.1 Electrical equipment and wiring shall be arranged so that during periods of normal use or when
uncoupling of a connection 1S required for servicing they will not be contacted by water oy qil.

21.2 Attachment plugs or separable connectors shall not be used in circuits when the break|ng or making
of the circuit py such devices may allow unintended operation of the equipment.

22 Mounting|of Electrical Components

22.1 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to restrain it from
turning, except as noted in 22.2 and 22.3.

22.2 The requirement that a switch be restrained from turning™may be waived if all of |the following
conditions ar¢ 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 nornmjal operation
of the switch.

b) Tlhe means for mounting the switchy makes it unlikely that operation of the switch will loosen
it.
c) The spacings are not reducéd below the required values if the switch rotates.

d) The normal operationof the switch is by mechanical means rather than by diredt contact by
persans.

22.3 A lamplpolder of the-type in which the lamp cannot be replaced, such as a neon pilot or|indicator light
in which the lamp is §ealed in a nonremovable jewel, need not be restrained from turning if rgtation cannot
reduce spacipgs _below the required values.

22.4 The means forrestraiming turming s to consist of more tharr frictiom betweenrsurfaces: A toothed lock
washer which provides both spring take-up and an interference lock is acceptable as the means for
restraining a small stem-mounted switch or other device having a single-hole mounting means from
turning.
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22.5 Uninsulated live parts shall be so secured to the base or mounting surface that they will be
restrained from turning or shifting in position if such motion may result in a redution of spacings below the
acceptable values.

23 Electrical Enclosures

23.1 General

23.1.1 Uninsulated live high-voltage parts shall be enclosed or guarded to prevent unintentional contact
by persons during normal use of the appliance. This applies to such parts located in a compartment where

access is required for normal care of the appliance, such as resetting controls, replacing filters, lubrication,
cleaning, and the like.

23.1.2 Among the factors taken into consideration when judging the acceptability of anrendlosure are:
a) Mechanical strength;
b) Rgesistance to impact;
c) Mpisture-absorptive properties;
d) Cpmbustibility;
e) Resistance to corrosion; and

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

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

23.1.3 The enclosure shall reduce the.likelihood of the emission of molten metal, burnipg insulation,
flaming partigles, or the like through ‘epenings onto combustible material, including the surface on which
the equipment is mounted.

23.1.4 All infended mounting positions of the unit are to be considered when determining|if it complies
with the requjrement of 23:1:3.

23.1.5 Steellenclosures shall be protected against corrosion by painting, plating, or equivalent means.

23.1.6 The thicknéss of a sheet metal enclosure shall be as indicated in Tables 23.1 and 43.2.

Exception: If the design and location of components and the strength and rigidity of the outer cabinet
warrant, an individual enclosure thinner than specified in Tables 23.1 and 23.2 may be employed.
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Table 23.1
Minimum thickness of sheet metal for enclosures - carbon steel or stainless steel

Without supporting frame 2

With supporting frame or equivalent
reinforcing 2

Minimum thickness in inches (mm)

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 side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

Maximum width ? [ Maximum length ¢ | Maximum width ® | Maximum length Uncoated Metal coated
Inches (cm) Inches (cm) Inches (cm) nches (cm) (MSG) (GSG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 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 (29.4) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.0B4 (0.86)
9.0 (2p.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.0¢5 (1.14)
14.0 (39.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)
18.0 (49.7) Not limited 27.0 (68.6) Not limited 0.053 (1/34) 0.0p6 (1.42)
20.0 (59.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0.0p3 (1.61)
25.0 (68.4) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) (1%)
25.0 (68.4) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.0f70 (1.78)
29.0 (78.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129:5) 14) s
33.0 (88.8) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 0.0p4 (2.13)
35.0 (89.0) 47.0 (119.4) 54.0 (137.1) 66.0 (167.6) (13) (13)
42.0 (196.7) Not limited 64.0 (162.6) Not fimited 0.093 (2.36) 0.0p7 (2.46)
42.0 (1%9.4) 59.0 (149.9) 68.0 (172.7) 840 (213.4) (12) (1)
52.0 (135.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.80)
60.0 (192.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) (a1
63.0 (140.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.1p6 (3.20)
73.0 (195.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) 10)
a A supporting|frame is a structure of angle or chanfiel or a folded rigid section of sheet metal which is rigidly atfached to and
has essentially] the same outside dimensions-as_the enclosure surface and which has sufficient torsional rigidity fo resist the
bending momgnts which may be applied via‘the enclosure surface when it is deflected. Construction that is congidered to have
equivalent reinforcing may be accomplished-by designs that will produce a structure which is as rigid as one built with a frame
of angles or channels. Construction considered to be without supporting frame includes:
1) Single sheet with.single formed flanges (formed edges);
2) A single sheetwhich is corrugated or ribbed; and
3) enclosure surface loosely attached to a frame, e.g. with spring clips.
b The width is the smaller dimension of a rectangular Sheet metal piece Which 1s part of an enclosure. Adjacent surfaces of an
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Table 23.2

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

Without supporting frame 2

With supporting frame or equivalent
reinforcing 2

Minimum thickness

Maximum width ° Maximum length ¢ Maximum width ° Maximum length
Inches (cm) Inches (cm) Inches (cm) nches (cm) inthes (mm) AWG

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (22)
35 (8.9) 4.0 (10.2) 8.5 (21.7) 9.5 (24.1) (0.58)

4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (20)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.2) (0.74)

6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (18)
6.5 (16.5) 8.0 (20.4) 15.0 (38.1) 18.0 (45.7) (0.92)

8.0 (20.4) Not limited 19.0 (48.3) Not limited 0.045 (16)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (114)

12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (14)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)

18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 12)
20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (189.7) (1.91)

25.0 (63.4) Not limited 60.0 (152.4) Not dimited 0.095 (10)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78,0 (198.1) (2.41)

40.0 (94.0) Not limited 87.0 (221.9) Not limited 0.122 (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)

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

¢ For panels
limited to the

1) $ingle sheet with single formed flanges (formed edges);
2) A single sheet which is corrugated or ribbed; and

3) An enclosure surface Jegsely attached to a frame, such as, with spring clips.

a A supporting frame is a structure of angle or channel or a folded~tigid section of sheet metal which is rigidly ajtached to
and has essentially the same outside dimensions as the enclosure*surface and which has sufficient torsional rididity to resist
the bending njoments which may be applied via the enclosureisurface when it is deflected. Construction that is|considered to
have equivalent reinforcing may be accomplished by designs’/that will produce a structure which is as rigid as ope built with a
frame of anglgs or channels. Construction considered to"be without supporting frame includes:

b 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.
hich are mot'supported along one side, e.g., side panels of boxes, the length of the unsupported gide shall be
imensions-specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

23.1.7 Sheefmetal to which a wiring system is to be connected in the field shall have a thicK

ness not less

than 0.032 inch (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034 inch (0.86 mm) (No. 20

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

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

source.


https://ulnorm.com/api/?name=UL 2106 2015.pdf

36 FIELD ERECTED BOILER ASSEMBLIES - UL 2106

APRIL 18, 2006

23.1.9 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 70-1993.

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

that:

a) An opening between the box and motor frame having a dimension exceeding 1

/2 inch (12.7

mm) does not permit a flat feeler gauge, 5/64- by 1/2-inch (2.0 by 12.7 mm) wide to enter.

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.

23.2 Doors gnd covers

er or access panel of an enclosure for uninsulated live parts shall be previde
for securing if in place.

23.2.2 A hinged or pivoted panel or cover shall be positioned or arranged so that' it is not su
or swinging due to gravity or normal vibration in such a manner as to causé.injury to persong
or cover, or Ry hazardous moving parts or uninsulated live parts.

23.2.3 The assembly incorporating overcurrent protective devices-shall be arranged so that
replaced and manual-reset devices can be reset, as applicabley’ without removing parts
service covell or panel and a cover or door enclosing the device. See 23.2.7.

23.2.4 A reduired protective device shall be wholly inacéessible from outside the boiler ass
opening a ddor or cover, except that the operating handle of a circuit breaker, the operatir]
manually opgrable motor protector, the reset button-of a manually resettable pressure switc
parts may prject outside the boiler assembly enclosure.

23.2.5 An opening in an enclosure to proyide clearance around a dial, knob, lever, or ha
allow the entfance of a rod having a diameéter of 9/64 inch (3.6 mm) at any setting or positi
knob, lever, ¢r handle.

23.2.6 A fuseholder shall be se~constructed, installed, or protected that adjacent uninsulateq
live parts witlpin 4 inches (102,;mm), other than the screw shell of a plug fuseholder, cartrid
or wiring terminals to the‘fuseholder, will not be exposed to contact by persons removing
fuses. An ingulating batrier of vulcanized fiber or equivalent material employed for this pur
not less than|0.028.inch (0.71 mm) in thickness.

23.2.7 The doorof cover of an enclosure shaII be hmged if it gives access to fuses or any m

0 with means

bject to falling
by the panel

fuses can be
other than a

embly without
g button of a
n, and similar

hdle shall not
bn of the dial,

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

otor overload

protective devi

pen the cover

in connection with the normal operation of the protective device such as resetting a manual reset overload

protective device.

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

a) Control-circuit fuses of 2 amperes or less, provided the fuses and control-circuit
than a fixed control-circuit load, such as pilot lamp, are within the same enclosure;

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

¢) Fuses in low-voltage circuits.

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

23.2.9 A spring latch, a magnetic latch, a dimple or any other mechanical arrangement that will hold the
door in place and would require some effort on the user’s part to open, is an acceptable means for holding
the door in place as required in 23.2.8.

23.2.10 A door or cover giving direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4 inch (6.4 mm) rabbet or the equivalent, or shall have either turned flanges for the full length
of four edges or angle strips fastened to it. Flanges or angle strips shall fit closely with the outside of the
wall of the box proper and shall overlap the edges of the box not less than 1/2 inch (12.7 mm). A
construction which affords equivalent protection, such as a fuse enclosure within an outer enclosure, or a
combination pT flange and rabbet, IS accepiable.

23.2.11 Strips used to provide rabbets, or angle strips fastened to the edges of a deor, 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 betwe¢n these end fastenings not more than 6 inches (152 mm) apart.

23.2.12 A plpte or plug for an unused conduit opening or other hole «in_the enclosure |shall have a
thickness nof less than:

a) 0J014 inch (0.36 mm) for steel or 0.019 inch (0.48 mm).for nonferrous metal for|a hole
havirjg a 1/4 inch (6.4 mm) maximum dimensions; and

b) 0J027 inch (0.68 mm) for steel or 0.032 inch (0:81 mm) for nonferrous metal for|a hole
havirlg a 1-3/8 inch (34.9 mm) maximum dimengions. A closure for a larger hole shall have a
thickmess equal to that required for the enclosure of the device or a standard knocKout seal
shall|be used. Such plates or plugs shall bersecurely mounted.
23.2.13 An glectron tube or similar glass-enclosed device shall be protected against mechanical damage.

24 Motors apd Motor Overload Protection

24.1 Each mptor shall be protected by an integral thermal protector or by an overcurrent profective device
or combinatigns thereof.

24.2 "Overcyrrent protective device” as referred to in 24.1 means those that conform to the requirements
of the Nationpl Electrical.Code, ANSI/NFPA 70-1993, as follows:

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

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

For a multispeed motor, each winding connector shall be considered separately and the motor
is to be protected at all speeds.
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b) If the values specified for motor-running overcurrent protection do not correspond to the
standard sizes or ratings of fuses, or magnetic or thermal overload protective devices, the next
higher size or rating may be used, but not higher than the following percent of motor full-load

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

3) All other motors, 130 percent.

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

Motors, UL 2[[TT.

24.4 Separafe overcurrent devices, except when included as part of a magnetic meter cor

be assemblgd as part of the equipment, and be readily identifiably as such cafter ass
equipment. Such protection is not to include means for manually interrupting, the motor
interruption npay result in the risk of fire, electric shock, or injury to persons.

24.5 Three-ghase motors shall be provided with overcurrent protection. as‘follows:

a) Three properly rated overcurrent devices shall be employed, or
b) Thhermal protectors, combination of thermal protectors and overcurrent devices,

methpds of protection may be employed where the specific protective arrangement
i igated and found to provide proper protection under primary single-phase fail

cond|tions when supplied from transformers coennected Wye-Delta or Delta-Wye. As
[ igated shall be marked to indicate that'the motor is protected under primary S

condftions. This marking may be a paperssticker, decal, or an attached wiring diagr

troller, are to
embly to the
circuit if such

pr equivalent
has been

re

semblies so
ingle-phase
am.

24.6 Motors puch as direct-drive fan motors which are not normally subjected to overloads, and which are

determined tp be adequately protected-against overheating due to locked-rotor current by
overcurrent
it is determingd that the motor will net overheat under actual conditions of use.

24.7 Impedahce protection may be accepted for motors which are determined to be adequa
against overheating due td\ocked-rotor current, provided it is determined that the motor wil
under the pefformance requirements of this Standard.

24.8 Fuses shall not be used as motor overload protective devices unless the motor
protected by thevargest size fuse which can be inserted in the fuseholder.

otective device, may be.accepted under the requirement for overcurrent proteq

a thermal or
tion provided

lely protected

not overheat

s adequately

24.9 Overcurrent protective devices and thermal protective devices for motors shall comply with the
requirements of the Short-Circuit Test, in the Standard for Oil-Fired Boiler Assemblies, UL 726.

24.10 A motor shall be designed for continuous duty as indicated by the designation "CONTINUOUS " or

"CONT " on the nameplate.
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24.11 In no case shall interruption of the circuit to a motor by the overcurrent or thermal protective device
result in a risk of fire, electric shock, or injury to persons during operation of the equipment or the
discharge of fuel that may result in a risk of fire or injury to persons. If a burner depends solely upon an
electrical valve to stop the flow of fuel to the burner, the interruption of the circuit to the motor by the
protective device shall also cause the interruption of the circuit to the valve.

24.12 Automatic-reset type protective devices shall not be used if the automatic reclosing of the circuit to
the motor by the device may result in a risk of fire, electric shock, or injury to persons during operation of
the equipment.

24.13 The enclosure of a motor shall have no openings which will permit a drop of liquid, or a particle
falling vertically onto the motor, to enter the motor as applied to the assembly.

mance with 24.13 may be provided by the motor frame or by another enclosxlnre, structure,

24.14 Confo

shield, or a cpmbination of two or more such items, and is to be determined with the-motor applied to the
assembly.

24.15 Motorg having openings in the enclosure or frame shall be installed of shielded to rgduce the risk

of particles fa

24.16 The rqg

lling out of the motor onto combustible material located within, or under the as

quirement in 24.15 will necessitate the use of a barrier @ honflammable matd

sembly.

rial under an

open type mgtor unless:

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

b) The motor overload protection device praovided with a single-phase motor is such that no

burnipg insulation or molten material falls tosthe surface that supports the applianceg when the
motof is energized under each of the follewing fault conditions, as applicable to the| particular
type pf motor:

1) Open main winding,

2) Open starting winding,

3) Starting switch short-circuited, and

4) Capacitor shorted, permanent split capacitor type; or
c) The mator is provided with a thermal motor protector (a protective device that i$ sensitive to
tempprature and current) that will reduce the risk of the temperature of the motor windings from
becomimgmore tham 125°C(257°F) under the maximun foad-betow whichthemotor will run

without causing the protector to cycle and from becoming more than 150°C (302°F) with the
rotor of the motor locked.

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.
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24.17 The barrier mentioned in 24.16 shall be horizontal, located as indicated in Figure 24.1, and have
an area not less than that described in that illustration. Openings for drainage, ventilation, and the like,
may be employed in the barrier provided that such openings would not permit molten metal, burning
insulation, or the like to fall on combustible material.
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Figure 24.1
Location and extent of barrier

EB100A

A — Motor windipg to be shi€lded by barrier. This is to consist of the entire motor winding if it is not otherwise s
consist of the urJshieldedportion of a motor winding which is partially shielded by the motor enclosure or equivale

B — Projection of outline of motor winding on horizontal plane.

ielded, and is to
nt.

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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25 Overcurrent Protection of High-Voltage Control-Circuit Conductors
25.1 General

25.1.1 For the purpose of the requirements in this Section, 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 26, for

additional requirements.

25.2 Direct-connected high-voltage control circuit

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

25.3 Tapped

25.3.1 For tH
tapped within
a circuit shall

25.3.2 A hig
control equip
National Eled

25.3.3 Atap
rating of the

Exception N(
m) long betw
rated 60 amq

Exception N
withstand sh
Boiler Assen

Exception N
overcurrent

€ purpose of these requirements, a direci-connected high-voltage control circ
m a branch circuit separate from a branch circuit that supplies other loads withi
bd from the load side of the overcurrent device or devices of the controlied cirg
duct. See 36.9.

high-voltage control circuits
e purpose of these requirements, a tapped high-voltage,. centrol circuit is a

the burner on the load side of the overcurrent device or devices for the controll
be protected in accordance with 25.3.3 — 25.4.2.

ment enclosure shall be protected as specified in Column A of Table 430
trical Code, ANSI/NFPA 70-1993.

bed high-voltage control-circuit conductor shall be provided with overcurrent p
pvercurrent-protective device shall_not exceed the value specified in Table 25.

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

D. 2: An overcurremi-protective device of a higher rating may be used if th

blies, UL 726;

. 3. Allead that is not more than 12 inches (305 mm) long need not be
rotection.

Lit is one that
h the product.
uit or circuits

circuit that is
bd load. Such

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

-72(b) of the

otection. The
L.
an 4 feet (1.2
ircuit breaker

e conductors

Dri-circuiting when-tested as specified in the Short Circuit Test of the Standard for Oil-Fired

brovided with

Exception N

A ATomrof-circait conauctor, suppiied fronT the secordary of a simgle-phas

transformer

that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device located in the primary side of the transformer if:

a) This protection is in accordance with the requirements specified in Overcurrent Protection of
Transformers, Section 26, and

b) The rating of the device does not exceed the applicable value specified in Table 25.1
multiplied by the ratio of secondary-to-primary rated transformer voltage.

25.3.3 revised June 30, 2010
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Table 25.1
Overcurrent protective device rating for control circuit conductors
Maximum rating of overcurrent protective device, amperes
Tapped cont_rol—cwcun Conductors contained in control equipment Conductors extending beyond control
conductor size, AWG .
> enclosure equipment enclosure
(mm?)
Copper Aluminum 2 Copper Aluminum 2
18 (0.82) 25 - 7 -
16 (1.3) 40 - 10 -
14 (2.1) 100 - 45 -
12 (3.3) 120 100 60 45
10 (53) 160 140 90 75
Larger than 10 b b c c
2 Includes copper-clad aluminum.
b 400 percent pf value specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA 7(-1993.
¢ 300 percent pf value specified for 60°C conductors in Table 310-16 of National Electrical Code,"ANSI/NFPA 7(-1993.
25.4 Overcufrent-protective devices
25.4.1 Overqurrent protection for a tapped high-voltage control-cireuit-conductor, as required by 25.3.3,
shall be provided as part of the product. If a fuse is used, the product shall be marked in ac¢ordance with
36.7.

Exception:
the marked r
does not exc
25.4.2 A con
a) B
b) B
c) H

The device s
of an accepta

Exception: |
for overcurrd

[he overcurrent device or devices need not be provided as part of the produg
hting of the product, the rating of the branch-circuit overcurrent-protective dev
ped the values specified in Table 25.1,

trol-circuit overcurrent-protective device shall:

b provided for all ungrounded:eonductors;

b of a size in accordance-with the requirements in 25.3.3; and

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

hall be a cireclit breaker or a fuse that is acceptable for branch-circuit protecti
\ble fuseafe a Class CC, G, H, J, K, L, R, or T cartridge fuse of a Type S plu

f the control circuit is tapped from a circuit supplying other loads in the product,

t if, based on
ce or devices

bn. Examples
y fuse.

h device used

nt_protection may be of the supplementary type provided it has a short

circuit rating

acceptable for the circuit in which it is used. See the Short Circuit Test of the Standard for Oil-Fired Boiler
Assemblies, UL 726. If the supplementary device used is a fuse, the product shall be marked in
accordance with 36.8.
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26 Overcurrent Protection of Transformers

26.1 High-voltage transformers

26.1.1 A transformer, other than as described in 26.2.1 and 26.2.2, is considered to be a high-voltage
transformer and shall:

a) Be provided with thermal-overload protection in accordance with the requirements in 26.1.2;

or

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

c) C
the S
26.1.2 Ifahi
be arranged
overload con

bmply with the requirements in the Burnout Test, High-Voltage Transformers;*
tandard for Oil-Fired Boiler Assemblies, UL 726.

jh-voltage transformer is provided with a thermal-overload-protective_device, th
to interrupt primary current and shall limit temperatures of the ‘ttansformer w
jitions to those acceptable for the class of insulation employedhin the windings.

Test, High-Voltage Transformers, specified in the Standard for Oil-Fired Boiler Assemblies,

Exception: |
test is to be
specified in t

26.1.3 A the
Requirement
have an end
calibration off
Equipment, |
Similar Use,
UL 60730 se

26.1.4 Each
requirements

f the thermal-overload-protective device provided is a-dGnrenewable thermal cu
conducted in place of the overload test. See Burnmout Test, High-Voltage
he Standard for Oil-Fired Boiler Assemblies, UL\X26.

rmal cutoff shall comply with the requifements in the Standard for The
5 and Application Guide, UL 60691. A manually or automatically reset thermal
urance rating of not less than 6000-Cycles and shall comply with the req
temperature-limiting controls in the-"Standard for Temperature-Indicating an
L 873. Compliance with the Standard for Automatic Electrical Controls for H
Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 stan
fies fulfills the UL 873 requireéments.

26.1.3 revised March 9, 2015

overcurrent device that protects a high-voltage transformer shall com
specified in 26.1,5, 26.1.6 and 26.2.3 — 26.2.5.

pecified in

b device shall
ndings under
See Overload
UL 726.

loff, a burnout
[ransformers,

rmal-Links —
rotector shall
Llirements for
I -Regulating
busehold and
fard from the

ply with the

26.1.5 A high-voltage dransformer shall be protected by an overcurrent device, or devices, that is located

circuit.and that is rated or set as indicated in Table 26.1 for the primary. S¢

e 26.1.6 and

in the primar
26.2.3.
26.1.6 If th

CIrcult supplymg a transtormer IS provided with overcurrent protection rated

or set at not

more than 250 percent of the rated primary current of the transformer, additional overcurrent protection is
not required in the primary circuit provided the secondary circuit is protected by a protective device rated
or set as indicated in Table 26.1 for the secondary.
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Table 26.1
Maximum rating of transformer overcurrent protective device

Rated primary or secondary

Maximum rating of overcurrent device, percent of transformer current rating,

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

2 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, 34, 40, 45, 50,

and 60 ampdg

es.

26.2 Low-vo

26.2.1 Excey
1000 volt-am
located in the
167 percent

26.2.2 A transformer that directly supplies a Class 2 circuit (see 3:29(b)) shall, in accord

requirements
and the Stan
either limit th
or devices (n

26.2.3 Overd

need not be provided as part of the product if -based on the marked rating of the product, th

branch-circui
26.2.1, as ap|

26.2.4 Overd
provided as f

26.2.5 Areq
a) H

b) B

tage transformers

t as specified in 26.2.2, a transformer having a rated output of not™more than
beres (Class 1, power-limited circuit) shall be protected by an overcurrent devic
primary circuit. The overcurrent device, or devices, shall be ratéd or set at
bf the primary current rating of the transformer. See 24.9.

in the Standard for Low Voltage Transformers — Rart)1: General Requirement
Hard for Low Voltage Transformers — Part 3: Class'\2 and Class 3 Transformer
b output current (inherently-limiting transformer)yor be equipped with an overc
pninherently-limiting transformer).

26.2.2 revised December 11, 2009
urrent protection in the primary circlit of a transformer, as described in 26.1.

overcurrent-protective device, or devices, does not exceed the values specifie
plicable.

urrent protection in the, secondary circuit of a transformer, as required by 26
art of the appliancé:if'a fuse is used, the appliance shall be marked in accorda

Lired transformer overcurrent-protective device provided as part of the product
e provided for all ungrounded conductors;

b Of. a’size in accordance with the requirements in 26.1.5 — 26.2.1, as applicaQ

30 volts and
e, or devices,
ot more than

hnce with the
5, UL 5085-1,
5, UL 5085-3,
irrent device,

b and 26.2.1,
e rating of the
d in 26.1.5 or

.1.6 shall be
nce with 36.7.

shall:

le; and

c) 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:

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

used for overcurrent protection may be of the supplementary type provided that the fuse has a short-circuit
rating acceptable for the circuit in which it is used. See the Standard for Oil-Fired Boiler Assemblies, UL
726, Short Circuit Test. The product shall be marked in accordance with 36.6.
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27 Switches and Controllers

27.1 A controller(s) for controlling the loads involved shall be provided for all assemblies incorporating
more than one motor intended for connection to the same power supply.

Exception: A controller is not required for an assembly with more than one motor if the marked maximum
fuse size does not exceed 20 amperes at 125 volts or less or 15 amperes at 600 volts or less and with
not more than 6 amperes full-load current for each motor.

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

ungrounded conductors to interrupt current flow to the motor.

27.3 A singlé
controlled. Th
a remote mo

27.4 A contr
load external

27.5 A contr
a current-intg

27.6 If the cd
endurance tq
duration equi

27.7 The log
alternating cu

controller may control more than one motor It the controller IS rated for the ¢
e assembly shall be marked in accordance with 36.10 if the same controller.co
or(s) in addition to the motor(s) in the unit containing the controller.

ller or switch shall be rated for the load that it controls. The load ¢ontrolled is 1
to the assembly for which connections in the controller or switch) circuit are pr

pller that may be called upon to break a motor load under¢doeked-rotor conditio
rrupting capacity not less than the locked-rotor load of the motor controlled.

ntroller is cycled by the operation of an automatic<feset overload device, it is to
st under locked-rotor conditions without malfunction. The endurance test i
valent to that required for the overload devicé&and at an equivalent rate.

ked-rotor load of a motor is based on six times the full-load current rating o
rrent, and ten times the full-load current rating if direct current.

27.8 If the

protecting thg motor of the smallest rating, two or more motors each having individual runnin
protection may be connected to the same/power supply if it can be determined that a fuse
size will not gpen under the most severe conditions of service that might be encountered.
28 Capacitotls

28.1 A motoy starting or ‘running capacitor shall be housed within an enclosure or cont

arked maximum fuse size of the boiler assembly does not exceed the maxi

bmbined load
ntacts handle

0 include any
pvided.
ns shall have

withstand an
s to be of a

f the motor if

mum size for
g overcurrent
nf the marked

iner that will

protect the plates against- mechanical damage and that will reduce the risk of the emissign of flame or
molten matefial resulting from malfunction of the capacitor. Except as noted in 28.2
container shall he“of' metal providing strength and protection not less than that of uncoat
inch (0.51 min)_thick.

nd 28.3, the
steel 0.020

28.2 The individual container of a capacitor may be of material other than metal if the capacitor is
mounted in an enclosure that houses other parts of the boiler assembly, and provided that such box, case,
or the like, is acceptable for the enclosure of current-carrying parts.
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28.3 If the container of an electrolytic capacitor is constructed of metal, it shall be insulated from
dead-metal parts in accordance with Table 30.1.

28.4 A capacitor employing a liquid dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium when tested in accordance with the applicable performance
requirements of this standard, including faulted overcurrent conditions based on the circuit in which it is
used. See the Standard for Oil-Fired Boiler Assemblies, UL 726, Short-Circuit Test.

Exception: If the available fault current is limited by other components in the circuit, such as a motor start
winding, the capacitor may be tested using a fault current less than the test current specified in the Table
of Short-Circuit Test Currents, UL 726, but not less than the current established by dividing the circuit

voltage by the impedance of the other component(s).

29 Electrical

29.1 Materid
cold-molded

29.2 Vulcani
the sole supg
risk of fire or

29.3 An insy
similar mater
inch (0.71 mn
may be useq
required. Thq
thickness ma

30 Spacings
30.1 Except

between an U
30.1.

Insulating Material

| for the mounting of current-carrying parts shall be porcelain, (phenolic
Composition, or equivalent material.

ved fiber may be used for insulating bushings, washers, separators, and barrie
ort for uninsulated live parts where shrinkage, current leakage, or warpage mg
electric shock.

lating liner or barrier of vulcanized fiber, varnishied-cloth, mica, phenolic co
al employed where spacings would otherwise :be insufficient, shall be not leg
h) in thickness, except that a liner or barrier notless than 0.013 inch (0.33 mm
in conjunction with an air spacing of notZless than one-half of the throug
liner shall be located so that it will not.be damaged by arcing. Material ha
y be used if it has equivalent insulating," mechanical, and flammability properti

— High-Voltage Circuits

ps noted in 30.2 — 30.4, the'spacings between uninsulated live parts of opposit
ninsulated live part and a_dead-metal part shall be not less than the values indig

composition,

rs, but not as
y introduce a

mposition, or
s than 0.028

in thickness
h air spacing
ving a lesser
S,

b polarity and
ated in Table
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Table 30.1
Minimum spacings

Ratings Minimum spacings @ inch (mm)
Volt-Amperes Volts Through Air Over Surface To Enclosure ¢
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 1/4 (6.4) 3/8 (9.5) 1/2¢ (12.7)
301 - 600 3/8 (9.5) 1/2%e (12.7) 1/2¢ (12.7)
a See 29.3.
b |f over 300 volts, spacings in last line of table apply.
¢ The spafings between wiring terminals of opposite polarity, or between a wiring terminal and grounded m‘tstal, shall
be not legs than 1/4 inch (6.4 mm), except that if short-circuiting or grounding of such terminals will not\esiilt from
projecting|strands of wire, the spacing need not be greater than that given in the above table. Wiring.termirfals are
those conpected in the field and not factory wired. Measurements are to be made with solid wite of lddequaje
ampacity for the load connected to each terminal.
4 Included fittings for conduit or metal-clad cable.
€ The spakings at wiring terminals of a motor shall be at least 1/4 inch (6.4 mm) for a;motof rated 250 voltq or less
and 3/8 irfch (9.5 mm) for a motor rated more than 250 volts.

30.2 The thr
basis of the t
spacing from
components

which control
in addition to
however, a ¢
larger load. Tl

30.3 The spa
is judged on
from the inst
indicated.

30.4 All unin
same voltage
opposite pol3
basis of the

30.5 For cirg

pugh-air and over-surface spacings at an individual compenent part are to be |j
btal volt-ampere (VA) consumption of the load(s) that'the component controls.
the component to the enclosure shall be juddged ‘on the basis of the totg
n the enclosure. For example, the through-air;and oversurface spacings at
5 only a motor is judged on the basis of the VA\Of the motor. A component that
the motor is similarly judged on the basis\of the sum of the VA of the loads
bmponent that independently controls separate loads is judged on the basis of
he VA values for the load referred.tgzabove are to be determined by the meaj

\cing requirements in Table 30:4\do not apply to the inherent spacings of a com
he basis of the requirements:for the component. However, the electrical cleara
bllation of a component~including clearances to dead metal or enclosures, s

Sulated live parts connected to different circuits, except subdivided or branch
from the same)feeder, shall be spaced from one another as though they
rity in accordarce with the requirements indicated in 30.1 — 30.3 and shall be |

ighest yvaltage involved.

uits, nNot exceeding 300 volts, the over-surface spacings for glass-insulated

motors may he\1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) is specified in the table; and ma

udged on the
However, the
| load on all
A component
controls loads
50 controlled;
the VA of the
sured input.

ponent which
ince resulting
hall be those

circuits of the
vere parts of
udged on the

terminals of

y be 1/4 inch

(6.4 mm) where 3/8 inch (9.5 mm) is specified.
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31 Spacings — Low-Voltage Circuits

31.1 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 31.1 — 31.4.

31.2 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 30.4.

31.3 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).

31.4 The spacing between uninsulated live parts, regardless of polarity, and betweenrar/finsulated live
part and a defad-metal part, other than the enclosure, which may be grounded when the.devige is installed
shall be not Igss than 1/32 inch (0.8 mm), provided that the construction of the parts.is’such fthat spacings
will be definitely maintained.

31.5 The spacings in low-voltage circuits that do not contain devices such as indicated inf 31.1 are not
specified.

32 Accessibility of Uninsulated Live Parts and Film-Coated Wire
32.1 Genera|

32.1.1 During the examination of a product to determine whether it complies with the [requirements
concerning afcessibility of uninsulated live parts and film-coated wire:

a) Alpart of the enclosure that may be_@pened or removed by the user without usifpg a tool, (to
attach an accessory, to make an opgrating adjustment, or for other reasons) is to e opened or
remoyed;

b) Insulated brush caps are hot required to be additionally enclosed;

c) The probes shall be~applied to any depth that the opening will permit; and shall jpe rotated or
anglgd before, during,;and after insertion through the opening to any position that i$ necessary
to expmine the encloesure; and

d) The probes)shall be used as measuring instruments to judge the accessibility pfovided by an
open|ng, and not as instruments to judge the strength of a material; they shall be applied with
the nrinimum force necessary to determine accessibility.

32.1.2 An uninsulated 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 contact by personnel
performing service functions that may have to be performed with the equipment energized.
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32.1.3 The requirements of 32.1.2 are not applicable to mechanical service functions which are not
normally performed with the equipment energized.

32.1.4 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 32.1.

a) The components are located with respect to the access opening in the cabinet so that the
farthest component in the control assembly is not more than 14 inches (356 mm) from the plane
of the access opening.

b) U
parts|

persq

proje
smal

encld

proje

perin

within a control panel) or unguarded moving parts that may involve a riskrQf-i

est rectangular perimeter surrounding the outside edge of the components or

eter surrounding the outside edge of the component or control enclosure.

c) The volume generated by the projected clear space of-tlie control assembly to t

open

ng in the outer cabinet (within the access area) is_completely free of obstructi

inclugling wiring.

d) A
by ot

e) E
encld

her components or by wiring in this assembly.

sure are to be located so that:

outer cabinet; and

2) They are notimmediately adjacent to uninsulated live parts outside the
assembly enclosure, unless guarded.

ns are located not closer than 6 inches (152 mm) from any side of the-actesy
Cted clear space is considered to be bounded on the sides by the projection o

sure when provided. The access area is considered to be bourided on the sid
ction of the perimeter of the access opening in the outer cabinget to the closest

Ccess to the components in the control assémbly is not impeded in the directid

tractor-type fuseholders and snap_‘Switches mounted through the control asse

1) There is unimpeded-access to these components through the access of

ANsulated Tive parts outside the control assembly projecied clear space (except for live

hjury to
area. The

f the

control

es by the
rectangular

e access
pns,

n of access

mbly

ening in the

control
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Figure 32.1
Accessibility and protection
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