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INTRODUCTION
1 Scope

1.1 These requirements cover oil burners intended for firing appliances and devices such as boilers;
central, floor, wall, and special furnaces; storage tank water, air, and direct-fired air heater units; and
ovens. These burners are required to be equipped with automatic primary safety controls to restrict
abnormal discharge of oil at the burner in case of ignition failure or flame failure.

1.2 The use of oil-burning equipment covered by these requirements are intended for installation in
accordance with the National Fire Protection Association Standard for the Installation of Oil-Burning
Equipment, NFPA 31, the International Mechanical Code, and the Uniform Mechanical Code.

1.3 Oil Burngrs covered by this standard are intended for use with one or more of the-fallowing grades of
fuel oil/biodiegel blends as defined in the Standard Specification for Fuel Oils, ASTM'D396:

a) No.|1 S15, No. 1 S500, No. 1 S5000, No. 2 S15, No. 2 S500, No. 2)$5000, No{ 2, which may
contain up to 5% biodiesel.

b) B6-B20 S15, B6-B20 S500, B6-B20 S5000 which are biodiesgl blends that may| contain up to
20% bjodiesel.

c) B21+B100 which are biodiesel blends that may contain*dp to 100% biodiesel.

d) No.|4, No. 4 (Light), No. 5 (Light), No. 5 (Heavy), No. 6.

Note: Unless stated otherwise it is implied that all sulfur grades are included for the fuel oil grade listed
2 Compongnts

2.1 Except as indicated in 2.2, a component of a product covered by this standard shall cbmply with the
requirements| for that component. (See the individual sections of this Standard for component
requirements

2.2 A compgnent is not required to comply with a specific requirement that:

a) Invplves a feature or characteristic not required in the application of the conjponent in the
produgt coveredby this standard, or

b) Is stiperseded by a requirement in this standard.

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

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

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.
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4 Undated References

4.1
interpreted as

5 Glossary

5.1 Forthep

referring to the latest edition of that code or standard.

urpose of this standard, the following definitions apply.

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

5.2 AIR SHUTTER - An adjustable device for varying the size of the air inlet or inlets regulating primary
or secondary air.

5.3 ANTIFLC
rise in fuel leyv|
can occur.

5.4 BURNEHR
automatically.

5.5 BURNER
ignited under s

5.6 BURNER
the oil and all
examples are
atomizing, and

5.7 BURNEH
other mechani

5.8 BURNEHR
created in the

5.9 BURNEHR
which liquid fu
fuel, with prov

5.10 CENTR

ODING DEVICE - A primary safety control that causes the fuel flow to bé s
el or upon receiving excess fuel, and that operates before the hazardous, dis

, AUTOMATICALLY-LIGHTED — One where fuel to the main burner is turned

, MANUALLY-LIGHTED — One where fuel to the maindburner is turned on onl
upervision.

, MECHANICAL-ATOMIZING TYPE — A power-operated burner that prepare
or part of the air by mechanical process in,controllable quantities for comb

air and steam atomizing, high and low pressure atomizing, horizontal rotary,
vertical rotary wall-flame burners.

sm as the principal means for supplying air for combustion.

, NATURAL-DRAFT TYPE — A burner that depends principally upon the
flue to induce into the.burner the air required for combustion.

2, VAPORIZING TYPE — A burner consisting of an oil-vaporizing bowl or other
el may be fed\in controllable quantities; the heat of combustion being used t¢

sion for admitting air and mixing it with the oil vapor in combustible proportions

AL-HEATING APPLIANCE - A stationary indirect-fired vented appliance c

following clas

hut off upon a
charge of fuel

bn and ignited

by hand and

5 and delivers
ustion. Some
vertical rotary

, MECHANICAL-DRAFT TYPE~ A burner that includes a power-driven fan, blower, or

natural draft

receptacle to
vaporize the

bmprising the

bes.) boilers, central furnaces, floor furnaces, and recessed heaters. A floor

mounted unit

heater to be connected to a duct system is classified also as a central heating appliance.

5.11
delivery to the

burner.

CONSTANT-LEVEL VALVE — A device for maintaining within a reservoir a constant level of fuel for

5.12 CONTROL - A device that functions to regulate the fuel, air, water, or electrical supply to the
controlled equipment. It may be automatic, semiautomatic, or manual.

5.13 CONTROL, LIMIT — A safety control responsive to changes in liquid level, pressure, or temperature,
normally set beyond the intended operating range of the controlled equipment to limit its operation.

5.14 CONTROL, OPERATING — A control, other than a safety control or interlock, to start or regulate
input according to demand, and to stop or regulate input on satisfaction of demand. Operating controls
may also actuate auxiliary equipment.
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5.15 CONTROL, SAFETY — An automatic control, such as a relay or switch used in conjunction with
other auxiliary equipment to form a safety control system that is relied upon to reduce the risk of fire,
electric shock, or injury to persons.

5.16 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:

Programming Unit — A device that programs the burner through start-up and shut-down operations
in response to signals from regulating, limiting, and monitoring devices. It also provides the timings,
as required, in proper sequence, for purging, flame establishing periods, and in case of flame

failure,

for safety shutdown (lockout).

Comb
point ¢
preser

5.17 CONT

5.18 DRAFT
desired draft i

5.19 ELECT

a) Hig
charad

b) Low
curren

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

5.20 FUEL

f flame supervision and transmits a signal to the programming unit, indicati
ce of flame.

ROL, SAFETY COMBUSTION — See Control, Primary Safety — 5.16.

[ REGULATOR, BAROMETRIC (Automatic Damper) — A device that functiong
h the appliance by automatically reducing excess chimney draft to the desired

RICAL CIRCUITS —

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

-Voltage Circuit — A circuit involvingya® potential of not more than 30 volts 1
t (42.4 volts peak) or direct current-and supplied by:

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

2) Is limited to a-maximum of 100 volt-amperes. A circuit derived from a so

as a means of limiting the voltage and current, is not considered to be a low-v

stion Detector — A device that is responsive to flame properties. It monitors tll|e flame at the

hg absence or

5 to maintain a
value.

having circuit

ms alternating

ance, or by a
e with what is

urce of supply

classified as a‘high-voltage circuit, by connecting resistance in series with the supply circuit

bltage circuit.

cation for Fuel

DIL~ Any hydrocarbon oil or biodiesel blend as defined by Standard Specifi

Oils, ANSI/AS

5.21

TWMD396-2021

throughout the time the burner is in service, whether the main burner is firing or not.

5.22

throughout the time the burner is firing.

5.23

IGNITION, CONTINUOUS - Ignition by an energy source that is continuously maintained

IGNITION, INTERMITTENT - Ignition by an energy source that is continuously maintained

IGNITION, INTERRUPTED - An ignition system that is energized each time the main burner is to

be fired and de-energized at the end of a timed trial for ignition period or after the main flame is proven to
be established.

5.24 IGNITION, MANUAL - Ignition by an energy source that is manually energized and where the fuel
to the pilot is lighted automatically when the ignition system is energized.
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5.25 PILOT - A flame that is utilized to ignite the fuel at the main burner or burners.

5.26 PILOT FLAME-ESTABLISHING PERIOD — The length of time fuel is permitted to be delivered to a
proved pilot before the flame-sensing device is required to detect pilot flame.

5.27 PILOT, EXPANDING — A pilot that burns at a low turndown throughout the entire time the burner is
in service whether the main burner is firing or not. Upon a call for heat, the pilot is automatically expanded
so as to ignite the main burner as intended. This pilot may be turned down at the end of the trial-for-ignition
period for the main burner.

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

of the pilot flame prior to permitting the main burner fuel to be delivered for combustion.

5.29 POST-H
during which t

PURGE PERIOD — The period of time after the fuel delivered to the burner is
e burner motor or fan continues to run to supply air to the combustion chambe

stopped and
r.

5.30 PREPURGE PERIOD - The period of time during the burner start-up in‘which air is iftroduced into

the combustio
replace the air

5.31 PRIMA
ignition zone.
5.32 PUMP,

from the supp
pump is inteng
pump and the

5.33 PUMP,
through contin

h chamber and the associated flue passages in such volumesand manner as
or fuel-air mixture contained therein prior to initiating ignition.

RY AIR — The air introduced into a burner and which mixes with the fuel before

AUTOMATIC OIL — A pump, not an integral, part of a burner, that automatic
y tank and delivers the oil by gravity undera constant head to an oil-burning 3
ed to stop pumping automatically in case of total breakage of the oil supply lin
appliance.

OIL-TRANSFER - An oil pump, automatically or manually operated, tha
uous piping from a supply tank to an oil-burning appliance or to an auxiliary ta

to completely

it reaches the

ally pumps oil
ppliance. The
e between the

transfers oil
nk, and which

is not intended to stop pumping automatically in case of total breakage of the oil supply ling between the

pump and the

5.34 RECY(Q
burners that, U
burner fuel, wi

attempt to automatically)light the main burner.

5.35 SAFET

appliance.

pon accidental flame failure during a normal firing cycle and the subsequent s
| provide after a preestablished shutdown period and under a normal starting

Y- SHUTDOWN — The action of shutting off all fuel and ignition energy to

LE — A characteristic in some programming primary safety controls for automatically lighted

hutoff of main
program, one

he device by

means of a sa

rety controtorcontrots such that restartcanmot be-accomptisted withoutaTety

cle or manual

reset (lockout).
5.36 SECONDARY AIR — The air externally supplied to the flame at or beyond the point of ignition.

5.37 SERVICING - The periodic tasks usually performed to operate and maintain an appliance, such as
air, fuel, pressure, and temperature regulation, cleaning, lubrication, and resetting of controls. Repair and
replacement of parts other than those expected to be renewed periodically is not considered to be
servicing. Some examples of servicing are:

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

c) Cleaning strainers or replacing strainer or filter element.
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d) Resetting safety control.

e) Replacing igniter cable.

5.38 SPECIAL PARTS AND TOOLS - Those parts and tools that are not available on the open retail

market.

5.39 STRAINER, PRIMARY - The strainer through which all oil first passes on way to burner, being
upstream from any other strainer.

5.40 STRAINER, SECONDARY - A strainer downstream from the primary strainer, interposed in the fuel
line between the primary strainer and the point at which fuel is delivered for combustion.

5.41 UNATT
exercising res
motor at all ti
See 41.6.

5.42 TRIALA
delivered into

5.43 VALVE
completely tu

5.44 VALVE
oil valve for cq

[ENDED - Lacking the presence of a person, not necessarily an electricia
ponsible control of the motor under consideration. Such a person need)not be
mes but must be available for opening the motor circuit in the eventyof motg

FOR-IGNITION PERIOD — That period of time the main ‘burner fuel is p
the ignition zone before the main flame-sensing device, is téquired to detect m

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

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

n, capable of
in sight of the
r overheating.

ermitted to be
hin flame.

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

ssentially of an

a) Metering (Regulating) Valve — An oil control valve for regulating burner input.
b) SaIty Valve — A normally closed valve of the "on" and "off" type, without any |bypass to the
burner, that is actuated by a safety control or by an emergency device.

CONSTRUCTION - MECHANICAL

6 General

6.1 Fuel-confining patts or operating parts shall not sag, distort, melt, oxidize, show leakage of fuel, or

reduce the lik

blihood\of a safety device from functioning during any of the tests specified her|

6.2 To confd

Bin.

rmio 6.1 a material shall have g mnlfing Ir_minf, salidus fpmpnmhlrp, of not Ig

ss than 950°F

(510°C) and a tens@strength not less than 10,000 pounds per square inch (psi) (69 MPa) at 400°F
(204°C).

6.3 Fuel-confining parts not conforming to 6.1 and 6.2 may be employed if a fusible-link valve or the
equivalent is included in the assembly of the burner so as to shut off the fuel supply in the event of
excessive temperature or fire in the vicinity of such parts.

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

6.5 Soft solder shall not be used on any fuel-handling parts if melting of the solder may allow leakage of
fuel. Soft-soldered joints, where permitted, shall be made mechanically secure before soldering.
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6.6 The burner shall function so as to reduce to a minimum the generation of unburned vapors, and shall
not include chambers or pockets in which unburned vapors may accumulate. An oil-conveying pipe or
passage shall not be exposed to such temperatures as may result in carbonization or clogging when the

burner is tested in accordance with these requirements.

7 Servicing

7.1

performed with the equipment energized.

The requirements of 37.1 are not applicable to mechanical service functions which are not normally

7.2 Moving parts such as fan blades, blower wheels, pulleys, or belts which may cause injury shall be
enclosed or guarded.

If the removal of doors or panels or shields will expose such moving parts:

ppening or removal of the door, panel or shield shall require the use ofitools;

b) An ipterlocking device shall shut off the mechanism; or

7.3
a) The
c) A m
follows|
To Avoid Inju

7.4 The distd
shall be in acc
3 inches (76.2
included in the
appropriate in
minor dimensi
can be inserte

7.5 A moving
to be contacte

arking, preceded by the word "DANGER," shall be displayed which reads

'y From Moving Parts, Shut Off The (Equipment).Before (Removing- Opening)
Door).

nce from an opening in a required guard.or enclosure to the moving part me
prdance with Table 7.1, but the minor dimension of the opening shall not in any
mm). For an opening having a minér dimension intermediate between two
table, the distance from the opening to the moving part shall be not less than
ferpolation between the corresponding values in the right-hand column of {
bn of the opening is determined by the largest hemispherically tipped cylindri
d through the opening withya force of 5 pounds (22 N).

bssentially as

This (Cover-

ntioned in 7.1
case exceed
of the values
that found by
he table. The
cal probe that

part is not to be censidered when judging compliance with 7.2 and 7.4 if the part is unlikely

H through the opening because of fixed components, including baffles.

Table 7.1
Dimensions of openings
M " - ¢ - Mirri " ¢ - ving part
Inches (mm) Inches (mm)
1/4 6.4 12 12.7
3/8 9.5 1-1/2 38.1
12 12.7 2-1/2 63.5
3/4 19.1 4-1/2 114
1 254 6-1/2 165
1-1/2 38.1 10-1/2 267
2 50.8 14-1/2 368
Over 2 inches (over 50.8) 30 762

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

8.1 Except as indicated in 8.2 — 8.6, a burner shall be factory-built and shipped as an unit assembly and
shall include all the essential parts necessary for its intended function when installed as intended. The
equipment may be shipped as two or more subassemblies.

Exception: The equipment necessary to supply atomizing burner need not be provided with the assembly
if the burner is marked in accordance with 74.19.

8.2 The burner may incorporate individual assemblies which are installed remotely from the burner. Such
individual assemblies shall be marked in accordance with 74.4.

8.3 A strainer needed to protect small orifices need not be provided with the burner. See™1%.1.

8.4 In accorflance with 8.1 the complete primary safety control shall be furnished.with each burner by the

burner manufacturer except that an oil burner having an input not in excess of 3-gallons
(11.4 liters pdr hour) and intended for use with separate interchangeable primary safety cq
furnished lesq the control if the burner is marked to indicate the appropriate type to be used.

8.5 Parts of| a safety control that are required to be burner-mounted’ shall be factory-a

pber hour (gph)
ntrols may be

tftached. If the

combustion dgtector is burner-mounted but the safety switch is naf,'the burner shall be marked to declare

the safety swifch with which it is to be used.

8.6 The burper equipment, if not assembled by the manufacturer as unit assemblies, shall
as few subasgemblies as practicable. Each subassembly-shall be capable of being incorp
final assembl
or more subagsemblies, which must bear a definitételationship to each other for the intendg
the equipmernt, shall be arranged and constructed to permit them to be incorporated intg
assembly, without need for alteration or alignment, only in the correct relationship with each

assemblies shall be assembled, tested, andshipped from the factory as part of the burner ag

8.7 If the albnormal discharge of oil is restricted by the establishment and maintenanc
maximum level of oil in the burner;-the parts required to maintain that oil level shall be assen
upon a common base in the\correct relationship with one another by the burner man
minimum distance between ‘the designed maximum normal oil level in the burner and th
lowest point at which overflow may occur shall be not less than 3/4 inch (19.1 mm).

8.8 The burper shall provide a uniform and definite supply of fuel and air for combustion
and adjusted |jn accordance with the manufacturers mstallatlon mstructlons The means for

be arranged in
brated into the

without requiring alteration, cutting, threading, welding, or similar tasks by th¢ installer. Two

bd operation of
the complete
other; or such
sembly.

e of a definite
bled and fixed
ufacturer. The
e level of the

when installed
regulating the

supply of air a
prevent accidental changes in settlngs

i a manner to

8.9 All parts requiring adjustment or manipulation by the user in the course of operation of the burner
shall be accessible and easily moved. Any part that may normally come in contact with the operator's hand
during usage shall be free from sharp edges or projections and projecting sharp screw ends.

8.10 Accessibility shall be afforded to all burner parts, controls, and safety devices requiring servicing.
The disposition of parts in the assembly removed for servicing shall be such that their restoration, following
removal, will not necessitate their realignment to secure their intended relationship with other parts of the
assembly. Special facilities that may be required for servicing to be performed by the operator shall
accompany the burner to the user.
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8.11 A firing assembly, atomizer and nozzle assemblies, and the like, intended to be removed and
replaced for servicing shall be constructed so that, upon replacement, the assembly will self-restore the
atomizer or nozzle to its correct position.

8.12 The burner and/or subassemblies shall incorporate provisions for support, adjustment, and
attaching to the heating plant or to the foundation on which it rests in order that installation can be so made
as to prevent its twisting, sliding, or dropping out of the intended position.

8.13 A burner intended to be installed with a special combustion chamber or hearth shall be constructed
and arranged to facilitate its installation. Where necessary, such a burner shall be provided with means to
support the combustion chamber or hearth in its intended position.

Table 8.1
Torque requirements for screws or bolts

1.S.0. screw
American starjdard screw size Torque size Torqye
No. mm Lb-In N-m mm N-m Lb-In
- - - - 4 1.6 14
8 4.2 18 2.0 45 2.6 23
10 4.8 30 3.4 5 4.2 37
Inch mm
1/4 6.4 100 11.3 6 8.7 77
- - - - 7 15.0 133
5/16 79 200 22.6 8 23.5 208
- — - = 9 33.6 297
3/8 9.5 350 39.6 10 45.2 400
7/16 1.1 575 65.0 12 81.0 715
1/2 12.7 850 96.0 14 128.0 1130
9/16 14.3 1200 136.0 - - -
5/8 15.9 1600 181.0 16 185.0 1640

8.14 A burngr of the "swing‘type" shall be provided with means for locking the burner in thelfiring position
and, for an ajtomatically-lighted burner, to restrain it from discharging fuel when in other than the firing
position.

8.15 An adjusted or movable part shall be provided with a locking device to restrict accidental shifting.

8.16 Screws or bolts used to attach parts which are detached for servicing of the burner shall be capable
of holding upon the application of the torques indicated in Table 8.1 after removal and replacement.

8.17 Burners equipped, or intended to be equipped in the field; with preheaters to heat the fuel oil before
burner combustion shall be provided with an interlock to prevent fuel oil from being delivered to the burner
for combustion until it has been heated to the intended temperature. An oil temperature in excess of the
limit established by the burner manufacturer shall result in safety shutdown. If the oil temperature falls
below the predetermined low limit, the interlock shall operate to stop fuel delivery to the burner and allow
circulation of the oil until the temperature increases to permit firing. Preheaters shall comply with the
Standard for Electric Oil Heaters, UL 574 and interlocks shall comply with the Standard for Limit Controls,
UL 353.

8.18 Fuel oil pumps provided as part of the burner shall comply with the Standard for Pumps for Qil-
Burning Appliances, UL 343.
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9 Bases

9.1

The base or frame on which burner parts are mounted shall consist of noncombustible material.

9.2 Each base or frame shall incorporate provisions for installing the assembly, and shall include
securing and adjusting means for leveling and alignment where such are necessary.

10 Fan Hou

10.1

sings and Air Tubes

durability to not be damaged during test under these requirements.

A fan housing and an air duct shall be made of noncombustible material having the strength and

10.2 A hous
provided with

10.3 Anair
the nozzle sh

10.4 The ex
firing end ang
shall be madg

10.5 An out
strength, rigid
having a thicK
not less than

11

11.1 A fire g
splashing or s

11.2 If shee
provide stren

ing in which oil leaking from any oil-handling part of the assembly may acéun
an open drain, that is, an inverted fan housing on a gun-type burner.

ube of a gun-type oil burner shall prevent the accumulation of oil witkyin it. Any
Il drain to the fire box. A drain shall be located to avoid blockage by refractory

ferior portion of a firing head within 6 inches (152 mm) measured parallel to itg
all parts which may be in contact with masonry whef the burner is installe
of iron or steel. Interior parts shall be made of materials conforming with 6.1 —

br shell of a blast tube or firing head, if made of sheet metal, shall be such
ity, durability, resistance to corrosion, and other physical properties equivalent
ness of not less than 0.053 inch (1.35 mm).or Type 309 stainless steel having
D.026 inch (0.66 mm).

Fire Pot$ and Vaporizers

ot or vaporizer shall be constructed of ferrous materials and shall reduce th
eepage of fuel from it during tests under these requirements.

metal is used in“the construction of a fire pot or vaporizer, the metal shall
gth, rigidity, durability, resistance to corrosion, and other physical properties

sheet steel having a thickness of not less than 0.042 inch (1.07 mm) for oil-retaining partg

thickness of
possessing d

hot less_than 0.032 inch (0.81 mm) for other parts. Drawn parts shall be
awing-gqualities.

11.3 Avapo

hulate shall be

drippage from
or cement.

axis, from the
j as intended,
6.5.

as to assure
to sheet steel
a thickness of

e likelihood of

be such as to
equivalent to
and having a
made of steel

Fizing burner shall be constructed so that, when installed, the oil-inlet piping ta

the fire pot or

vaporizers may be cleaned.

11.4 An air duct shall be so arranged with respect to a fire pot or vaporizer as to reduce the risk of the
discharge of liquid fuel through it when the oil in the fire pot is at the maximum level permitted by the oil

control.

12 Combustion Air Controls

12.1

means for reducing the risk of unintentional change in setting.

An air shutter shall be capable of being adjusted to any intended setting and be provided with

12.2 The air inlet arrangement shall be capable of supplying sufficient air for complete combustion under
the specified draft condition and at the maximum rate of firing when the burner is installed as intended. All
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the air required for complete combustion shall be introduced in a manner so as to maintain thorough
mixing of the fuel and air in order to complete the combustion within the combustion zone.

12.3 An air shutter shall provide a smooth surface between the shutter and the matching face.

12.4 Sheet metal air shutters shall be of a thickness not less than 0.0254 inch (0.65 mm). If sheet metal
air shutters are of a thickness less than 0.0508 inch (1.29 mm), they shall have the outer edge turned at
right angles or be reinforced in an equivalent manner.

12.5 An air shutter shall by its construction or assembly and selection of materials be guarded against
sticking or corroding in position. Screws or bolts used for attaching or adjustment shall be of corrosion-

resistant material.

12.6 An adj
adjustment, ar

12.7 A burn
supply with th
control.

12.8 Linkags
unintentional d

Istable part shall be guided to restrain its movement from its intended
d the means for adjusting the part shall be accessible for servicing.

r arranged to change the firing rate automatically shall automatically prog
fuel, if necessary to produce stable combustion at all firing rates allowed by

for operating air and fuel controls shall maintain th€ intended fuel-air ratio a
amage and disengagement.

12.9 A burngr having an input in excess of 20 gph (76,L/h) shall be provided with an in

shuts off the &
required to reg

12.10 Fora

by a forced or
shall result in
combustion ai

12.11 For re
regard to ope
Combustion A

12.12  With r|
need not resul
flow has been

urner and causes safety shutdown uponoss of combustion air, so that a m
tore the burner operation when the combustion air is reestablished. See 12.12

purner having an input not in excess of 20 gph (76 L/h) for which combustion

induced draft fan which is not integral with the burner motor shaft, the loss of g
shutting off the fuel. The burner operation may be resumed automaticg
is reestablished.

quirements for mechanical draft burners not equipped with a combustion 2
ation during the interruption and restoration of the combustion air supply se
r Failure Test:

t in safety shutdown. However, no delivery of fuel shall be initiated before the g

path during

ortion the air
the automatic

hd shall resist

terlock which
anual reset is

pir is supplied
ombustion air
lly when the

ir interlock in
e Section 52,

bspect 10)12.9, loss of air during prepurge or any time at start-up prior to delivery of fuel,

ombustion air

reestablished and the required prepurge has been completed. See 13.1.

12.13 A burner having an input rating in excess of 20 gph (76 L/h) shall employ a low oil pressure
interlock switch that shall cause safety shutdown when the oil pressure falls below the predetermined limit.

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

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

12.14 A burner having an input rating in excess of 3 gph (11.4 L/h) shall be provided with a low pressure
interlock switch for the atomizing media that shall cause safety shutdown when the pressure falls below
the predetermined limit.
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Exception: A low pressure interlock switch is not required provided the air pump is secured directly on the

burner motor

shaft and the input does not exceed 20 gph (76 L/h).

12.15 A control device provided as an interlock, as described in 12.13 — 12.14, shall be constructed and
tested in accordance with the Standard for Limit Controls, UL 353.

13 Prepurge

and Post-Purge

13.1  The following types of mechanical draft burners shall include a prepurge period in accordance with
13.2 and 13.3 before the ignition and fuel deliver are initiated:
a) A burner having an input in excess of 20 gph (76 L/h).
b) A purner having an input in excess of 7 gph (26.5 L/h) when the oil pbmp operates
indepgndently of the burner.
13.2 The pregpurge shall be performed in accordance with one of the following:_During th¢ prepurge the

air flow and th

a)Ap
combd

b) A p
provid

13.3 Aprep
marking on t
provides at Ig
passages of t
than equivale
the purge the

13.4 A mec
period of not |

14 Draft Re

14.1 Regulg
Section 51, sh

e damper position shall be proven. See also 13.3.

briod of 30 seconds during which time the air flow is at a rate equivalent to th
stion at the maximum rated high-fire input.

eriod of 60 seconds during which time the air flow is at a rate at least equ
bd for combustion at 60 percent of the maximumirated high-fire input.

irge of a shorter time than specified in 13.2'iS acceptable for a burner that is d
ne burner for use only on a specific appliance and it is determined that th
ast four complete air changes for-thé combustion chamber, heat exchange
he appliance. However, the purging-shall be accomplished with the air flow at
ht to that provided for combustion-at 60 percent of the maximum rated high-fir
air flow and the damper pasition shall be proven.

nanical draft burner having an input in excess of 20 gph (76 L/h) shall providg
bss than 15 seconds.

gulators

tion of (draft within an oil-fired appliance over the ranges specified in Com
all be-anticipated in the construction of an oil burner.

at provided for

ivalent to that

bsignated by a
£ shorter time
r and the flue
@ rate not less
b input. During

b a post-pruge

bustion Tests,

15 Strainers

15.1 A small orifice or other opening in an oil-supply system shall be protected by a strainer in
accordance with the requirements of 15.2 — 15.12. The strainer need not be provided with the burner if the
marking on the burner or the installation instructions furnished with burner specify that a strainer suitable
for the maximum fuel input and grade of oil marked on the burner shall be provided by the installer.

15.2 The largest opening of the strainer element shall be of such size that its larger dimension will not be
greater than 90 percent of the smaller dimension of the smallest fixed opening protected by the screen.

15.3 For the purpose of these requirements, a metering valve, a float valve, and an automatic safety
valve shall be considered as a fixed opening, having a diameter of 0.03125 (1/32) inch (0.79 mm) when
Nos. 1 and 2 oils are used, and 0.0625 (1/16) inch (1.59 mm) when Nos. 4, 5, and 6 oils are used.
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15.4 A primary strainer shall be based on the maximum firing rate of the burner and the heaviest grade of
fuel for which the burner is intended. The strainer shall comply with the requirements of the Standard for
Strainers for Flammable Fluids and Anhydrous Ammonia, UL 331.

15.5 The effective area of a screen (total area of screen openings), shall not be less than as indicated in
Figure 15.1 — Figure 15.3. A strainer shall be applied so that there will be no air trapped therein to affect
rate of fuel flow to the burner or reduce the effective area of the straining element.

15.6 The effective area of a screen is not required to be greater than the maximum value shown in
Figure 15.1 — Figure 15.3, regardless of the burner firing rate, but in any case the strainer is not to impair

the flow of fuel

supplied to fire the burner at maximum rated input.

15.7 A strain
maximum firin

15.8 When t
be of approxin
required for a
element in wh
straining open

15.9 A secomndary strainer, one supplementary to the main strainer, smaller in area than re

may be used i

15.10 A stra
force necessd
attached.

15.11 A strai

as part of the gssembly incorporating such-awvalve.

15.12 Pipe ¢
protecting stra|

er employing an element other than a screen shall have a rated capacity not
j rate of the burner to which it is applied.

o strainers installed in series are provided instead of a single primary strain
nately equivalent size, and the screen area or rated capacity of éach shall be
single strainer. The strainer downstream from the other shalkbe equipped wi
ch the size of the individual straining opening is not larger ¢han 90 percent of
ng in the element of the other strainer.

n the fuel line, downstream from the primary strainer.
ner shall be applied to permit the removahand replacement of the straining
ry to open a strainer shall not permanently distort the lines or assembly

her required for the protection of.an automatic safety valve or a float valve sha

r other fuel conduit ,used to connect a float valve, metering valve, or safet
ner shall be free ofidirt and scale at the time of assembly.

less than the

er, each shall
1.4 times that
h a screen or
he size of the

quired in 15.5

element. The
to which it is

| be furnished

valve to the
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Figure 15.1

Strainer area for* No. 1 Fuel oil
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Figure 15.2
Strainer area for * No. 2 Fuel oil
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Figure 15.3

Strainer area for* Nos. 4, 5, 6 Fuel oil
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16 Constant-Level Devices

16.1
independently

of the fuel piping and shall incorporate an antiflooding device.

A constant-level valve included in the burner assembly shall be mounted and secured in place

16.2 A burner that requires the fuel oil to be supplied to it by gravity, and which is intended for installation
with a constant-level device to be provided and installed in the oil supply line at the storage tank or with an
automatic pump to maintain a uniform flow of fuel, may be furnished less such pump or device.

n a fuel-oil control or safety device shall conform to the requirements of 17.2 —

17.4.

17 Floats
17.1 Afloati
17.2 The sul

150 percent of

17.3 Afloati
contained ther
equivalent to b

merged part of a float in a float-actuated mechanism shall provide a buayancy
that required to operate the mechanism with which it is related.

h fuel oil is to resist damage because of contact with the fuel and any impuritie
ein, such as sulphur compounds and water. A metal, if used, is't6 have corros
rass.

17.4 A float aérranged to reduce the risk of the discharge of oil atithe burner shall be used

acceptable au
shutoff device

18 Fittings,

18.1 An ope
Pipe Threads,

18.2 An ope

kiliary means is provided to guard against float orfloat valve failure, such as

pnd Piping and Tubing

ning threaded for pipe connection shall be threaded in accordance with the
General Purpose (Inch), ANSI/ASME B1.20.1.

hing for field attachment to.pipe larger than nominal 3 inch ANSI/ASME B1.!

shall be provigled with a flanged pipe ‘connection conforming to the Standard for Cast Iron

and Flanged R

18.3 A fitting

ittings, ANSI/ASME B16.1.

, other than ane conforming with the appropriate American National Sta

openings threaded for pipe connections, shall be capable of withstanding, without damage o

turning effort (

Exception: Fitt

orque), sée-Table 18.1, exerted as if to screw the fitting onto a pipe or into a pi

ings. that comply with the Standard for Tube Fittings for Flammable and Comb,

Refrigeration

equivalent to

s that may be
on resistance

only when an
an automatic

Standard for

P0.1 pipe size
Pipe Flanges

hdard, having
r leakage, the
pe fitting.

ustible Fluids,

Service, and Marine Use, UL 109 having appropriate ratings for the inte

hded use are

excluded from

the requirements of 18.3.

Table 18.1
Torque requirements for pipe connections

Pipe Size ANSI/ASME
B36.10M Outside diameter Torque
Nominal Inches Inch (mm) Pound-Inches (N-m)
1/8 0.405 (10.3) 150 (17)
1/4 0.540 (13.7) 250 (28)
318 0.675 (17.1) 450 (51)

Table 18.1 Continued on Next Page
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Table 18.1 Continued

Pipe Size ANSI/ASME
B36.10M Outside diameter Torque

Nominal Inches Inch (mm) Pound-Inches (N-m)
12 0.840 (21.3) 800 (90)

3/4 1.050 (26.7) 1000 (113)

1 1.315 (33.4) 1200 (137)

1-1/4 1.660 (42.2) 1450 (164)

1-1/2 1.900 (48.3) 1550 (175)

2 2.375 (60.3) 1650 (186)

2-1/2 2.875 (73.0) 1750 (198)

3 3.500 (88.9) 1800 (203)

4 4.500 (114.3) 1900 (215)

18.4 A tool which fits snugly about the fitting, or to a section of the shank.shaped for a wrench, if such

section is pro
of the fitting a
the fitting. Th
extra-heavy p
to leak when
working press

18.5 Pipe a
with the appr

18.6 Tubing
contour of the)

18.7 Seamlg¢ss drawn aluminum)or copper tubing and steel tubing of the seamless, braz

type employe
than that speq

Vided, is to be utilized to apply the turning force. The turning ferce is to be app

Hjacent to where it is attached to piping or, if no hex is provided in this position

e measured torque specified in Table 18.1 is to be applied to the fitting to sg

ipe or into a pipe fitting of appropriate size. After the ferce has been applied, t
subjected to a hydrostatic pressure equivalent\to one and one-half times
ure.

nd pipe fittings shall be wrought iron or,steel, or iron-pipe-size brass or copp
pbpriate American National Standard.-Unions, where used, shall be the grour
the equivalent.

shall be arranged to reduce-the risk of being physically damaged, such as b
burner assembly.

lied to the hex
to the body of
rew it onto an
he fitting is not
the maximum

er conforming
d-joint type or

y following the

ed, or welded

d in the fabrication)of factory-assembled equipment shall have a wall thickngss of not less

ified in Table,18.2.

Table 18.2
Wall thickness for aluminum, copper, and steel tubing

Outside Inches

1/8
3/16
1/4
5/16
3/8
7/16
12
9/16

Minimum wall thickness, Inches® (mm)

Diameter, (mm) Aluminum and copper Steel
(3.2) 0.029 (0.74) 0.028
(4.8) 0.029 (0.74) 0.028
(6.3) 0.029 (0.74) 0.028
(7.9) 0.029 (0.74) 0.028
(9.5) 0.032 (0.81) 0.028
(11.1) 0.032 (0.81) 0.028
(12.7) 0.035 (0.89) 0.028
(14.2) 0.038 (0.96) -

0.71)
0.71)
0.71)
0.71)
0.71)
0.71)
0.71)

Table 18.2 Continued on Next Page
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Table 18.2 Continued

Minimum wall thickness, Inches® (mm)
Outside Inches Diameter, (mm) Aluminum and copper Steel

5/8 (15.9) 0.038 (0.96) 0.035 (0.89)
3/4 (19.1) 0.045 (1.14) 0.035 (0.89)
7/8 (22.2) 0.045 (1.14) 0.049 (1.24)

1 (25.4) 0.049 (1.24) 0.049 (1.24)
1-1/8 (28.6) 0.049 (1.24) 0.049 (1.24)
1-1/4 (31.7) 0.055 (1.40) 0.049 (1.24)
1-3/8 349y 6655 446 = -
1-1/2 (38.1) - - 0.065 (1.65)

& Nominal wall tHickness of tubing will have to be greater than the thickness indicated to maintain the minimum wall thickness.

18.8 Aluminym tubing shall not be exposed to condensate or to temperaturesin.excess of 1

and shall not
reaction unles

18.9 Steel tybing having a wall thickness of 0.053 inch (1.35(mm) or less shall be g

Corrosion-resis
to resist extern

18.10 Cadm
shall have a tf
the major port
than 0.00015 i

18.11 Flexibl
employed. Its
flexible conne
or to abrasion
automatic ope
Piping for Fue

18.12  Afuel
shall be plugg

5 the tubing is protected from the insulation.

be acceptable for use where it passes through insulating material of othe

tant material such as stainless steel or shall be plated, dipped, coated, or othg
al corrosion.

um plating shall have a thickness of not lgssthan 0.0003 inch (0.008 mm), an
ickness of not less than 0.0005 inch (0.013 mm), except on parts where thre
on of the area, in which case the thi¢kness of the cadmium or zinc plating sh
hch (0.0038 mm).

e connector pipes shall not(he used as a substitute for rigid piping or tubing
use shall be confined ta applications where rigid piping or tubing is impractic
ctions cannot be avoided. It shall not be subjected to torsional, tensile, or ber
. It shall not be used" in conjunction with safety devices or where bending
ration. Flexible-econnector pipes shall comply with the Standard for Flexik
s, UL 2039.

line shdll terminate in a manner that will permit connection to the burner. A fug
bd or'capped to restrict the entrance of foreign material prior to installation.

[00°F (371°C)
than neutral

onstructed of
brwise treated

d zinc plating
ads constitute
all be not less

as ordinarily
al and where
ding stresses
is caused by
le Connector

I-line opening

18.13 Acou

fimgorunion which s disconnectedfor service shattbe tocated so thatany oit

the connection will not drip or run onto electrical parts.

19 Valves

19.1

dripping from

The pressure rating of a valve shall be not less than the maximum operating pressure of the burner.

19.2 An oil burner having an input in excess of 3 gph (11.4 L/h) shall be provided with two oil safety shut-
off valves or one safety shut-off valve and a nozzle cut-off valve. The closing times of the shut-off valves
shall not exceed the timings as follows:

a) For inputs above 3 gph (11.4 L/h) but not exceeding 20 gph (75.7 L/h) — 5 seconds maximum.

b) Fori

nputs exceeding 20 gph (75.7 L/h) — 1 second maximum.
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19.3 An automatic safety valve shall be constructed so that it may not be restrained or blocked in the
open position.

19.4 A safety valve shall close upon being de-energized, regardless of the position of an operating lever
or reset handle.

19.5 An electrically-operated safety valve shall not depend on electricity to shut off the oil flow.

19.6 A safety valve responding to pressure variations in a hydraulic or pneumatic remote control system
shall close upon failure of pressure in the control system.

19.7 A man be set by the
installer or mpanufacturer to restrict the maximum amount of fuel delivered to the burner[to an amount
which can bg consumed as intended, or the means for adjustment shall be enclosed pr shielded to
discourage tgmpering after adjustment has been made by the installer. This does‘not apply to a burner
intended only[for commercial or industrial installations not open to the public.

19.8 A plug|or rotating-disc type valve, employing the bearing surface of the plug or disc as the liquid
seal to the exterior of the valve body, shall not be used in a fuel oil line.

19.9 A petcock or valve which, when open, will permit the discharge of fuel oil into the rogm shall not be
used.

19.10 A prepsure-regulating valve shall incorporate a means of shielding or locking the|adjustment to
discourage tampering by unauthorized persons after béing set. The valve shall be constructed so that the
maximum pressure of oil at the maximum valve setting will not exceed the intended maximum pressure for
the burner.

19.11 A nozzle shutoff valve of the automatic type shall close at a pressure above|the minimum
atomizing prepsure of the burner.

19.12 A pressure-relief valve shall be connected into a fuel line in which pressure may build up in excess
of that intend¢d by the design, bécause of the closing of any valve in the assembly of the Hurner or when
the oil is heatg¢d by a preheater,

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

19.14 Manually operated valves shall be constructed and tested in accordance with the Standard for
Valves for Flammable Fluids, UL 842, or equivalent nationally recognized manual valve safety standard.

20 Stuffing Boxes
20.1 If packing is used to restrict leakage of fuel oil around a shaft or stem, a stuffing box conforming to

20.2 — 20.11 shall be used if the construction is such that it is necessary to adjust or renew the packing to
prevent leakage during usage or as wear occurs.

20.2 A stuffing box shall be provided with a removable, shouldered, unthreaded follower gland and with a
nut, spring takeup, or equivalent means for adjusting the gland to maintain pressure on the packing as
wear occurs.

20.3 A stuffing box for an automatically-operated stem shall be constructed to avoid binding of the stem.
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20.4 If an adjustable stuffing box is used to seal an automatically-actuated stem of a safety device, it
shall be such that any allowable adjustment of the packing take-up will not bind the stem sufficiently to
prevent the device from functioning automatically. A gland shall be spring-loaded.

20.5 An automatic spring take-up for a gland shall employ a spring made of corrosion-resistant material
or one coated to retard corrosion.

20.6 The physical characteristics of a take-up spring shall be such that it will advance the gland through
not less than one-half its possible travel from its initial setting with the spring compressed.

20.7 At the advanced position of the gland, a take-up spring shall not require adjustment of the nut to
prevent leakage from the stuffing box when tested under pressure of one and one-half times maximum

rated pressurg.

20.8 A stuffipg-box gland shall be made of corrosion-resistant material. The assembly of

such as to re
tightened.

20.9 Before
of which is not

Sult in compressing the packing against the stem when the stuffing box n

hipment, a stuffing box shall be fully packed with pliable packing material, the
adversely affected by contact with fuel oil.

20.10 The structure shall be such as to permit repacking the stuffing box without requiring

to be dismantl

20.11 A mar
recess, when
packing nut or|
21 Gauges

211 A glass
supply system

21.2 A press
maximum inte
well as the pre¢
part of the bur

bd, and threads of a stem shall not enter the stuffing box recess.

ually-operated stem shall not back out,;nor shall threads of a stem enter
the stem is rotated or reciprocated inlany allowable manner even though
other take-up is disengaged.

gauge or sight feed, thé breakage of which will allow the discharge of fuel oi
. shall not be used.

ure gauge, when-used, shall have a scale range of at least one and one-
hded operating pressure of the burner and greater than the maximum operatin
ssure obtained at the maximum setting of any relief or pressure-regulating val
ner equipment.

22 Gas Pilof

parts shall be
ut or yoke is

impregnation

the assembly

B stuffing-box

Aan adjustable

from the fuel

half times the
g pressure as
e included as

S

22.1

or when the burner fails to ignite.

22.2 A pilot burner not automatically lighted shall be accessible for manual lighting.

A pilot burner shall be so located that fuel oil will not accumulate on or in it when the burner is firing

22.3 The pilot shall be independently controlled by means of a manually-operated pilot shutoff valve.

22.4 A pilot burner, electric igniter, and pilot supervision shall be supported in such a manner that their
position relative to each other and to the flame of the main burner or burners will remain fixed.

23 Manually-Lighted Burners

23.1 A manu

ally-lighted burner shall be arranged to provide accessibility for ignition.
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23.2 A burner provided with a preheating pan or similar arrangement for lighting shall be so constructed
as to eliminate the need for waste and paper for ignition purposes. The pan shall be of sufficient depth and
size to restrict the discharge of the oil supply into the ash pit of the heating plant prior to its discharge into
the overflow provided for this purpose. An oil supply or overflow line leading to this type of burner shall not
be exposed to the preheating flame.

23.3 The oil-regulating device of a burner intended for operation with an oil pilot shall be arranged to
permit a pilot-fire setting within predetermined maximum and minimum firing rates only.

23.4 The maximum input to a continuous oil pilot shall be not more than 10 percent of the maximum input

to the main burner.

24 Antifloo

241 An anf
permanent di
after the subag

24.2 Anant
to a predetern

24.3 An ant
shall conform

244 The m
moving parts

intended to b¢ moved during intended usage of thé’burner shall be nondetachable and shal

resume its ini
by a 25 pound

Hing Devices

flooding device assembly not enclosed within the burner housing shall"with
stortion or displacement, a 100 pound-force (445 N) applied to it ariformly in
ssembly is joined to the burner.

flooding system intended to restrain the abnormal dischargeof oil by restricti
hined maximum in accordance with 8.7 shall include a constant-level device.

flooding system, which functions to shut off the oil¢supply upon receiving oil
to 24.4 — 24.13.

bchanism shall be provided with a metallic enclosure to restrict accidental
by objects placed against or beneath\the assembly. Any part of the enclq

tial position when released. The enclosure shall not be damaged or permane
-force (111 N) uniformly applied\against the assembly from any direction.

245 The tri
the shutoff

ping point of an automatic'shutoff device shall be set and tested at the factor
echanism has operated, the amount of oil in the overflow receptacle will g

stand, without
any direction

hg the oil level

delivered to it,

obstruction of
sure which is
| automatically
ntly displaced

y so that, after
onform to the

requirements [of 24.6.

less material,
e displaced or
will not cause
size that, after
oil discharged

24.6 An ovérflow receptacle for an antiflooding device shall be constructed of seani
protected to retard corrgsion. It shall be accessible for emptying and arranged so as not to b
the support distorted( The construction and size shall be such that tripping of the receptacle
the overflowing oilto*be discharged into the room. An overflow receptacle shall be of such
the shutoff mechanism has operated, sufficient excess capacity will remain to confine all
from the piping-ard-everflowing-chamber

24.7 An oil receptacle of an antiflooding device shall not be drained by any method which, when left open
by the operator, will result in an abnormal flow of oil or which will permit operation of the burner without the
protection of the antiflooding device.

24.8 The antiflooding device shall be so arranged that either the oil shutoff valve will be closed or the
electrical circuit opened in such a manner as to restrict operation of the burner until the antiflooding device
has been restored to its normal position.

24.9 A drain plug or manually-operated valve which may be left open shall not be used for emptying an
overflow receptacle.

2410 The overflow pipe from a fire pot or vaporizing unit of an oil burner, or from a receptacle located in
the combustion zone, to the antiflooding device shall be not less than nominal 1/2 inch ANSI/ASME
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B1.20.1 pipe size. An overflow pipe from other receptacles which are normally closed shall be not less
than 3/8 inch (9.5 mm) outside diameter tubing. The discharge end of the overflow pipe shall not be
movable, as with a pipe elbow or similar fitting, but shall be mounted so as to ensure a positive discharge
into the overflow receptacle.

2411 An overflow line and its inlet shall be constructed and arranged to avoid clogging and shall be
accessible for cleaning. If found necessary under test, provision shall be incorporated to restrict the
discharge of vapors into the room. Where a trap is employed for this purpose, it shall be accessible for
cleaning.

24.12 A combustion chamber constructed of fire brick or similar oil-absorbing material shall not be used
to collect and direct unburned oil to actuate an antiflooding device.

2413 The clmplete shutoff apparatus shall be assembled, set, and tested for reliability, 6f operation by
the burner mapufacturer before shipment.

CONSTRUCTJON - ELECTRICAL
25 Servicing and Adjustment

25.1 Service|functions that may have to be performed with the equipment energized include¢:
a) Adjusting the setting of temperature controls with or without marked dial settings;
b) Resgtting control trip mechanism;
c) Opefating manual switches; or

d) Adjusting air-flow dampers.
A factory set and sealed control is not considered to be adjustable.

25.2 Adjustaple or resettable elegtrical control or manual switching devices may be locat¢d or oriented
with respect t@ uninsulated high=veltage live parts so that manipulation of the mechanism far adjustment,
resetting, or operation can b& accomplished in the normal direction of access if uninsulated high-voltage
live parts or mpving parts likely to cause injury to persons are:

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

b) Are potlecated within 6 inches (152 mm) on any side or behind the mechanism, unjess guarded.

25.3 An electrical control component that may require examination, adjustment, servicing, or
maintenance while energized, excluding voltage measurements, shall be located and mounted with
respect to other components and with respect to grounded metal parts so that it is accessible for electrical
service functions without subjecting the service person to risk of electric shock from adjacent uninsulated
live parts or to personal injury from adjacent moving parts.

25.4 Components in a low-voltage circuit are to comply with the requirements of 25.3 in their relation to
uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

26 Ignition Systems

26.1 The ignition system of an automatically-lighted burner shall be activated only before or
simultaneously with the delivery of fuel to the ignition zone and shall remain active during the trial-for-
ignition period. See 5.42. If ignition is cut off at the termination of the trial-for-ignition period, the ignition
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shall remain off for the duration of that firing cycle unless the ignition is fully restored within 0.8 seconds
upon accidental extinguishment of the main burner flame.

26.2 With respect to 26.1, a burner that employs a primary safety control with return of ignition feature in
conjunction with a combustion detector that may be susceptible to a delay in responding to flame failure
when viewing hot refractory surfaces, shall be subjected to the return of ignition test in accordance with
Section 67, Test No. 28. As an alternate the burner may be marked in accordance with 74.20. The
information in this marking shall also be included in the installation instructions furnished with the burner.
Examples of combustion detectors that may be susceptible to a delay in responding to flame failure when
viewing a hot refractor are those employing a cadmium sulfide cell ("cad cell") or a cesium oxide cell
("photo cell").

26.3 Anigni
intended posi

ter, pilot, and pilot supervisor shall be constructed and supported so that eac
ion.

26.4 The means for ignition shall be located so as to avoid the collection of carbon and oth

the dislocatig
requirements

26.5 Theco
replaced in th

n, distortion, or burning of parts when the burner is testedcin~accordan

hstruction of an oil burner shall be such that the igniter assembly may be withd
b burner assembly during servicing of the burner witheut resulting in:

a) Reduction of the clearances between bare current-carrying parts, electrodes,

metal
b) Chg

c) Red

barts,
nges in the air-gap at electrode tips,

uction of the spacings between the high-potential cables and grounded metal |

d) Changes in the position of the igniter or pilot relative to the area at which ig

initiate
27 Electric
27.1 Assen

27.1.1 A hig
or insulated tq

2712 The

d.
High-Tension Ignition
bly

h-tension/current-carrying part, such as a bus bar, electrode, or terminal, shg
providé protection against the risk of accidental contact.

n is fixed in its

er material, or
ce with these

rawn from and

and grounded

parts, and

hition is to be

Il be enclosed

gnition system shall be capable of withstanding for 1 minute, without b

eakdown, the

application of

a 60 hertzpotentiatof;

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

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

27.1.3 The tests to determine conformance to 27.1.2 shall be made with the ignition transformer
disconnected. An arc occurring during the test at a location adjacent to the electrode tips that will result in
effective ignition shall not be considered a failure.

27.1.4 If an adjustable air deflector or similar part is employed in the vicinity of high-tension parts, the
construction shall be such that it cannot assume a position which can result in lack of conformance with
the requirements of 27.1.2.
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27.2 Electrode and bus bars
27.2.1 Bare high-tension conductors shall be self-sustaining when in place.

27.2.2 An electrode or bus bar supporting an electrode shall be so constructed that it may be fixed in its
intended position and maintain the intended gap.

27.2.3 The use of a setscrew bearing directly against an insulator shall not be used as a means for
securing an ignition assembly. The construction shall be such that an insulator cannot be damaged when

tightening the securing means.

27.24 An eIrdmd&shﬂLh&mﬂdnadJmm.mlﬂbthh.MﬂaﬁM&ss.&mﬁ.m

result in any change in spacing or alignment.

27.2.5 An el
burner is bein
material shall

27.2.6 An el
equivalent, to

27.3 Insulat

27.3.1 Anin
moisture and ¢

27.3.2 Anin
insulator, a 6(
transformer pr|

27.3.3 The t¢st to determine conformance with 27.3.2 shall be conducted immediately afte]

has been cong

+3°F (32 £2°C)).

27.3.4 Anin
the nearest pq
Table 27.1.

bctrode tip shall be of such material that burning of its point will not be evig
j tested in accordance with these requirements. High-temperaturealloy steel
pe used for the electrode tip.

bctrode slanting downward toward its insulator shall be provided with a dri

prs

sulator shall be made of ceramic insulating material or the equivalent, imperv
leanable by wiping.

sulator shall successfully withstand fer’1 minute, without breakdown, through
hertz potential of three times_the maximum open-circuit voltage to ground
bvided with the oil burner.

itioned for 24 hours in air having a relative humidity of 85 +5 percent at a tem

sulator shall.provide a distance, as measured across the surface of the insul
int of barfe~eurrent-carrying parts and the nearest grounded metal surface 3

tation will not

ent while the
or equivalent

b loop, or the

educe the likelihood of oil running down the electrode from‘reaching the insulgtor.

ous to oil and

he wall of the
of the ignition

r the insulator
perature of 90

ator, between
s indicated in

27.3.5 Anin

sUlator included in a proved gas pilot assembly to be energized by a transfo

mer having a

secondary voltage of not more than 6,000 need not conform to 27.3.4 and Table 27.1 if ignition is to be for
combustible air-gas mixtures only within or adjacent to a pilot tip or nozzle handling mixtures under
pressures of not less than 1/4 inch water column (62.3 Pa).

27.3.6 An insulator shall be so located that no detrimental accumulations of carbon will form on its
surfaces when the burner is tested in accordance with these requirements.
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Table 27.1
Spacing over surface of insulators®

(mm)

Not
Not

Secondary voltage of ignition transformer Minimum surface distance over insulation inches
more than 10,000 1-1/2 (38.1)
more than 15,000 2 (50.8)

@ Except as indicated in 27.3.5, an insulator included in the assembly of a spark-ignited gas pilot shall have an over surface
spacing of not less than 1 inch (25.4 mm) if the secondary voltage of the ignition transformer is 6000 or less.

27.4 Leads

27.4.1 Igniti
the ignition tr|
connector to
be run individ

27.5 Transf

27.51 Atra
location shall
installed in a
within 1 inch

2752 Asp
insulator and

2753 The
ignition energ

essentially sinusoidal may be considered ~Among the factors taken into consideration in d

acceptability
(rms) value a
of the pulses,

28 Electric
28.1 Anign

potential of tH
parts, and be

N cable shall have a voltage ratng equal to or greater than the rated secon
bnsformer. Each end of a high-tension lead shall be provided with a fixed Ui
acilitate and ensure adequate connection to the terminal. A high-tensjen_lead
Lally in a manner to avoid sharp bends.

prmers

hsformer shall be mounted as closely as possible to thecspark gap to avoid
be such that it will not be placed within 1 inch (25,44nm) of the floor wher
ccordance with the manufacturer's installation inststictions unless that portig
5.4 mm) of the floor is waterproof.

being of at least 1/8 inch (3.2 mm) shall besprovided between a transformsg
hny adjacent metal part other than the transformer case.

breceding requirements for electric.high-tension ignition systems are based u
y that is essentially sinusoidal..Qther types of systems employing ignition ene

bf such systems are dielectric properties, electrical spacings, the true roo

hd the peak voltage of the’/system, the average pulse power, time between p
and duty cycles.

Hot-Wire Ignition

e following values between current-carrying parts and the enclosure and g
ween current-carrying parts of opposite polarity. The applied potential shall b

an assembly

pbperating at 30 volts or less and 6 amperes or less, and twice rated voltage [

ary voltage of
bop, eyelet, or
or cable shall

long leads. Its
the burner is
n of the case

r high-tension

bon the use of
rgy that is not
etermining the
-mean-square
Lilses, duration

ter assembly shall withstand for 1 minute, without breakdown, the application of a 60 hertz

ounded metal
e 500 volts for
lus 1000 volts

for an assembly operating at more than 30 volts or more than 6 amperes.

28.2 The wiring between a transformer and the igniter shall be of sufficient capacity for the current
involved and shall be provided with insulation having a temperature rating and thickness consistent with its
use. Bare terminals shall be enclosed.

29 Control Applications

29.1
safety control

or protective device shall interrupt the ungrounded conductor.

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

29.2 The control circuit shall be constructed so that a safety control or protective device cannot be
rendered ineffective by short-circuit(s) to ground. Safety-control-circuit arrangements other than described

in 29.1 shall p

rovide equivalent protection.
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29.3 The requirement of 29.1 does not apply to a supervised circuit within a safety control or to the
extension of such circuit to a separate element of the control, such as a flame-sensing device.

29.4 A control circuit shall be arranged so that it may be connected to a power-supply branch circuit that
can be fused at not more than the value appropriate for the rating of any control included in the circuit in
accordance with the National Electrical Code, ANSI/NFPA 70.

29.5 All safety controls shall be accessible.

29.6 A safety control shall be supported in such a manner that it and its sensing element will remain in
the intended position. It shall be possible to determine by observation or test whether or not each control is
in its intended location.

29.7 Nothing shall be provided for the purpose of permitting any safety control to be rendefed ineffective
or allowing firing of the burner without the protection of each of the required safety controls.

29.8 A burner not equipped to provide automatic restarting shall be arranged|t6 require manual restart
after any control functions to cause the fuel supply to be shut off and following.restoration of an interrupted
power supply.

29.9 A burngr shall permit installation with a limit control(s) to restrict excessive pressure dr temperature
in the appliande being fired.

29.10 The control circuit of a burner intended for use wijth a limit control which functions fo interrupt or
reduce the delivery of fuel for combustion by opening an‘€lectrical circuit shall be arranged to permit the
limit control t¢ be wired into the circuit so as to effect the direct opening of that circuit} whether the
switching mechanism is integral with the sensing elément or remote from same.

29.11 The puirpose of the requirement in 29:10 is to restrict interposing in the limit-contrgl circuit other
controls, the failure of which may result in*a condition the limit control is intended to restrict. For this
purpose, a linit control may interrupt the ‘pilot circuit of a magnetic-type motor controller which, in turn,
directly opens|the desired circuit when it is necessary to interrupt a single-phase circuit carrying a load
greater than the capacity of available limit controls, or to interrupt a multiphase circuit.

29.12 An oil{burner circuitishall be arranged to restrict feedback by a motor, capacitor, or similar device
from energizing a fuel valyeor ignition device after a control functions to shut off the burner.

29.13 A vapgrizing.burner shall restrict pooling of the burner upon functioning of the limit coptrol.

30 Primary Safety Controls

30.1 An oil burner shall be equipped by the burner manufacturer with a primary safety control, except as
permitted by 8.4.

30.2 A primary safety control shall conform to the requirements of 30.3, 30.4, and Table 30.1.

30.3 A burner having a firing rate of not more than 4 gph (15.1 liters/hr), which upon ignition or flame
failure collects or retains within a metal fire pot or receptacle furnished by the manufacturer as part of the
burner assembly all of the oil delivered for combustion, may be equipped with an antiflooding device. See
Antiflooding Devices, Section 24.

30.4 A primary safety control for a burner, except one equipped as permitted by 30.3, shall be a safety
combustion control having nominal safety timings as indicated in Table 30.1.
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Table 30.1

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

Maximum firing rate per combustion chamber

Above 3 gph (11.4 Above 20 gph® (76
3 gph? (11.4 liters/hr) or liters/hr) to 20 gph® (76 liters/hr)
Operation less liters/hr)
Prepurge Not required Up to 7 gph (26.5 L/h), not Four air changes®
required.
Greater than 7 gph, four air
changes®?
Postpurge Not required Not required 15 seconds minimum
Pilot type and flgrmeestabtistimg NTA frterropted;toseconds frterroptad, 10 seconds
period maximum maximum
Main burner flame establishing
period
Ignited by pilot N/A 15 seconds maximum 10 secondg maximum firing

distillate fulel, 15 maximum
firing residual fuel®

Direct ignition

90 seconds maximum

15 seconds maximum?

10 secondg maximum firing
distillate fuel, 15 maximum
firing residual fuel® (Low-
fire stgrt required)

Flame failure re

hction time'

90 seconds maximum

4-seconds maximum?

4 secords maximum

Safety shutoff v
de-energization|

blve closing time after

Not specified

5 second maximum

1 second maximum

Action required

on flame failure

One recycle permitted

One recycle permitted

Safety shytdown required

Proven low fire

btart

Not required

Not required

Required for direct ignition”

Combustion air

proving

Not required

Required

Required

Action required
combustion air

on loss of

Not required

Fuel shutoff with automatic
restart when combustion air
reestablished (See 12.10)

Safety shutdown (See 12.9)

Fuel pressure s|

Lpervision

Not required

Not required

Requirgd if oil pump
operates ipndependently of
the burngr. (See 12.13)

Low atomizing edia supervision

Not required

Required unless
atomization by air pump
integral with burner. (See
12.14)

Requiref (See 12.14)

Oil temperature

supervision

High and low temperature
supervision required on

High and low temperature
supervision required on

High and Ipw temperature
supervisipn required on

oraheated-cil(Sea-8-147)
prereatea-oh— —t

nreheatad-oil(Sea-8-47)
prer H— —t

preheated oil. (See 8.17)

See 12 10

@ Approximately 400,000 Btu/hr (117 kW) firing distillate fuel
® Approximately 3,000,000 Btu/hr (879 kW) firing distillate fuel
¢ Prepurge is not required for a burner over 7 gph up to 20 gph if the oil pump is integral with the burner. See 13.1.

" Low fire start is ignition of the main flame at an input not greater than 20 gph.

4 Accomplished by 30 seconds prepurge at air flow equivalent to maximum high fire input; or 60 seconds prepurge at air flow
equivalent to 60% of maximum high fire input, see 13.2; or alternate method described in 13.3.

€ Where it can be demonstrated by tests that a burner equipped to burn a residual fuel needs a longer main flame establishing
period so as to avoid nuisance shutdown, such MFEP may be more than 15 but not more than 30 seconds provided not more than
15 seconds of unburned fuel is discharged during an attempt to establish main flame.

fThe flame-failure reaction time is to be considered, the interval between the actual flame extinguishment and the time the safety
shutoff device (such as an oil valve) is de-energized.

9 A flame-failure reaction time of more than 4 seconds, but not more than 15 seconds, is permitted if intermittent ignition is
employed, or if the ignition system is reenergized in not more than 0.8 seconds after flame extinguishment occurs.

! Applicable when the combustion air is supplied by a forced or induced draft fan which is not integral with the burner motor shaft.
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30.5 A primary safety control shall be constructed and tested in accordance with the Standard for
Automatic Electrical Controls for Household and Similar Use - Part 2: Particular Requirements for Burner
Ignition Systems and Components, UL 372.

31

31.1

General Components and Devices

intended usage or when a connection must be uncoupled for servicing.

Electrical equipment and wiring shall be arranged so that oil will not drip or run on them during

31.2 Attachment plugs or separable connectors shall not be used in circuits when the breaking or making
of the circuit by such devices may permit operation of the equipment without all required safety

programming.

31.3 Wireco

31.4 Thermo
Cables, UL 83

31.5 Flexiblg

31.6 Fittings
Cable Fittings

31.7 Fuseho
4248-1, and th

31.8 Fuses {
248-1; and thsg
another applic

31.9 Circuit
Switches and

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

plastic wiring material shall comply with the Standard for Thermoplastic-Insula

cords and cables shall comply with the Standard for Flexible Cords and Cable

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

e applicable Part 2 (e.g. UL 4248-9 for Class K).

hall comply with the Standard for LLew-Voltage Fuses — Part 1: General Req
applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with
Bble UL standard for fuses are considered to comply with this requirement.

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

ted Wires and

s, UL 62.

t, Tubing, and

ders shall comply with the Standard for Fuseholders — Part 1: General Reqlirements, UL

lirements, UL
UL 248-1 and

Molded-Case

31.10 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059.

31.11  Electrigal (Junction) boxes shall comply with the Standard for Metallic Outlet Boxes, UL 514A or
the Standard fpr Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, as applicable.

32 Field Wining

32.1 General

32.1.1 A wiring terminal is considered to be a terminal to which power-supply or control-circuit

connections w

ill be made in the field when the burner is installed.

32.1.2 Provision shall be made for connection of a power supply wiring system conforming with the
National Electrical Code, ANSI/NFPA 70.

32.1.3 The location of an outlet box or compartment in which field-wiring connections are to be made
shall be such that these connections may be inspected after the equipment is installed as intended.
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32.1.4 The connections are to be accessible without removing parts other than a service cover or panel
and the cover of the outlet box or compartment in which the connections are made. For this purpose a
cover-mounted component, such as a transformer, may serve as the cover. See 33.2.1.

32.1.5 The size of a junction box in which field-installed conductors are to be connected by splicing shall
not be less than that specified in Table 32.1. A conductor passing through the box is counted as one
conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).

Table 32.1
Size of junction boxes
Free space within box for each conductor| cubic inches
Bize of conductors AWG (mm?) (cm?®)
16 or spnaller (1.3 or less) 1.5 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
1 (5.3) 25 (41.0)
8 (8.4) 3.0 (49.2)

32.1.6 The limitations in 32.1.5 do not apply to terminal housings supplied with motors nior to boxes or
enclosures that contain terminals for electrical connections.

32.1.7 A knpckout for connection of a field wiring 'system to a terminal box or compartment shall
accommodatg conduit of the trade size specified in Jable 32.2.

32.1.8 Wiring exterior to the burner assembly_and a limit control, a safety combustion confrol, or a motor
controller, that can be readily done using the following wiring methods in accordange with these
requirements| need not be furnished-by.the manufacturer as part of the oil burner if instructions for
installing such wiring are furnished with-each furnace. See 33.1.3.

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

b) Metal-clad-¢cable that complies with the Standard for Metal-Clad Cables, UL 1569; or

ectrical Power
and Control Tray Cables W|th Opt|onal Opt|cal Flber Members UL 1277 or, for applications not
exceeding 150 volts and/or 5 amps, Exposed Run Instrumentation Tray Cable, Type ITC-ER, that
complies with the requirements of the Standard for Instrumentation Tray Cable, UL 2250. The
cable utilized shall:

1) Comply with the crush and impact requirements of the Standard for Metal-Clad Cables,
UL 1569;

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

4) Be resistant to the effects of oil and be marked "oil-resistant I" or "oil resistant 1" as
applicable to the respective cable requirements.
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32.1.9 A box or enclosure included as part of the oil burner assembly and in which a branch circuit
supplying power to the burner motor is to be connected shall not require that it be moved for servicing of

the unit.

32.1.10 A box or enclosure in which field-installation conductors are to be connected as indicated in
32.1.8, 32.1.9, and 32.1.11 shall be located so 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 Type T wire

when the burn

er is tested in accordance with these requirements.

Table 32.2
Trade size of conduit in inches (mm od)*®
Wire size Number of wires
AWG | (mnf) 2 3 4 5
14 @1 12 (21.3) 1/2 (21.3) 12 (21.3) 1/2 (213) 1/2 (21.3)
12 (3.9 12 (21.3) 12 (21.3) 12 (21.3) 3/4 (26.7) q4 (26.7)
10 (5.9) 12 (21.3) 12 (21.3) 1/2 (21.3) 3/4 (26.7) 4 (26.7)
8 (8.4 3/4 (26.7) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (33.4)
6 (13.3) 3/4 (26.7) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1{1/4 (42.3)

in the conduit. If
area of the smal
on the cross-seg

b Trade Size, AN

tional area of Type THW wire.
S| C80.1, Nominal Inches.

ore than six conductors will be involved or if all of them are_not'of the same size, the internal cros
st conduit that may be used is determined by multiplying, by.2.5 the total cross-sectional area of

s-sectional

@ This table is bEed on the assumption that all conductors will be of the same size ‘and there will be no more than dix conductors
he wires, based

32.1.11 Exce
not attached t
with these req

a) Typs
or the
tubing
Stand3

b) With

c) Expg¢sed Run-Tray Cable, Type TC-ER, that complies with the requirements for El¢
ntrol Tray Cables with Optional Optical-Fiber Members, UL 1277 or, for ap

and Cq

lirements if done using the following wiring methods.

exceed

pt as indicated in 33.1.3, wiring to bé’done in the field between the oil burne
D the burner, or between separate devices that are field installed and located

T wire enclosed in conduitthat complies with the Standard for Flexible Metal
Standard for Electrical'Rigid Metal Conduit — Steel, UL 6, as applicable, elec
that complies withwthe Standard for Electrical Metallic Tubing — Steel, U
rd for Extruded Insulating Tubing, UL 224 or a metal raceway electrical enclos

in metal-clad-cable that complies with the Standard for Metal-Clad Cables, UL

ing150 volts and/or 5 amps, Exposed Run Instrumentation Tray Cable, Type

r and devices
shall comply

Conduit, UL 1
trical metallic
L 797 or the
ire;

1569; or

pctrical Power
plications not
ITC-ER, that

complies with the requirements of the Standard for Instrumentation Tray Cable, UL 2250. The
cable utilized shall:

1) Comply with the crush and impact requirements of the Standard for Metal-Clad Cables,

UL 1569;
2) Be secured and supported at intervals not exceeding 6 feet (1.8 m).

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

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

applicable to the respective cable requirements.

32.1.12 The wiring of the burner may terminate in a length of flexible metal conduit with an outlet box,
control box, or equivalent enclosure intended for connection of the burner to the wiring system specified in
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32.1.2. If the conduit terminates in an outlet box larger than 4 by 4 by 2 inches (102 by 102 by 51 mm) for
splice connection, locknuts on the fittings are not acceptable as a means to reduce the likelihood of
loosening of the conduit fittings. A grounding conductor of the size specified in the National Electrical

Code, ANSI/NFPA 70, shall be included unless:

a) The total length of flexible metal conduit of any ground return path in the burner is
6 feet (1.83 m);

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

not more than

more than 20

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

providing grounding.

32.2 Leads|and terminals

32.2.1 Wiring terminals or leads not less than 6 inches (152 mm) long for @conRnection
conductors of|at least the size required by the National Electrical Code, ANSI/NFPA 70, and
to the marked rating of the assembly, shall be provided.

32.2.2 Leadps may be less than 6 inches (152 mm) in length if it is’evident that the use o
may result in lamage to the lead insulation.

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

32.2.4 An identified (grounded) terminal or lead”shall not be electrically connected to
manual switdhing device that has an "off".pdsition or to a single-pole overcurrent
overheating) protective device.

32.2.5 At tefminals, stranded conductors shall be restricted from contacting other uninsu
and from confacting dead metal parts. This may be accomplished by use of pressure-termir
soldering lugyg, crimped eyeletsSoldering all strands of the wire together, or equivalent meg
type connectprs shall not be used unless they are intended to restrict disconnection

loosening of the clampingwmeans. The shanks of terminal connectors shall be protected
tubing, or the|equivalent)if'the required spacings may be reduced as a result of loosening g
means. The thickness of‘the insulation on the shanks shall be not less than 0.028 inch (0.71

of field-wiring
corresponding

a longer lead

ief if stress on
hd to separate

a single-pole
(not inherent-

ated live parts
al connectors,
ns. Open slot-
resulting from

by insulating
f the clamping
mm).

er than friction

32.2.6 Fieldtwiring terminals shall be secured to their supporting surfaces by methods oth
between surf; i : : o e

h 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 mortises; by a dowel pin, lug, or offset; by a connecting strap or clip fitted
into an adjacent part; or by some other equivalent means.

32.2.7 Conductors intended for connection to a grounded neutral line shall be identified, that is, finished
in a continuous white or gray covering, three continuous white stripes on other than green insulation, or a
marking of white or gray color at the termination. All other current-carrying conductors 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.

32.2.8 Leads provided for spliced connections to an external high-voltage circuit shall not be connected
to wire-binding screws or pressure terminal connectors, located in the same compartment as the splice or
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visible to the installer, unless the screws or connectors are rendered unusable for field-wiring connections
or the leads are insulated at the unconnected ends.

32.2.9 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors secured in place in accordance with the requirements in 32.2.6, except that
for 10 AWG (5.3 mm?) and smaller wires, the parts to which wiring connections are made may consist of
clamps or wire binding screws with cupped washers, terminal plates having upturned lugs, or the
equivalent, to hold the wire in position.

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

Exception No.[1: A No. 8 screw (4.2 mm major diameter) may be used for the connection, ¢f a conductor
not larger thar] 14 AWG (2.1 mm?).

Exception No.|2: A No. 6 screw (3.5 mm major diameter) may be used for the cénnection|of a 16 or 18
AWG (1.3 or 082 mm?) control-circuit conductor.

32.2.11 A tefgminal plate for a wire binding screw shall be of metal not less“than 0.030 incH (0.76 mm) in
thickness for 4 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) ir} thickness for
a wire larger thhan 14 AWG (2.1 mm?); and in either case there shall-be not less than two full threads in the
metal.

32.2.12 A tefminal plate formed from stock having the minimium required thickness may have the metal
extruded at th¢ tapped hole for the binding screw so as ta provide two full threads.

32.2.13 A wife binding screw shall thread into metal.
33 Internal Wiring
33.1 Generdl

33.1.1 The Wiring of high-voltage' and safety-control circuits shall conform to the requirgments in this
section.

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

33.1.3 If insulated conductors rated for use at temperatures in excess of 60°C (140°F) are required such
wiring shall be furnished as part of the assembly. The devices to be connected by such wiring shall be
factory-located on the equipment except as permitted by 74.14 for field-installed conductors.

33.2 Methods

33.2.1 Electrical wiring to a part that must be moved for maintenance and servicing shall be arranged so
that the part may be moved without breaking soldered connections or disconnecting conduit. Conductors
to be disconnected from terminals of such part shall terminate in eyelets or connectors. If the wiring to a
part that functions also as an access plate or cover, that is, a transformer closing the access to the nozzle
assembly is not readily detachable, the assembly shall include provision for support of that part by means
other than the wiring when the part is moved for servicing. Any allowable movement of such part shall not
unduly twist, bend, or pull the wiring.
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33.2.2 Except as permitted by 33.2.15 and 33.2.16, conductors shall be:

a) Enclosed within conduit, electrical metallic tubing, metal raceway electrical enclosure;

b) Within a metal-clad cable; or

c) Exposed Run Tray Cable, Type TC-ER, that complies with the requirements for Electrical Power
and Control Tray Cables with Optional Optical-Fiber Members, UL 1277 or, for applications not
exceeding 150 volts and/or 5 amps, Exposed Run Instrumentation Tray Cable, Type ITC-ER, that
complies with the requirements of the Standard for Instrumentation Tray Cable, UL 2250. The
cable utilized shall:

1) Comply with the crush and impact requirements of the Standard for Meta

33.2.3 Tablsg

33.2.4 Flexi
C80.1-1990. ]

33.2.5 Flexi
m) and within
(0.9 m) where

33.26 All's
connection sh

33.2.7 A sp
permanence

33.2.8 Splic
employed if t
wrapped over

UL 1569;
2) Be secured and supported at intervals not exceeding 6 feet (1.8 m),

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

applicable to the respective cable requirements.
33.1 includes some wiring materials rated for use if €nclosed as indicated in 3

ble metal conduit shall be not smaller than 3/8rinch (9.5 mm) electrical tra
[his does not apply to parts of components, such as conduit protecting flame s

ble metal conduit shall be mechanically:secured at intervals not exceeding 4
12 inches (305 mm) on each side of.every junction box except for lengths not
flexibility is necessary.

blices and connections shally’be mechanically secure and bonded electrical
all be made mechanically secure before being soldered.

ice shall be proyided with insulation equivalent to that required for the wi
bf spacing between‘the splice and other metal parts is not ensured.

ng devices;-such as fixture-type splicing connectors or pressure wire conn

a sharp edge is not acceptable.

[-Clad Cables,

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

3.2.2.

de size, ANSI
ensor leads.

+1/2 feet (1.37

bver 36 inches

ly. A soldered

res involved if

ectors may be

hey have’insulation rated for the voltage to which they are subjected. Thermoplastic tape

33.2.9 Splices shall be located, enclosed, and supported so that they are not subject to damage, flexing,
motion, or vibration.
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Table 33.1
Typical wiring materials

Type of wire, cord, or cable

FFH-2, TF, TFF, TFN, TFFN, SF-2, SFF-2, RH, RHH, RUW, T, THW, XHHW, MTW, THW-MTW, THWN, TW, PF, PFF, PGF, PGFF,
RFH-2, RFHH-2, RFFH-3, or Thermoplastic appliance wiring material with insulation thicknesses shown below
corresponding to wire sizes indicated.

Wire size Insulation thickness

AWG (mm?) Inch (mm)

10 & Smaller (5.3) 2/64 (0.8)

8 (8.3) 3/64 (1.2)

6 43-3) 165k t4.6)

4 (21.2) 4/64 (1.6)

3 (26.7) 4/64 (1)

2 (33.6) 4/64 (1.6)

1 (42.4) 5/64 (2.0)

1/d (53.5) 5/64 (2.0

2/q (67.4) 5/64 (2.0)

3/ (85.0) 5/64 (4.0

4/q (107.0) 5/64 (2.0)
33.2.10 A splice is considered to be adequately enclosedwhen installed in a junction box, ¢ontrol box, or
other enclosel compartment in which high-voltage wiring materials, as specified in Table[33.1 may be
employed. Splices in enclosed machinery compartments are to be secured to a fixed member in the

compartment

33.2.11 Ata

abrasion. If m¢tal-clad cable is used, an.jnsulating bushing or its equivalent shall be provide

conductors an
bushing or its

33212 Aw
mechanical ag
free from burrs

33.2.13 Al W
moving parts.

50 that they are not subject to movement or damage during servicing.

| points where conduit or cable*tubing terminates, the conductors shall be p

d the cable tubing and the connector or clamp shall be of such design that
bquivalent will be visible-for inspection.

reway shall be such that the interconnection of sections and fittings will p
sembly and_provide the required electrical conductivity. The interior of the wir
and sharp’‘corners or edges which might cause damage to the insulation on w

iring shall be supported and routed to reduce the risk of damage due to sk

rotected from
i between the
the insulating

rovide a rigid
eway shall be
ires.

arp edges or

33.2.14 Factory wiring involving a potential of not more than 300 volts between parts attached to the
same assembly with a predetermined fixed relationship one to the other may be done with Type SO or ST

cord, provided

all of the following conditions are fulfilled:

a) It is not practical to do the wiring in accordance with 33.2.3.

b) The cord is not required to be bent, twisted, or otherwise displaced to render routine
maintenance and service.

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

is provi

ded.
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33.2.15 A length of Type SO or ST cord, as short as practicable, may be used for the wiring from the
movable assembly to a disconnect on a stationary part of a swing-type burner for commercial and
industrial installations only.

33.2.16 Holes in walls or partitions through which insulated wires or cords pass and on which they may
bear shall be provided with smooth rounded bushings or surfaces upon which the wires or cords may bear,
to prevent abrasion of the insulation. Bushings if required, shall be ceramic, phenolic, cold-molded
composition, fiber, or equivalent material.

33.2.17 A fiber bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall be so located that it
will not be exposed to moisture, and shall not be employed where it will be subjected to a temperature

higher than 90°C (194°F) under intended operating conditions.

33.2.18 To
extrusion of th

33.3 Short ¢

33.3.1 Exce
more of whig
withstand the
Circuit Test, S

33.3.2 Conag

a) Co
condu

b) Conductors that are 18 AWG (0.82cmm?) or larger and not more than 4 feet (1|

provid
or less
branch
includi

c) Cor
not ex

33.3.3 Factq
insulation, SH
insulation of 6

brovide an acceptable unbushed opening in sheet metal usually requires
e metal around the opening, or the insertion of a grommet conforming {0 33.2.

Circuit protection

pt as indicated in 33.3.2, conductors of motor circuits having two or more 1
h is thermal or overcurrent protected and wired for,conhection to one su
conditions of a short circuit test without creating a sisk of fire or electric sho
ection 70.

uctors that conform to the following are considered acceptable without test:

hductors that have not less than one-third the ampacity of the required
Ctors,

bd that the circuit will be protected by a fuse or HACR Type circuit breaker rate

as specified on the productinameplate or provided as part of the product and
-circuit protection. This\applies to any of the wiring materials specified in
hg those enclosed inraceways, or

ceed 3 inches (76 mm) or the conductors are located in a control panel.

ry wiring)of a low-voltage safety circuit may be done with SP-2 cord havin
T-2 cord or appliance wiring material having neoprene, thermoplastic, or e

rolling and/or
16.

hotors, one or
bply line shall
ck. See Short-

branch-circuit

2 m) in length
bd 60 amperes
acceptable for
this standard,

ductors that serve-as jumper leads between controls providing the length of the leads does

j all-neoprene
qually durable

quivdlent thickness, or low-energy safety control wire, if such wiring is locate

i in a cavity or

compartment

of amapptianceand s adequatety shietded fromrarm:

34 Overcurrent Protection of High-Voltage Control-Circuit Conductors

34.1

34.1.1

General

For the purpose of these requirements, a control circuit is one that carries electric signals to

operate a controller that, in turn, governs power delivered to a motor or other load in the burner. A control
circuit does not carry main-power current. If a control circuit is supplied through a transformer provided as
part of the burner, see Overcurrent Protection of Transformers, Section 35, for additional requirements.
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34.2 Direct-connected high-voltage control circuit

34.2.1 For the purpose of these requirements, a direct-connected high-voltage control circuit is one that
is supplied from a branch circuit separate from a branch circuit that supplies other loads within the burner.
It is not tapped from the load side of the overcurrent device or devices of the controlled circuit or circuits

within the burner. See 74.12.

34.3 Tapped high-voltage control circuits

34.3.1

For the purpose of these requirements, a tapped high-voltage control circuit is a circuit that is

tapped within the burner from the load side of the overcurrent device or devices for the controlled load.
Such a circuit shall be protected in accordance with 34.3.3 and 34.4.2.

34.3.2 A hig

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

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

Electrical Cod

34.3.3 Atap
rating of the o

Exception No.
m) long betwe
rated 60 amps

Exception No
withstand sho

Exception No
overcurrent pn

Exception No.
that is conne
overcurrent de

a) Thig
Transfq

b) The
by the

b, ANSI/NFPA 70.

pbed high-voltage control-circuit conductor shall be provided with.overcurrent p
ercurrent-protective device shall not exceed the value specified in Table 34.1.

1: A 18, 16, or 14 AWG (0.82, 1.3, or 2.1 mm?) conductor that is not more tH
en points of opposite polarity may be protected bya fuse or an HACR Type
res or less.

2:  An overcurrent-protective device of{a higher rating may be used if th
t-circuiting when tested as specified in £0.14.

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

4: A control-circuit conductor, supplied from the secondary of a single-phas
tted so that only a2-wire (single voltage) secondary is used, may be prdg
vice located in the-primary side of the transformer if:

protection 4s“in accordance with requirements specified in Overcurrent
rmers, Section 35; and

rating-efthe device does not exceed the applicable value specified in Table
[atio.of secondary-to-primary rated transformer voltage.

putside of the
f the National

rotection. The

an 4 feet (1.2
tircuit breaker

e conductors

brovided with

e transformer
tected by an

Protection of

14. 1 multiplied

34.4 Overcurrent-protective devices

34.4.1 Overcurrent protection for a tapped high-voltage control-circuit conductor, as required by 34.3.3,
shall be provided as part of the burner. If a fuse is used, the burner shall be marked in accordance with
74.10.

Exception: The overcurrent device, or devices, need not be provided as part of the burner if, based on the
marked rating of the burner, the rating of the branch-circuit overcurrent-protective device, or devices, does
not exceed the values specified in Table 34.1.


https://ulnorm.com/api/?name=UL 296 2022.pdf

NOVEMBER 16, 2022 UL 296 43

Table 34.1
Overcurrent protective device ratings for control circuit conductors

Maximum rating of overcurrent protective device, amperes
Tapped control- Conductors contained in control equipment Conductors extending beyond control
circuit conductor enclosure equipment enclosure
size, AWG (mm?) Copper Aluminum? Copper Aluminum?
18 (0.82) 25 - 7 -
16 (1.3) 40 - 10 -
14 (2.1) 100 - 45 -
12 (3.3) 120 100 60 45
10 (5.3 160 140 90 75
Larger thar| 10 b b c c
@ Includes coppgr-clad aluminum.
b 400 percent of value specified for 60°C conductors in Table 310-17 of the National Electrical Code,_ANSI/NFPA 70.
¢ 300 percent of| value specified for 60°C conductors in Table 310-16 of the National Electrical Code; ANSI/NFPA 70.

34.4.2 A control-circuit overcurrent-protective device shall:
a) Be provided for all ungrounded conductors;
b) Be ¢f a size in accordance with the requirements in.34.3.3; and

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

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

Exception: If the control circuit is tapped.from a circuit supplying other loads in the burner, |a device used
for overcurrent protection may be 0fthe supplementary type provided it has a shont-circuit rating
acceptable for the circuit in which.it'is used. See Table 70.1. If the supplementary device Ysed is a fuse,
the burner shall be marked in acCordance with 74.11.

35 Overcurfrent Protection of Transformers

35.1 High-vpoltage transformers

35.1.1 A trapsformer, other than as described in 35.4.1 and 35.4.2, is considered to be g high-voltage
transformer and shall:

a) Be provided with thermal-overload protection in accordance with the requirements in 35.2.1;

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

c) Comply with the requirements in the Burnout Test, High-Voltage Transformers, Section 72.

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

35.2.1 If a high-voltage transformer is provided with a thermal-overload-protective device, the device
shall be arranged to interrupt primary current and shall limit temperatures of the transformer windings
under overload conditions to those acceptable for the class of insulation employed in the windings. See
Overload Test, High-Voltage Transformers, Section 71.

Exception: If the thermal-overload-protective device provided is a nonrenewable thermal cutoff, a burnout
test is to be conducted in place of the overload test. See Burnout Test, High-Voltage Transformers, Section
72.

35.2.2 A thermal cutoff shall comply with the requirements for the Standard for Thermal-Links —

Requirements
have an endu
calibration of
Equipment, U
Requirements
873 requirems

and Application Guide, UL 60691. A manually or automatically reset thermal
rance rating of not less than 6000 cycles and shall comply with the' req
temperature-limiting controls in the Standard for Temperature-Indicating an
| 873. Compliance with the Standard for Automatic Electrical Controls — Pa
UL 60730-1, and/or the applicable Part 2 standard from the UL®0730 series
nts.

35.3 Overcuyrrent protection

35.3.1 Ifah
shall comply W

gh-voltage transformer is protected by an overcdrrent device or devices, su
ith the requirements specified in 35.3.2, 35.3.3, and 35.5.1 — 35.5.3.

35.3.2 A high-voltage transformer shall be protected by an overcurrent device, or devices,
circuit and that is rated or set as indicated in Table 35.1 for the primary. S¢e 35.3.3 and

in the primary|
35.5.1.

35.3.3 |If the
more than 25(
not required in

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

brotector shall
uirements for
d -Regulating
rt 1: General
fulfills the UL

ch protection

hat is located

or set at not
t protection is

the primary circuit provided the secondary circuit is protected by a protectivg device rated
or set as indicgited in Table 35.1 for the Secondary.

Table 35.1
Maximum rating of transformer overcurrent protective devices
Maximum rating of overcurrent device, percent of transformer qurrent rating
Rated primary|orsecondary current, when in:
amperes Primary Secondary
Less than 2 300° 167
2 or more, less than 9 167 167
9 or more 125° 125b

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

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

35.4 Low-voltage transformers

35.4.1

Except as specified in 35.4.2, a transformer having a rated output of not more than 30 volts and

1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device, or devices,
located in the primary circuit. The overcurrent device, or devices, shall be rated or set at not more than 167
percent of the primary current rating of the transformer. See 35.5.1.
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35.4.2 A transformer that directly supplies a Class 2 circuit [see 5.19(b)] shall, in accordance with the
requirements in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1
and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3,
either limit the output current (inherently-limiting transformer) or be equipped with an overcurrent device,
or devices (noninherently-limiting transformer).

35.5 Overcurrent protective devices

35.5.1 Overcurrent protection in the primary circuit of a transformer, as described in 35.3.2 and 35.4.1,
need not be provided as part of the burner if, based on the marked rating of the burner, the rating of the
branch-circuit overcurrent-protective device, or devices, does not exceed the values specified in 35.3.2 or

35.4.1, as applicable.

35.5.2 Over
provided as p

35.5.3 Ared
a) Be
b) Be

c) Hav

current protection in the secondary circuit of a transformer, as required.by"3

uired transformer overcurrent-protective device provided as part of the produc
brovided for all ungrounded conductors;

pf a size in accordance with the requirements in 35.3.2¢35.3.3 and 35.4.1, as a

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

5.3.3 shall be

art of the equipment. If a fuse is used the burner shall be marked in accordance with 74.10.

shall:

pplicable; and

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

of an accepta

Exception: If § transformer supply is tapped from a-gircuit supplying other loads in the produ

for overcurre
rating accept
accordance w

36 Separation of Circuits

36.1 Unless
different circu

case, be so s¢parated orsegregated from uninsulated live parts connected to different circu

polarity parts

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

it protection may be of the supplementary type provided that the fuse has
hble for the circuit in which_jt is used. See Table 70.1. The product shall
ith 74.11.

provided with(insulation rated for the highest voltage involved, insulated
its (internal.wiring) shall be separated by barriers or shall be segregated, an

bf the samie circuit.

36.2 Segreg

Se.

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

conductors of
d shall, in any
ts or opposite-

ation of insulated conductors may be accomplished by clamping, routing,

or equivalent

means that provide permanent separation from insulated or uninsulated live parts of a different circuit.

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

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

b) Uninsulated live parts of any other circuit.

c) Any uninsulated live parts whose short-circuiting may affect the intended ignition, control, and
operation of the appliance, except that a construction in which field-installed conductors may make
contact with wiring terminals is acceptable, provided that Type T or equivalent conductors are or
will be installed when wired in accordance with the National Electrical Code, ANSI/NFPA 70.
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36.4 Segregation between field-installed conductors and away from uninsulated live parts connected to
different circuits may be accomplished by arranging the location of the openings in the enclosure for the
various conductors, with respect to the terminals or other uninsulated live parts, so that there is no

likelihood of the intermingling of the conductors or parts of different circuits.

a) If the number of openings in the enclosure does not exceed the minimum required for intended
wiring and if each opening is located opposite a set of terminals, it is to be assumed, for the
purpose of determining compliance with 36.3, that the conductors entering each opening will be

connected to the terminals opposite the opening.

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

contacting insulated conductors or uninsulated current-carrying parts connected

to a different

circuit is to be investigated.

36.5 To dete
service and in

rmine if a device complies with the requirements of 36.3, it is to be wired as
doing so a reasonable amount of slack is to be left in each conductor, within {

it would be in
he enclosure,

and no more tlhan average care is to be exercised in stowing this slack into the wiring compaiftment.

36.6 If a bafrier is used to provide separation between the wiring “of “different circuit
operating parts and field-installed conductors, it shall be of metal or insulating material a
place.

36.7 A metal| barrier shall have a thickness equivalent to. that required by Table 40.1 an

5 or between
nd be held in

d Table 40.2,

based on the gize of the barrier. A barrier of insulating material shall be not less than 0.028 in
in thickness apd shall be of greater thickness if its defofrmation may be accomplished so a
purpose. Any ¢learance at the edges of a barrier shallbe not more than 1/16 inch (1.6 mm)

36.8 Openings in a barrier for the passage of. conductors shall be not larger than 1/4 inch

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

36.9 The oufput of a transformer device supplying a circuit classified as a Class 2 low-voltz
provided as a part of the. equipment shall not be interconnected with the output of

transformer device unless” the voltage and current measurements at the output tern
interconnected devices are within the values for a single Class 2, 30-volt, or less, transforme

ch (0.71 mm)
5 to defeat its

wide.

(6.4 mm) in
mber of wires
ent a smooth
ning, with the

ge circuit and
another such
hinals of the
device.

36.10 Two dr.mofe transformer devices supplylng circuits classmed as Class 2, Iow -V
provided as a pa

bltage circuits
own separate

wiring compartments, and the output of each circuit shall be marked to warn that the separation shall be

maintained.

37 Accessibility

37.1 An uninsulated high-voltage live part and moving parts likely to cause injury to persons shall be
located, guarded, or enclosed so as to minimize the likelihood of unintentional contact by personnel
performing service functions which may have to be performed with the equipment energized.

37.2 Accessibility and protection from electric shock and unintentional contact with moving parts may be
obtained by mounting the control components in an assembly so that unimpeded access is provided to
each component through an access cover or panel in the outer cabinet and the cover of the control
assembly enclosure with the following arrangement. See Figure 37.1.
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a) The components are located with respect to the access opening in the outer 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) Uninsulated live parts outside the control assembly projected clear space, except for live parts
within a control panel, or unguarded moving parts are located not closer than 6 inches (152 mm)
from any side of the access area. The projected clear space is considered to be bounded on the
sides by the projection of the smallest rectangular perimeter surrounding the outside edge of the
components or control enclosure when provided. The access area is considered to be bounded on
the sides by the projection of the perimeter of the access opening in the outer cabinet to the closest
rectangular perimeter surrounding the outside edge of the component or control enclosure.

¢) Thevolume generated by the projected clear space of the control assembly to the access

openir]
wiring

d) Acg
other ¢

e) Ext
are to

be located so that:

outer cabinet; and

’-—A

N

A
W
i
|

%If

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

Figure 37.1
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SRACE

_CONTROL
ENCLOSURE
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Accessibility and protection
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%z 7
:|//7/ PROJECTED
CLEAR
UNINSULATED @ // SPACE
O

LIVE PART _\

RESETTABLE

g in the outer cabinet, within the access area, is completely free of obstructjons, including

ess to the components in the control assembly is not impeded in theydirection of access by
omponents or by wiring in this assembly.

actor-type fuseholders and snap switches mounted through\the control assembly enclosure

bpening in the

2) So that they are not immediately adjacent-to uninsulated live parts outside the control
assembly enclosure, unless guarded. See25.2.

UPENINGS

PROJECTED

L,

CLEAR
SPACE

A = DISTANCE FROM PLANE OF ACCESS AREA TO

FURTHEST COMPONENT - 14" (355.6 mm) MAXIMUM.
"X" = MINIMUM DISTANCE FROM HAZARDOUS MOVING PARTS, OR UNINSULATED

¢ CONTROL

A

PROJECTED
7 CLEAR
SPACE

Z HAZARDOUS

MOVING PART

LIVE PARTS TO ACCESS AREA = 6" (152.4mm) MINIMUM.
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37.3 The following are not considered to be uninsulated live parts:

a) Coils of controllers;

b) Relays and solenoids;

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

d) Encl

osed motor windings;

e) Insulated terminals and splices; and

f) Insulated wire.

38 Bonding

38.1 Expose|
may be conta
equipment is €

38.2 Except
and mounting
interconnectin
the user or sef

38.3 Metalp

a) Adh
of encl
parts.

b) Isolated metal parts, such as magnet frames and armatures, and small assemb

are sef

for Grounding

d or accessible noncurrent-carrying metal parts which may become.energiz

nergized, shall be electrically connected to the point of connection‘of an equip

bs indicated in 38.3, uninsulated metal parts of cabinets, electrical enclosures,

brackets, controller mounting brackets, capacitors¢and other electrical
p tubing and piping and valves shall be bonded forygrounding if they may bej
vice personnel.

brts, as described below, need not be grounded:

bsive-attached metal-foil markings, scréws, handles, or parts that are located
psures or cabinets and isolated fromelectrical components or wiring by gr

arated from wiring and uninsulated live parts.

c) Pan
separa

d) Pangls and covers’ that are insulated from electrical components and wiring by
insulating barrienOf vulcanized fiber, varnished cloth, phenolic composition, or similg
less than 1/32.jnch (0.8 mm) thick.

38.4 A com

bls and covers that.do not enclose uninsulated live parts if insulated parts &
ed from the panel or cover.

ed and which

cted by the user or by service personnel during service operations performed when the

ment ground.

motor frames
components,
contacted by

bn the outside
bunded metal

y screws that

nd wiring are

an attached
r material not

nent. such as a switch, likely to become separated from its intended ground

ng means for

purposes of testing or adjustment while the equipment is energized, is to be provided with a grounding

conductor not

38.5 Splices

requiring removal for such service.

shall not be employed in wire conductors used for bonding.

38.6 Metal-to-metal hinge bearing members may be considered as a means for bonding a door for
grounding providing a multiple-pin (piano type) hinge is employed.

38.7 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 confines of the outer
enclosure or frame; and
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b) Not be secured by a removable fastener used for any purpose other than bonding for grounding
unless the bonding conductor would not ordinarily be omitted after removal and replacement of the
fastener.

38.8 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed
connection, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 850°F (454°C). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.

38.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if it complies with 38.11 under any degree of compression permitted by a variable clamping
device and if the results are still acceptable after exposure to the effects of oil, grease, moisture, and

thermal degr
reassembly in

bdation which are likely to occur in service. A clamping device shall be
its intended position following disassembly or removal for maintenance parnpo

arranged for
5es.

38.10 If bonding depends on screw threads, two or more screws, or two full threads of g single screw,
shall engage the bonding system to metal.
38.11 If the [adequacy of a bonding connection cannot be determined by examination, gr if a bonding
conductor is gmaller than required by 38.12 — 38.18, it shall be acceptable if the connecting means does
not open:
a) When carrying for the time indicated in Table 38.1,:twice the current equal to the rating of the
branch-circuit overcurrent device required to protect the equipment; and
b) Dunjing a short-circuit test in series with a fuse, of proper rating. See Short-Circuit Test, Section
70.
Table 38.1
Duration of curfent flow, bonding-conductor test
Rating of pvercurrent protection device; amperes Minimum duration of current flow, minutes
30orless 2
31-60 4
6100 6
101> 200 8
38.12 The sjze of a conductor or strap employed to bond an electrical enclosure or motor frame shall be

based on the

rating of the branch-circuit overcurrent device to which the equipment will

be connected.

Except as indicated in 38.11, the size of the conductor or strap shall be in accordance with Table 38.2.

Table 38.2
Bonding wire conductor size

. Size of bonding conductor?
Rating of overcurrent
device amperes Copper AWG Wire (mmz) Aluminum AWG Wire (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)

Table 38.2 Continued on Next Page
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Table 38.2 Continued

. Size of bonding conductor?
Rating of overcurrent
device amperes Copper AWG Wire (mm?) Aluminum AWG Wire (mm?)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 8.4)
100 8 (8.4) 6 (13.3)

@ Or equivalent cross-sectional area.

38.13 A bonding conductor to a component or electrical enclosure is not required to be larger than the

size of the co

ductors supplying power to the component or components within the enclosure.

38.14 If mor
conductor is tg
for the compo

circuit overcu:lrent device smaller than other overcurrent devices used with ‘the equipme

conductor for
of the motor.

e than one size of branch-circuit overcurrent device is involved, the size’ o
be based on the rating of the overcurrent device intended to provide.ground-f
nent bonded by the conductor. For example, if a motor is individually, protected

hat motor is sized on the basis of the overcurrent device intended for ground-f;

38.15 A ter

conductor of {he size required for the particular application, in\accordance with the Natig
Code, ANSI/NFPA 70.

38.16 A soldgring lug, a push-in (screwless) connectoror a quick-connect or similar frictio
shall not be used for the terminal for the field-installed.grounding conductor.

38.17 The tgrminal for the connection of the equipment grounding conductor shall be a gre

inal for connection of an equipment-grounding conductor shall be capable

f the bonding
hult protection
by a branch-
nt, a bonding
hult protection

of securing a
nal Electrical

h fit connector

en not readily

removable terminal screw with a hexagonal head, a green, hexagonal, not readily removable terminal nut,

or a green pre
entrance hole
symbol such 3
equipment grg
marked.

5sure wire connector. If the terminal for the grounding conductor is not visible,
shall be marked with the words "GREEN", "GROUND"; the letters "G", "GR'
s Figure 38.1; or otherwise identified by a distinctive green color. When the te
unding conductor_is-readily removable, the area adjacent to the terminal shg

Figure 38.1

Grounding symbol

the conductor
; a grounding
rminal for the
Il be similarly
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38.18 The surface of an insulated lead intended for the connection of an equipment-grounding conductor
shall be finished a continuous green color or a continuous green color with one or more yellow stripes, and
no other lead visible to the installer shall be so identified.

38.19 Grounding and bonding equipment used to comply with this Section and other applicable
requirements of this Standard shall comply with the Standard for Grounding and Bonding Equipment, UL

467.

39 Mounting of Electrical Components

39.1 A switd
turning, excef

39.2 There
conditions are

a) The
switch
switch

b) The
switch

c) The

d) The

39.3 A lamp
light in which

cannot reducg spacings below the required values.

39.4 The means for restricting turhing is to consist of more than friction between surfaces.

washer that p
a small stem-

39.5 Uninsu
restricted fron
acceptable vz

h, fuseholder, lampholder, or similar electrical component shall be mounted-{o
t as noted in 39.2 and 39.3.

uirement that a switch be restricted from turning away may be waived if all g
met:

switch is of a plunger or other type that does not tend torotate when oper
is considered to be subject to forces that tend to turn the switch during oy

means for mounting the switch is not subject to leosening as the result of o

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

operation of the switch by mechanicalmeans rather than by direct contact by

holder of the type in which the<lamp cannot be replaced, such as a neon pi
the lamp is sealed in a non-removable jewel, need not be restricted from tur

Fovides both spring takeup and an interference lock is acceptable as the mean
mounted switch-or other device having a single-hole mounting means from turr

ated live,'parts shall be so secured to the base or mounting surface tha
N turning or shifting in position if such motion may result in a reduction of spac
lues.

restrict it from

f the following

ated. A toggle
eration of the

beration of the

persons.

ot or indicator
hing if rotation

A toothed lock
5 for restricting

ing.

t they will be
ngs below the

40 Electrical Enclosures

40.1

40.1.1

General

Uninsulated live high-voltage parts shall be enclosed or guarded to reduce the risk of accidental

contact by persons during intended use of the equipment. This applies also to such parts located in a
compartment into which access is required for servicing of the equipment, such as resetting controls,
lubrication, and cleaning.

40.1.2 Among the factors taken into consideration when evaluating an enclosure are:

a) Mechanical strength;

b) Resistance to impact;
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¢) Moisture-absorptive properties;

d) Flammability;

e) Resi

stance to corrosion; and

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

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

40.1.3 The

nolastra shall ractrict tha amiccion of maltan matal hirnina inculatinn  flami
RE1ESHHE-SHaToStHEHRE-BHHSSIE - ROe e tErPuH g HRSthaHOR—HatHhH

particles, or

the like throu
mounted.

40.1.4 Termi
and shall be si

40.1.5 Steel
means.

40.1.6 Sheet
individual encl

40.1.7 Wher
cabinet warra
whichever apq

40.1.8 Ifinsy
is given to thg
source.

40.1.9 All infended mounting (paesitions of the unit are to be considered when determinin

with the requir

40.1.10 A jupction box\that is formed in part by another part such as a fan scroll or a motor

such that:

gh openings onto flammable material, including the surface on which the

hal housings of motors, to which connections are to be made in _the field, sha
zed in accordance with the National Electrical Code, ANSI/NFPA 70.

enclosures shall be protected against corrosion by painting, plating, or oth

metal complying with Table 40.1 and Table 40.2, ‘whichever applies, is acce
bsure of electrical components.

b the assembly and location of the compoenent and the strength and rigidit
ht, an individual enclosure of thinnerimetal than specified in Table 40.1 @

equipment is

Il be of metal

er equivalent

ptable for the

of the outer
r Table 40.2,

lies, may be employed.

lating material other than electrical insulation is provided within the enclosure,
burning characteristics_and’ flammability of the material, and the proximity

ement in 40.1.3.

a)Ano

pening between the box and motor frame having a dimension exceeding 1/2 in

does not permit a flat feeler gauge, 5/64 by 172 inch (2.0 by 2.7 mm) wide to enter.

consideration
of an ignition

g compliance

casing is to fit

ch (12.7 mm)

b) An opening between the box and motor frame having no dimension exceeding 1/2 inch (12.7
mm) shall restrict the entrance of a 13/64 inch (5.2 mm) diameter rod.

40.1.11 During the examination of a product to determine whether it complies with the requirements in
40.1.12 and 40.2.1 or 40.3.1 a part of the enclosure that may be opened or removed by the user without
using a tool is to be opened or removed.

40.1.12 The probes mentioned in 40.3.1 and 40.3.2 and illustrated in Figure 40.1, Figure 40.2, Figure
40.4, and Figure 40.5 shall be applied to any depth that the opening will permit; and shall be rotated or
angled before, during, and after insertion through the opening to any position that is necessary to examine
the enclosure. The probes illustrated in Figure 40.4 and Figure 40.5 shall be applied in any possible
configuration; and, if necessary, the configuration shall be changed after insertion through the opening.
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40.1.13 The probes mentioned in 40.3.3 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they are to
be applied with the minimum force necessary to determine accessibility.

Table 40.1

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

With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness in inches (mm)
Maximum width® | Maximum length® [ Maximum width® | Maximum length Uncoated Metal coated
In In In In
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)
4.0 (10]2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 01023 (0.58)
4.75 (12]1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) 24)
6.0 (152) Not limited 9.5 (24.1) Not limited 0.026 (0:66) 0}029 (0.74)
7.0 (1718) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) 22)
8.0 (20}4) Not limited 12.0 (30.5) Not limited 0.082 (0.81) 0]034 (0.86)
9.0 (22]9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) 20)
12,5 (3118) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 01045 (1.14)
14.0 (35]6) 18.0 (45.7) 21.0 (53.3) 25.0 (685) (18) 18)
18.0 (45]7) Not limited 27.0 (68.6) Not limited 0.053 (1.34) 0]056 (1.42)
20.0 (5018) 25.0 (63.5) 29.0 (73.7) 36,0 (91.4) (16) 16)

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attachHed to and has
essentially the shme outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resigt the bending

moments which nay be applied via the enclosure surface when-itis deflected. Construction that is considered to hfve equivalent
reinforcing may pe accomplished by designs that will produce astructure 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 (farmed edges),

2) A sirjgle sheet which is corrugated or ribbed, and

3) An enclosure surface loosely:attached to a frame, for example, with spring clips.

® The width is thg smaller dimension-of-a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an

enclosure may Have supports in common and be made of a single sheet.

° For panels whith are not supparted along one side, for example, side panels of boxes, the length of the unsuppoited side shall be
limited to the dimensions spetified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

Table 40.2

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

With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness
Inches
In inches (cm) In inches (cm) In inches (cm) In inches (cm) (mm) (AWG)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (22)
3.5 (8.9) 40 (10.2) 8.5 (21.6) 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) 135 (34.2) (0.74)

Table 40.2 Continued on Next Page
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Table 40.2 Continued

essentially the s.
moments which
reinforcing may
channels. Const|

1) Sing
2) Asin

3)Ane

® The width is thq
enclosure may h

¢ For panels whi
be limited to the

With supporting frame or equivalent
Without supporting frame? reinforcing?
Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness
Inches

Ininches (cm) In inches (cm) Ininches (cm) In inches (cm) (mm) (AWG)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (18)
6.5 (16.5) 8.0 (20.4) 15.0 (38.1) 18.0 (45.7) (0.91)
8.0 (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) (1.14)
12.0 (B0.5) Not limited 28.0 (71.1) Not limited 0.058 (14)
14.0 (B5.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47
18.0 #5.7) Not limited 42.0 (106.7) Not limited 0.075 (12)
20.0 (p0.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139£7) (1.91

@ A supporting frime is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attachied to and has

may be applied via the enclosure surface when it is deflected. Construction that is considered to h
e accomplished by designs that will produce a structure which is as rigid as one built with a frame
uction considered to be without supporting frame includes:

e sheet with single formed flanges (formed edges),
gle sheet which is corrugated or ribbed, and

hclosure surface loosely attached to a frame, for example, with spring clips.

smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surf]
Ave supports in common and be made of a single sheet.

h are not supported along one side, for example, side panels of boxes, the length of the unsuppor
Himensions specified unless the side in"quéstion is provided with a flange at least 1/2 inch (12.7 m

hme outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending

hve equivalent
of angles or

Aces of an

ted side shall
M) wide.

40.2 Burner

40.2.1 Fora
opening in an

a)Ano

5 having a minimum input in excess of 3 gph (11.4 L/h)

n oil burner having a minimum input in excess of 3 gph (11.4 L/h) the criteria
electrical enclosure are given in the following items and the related figures:

pening that.will not permit entrance of a 3/4 inch (19.1 mm) diameter rod is acq

1) Awprobe as illustrated in Figure 40.1 cannot be made to touch any uninsu
when’inserted through the opening; and

for judging an

eptable if:

ated live part

2) A probe as illustrated in Figure 40.2 cannot be made to touch film-coated wire when

inserted through the opening.

b) An opening that will permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable under
the conditions described in Figure 40.3.
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Figure 40.1

Probe for uninsulated live parts
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Probe for enamel-insulatedwire
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Figure 40.3

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

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane. X equals five times the
diameter of the largest diameter rod which can be inserted through the opening, but not less than 4 inches (102 mm).
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40.3 Burners having a minimum input 3 gph (11.4 L/h) or less

40.3.1

To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an

uninsulated live part or film-coated wire, an opening in an enclosure shall comply with either (a) or (b).

a) For an opening that has a minor dimension (see 40.3.3) less than 1 inch (25.4 mm), such a part
or wire shall not be contacted by the probe illustrated in Figure 40.4.

b) For an opening that has a minor dimension of 1 inch (25.4 mm) or more, such a part or wire shall
be spaced from the opening as more, such a part or wire shall be spaced from the opening as

specifi

ed in Table 40.3.

Exception: A

40.3.2 With
mentioned in

a)An

b) An

wire is
40.3.3 With
diameter of t
opening.

40.3.4 With

- ] 4 ) ) H oo H Tay) H
OO TICCU TTOU CUTTIPN Y VWILTT IS OC TTYUITTITICTILS 11 TCCUITIPIICS VWITT UG TSUYUITTTTT

respect to a part or wire as mentioned in 40.3.1, in an integral enclosure
he exception to 40.3.1:

bpening that has a minor dimension less than 3/4 inch (19.1 mm) is;acceptable

2) In a directly accessible motor (see 40.3.4), an uninsulated live part canng
by the probe illustrated in Figure 40.5; and

3) In an indirectly accessible motor (see 40:3.4), an uninsulated live p
contacted by the probe illustrated in Figure 40.1.

bpening that has a minor dimension of3/4 inch (19.1 mm) or more is accepta
spaced from the opening as specified’in Table 40.3.

reference to the requirements;in*40.3.1 and 40.3.2, the minor dimension of an
he largest cylindrical probe _having a hemispherical tip that can be inserte

reference to the requirements in 40.3.2, an indirectly accessible motor is a mot

a) That is accessible only by opening or removing a part of the outer enclosure, such

panel,

b) Thg
contad

that can be opened or removed without using a tool; or

t is lecated at such a height or is otherwise guarded or enclosed so that it ig
ted.

1) Film-coated wire cannot be contacted by the probe illustrated in Figure 40.2.

nts in 40.3.2.

of a motor as

if:

t be contacted

art cannot be

ble if a part or

opening is the
d through the

or:

as a guard or

unlikely to be

40.3.5 A directly accessible motor is a motor:

a) Tha

b) Tha

t can be contacted without opening or removing any part; or

t is located so as to be accessible to contact.

40.3.6 With reference to the requirements in 40.3.1 and 40.3.2, insulated brush caps are not required to
be additionally enclosed.
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Figure 40.4

Articulate probe with web stop
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Table 40.3
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

Minor dimension?® of opening Minimum distance from opening to part,
inches (mm) inches (mm)P
3/4 (19.1)° 4-1/2 (114)
1 (25.4)° 6-1/2 (165)
1-1/4 (31.8) 7-1/2 (190)
1-1/2 (38.1) 12-1/2 (318)
1-7/8 (47.6) 15-1/2 (394)
2-1/8 (54.0) 17-1/2 (444)
d 30 (162)
2See 40.3.3.
b Between 3/4 imch and 2-1/8 inches, interpolation is to be used to determine a value between values specified in the table.
¢ Any dimension} less than 1 inch (25.4 mm) applies to a motor only.
4 More than 2-1]8 inches, but not more than 6 inches (152.0 mm).

Figure 40.5
IEC articulate probe
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40.4 Doors and covers

40.4.1 A cover or access panel of an enclosure for uninsulated high-voltage parts shall be provided with
means for securing it in place.
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40.4.2 A hinged or pivoted panel or cover shall be positioned or arranged so that it is not subject to falling
or swinging from an open position due to gravity or vibration in such a manner as to cause injury to
persons by the panel or cover, or by moving parts or uninsulated live parts.

40.4.3 The assembly shall be so arranged that an overcurrent protective device, such as a fuse, the
protective functioning of which requires renewal, can be replaced and manual-reset devices can be reset
without removing parts other than a service cover or panel, and a cover or door enclosing the device. See
40.4.7.

40.4.4 A required protective device shall be wholly inaccessible from outside the appliance without
opening a door or cover, except that the operating handle of a circuit breaker, the reset button of a
manually-resettable motor protector, the reset button of a manually-resettable limit control, and similar
parts may project outside the appliance enclosure.

40.4.5 An ogening in an enclosure to provide clearance around a dial, knob, lever) of handle shall not

allow the entrs

4046 A fus
voltage live pg
clips, or wiring
fuses. An insU
not less than (

40.4.7 Thed
protective dev
in connection

nce of a rod having a diameter of 9/64 inch (3.6 mm) at any setting drposition

eholder shall be so constructed, installed, or protected that, adjacent unin
rts within 4 inches (102 mm), other than the screw shell of a‘plug fuseholder,
terminals to the fuseholder, will not be exposed to contact by persons removin
lating barrier of vulcanized fiber or equivalent materialk. employed for this pur
.028 inch (0.71 mm) in thickness.

ce, the intended functioning of which requires’renewal, or if it is necessary to 0
with the operation of the protective device such as resetting a manual r

of such part.

sulated high-
cartridge fuse
g or replacing
pose shall be

por or cover of an enclosure shall be hinged ifit'gives access to fuses or any motor overload

pen the cover
eset overload

protective dev|ce, except as indicated in 40.4.8.

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

a) Conjrol-circuit fuses provided.-the-fuses and control-circuit loads, other than a fixed|control-circuit
load, slich as a pilot lamp, are within the same enclosure;

b) Supplementary-type fuses of 2 amperes or less for small auxiliary resistance Heaters with a
maximym rating of 100" watts;

c) Extractor-typefuses each with its own enclosure; or

d) Fusgs in lew-voltage circuits.

40.4.9 Hinge ’ similar means
requiring the use of tools to hold them closed but shaII be prowded with a catch or spring latch.

40.4.10 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold
the door in place and would require some effort on the user's part to open it is considered to be an
acceptable means for holding the door in place as required in 40.4.9.

40.4.11 A door or cover giving direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4-inch (6.4-mm) rabbet or the equivalent, or shall have either turned flanges for the full length
of four edges or angle strips fastened to it. Flanges or angle strips shall fit closely with the outside of the
wall of the box proper and shall overlap the edges of the box not less than 1/2 inch (12.7 mm). A
construction which affords equivalent protection, such as a fuse enclosure within an outer enclosure, or a
combination of flange and rabbet, is acceptable.
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40.4.12 Strips used to provide rabbets, or angle strips fastened to the edges of a door, shall be secured
at not less than two points, not more than 1-1/2 inches (38.1 mm) from each end of each strip and at points
between these and fastenings not more than 6 inches (152 mm) apart.

40.4.13 An electron tube or similar glass-enclosed device shall be protected against mechanical

damage.

40.5 Field-wiring system connections

40.5.1

Sheet metal to which a wiring system is to be connected in the field shall have a thickness not

less than 0.032 inch (0.81 mm) if uncoated steel, not less than 0.034 inch (0.86 mm) if galvanized steel,
and not less than 0.045 inch (1.14 mm) if nonferrous.

40.5.2 If thr
or if an equiv
in the metal,
threads for th
conduit hub, ¢
rounded inlet
provided by a
as that of the

40.5.3 An ¢
engaging with

40.54 Akn
without undus

40.5.5 A kng¢ckout shall be provided with a flat surrounding surface for seating of a condu

shall be so lo
result in spac

40.5.6 A plate or plug for ansunused conduit opening or other hole in the enclosure

thickness not

a) 0.0
1/4-ind

b) 0.0]

ads for the connection of conduit are tapped all the way through a hole in.an
lent construction is employed, there shall be not less than three nor more th
and the construction of the device shall be such that a conduit bushing can
e connection of conduit are not tapped all the way through a‘hole in an €
r the like, there shall be not less than 3-1/2 threads in the metal and there sha
hole for the conductors which shall afford protection to the-conductors equ
standard conduit bushing and which shall have an internal diameter approxim
corresponding trade size of rigid conduit.

hclosure threaded for support by rigid conduitishall provide at least five f
the conduit.

pckout in a sheet metal enclosure shall\be secured but shall be capable of k
deformation of the enclosure.

ated that installation of a bushing at any knockout likely to be used during inst
ngs between uninsulated-live parts and the bushings of less than those require

less than:

4 inch (0.36-mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for g
h (6.4-mmy) maximum dimensions; and

7 inch (0.69 mm) steel or 0.032 inch (0.81 mm) nonferrous metal for a hole

inch (3

!

nclosure wall,
n five threads
be attached. If
nclosure wall,
| be a smooth,
ivalent to that
htely the same

LIl threads for

eing removed

t bushing, and
Allation will not
d.

shall have a

hole having a

aving a 1-3/8-

4:9°mm) maximum dimension.

A closure for a larger hole shall have a thickness equal to that required for the enclosure of the device or a
standard knockout seal shall be used. Such plates or plugs shall be securely mounted.

4

41.1

Motors and Motor Overload Protection

or combination thereof.

All motors shall be protected by an integral thermal protector or by an overcurrent protective device

41.2 Overcurrent protective devices as referred to in 41.1 mean those which conform to the

requirements

of the National Electrical Code, ANSI/NFPA 70 as follows:

a) A separate overcurrent device that is responsive to motor current. This device shall be rated or
selected to trip at no more than the following percent of the motor full-load current rating:
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1) Motors with a marked service factor not less than 1.15 — 125 percent.

2) Motors with marked temperature rise not over 40°C (72°F) — 125 percent.

3) All other motors — 115 percent. For a multispeed motor, each winding connection shall be

considered separately and the motor is to be protected at all speeds.

b) If the values specified for motor-running overload protection do not correspond to the standard
sizes or ratings of fuses, magnetic or thermal overcurrent 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.

Z) VIotors with a marked temperature rise notover 4U°C (/2°F) — 14U percent.

3) All other motors — 130 percent.

41.3 Anintegral thermal protective device is to comply with the Standard for Thermally Protected Motors,

UL 1004-3.

414 Separa
be assembled
protection is n
the intended ig

41.5 Except
a) Thre

b) The
methoq

investigated and found to provide protection under primary single-phase failure co

supplig
be ma
markin
41.6 If the ag
locations, two
provided the g
41.7 Motors,

e overcurrent devices, except when included as part of a-magnetic motor co
as part of the equipment, and be identifiable as such after assembly to the equ
bt to include means for manually interrupting the metor circuit if such interrupt
nition, control and operation of the equipment.

bs indicated in 41.6, 3-phase motors shall beprovided with overload protection
e properly rated overcurrent devices shall be employed; or

mal protectors, combinations of thermal protectors and overcurrent devices,
s of protection may be employed where the specific protective arrangem

d from transformers connécted Wye-Delta or Delta-Wye. Assemblies so inve
ked to indicate that the motor is protected under primary single-phasing co
) may be a paper sticker or decal, or may be on an attached wiring diagram.

sembly is suchthat it is not intended to be installed in isolated, inaccessible,
properly rated overcurrent devices, or equivalent thermal protection, may
ssembly-isimarked to indicate it is for operation only in presence of a competer
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htroller, are to
ipment. Such
on may affect

as follows:

or equivalent
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hditions when
stigated shall
nditions. This

br unattended
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t attendant.

and that are

such” as direct-drive fan motors, are not normally subjected to overloads,

ha adaoanat nratectad - aoasinaet duat l ant-ba

a thermal or

ali ad varbaoatin~ : PN clkkadrator criee
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overcurrent protective device may be accepted under this requirement; provided it is determined that the
motor will not overheat under actual conditions of use.

41.8

Impedance protection may be accepted for motors that are determined to be adequately protected

against overheating due to locked-rotor current, provided it is determined that the motor will not overheat
under the performance requirements of this standard.

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

41.10 Motors shall not exceed the temperature rises indicated in Table 58.1 when tested as described

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

41.12 Interruption of the circuit to a motor by the overcurrent or overtemperature protective device shall
not result in a risk of fire or explosion in the operation of the equipment or the discharge of fuel. If a burner
depends solely upon an electric 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. The device
which interrupts the circuit to the valve may be independent of the motor circuit.

41.13 An automatic-reset type protective device shall not be used if the automatic reclosing of the circuit
to the motor by the device may result in a risk of fire or explosion in the operation of the equipment.

41.14 The gnclosure of a motor shall have no openings permitting a drop of liquid or-a|particle falling
vertically ontd the motor, to enter the motor as applied to the assembly.

41.15 Confgrmance to 41.14 may be provided by the motor frame or by otherenclosurg, structure, or
shield, or by & combination of two or more such items, and is to be determinéd with the mptor applied to
the assembly

41.16 Motorns having openings in the enclosure or frame shall be installed or shielded to rgstrict particles
from falling oudt of the motor on to flammable material within or underthe assembly.

41.17 The requirement in 41.16 will necessitate the use of a-barrier of nonflammable matferial under an
open type motor unless:

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

b) Thg motor overload protection device provided with a single-phase motor is such that no burning
insulafion or molten material falls {o_the surface that supports the appliance whep the motor is
energiged under each of the following fault conditions, as applicable to the particular fype of motor:

1) Open main winding,
2) Open starting'winding,
3) Starting‘switch short-circuited, and

4) Capaecitor shorted (permanent split capacitor type), or

c) Thg motor is provided with a thermal motor protector (a protective device that fis sensitive to
temperature and current) that will reduce the Tikelihood that the temperature of the motor windings
will become more than 125°C (257°F) under the maximum load below which the motor will run
without causing the protector to cycle and from becoming more than 150°C (302°F) with the rotor of
the motor locked.

d) The motor complies with the requirements for impedance-protected motors and the motor
winding will not exceed a temperature greater than 150°C (302°F) during the first 72 hours of
operation with the rotor of the motor locked.

41.18 The barrier mentioned in 41.17 shall be horizontal, shall be located as indicated in Figure 41.1 and
shall have an area not less than that described in that illustration. Openings for drainage and ventilation
may be employed in the barrier, provided that such openings would not permit molten metal, burning
insulation, or the like to fall on flammable material.
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41.19 Overcurrent protective devices and thermal protective devices for motors shall comply with the
requirements of the Short Circuit Test, Section 70.

Figure 41.1

Location and extent of barrier

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

C —Inclined line which traces out minimum area of the barrier. When moving, the line is to be always
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 plant of the barrier.
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41.20 Motors shall comply with the Standard for Rotating Electrical Machines — General Requirements,

UL 1004-1.

42 Switches and Controllers

421

Except as indicated in 42.2 a controller(s) for controlling the loads involved shall be provided for all

assemblies incorporating more than one motor intended for connection to the same power supply.

42.2 A controller is not required for an assembly with more than one motor if the marked maximum fuse
size does not exceed 20 amperes at 125 volts or less or 15 amperes at 126 — 600 volts, and with not more
than 6 amperes full-load current for any one of the motors.

42.3 A singl
controlled. Th
a remote mot

e controller may control more than one motor if the controller is rated for the
e assembly is to be marked in accordance with 74.15 if the same contrellerc
pr(s) in addition to the motor(s) in the unit containing the controller.

42.4 A controller or switch shall be rated for the load which it controls.

42.5 The load controlled is to include any load external to the assembly for which conn

controller or |

42.6 A cont
have a curren

42.7 Ifthec
endurance te
required for th

42.8 The lo
alternating cu

429
the motor of

witch circuit are provided.

oller which may be called upon to break a motordoad under locked-rotor ¢
t-interrupting capacity not less than the locked-rotor load of the motor controlle

bntroller is cycled by the operation of an automatic-reset overload device, it is t
5t under locked-rotor conditions. The endurance test is to be of a duration eq
e automatic-reset overload device and’at an equivalent rate.

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

If the marked maximum fuse_size of the oil burner does not exceed the maximum sizg

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 o

42.10 Moton
ungrounded g

ben under théxmore severe intended conditions of service that might be encour

contrallers shall be arranged so that they will simultaneously open a suffici
lonductors to interrupt current flow to the motor.

tombined load
bntacts handle

ections in the

bnditions shall
d.

b withstand an
hivalent to that

bf the motor if

 for protecting
g overcurrent
of the marked
tered.

ent number of

42.11

As applicable, switches shall comply with the Standard for Enclosed and Dead-Front Switches, UL

98, the Standard for General-Use Snap Switches, UL 20 or the Standard for Switches for Appliances —
Part 1: General Requirements, UL 61058-1.

42.12 Controllers shall comply with the following, as applicable:

a) The

Standard for Industrial Control Equipment, UL 508;

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

1;

c) The Standard for Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and Motor-
Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1; or
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d) The Standard for Low-Voltage Switchgear and Controlgear — Part 5-2: Control Circuit Devices
and Switching Elements — Proximity Switches, UL 60947-5-2.

43 Capacitors

43.1 A motor starting or running capacitor shall be housed within an enclosure or container that will
protect the plates against mechanical damage and that will reduce the likelihood of the emission of flame
or molten material resulting from failure of the capacitor. Except as noted in 43.2 and 43.3, the container
shall be of metal providing strength and protection not less than that of uncoated steel having a thickness
of 0.020 inch (0.51 mm).

43.2 The individual container of a capacitor may be of material other than metal if the capacitor is
mounted in an| enclosure that houses other parts of the burner and provided that such bax, case, and the
like, is acceptgble for the enclosure of current-carrying parts.

43.3 Ifthec
metal parts in

bntainer of an electrolytic capacitor is constructed of metal, it shallbe insulated from dead
accordance with Table 45.1.

434 A capa
against expuls
requirements

Litor employing a liquid dielectric medium more combustible than askarel shal
ion of the dielectric medium when tested in accordance-with the applicable
bf this standard, including faulted overcurrent conditions based on the circuif

be protected
performance
in which it is

used. See Shqrt-Circuit Test, Section 70.

a motor start
p 70.1 but not
of the other

Exception: If t
winding, the ¢
less than the
component(s)

e available fault current is limited by other components in the circuit, such as
apacitor may be tested using a fault currentfess than the test current in Tabl
current established by dividing the\ circuit voltage by the impedance

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

44 Electrica] Insulating Material

441 Materia
porcelain, phe

for the mounting-6fcurrent-carrying parts shall be of moisture-resistant material such as
holic, or cold-molded composition.

44.2 Vulcani
the sole suppd

ved fiber may be used for insulating bushings, washers, separators, and barri¢rs, but not as
rt for uninsulated live parts of other than low-voltage circuits.

45 Spacings = High-Voltage Circuits

451 Except as noted in 45.2 — 46.5, the spacings between uninsulated live parts of opposite polarity and
between an uninsulated live part and a dead metal part shall not be less than the values indicated in Table
45.1.

45.2 The through air and over surface spacings at an individual component part are to be judged on the
basis of the total volt-ampere consumption of the load or loads which the component controls. However,
the spacing from the component to the enclosure shall be judged on the basis of the total load on all
components in the enclosure. For example, the through air and over surface spacings at a component
which controls only a motor is judged on the basis of the volt-amperes of the motor. A component which
controls loads in addition to the motor is similarly judged on the basis of the sum of the volt-amperes of the
loads so controlled; except that a component that independently controls separate loads is judged on the
basis of the volt-amperes of the larger load. The volt-ampere values for the load referred to above are to
be determined by the measured input.
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45.3 The spacing requirements in Table 45.1 do not apply to the inherent spacings inside motors, except
at wiring terminals, or to the inherent spacings of a component that is judged on the basis of the
requirements for the component. However, the electrical clearance resulting from the installation of a

component, including clearances to dead metal or enclosures, are to be those indicated in the table.

Table 45.1
Minimum spacings
Ratings Minimum spacingsd

Volt- Through air Over surface To enclosure®
amperes Volts Inch (mm) Inch (mm) Inch (mm)
0-2000 0-300° 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
More than 0-150 1/8° (3.2) 1/4 (6.4) 172 (12.7)
2000 151 -300 1/4 (6.4) 3/8 (9.5) 2 (12.7)
301 -600 3/8 (9.5) 1/2¢ (12.7) 12 (12.7)

2 |f over 300 vol

® The spacings

than 1/4 inch (6
the spacing neq
factory wired. M

¢Includes meta

4 The spacings
for a motor rate

s, spacings in last line of table apply.

between wiring terminals of opposite polarity, or between a wiring terminal and.grounded metal, sh

4 mm), except that if short-circuiting or grounding of such terminals will pot'result from projecting gtrands of wire,

d not be greater than that given in the above table. Wiring terminals @re those connected in the fie
leasurements are to be made with solid wire of adequate ampacity/for the load to each terminal.

fittings for conduit or cable that are factory installed or that maybe field installed.

bt wiring terminals of a motor shall be 1/4 inch (6.4 mm) for.a'motor rated 250 volts or less and 3/8
i more than 250 volts.

fall not be less

d and not

inch (9.5 mm)

45.4  All unin

sulated live parts connected to different-circuits, except subdivided circuits or

of same voltage from same feeder, shall be spaeed from one another as though they

opposite pola
the highest vd

455 For cir|
motors may H
(6.4 mm) whe)

45.6 An ins
similar mater
inch (0.71 mn
may be used

ity in accordance with the requirements indicated above and shall be judged
Itage involved.

Cuits not exceeding 300_yolts, the over surface spacings for glass-insulate
e 1/8 inch (3.2 mm)where 1/4 inch (6.4 mm) is specified in the table; and m
re 3/8 inch (9.5 mm).s specified.

Ilating liner.Or. barrier of vulcanized fiber, varnished cloth, mica, phenolic ¢
al employed where spacings would otherwise be insufficient, shall be not le
n) in thickness, except that a liner or barrier not less than 0.013 inch (0.33 mn

in_conjunction with an air spacing of not less than one-half of the throu

required. The

liner shall be located so that it will not be damaged by arcing. Material h

branch circuits
were parts of
bn the basis of

d terminals of
ay be 1/4 inch

bmposition, or
ss than 0.028
n) in thickness
ph-air spacing
aving a lesser

thickness maybe Used if it has equivalent insulating, mechanical, and flammability properties.

45.7 The spacings "To Enclosure" are not to be applied to an individual enclosure of a component part
within an outer enclosure or cabinet.

46 Spacings — Low-Voltage Circuits

46.1

The spacings for low-voltage electrical components that are installed in a circuit which includes a

motor overload protective device, or other protective device, where a short or grounded circuit may affect
the intended ignition, control, and operation of the burner, shall comply with 46.2 — 46.5.

46.2 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 45.3.
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46.3 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, that may be grounded
when the device is installed shall be not less than 1/4 inch (6.4 mm).

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

46.5 The spacings in low-voltage circuits that do not contain devices such as those indicated in 46.1 are
not specified.

47 Combination Gas-Oil Burners

471 A comb
being fired wi
intended to be

47.2 A comi
from one fuel
delivered to th

ination burner intended to burn only one fuel at a time shall be arrangéd,so th
| be shut off automatically when the burner for that fuel is not infiting pos
fired.

ination burner intended to burn only one fuel at a time, equipped to change
o the other, shall be arranged so that the fuel being fired\is shut off before th
e ignition zone. The ignition system for the fuel to be‘fired shall provide a

trial-for-ignitio

the ignition zope.

47.3 A burngr intended to burn both gas and oil simultaneously shall be arranged so that
operating input cannot exceed the maximum capacity, of the burner as fired.

47.4 An autgmatically or remotely lighted combination burner shall be equipped so that nd
to the main bufner or burner group operating as-a unit unless satisfactory ignition of the main

assured (prov
PERFORMAN

48 General

period and shall be activated simultaneously with orbefore the initial delivery

d pilot).

CE

48.1 The pe
burner using
burner,oras

[formance’of*a burner is to be judged upon the basis of operation tests con
ny grade)of fuel recommended by the manufacturer of the burner. Each siz
fficient number of sizes and types to be representative of the entire range of si

at the fuel not
tion or is not

automatically
e other fuel is
redetermined
of the fuel to

the maximum

gas can flow
gas burner is

jucted on the
e and type of
res and types

submitted, arg to\bé subjected to all or part of the tests prescribed herein. If optional features affecting
performance i i i i

48.2 A burner, when tested in accordance with these requirements, shall be uniform and reliable in
operation and free from excessive carbonization or other phenomena that may adversely affect the
intended operation of the burner.

48.3 Burners equipped, or intended to be equipped in the field, with preheaters to heat the fuel oil before
it is delivered for combustion are not required to burn cold oil. Such burners shall be arranged so that no oil
can be delivered to the burner for combustion until it has been heated to the intended temperature.
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49 Measurements

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

49.2 The fuel input rate to a burner during a test is to be determined by a scale accurate to 0.01 pound-
mass (0.004 kg) or a burette capable of the same resultant accuracy.

49.3 The total electrical input to a burner is to be measured in amperes. An electrical meter is to have a
maximum scale range of not more than 1-1/2 times the value to be measured. The smallest scale division

is to be not more than 1/50 of the maximum scale range.

494 Mecha
mechanism d
stroboscope i

49.5 Tempe
may be used
wires not larg
wire shall co
Temperature
Standardized

49.6 Where
of electrical €

hical or electronic means are to be used to measure the speed of-al/m
riven by it. The load imposed by the counter is not to adversely affect m
5 recommended for measuring speed of a motor under 1/8 horsepoweér (93 W

ratures shall be measured by thermocouples except that the.ehange-of-resis
0 measure the temperature of motor windings or of coils. The-thermocouples
er than 24 AWG (0.21 mm?) and not smaller than 30 AWG (0.05 mm?). The
hform to the requirements specified in the Toleranees on Initial Values o
ables in the Standard Specification and Temperature-Electromotive Force (€
Thermocouples, ANSI/ASTM E230/E230M.

thermocouples are used in the determination’of temperatures in connection w
quipment, it is a standard practice to _employ thermocouples consisting of

mm?) iron andl constantan wires and a potentiometertype of indicating instrument. This eqt

used whenev

49.7 Therm
Table 58.1.

49.8 A therr
contact with {
contact will r
involved, braz

50 Test Vol

br referee temperature measurements by means of thermocouples are necess

bcouples are to be attached 1o pertinent materials and parts, such as those

hocouple junction_and adjacent thermocouple lead wire are to be securely |
he surface of the.material whose temperature is being measured. In most ¢
bsult from taping or cementing the thermocouple in place; but where a m
ing or soldering the thermocouple to the metal may be necessary.

age

btor or of the
otor speed. A
butput).

tance method
shall consist of
thermocouple
f EMF versus
mf) Tables for

ith the heating
B0 AWG (0.05
ipment will be

ary.
mentioned in
eld in thermal

ases, thermal
ptal surface is

50.1 Unless

otherwise specified; burmers—areto betestedat the potentiats-indicatedin

each test as detailed in the paragraphs describing the test.

Table 50.1
Test voltages

Table 50.1 for

Rated voltage Normal test voltage Overvoltage Undervoltage?
110-120 120 132 102
208 208 229 177
220 -240 240 264 204
254 - 277 277 305 235

Table 50.1 Continued on Next Page
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Table 50.1 Continued

Rated voltage Normal test voltage Overvoltage Undervoltage?®
440 - 480 480 528 408
550 — 600 600 660 510
Other Rated 110 percent 85 percent
Rated Rated

@ Values in this column are applicable to alternating-current potentials. Undervoltage tests for a direct-current burner or component
are to be conducted at 80 percent rated voltage.

51 Combustion Tests

51.1 GenerJI

51.1.1 Comf
without excesy

51.1.2 The p
(51.3.1-51.3

ustion shall be stable and complete at all firing rates over the operating rangg
ive smoke and without causing the formation of excessive carbonization.

erformance of a burner during the prescribed Test No. 1 (5'82.1 — 51.2.13) 4
16) shall be deemed to be in accordance with 51.1.1 when:

a) Auto
b) Ignit

c) Stab
heating

d) The
on the

matic ignition is obtained on each cycle within the intended period of time.
on is obtained at each cycle without backfire, flash, or "puff."

le combustion is obtained at all operating firing rates. Burner flames do not fla
appliance being fired.

observed smoke at all firing rates during the prescribed tests does not exceegd
Shell-Bacharach scale with the'Model RDC smokemeter:

1) Number 1 spot for _all-mechanical draft burners having a maximum
exceeding 7 gph (26.5 L/h) firing a distillate type fuel.

2) Number 2 spefifor all vaporizing type burners firing a distillate type
mechanical draft burners having a maximum capacity in excess of 7 gph (26

of the burner

nd Test No. 2

5h outside the

the following

capacity not

fuel and for
5 L/h) firing a

distillate typefuel.
3) Number4 spot for all burners firing a residual type fuel.

e) Combustion at all firing rates is complete and consistent during the test.

f) No excess amount of soot is deposited on surfaces of the heat exchanger, flue passages, or the
flue pipe of the heating appliance fired for the test. Any tar or flocculent soot accumulation is
deemed excessive.

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

h) No excess amount of carbon, soot, and tar has been deposition on surfaces or accumulated on
or in vaporizing burners and ignition rings of wall-flame burners. Any accumulation likely to be
deleterious to the performance of the burner that continually increases as the test progresses, or
that reduces the area of air openings in the burner or restricts fuel input, is to be deemed
excessive.

i) A pilot does not deposit detrimental carbon when adjusted according to the manufacturer's
instructions.


https://ulnorm.com/api/?name=UL 296 2022.pdf

NOVEMBER 16, 2022 UL 296 71

j) An escapement or bleed pilot flame is freely ignited by the constant-burning pilot.
51.2 Mechanical-atomizing burners— test no. 1

51.2.1 The burner is to be installed for test in a boiler of a size commensurate with the firing rate of the
burner to be tested, except that a burner intended for application to a specific appliance may be tested as
applied to that appliance or an appliance representative of the appliance for which the burner is designed.

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

51.2.3 Thel
manufacturer.
like, as recom

nished by the
The burner is to be fired at a rate within the rating of the burner. A fire box,|hearth, or the
mended or furnished by the manufacturer, is to be provided.

51.24 The
fuel ratio adju
recommende
fired at 5 gph
fired at more
intended only
draft is to beg
specified in T4

purner is to be fired with the heaviest grade of fuel for which the burhér is ratgéd and the air-
sted in accordance with the manufacturer's instructions. The draft|over fire is fo be the value
| by the manufacturer, but is not to exceed 0.03 inch (0.76 mm) water column for burners
(18.9 liter/hr) or less; and shall not exceed 0.05 inch (1.27 'mm) water column for burners
than 5 gph (18.9 liter/hr), but not more than 16 gph (60.6-liters/hr); except that for a burner
for application to a specific appliance equipped with-forced or induced draft fan or both, the
as specified by the manufacturer. Voltage is to_b& adjusted to the normal test voltage
ble 50.1.

51.2.5 The burner is to be fired until steady-state combustion conditions exist. Observafions are to be

made for eac
intermediate,
the Shell-Bac

5126 Ana
"on" and 10 m

A

51.2.7 An 3
consisting of

minutes off.

51.2.8 A ms

h operating fire. For a modulating burner,"these observations are to be mad
and maximum operating fires. The observed smoke is to be not more than th

itomatically-lighted burner. ofthe "on" and "off" type is to be fired intermitten
inutes "off."

utomatically-lighted.-modulating-burner is to be fired in successive cycle
0 minutes on highfire, 10 minutes on intermediate fire, 10 minutes on minimd

nually-lighted automatically-regulated burner is to be fired in successive cycl

consisting of

fired, and 10 rlninutes on minimum fire.

10 minutes on high fire, 10 minutes on intermediate fire if the burner is des

narach smoke scale with the ModerRDC smokemeter as specified in 51.1.2(d)l.

B at minimum,
ht indicated on

ly, 10 minutes

5, each cycle
m fire, and 10

es, each cycle
gned to be so

51.2.9 A manually-lighted manually-regulated burner is to be fired in successive cycles, each cycle
consisting of 2 hours on high fire, 2 hours on intermediate fire, and 4 hours on minimum fire.

51.2.10 During the test period, daily observations and recordings are to be made of the draft on each
operating fire, ignition, and combustion characteristics, combustion chamber conditions, and any
abnormal performance.

51.2.11 The fuel-burning rate, draft over fire, smoke, and CO, on each operating fire are to be observed
and recorded at the beginning of the test, after each 50 hours of operation thereafter, and at the end of the
test.

51.2.12 The duration of these tests is to be that required to obtain conclusive performance data, and is
expected to be until the burner has been fired for 250 hours.
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51.2.13 Following Test No. 1 the total electrical input and the electrical input of each component, except
those having a pilot duty rating, are to be measured.

51.3 Vaporizing burners — test no. 2

51.3.1 The burner is to be installed for test in a boiler of a size commensurate with the firing rate of the
burner to be tested, except that a burner intended for application to specific appliances may be tested as
applied to that appliance or an appliance representative of the appliances for which the burner is designed.

51.3.2 All heating surfaces in contact with combustion products, and the flue pipe of the appliance to be

fired for the test, are to be thoroughly cleaned before the test is begun.

51.3.3 The 4
manufacturer
burner.

51.3.4 Theb
fuel ratio adjus
to maintain th
water column,
adjustment is
regulated burr
of the fuel and
the normal tes|

51.3.5 Theb
Smoke obseny
more than th
smokemeter.

51.3.6 Obse
pilot firing rate
maximum pilo

51.3.7 A ma
beginning with
and then at rg
maximum high
rates.

urner is to be arranged for operation in accordance with the instructions fur,
and installed in a boiler or appliance capable of being fired at the maximun

urner is to be fired with the heaviest grade of fuel for which the burner is ratg
ted in accordance with the manufacturer's instructions. The draft regulator is {
b manufacturer's recommended high-fire draft which is not to“exceed 0.06 in
Draft settings are to be made normally on high fire. No‘change in draft or G
to be made for other firing rates unless changed—automatically, except fa
er when the instructions on the burner so state, iniwhich case correlation of th
draft or air adjustment shall be included with those instructions. Voltage is to
t voltage specified in Table 50.1.

urner is to be fired at each operating firg rate until steady-state combustion co
ations are then made in accordance with 51.3.6 — 51.3.8. The observed smo
At indicated by number 2 on the\ Shell-Bacharach smoke scale with the

vations are to be maderofithe smoke produced by a pilot fire over the allow
5 in 1 cc increments fromthe minimum rate to and including a rate of 10 cc per
rate allowed by the.fuel metering device, whichever is smaller.

nually-regulated-burner and a modulating burner are to be fired success
a firing ratecof 10 cc per minute or the minimum rate allowed by the fuel-mg

hished by the
rating of the

d and the air-
0 be adjusted
ch (1.52 mm)
ombustion air
r a manually
e calibrations
be adjusted to

nditions exist.
e is to be not
Model RDC

able range of
minute or the

vely at rates
btering device

tes praogressively increasing in increments equivalent to approximately 10 percent of the

-fire ¥rat€ as allowed by the metering device. The smoke is to be observed at

all those firing

51.3.8 An automatically-regulated burner intended to fire at one or more predetermined firing rates is to
be fired at the minimum and maximum firing rates allowed by the fuel-metering device and at allowable
intermediate rates in steps equivalent to approximately 10 percent of the maximum firing rate. Smoke
observations are to be made at all those firing rates.

51.3.9 The burner is to be fired in accordance with the appropriate schedule described in 51.3.10 —
51.3.12. The firing rate selected for these tests is to be the allowable rate in each range which produced
more smoke as determined in accordance with 51.3.5 — 51.3.8. The air-fuel ratio for the test is to be
adjusted as recommended by the manufacturer's instructions.

51.3.10 A manually-regulated burner is to be fired each week of the test in accordance with the following
schedule:

a) Five successive days per week —
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1) Four hours at high fire
2) Four hours at intermediate rate

3) Sixteen hours at low or pilot rate

b) Two successive days per week at low or pilot rate.

The normal duration of the test is expected to be four weeks.

51.3.11

An automatically-regulated burner intended to operate with an oil pilot is to be fired 30 minutes

on a high fire, 30 minutes on an intermediate fire if the burner is intended to be so fired, and 30 minutes on

pilot fire, as

successive da

to obtain 250

51.3.12 An
on high fire, g
off for 30 min
required to oh

51.3.13 Dur
operating firg
abnormal pert

51.3.14 The
gas analyses
period of 50 h

51.3.15 Att
51.3.7 and 51

ys per week, each week of the test. The duration o
hours of operation on high fire.

r on each fire stage if the burner is intended to operate with multiple stage fire
Lites as a continual cycle throughout the test. The duration of\thé test is expe
tain 250 hours of operation on high fire.

ng the test period, daily observations and recordifigs are to be made of t
s, ignition and combustion characteristics, combustion chamber conditi
ormance.

fuel-burning rate and draft over fire are t0.be determined and smoke observ
are to be made on each operating firetand recorded at the beginning of the {
purs of operation on high fire, and at.the end of the test.

he end of the tests described in©51.3.10 and 51.3.11, smoke observations a
.3.8 are to be made.

51.3.16 Foll
input and thq
measured.

52 Combustion Air Failure Test — Test No. 3

bwing the above test the voltage is to be adjusted to rated voltage and the
electrical input of~each component, except those having a pilot duty rat

521 A mec
with the req

E

anical draft burner not provided with a combustion air interlock shall operate

jously for two
b that required

hutomatically-regulated burner equipped with electric or gas ignitionys’to be fifed 30 minutes

s, and then be
Cted to be that

ne draft on all
bns, and any

ation and flue-
est, after each

5 described in

total electrical

ng, are to be

in accordance

irements specified in 52.3 and 52.4 during interruption and upon rest

bration of the

combustion-a

ir supply.

52.2 The initial conditions for the test are to be as for Test No. 1 (51.2.1 — 51.2.4), or Test No. 2 (51.3.1 —
51.3.4). The test may be conducted during the course of the Combustion Tests, Section 51. While the
burner is being fired at any operating fire, the fan supplying air for combustion is to be stopped, that is, by
disconnecting the fan motor only from the electrical circuit, by disconnecting any flexible coupling, or by
removing any belt needed to drive the fan. Fuel to the main burner is to be shut off in accordance with 52.3
or combustion, if continued, is to be in accordance with 52.4.

52.3 If the main burner flame is extinguished following interruption of the air supply, the fuel is to be shut
off due to the inherent design of the burner or by action of a safety control within the safety control timing
period specified in Table 30.1. The burner is to require manual restart to fire the burner upon restoration of
the air supply, or an automatically-lighted burner may restart automatically upon restoration of the air
supply provided the intended automatic re-ignition is obtained.
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52.4

If combustion is continued following interruption of the air supply, the burner is to be allowed to

function as it will for at least 48 hours. At the end of that period, the combustion air supply is to be restored
and the burner ignited if the flame has been extinguished. The performance of the burner is to be such

that:

a) During that portion of the test period beginning 3 hours immediately following interruption of the
air supply, the combustion, if maintained, is to be such that the burner flame does not produce
smoke in excess of that indicated on the Shell-Bacharach scale with the Model RDC smokemeter,
as specified in 51.1.2(d).

b) Flames are not expelled at any time from the burner or the heating appliance being fired for the

test.

c) Com

d) The
"puff.ll

e) Soo
extent

53 Interrupt|

53.1 A mech
shall be arran

the operation

53.2 The init

conducted dufing the course of the Combustion_Tests, Section 51. While the burner is bein

operating fire,
disconnecting
disconnecting
flow of an ator
be shut off dug
in Table 30.1.
automatically

automatic reig

54 Undervo

bustion is stable at all times during the test.

reignition of the main burner flame is effected completely and without’bag

does not accumulate in the appliance being fired for the test and in the flue p
hat stable combustion cannot be obtained.

on of Atomization Test — Test No. 4

kfire, flash or

pe to such an

anical atomizing burner employing air, steam,.er a mechanical device for atomizing fuel

ed to shut off the delivery of fuel for combustionupon interruption of the atom
f the mechanical device.

ial conditions for the test are to be as for Test No. 1 (51.2.1 — 51.2.4). Thd

the atomizing media or operatian, of the mechanical device is to be interrupt
from the electrical circuit only(thé motor driving a device providing the atomiz
any flexible coupling or removing any belt needed to drive such device, or by
hizing media furnished by _a source other than the burner. Fuel to the main bur
to the inherent design of the burner or by action of the safety control timing p¢
The burner is to~require manual restart upon restoration of the atomizing
ighted burner may restart upon restoration of the atomizing means provided
hition is obtained.

tage Test — Test No. 5

54.1

A burngrishall operate in accordance with the requirements specified in 54.2 wher

zing media or

b test may be
g fired at any
ed, that is, by
ng means, by
stopping the
ner flame is to
riod specified
means, or an
the intended

tested at an

undervoltage as specified in Table 50.1.

54.2 The initial conditions for test are to be as for Test No. 1 (561.2.1 — 51.2.4) or Test No. 2 (51.3.1 —
51.3.4), except that the test voltage shall be regulated to maintain the appropriate undervoltage, as
specified in Table 50.1. The test may be conducted during the course of the Combustion Tests, Section 51.
The performance of the burner shall be such that:

a) Ignition of the main burner flame is effected without backfire, flash, or "puff."
b) Flames are not expelled from the burner or the heating appliance being fired for the test.
c) Combustion is complete and stable.

d) Flames at all allowable firing rates do not produce smoke in excess of that indicated on the
Shell-Bacharach scale with the Model RDC smokemeter, as specified in 51.1.2(d).


https://ulnorm.com/api/?name=UL 296 2022.pdf

NOVEMBER 16, 2022 UL 296 75

e) The burner is capable of operation without interruption.
55 Power Interruption Test — Test No. 6

55.1 A power-operated burner shall operate in accordance with the requirements of 55.3 or 55.4, during
interruption and upon restoration of the power supply.

55.2 The initial conditions for test are to be as for Test No. 1 (51.2.1 — 51.2.4) or Test No. 2 (51.3.1 —
51.3.4). The test may be conducted during the course of the Combustion Tests, Section 51. While the
burner is being fired at any operating fire, the power supply is to be interrupted. The power is then to be
restored after being interrupted for any period of time. Fuel to the main burner is to be shut off immediately
in accordance with 55.3, or combustion, if continued, is to be in accordance with 55.4.

55.3 If the nmpain burner flame is extinguished immediately following interruption of the power supply, the

oil shall be ay
The burner s
automatically:
intended auto

55.4 If coml
function as it
burner ignited

a) Dur
power
smoke
as spe€

tomatically shut off due to the inherent design of the burner or by action of a
hall require manual restart to fire the burner upon restoration of-the power
lighted burner may restart automatically upon restoration of the’ power suppl
matic reignition is obtained.

ustion is continued following interruption of the power supply, the burner is to
ill for at least 48 hours. At the end of that period, the-pewer supply is to be re
if the flame has been extinguished. The performange 6f the burner shall be su

ng that portion of the test period beginning 3 ‘heurs immediately following inte
supply, the combustion, if maintained, is toBe such that the burner flame doe
in excess of that indicated on the Shell-Bacharach scale with the Model RD(
cified in 51.1.2(d).

b) Flagnes are not expelled at any time-from the burner or the heating appliance bei

test.
c) Con
d) The

e) Sodg
extent

hbustion is stable at all times during the test.
reignition of the main'burner flame is effected without backfire, flash, or "puff."

t does not accumulate in the appliance being fired for the test and in the flue g
that stable eombustion cannot be obtained.

56 Tempergture Test— Test No.7

56.1

safety control.
supply, or an
y provided the

be allowed to
stored and the
ch that:

rruption of the
s not produce
L smokemeter,

ng fired for the

ipe to such an

The maximum temperature rise attained by burner parts shall not be mare than the tel

mperature rise

indicated for such parts in Column 1, Table 58.1, while the burner is fired continuously at any rate of firing
specified for Test No. 1 or Test No. 2 of the Combustion Tests, Section 51, or during the period
immediately following termination of such firing. Also, the maximum temperature on any handle which the
operator may need to touch to regulate or shut off the burner shall not exceed room temperature by more
than 60°F (33°C) for metallic parts, nor more than 80°F (44°C) for nonmetallic parts.

56.2 The burner, as arranged and installed for Test No. 1 (51.2.1 — 51.2.4) or Test No. 2 (561.3.1 —
51.3.4), is to be fired at any test rate specified until equilibrium temperatures are attained. Room
temperature is to be taken from a shielded thermocouple located directly opposite and 18 inches (457 mm)
in front of the center of the burner assembly. Temperatures are to be observed and recorded while the
burner is firing and after the firing is discontinued.
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57 Ignition Tests, Multiple Igniters
57.1 A burner equipped with multiple igniters, each of which is capable of functioning independently of

the others, shall be so designed that when the burner is tested in accordance with the requirements of

Sections 58 — 63, any one igniter will effect ignition while the others are inactive.

58 Ignition Tests, Electric High-Tension

58.1 Reduced voltage — cold oil — test no. 8

58.1.1
intended ignitinn_a
normal test vqltage is |mpressed on the primary circuit of the ignition system the combdsti
and burner ar¢ at room temperature and the temperature of the oil supplied to the burneriis 1
value specifiedl in 58.1.2.

58.1.2 The RQurner, arranged and installed as for Test No. 1 (51.2.1 — 51.2.4)or Test N
51.3.4), is to b tested after it has been subjected to the combustion Tests, Section 51, exce
voltages are af indicated in 58.1.3. The oil-temperature control for a burneriintended to burn
is to be set forjthe minimum temperature recommended in the manufacturer's instructions fqg
oil fuel being ysed for the test. The spark gap or gaps are to be adjusted to the maximum o

A high-tension |gn|t|on system for an automatlcally- or remotely lighted burner shall effect the

70 percent of
ion air supply
educed to the

p. 2 (561.3.1 —
bt that the test
preheated oil
r the grade of
ecommended

by the manuf
transformer.
downstream f

temperature of

the test fuel.

58.1.3 Excef
regulated to 7

control is to be

normal test vo

58.1.4 |If the
ignition, the v
regulated to th

58.1.5 The |

cturer, but not less than 1/8 inch (3.2 mm), if the<burner is to employ an "Interchangeable

he temperature of the oil as supplied to any:parts of the burner, except
om the preheater, is to be 35 +5°F (1.7 £3°C)\Mf a burner is equipped with a
the oil at the inlet to the preheater is to be 6t less than 20°F

t as indicated in 58.1.4, the voltage of the power supply to the ignition sy

regulated to 85 percent of\normal test voltage for alternating current and
tage for direct current.

burner is equippedwwith a primary safety control that can be connected only 1
bltage of the power supply to both the ignition system and primary safety cq
e minimum voltage necessary to initiate a trial for ignition.

urner and-ignition circuits are to be energized and allowed to remain ene

designed trial-
transformer, t
additional trial

for-ignition period. Five trials are to be made. If the burner is to employ an "Inte

hose located
breheater, the

(11°C) above th¢ pour point of

stem is to be

D percent of normal test voltage,.and the voltage of the power supply to the primary safety

80 percent of

or interrupted
ntrol shall be

rgized for the
rchangeable"
rner and five

e ‘appropriate "Interchangeable" test transformer is to be applied to the bt

be expelled from the burner or the heating appliance being fired for the test.

no flame is to

58.1.6 Following the last trial for ignition and as a continuation thereof, the burner is to be fired at high-

fire rate for at |

east 15 minutes, during which period stable combustion is to be maintained.
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Table 58.1
Maximum temperature rises for some items

Maximum rise above room temperature

Column 1 Column 2

Degrees | Degrees | Degrees | Degrees
Items C F C F

A MOTORS

1. Class A insulation on coil windings of alternating-current motors having
a frame diameter of 7 inches or less (not including universal motors)?®

a. In open motors;
Thermaocouple or resistance methad 75 135 115 208

n totally enclosed motors;

b.

Thermocouple or resistance method 80 144 119 208

2. Class A insulation on coil windings of alternating-current motors having
a frame djiameter of more than 7 inches and of direct-current motors (not
including |universal motors)®?

a. I open motors;
Thermocouple method 65 17 11p 208
Resistance method 75 135 119 208
b. I totally enclosed motors;
Thermocouple method 70 126 11% 208
Resistance method 80 144 119 208

3. Class B insulation on coil windings of alternating-current metors having
a frame diameter of 7 inches or less (not including universal'motors)?®

a. I open motors;
Thermocouple or resistance method 95 171 14p 252
b.

n totally enclosed motors;
Thermocouple or resistance method 100 180 14p 252

4. Class B insulation on coil windings 6f alternating-current motors having
a frame diameter of more than 7 inches, of direct-current motors, and of
universal|motors®®

a. I open motors;

Thermocouple:method 85 153 14p 252
Resistance)method 95 171 14p 252
b. I totally'enclosed motors;
Thermocouple method 90 162 14p 252
Resistance method 100 180 140 252
B. COMPONENTS
1. Capacitors
a. Electrolytic type® 40 72 Not specified
b. Other types® 65 117 Not specified
2. Class 130 insulation (except motor coil windings)
a. Thermocouple method 85 153 140 252
b. Resistance method 95 171 140 252
3. Phenolic composition used as electrical insulation or as parts where 125 225 150 270

malfunction will result in a risk of fire or electric shock

4. Relay, solenoid, and other coils with Class 105 insulated winding

Table 58.1 Continued on Next Page
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Table 58.1 Continued
Maximum rise above room temperature
Column 1 Column 2
Degrees | Degrees | Degrees | Degrees
Items C F C F
a. Thermocouple method 65 117 115 208
b. Resistance method 85 153 115 208
5. Transformer enclosures
a. Class 2 transformers 60 108 85 153
b. Power transformers 65 117 90 162
6. Sealingreompourds itextmromT femperatore+5°€+(27°F) less than
melting point
7. Fuses" 65 117 Npt specified
C. CONDUCJTORS
1. Condugtors of field-wired circuits to be connected to burner and 35 63 60 108
surface or] which they may bear unless marked in accordance with 74.6
2. Wire Cqde® 25°C (45°%F)less than | Temperature rating in
temperature rating in Natipnal Electrical
National Electrical Code,|ANSI/NFPA 70
Code, ANSI/NFPA 70
3. Appliange wiring material®
75°Clrating 50 90 65 117
80°Cyrating 55 99 70 126
90°(rating 65 117 80 144
105°F rating 80 144 95 171
200°F rating 175 315 200 360
250°F rating 225 405 250 450
4. GTO cqple 35 63 60 108
5. Flexiblg cord
Typep SO, ST, SJO, SJT 35 63 60 108
D. ELECTRICAL INSULATION — General
1. Fiber uged as electrical insulation or cord bushings 65 117 90 162
E. GENERAL
1. Oil in cgnstant-levelvalve 14 25 22 40
2. Carbon|steel sheet, cast iron 517 930 683 1230
3. Alumimlm alloys
1100 183 330 239 430
3003 239 430 294 530
2014, 2017, 2024, 5052 294 530 350 630
4. Aluminum-coated steel’ 656 1180 767 1380
5. Stainless steel
Types 302, 303, 304, 316, 321, 347 767 1380 878 1580
Type 309 961 1730 1072 1930
Type 310 1017 1830 1128 2030
Type 405 683 1230 795 1430
Types 403, 409, 410, 416 572 1030 683 1230

Table 58.1 Continued on Next Page
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Table 58.1 Continued
Maximum rise above room temperature
Column 1 Column 2
Degrees | Degrees | Degrees | Degrees
Items C F C F

Type 430 71 1280 822 1480
Type 442 877 1580 933 1680
Type 446 961 1730 1072 1930

6. Galvanized steel9 267 480 350 630
7. Carbon steel — coated with Type A19 ceramic 572 1030 683 1230

boxes, and the

® Coil or winding
for example, a g
layers, 1/32 incl
alternating-curri
insulation on th
temperature ris
motors having 4
motors having 4
current motors

alternating-curr
the temperaturg

®For an electro
integral with the

4 These limitatid

€ The limitations
investigated an
case attain tem
rubber-insulate
more than 35°C
does not apply

fWhen the refle]
(461°C).

9 The specified
surface is utilizg

" Includes both
is acceptable o]

@ This is the diafneter, measured in the plane of the laminations, of the circle circumscribing the stator frame, exelu

ike, used solely for motor cooling, mounting, assembly, or connection.

temperatures are to be measured by thermocouples unless the coil is inaccessible for mounting d
oil immersed in sealing compound, or unless the coil wrap includes thermal insulation-such’as mo
maximum, of cotton, paper, rayon, or the like. For a thermocouple-measured temp€rature of a co
ent motor, having a diameter of 7 inches or less, the thermocouple is to be mountéd on the integral
e conductor. At a point on the surface of a coil where the temperature is affected by an external so
e measured by a thermocouple may be 5°C (9°F) for Class A insulation on ceil windings of alterna
diameter of 7 inches or less, open type, 10°C (18°F) for Class B insulation.on coil windings of alte]
diameter of 7 inches or less, open type, 15°C (27°F) for a Class A insulation on coil windings of al
aving a diameter of more than 7 inches, open type, and 20°C (362F) for Class B insulation on coil
ent motors having a diameter of more than 7 inches, open type, . more than the indicated maximum
rise of the coil, as measured by the resistance method, is not mare than that specified in the table]

ytic capacitor which is physically integral with or attached ¢o.a-motor, the temperature rise on insul
capacitor enclosure may be not more than 65°C (117°F),

ns do not apply to capacitors which are rated for service at higher temperatures.

on rubber and thermoplastic insulation and on phenolic composition do not apply to compounds \
I found to be acceptable for higher temperaturesithan those specified in Table 58.1. Thermoplastig
erature at which the material begins to flow=Rubber-insulated conductors within a Class A-insulaf

motor leads, and a rubber-insulated flexible cord entering a motor may be subjected to a temperg
(63°F), provided that an acceptable.braid is employed on the conductor of other than a flexible co
o thermoplastic-insulated wires or €ords.

ctivity of aluminum-coated steel is utilized to reduce risk of fire, the maximum allowable temperatu

maximum temperature-rises apply if the galvanizing is required as a protective coating or the refleg
d to reduce risk of fire.

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

{

ding lugs,

f these devices,

e than two
lofan

y applied

rce of heat, the

ng-current

rnating-current

ternating-
indings of

provided that

hting material

hich have been
s shall in no

led motor,

ture rise of

d. However, this

e rise is 830°F

tivity of the

ated in the table

58.2 Combustiondetectors —test no. 9

58.2.1

The combustion detector of a primary satety control that IS capable of detecting 1r

e presence of

ignition spark shall be so positioned that the combustion detector shall sense only the presence or
absence of flame.

58.2.2 The test is to be made in conjunction with Test No. 1 (51.2.1 — 51.2.13). Before a test is begun, a
minimum pilot condition shall be established with the safety control operating at the appropriate
overvoltage as specified in Table 50.1. The minimum signal strength, current or voltage, capable of
permitting the flame relay to remain energized shall be recorded. The fuel supply to the pilot, if provided, is
then to be shut off and the voltage reduced to normal test voltage. Five trials are to be made to determine
that ignition spark, or a reflection of the spark from any part of the burner or appliance cannot be detected
by the combustion detector at a value greater than 50 percent of the recorded signal strength capable of

pulling in and

holding in the flame relay.
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59 Ignition Test, Electric Hot-Wire
59.1 Reduced voltage - test no. 10
59.1.1 When a burner equipped with an electric hot-wire ignition system is energized at a reduced

voltage not less than specified herein, with the combustion air supplied at room temperature and the oil at
a normal temperature, the intended ignition, if obtained, shall conform with the requirements of 59.1.4. The
voltage shall be not less than 70 percent of the normal test voltage or not less than the minimum voltage
below which the burner is prevented positively from attempting a trial for ignition, whichever is higher. This
requirement does not apply to a burner equipped with a positive means to prevent the burner from
attempting a trial for ignition at voltages less than 85 percent of normal test voltage for alternating current
or 80 percent of rated voltage for direct current shipment. See also 59.2.1.

59.1.2 A pos
is one that wi
disconnect the
to start has be

59.1.3 The f

itive means for preventing a burner from attempting a trial for ignition below.a
| always prevent an attempt to start when the voltage is below a specific
burner from the power source if the voltage drops below the specificyalue aff
jun.

urner, arranged and installed as for Test No. 1 (51.2.1 < 54.2.4) or Test N

51.3.4), is to
total voltage i

e tested after it has been subjected to the Combustion Tests, Section 51, e
to be as indicated in 59.1.4. The oil-temperature-centrol for a burner inte

preheated oil Is to be set for the maximum temperature recommeénded in the manufacturer'
The oil suppligd to any parts of the burner, except those located:downstream from the preheg
room temperature. If a burner is equipped with a preheater, the temperature at the outlet of

to be the max
the test.

59.1.4 They
not less than
design trial-fof
ignition shall b
for the test.

mum recommended in the manufacturer's.instructions for the grade of fuel

pltage of the power supply to the primary of the ignition system is to be reduce
specified in 59.1.1. The burner.is’to be energized and allowed to remain ene
-ignition period. Five trials aré-to be made at each test voltage. If ignition is

e effected so that no flame\is expelled from the burner or the heating applian

59.2 Reduc

59.2.1

d voltage — test(no. 11

A hotjwire ignitiofsystem for an automatically- or remotely-lighted burner shall effeg

ignition of the [fuel as intfoduced into the ignition zone when a voltage equivalent to 85 perqg
test voltage fqr alternating-current systems or 80 percent of rated voltage for direct-curre
impressed on [the*burner, the combustion air is supplied at room temperature, and the temp

given voltage
alue and will
er an attempt

D. 2 (561.3.1 —
xcept that the
nded to burn
5 instructions.
ter, is to be at
B preheater is
eing used for

d to a voltage
rgized for the
effected, such
ce being fired

t the intended
ent of normal
nt systems is
erature of the

oil supplied to the-burner is reduced to a value as specified in 59.2.2.

59.2.2 The burner, arranged and installed as for Test No. 1 (51.2.1 — 51.2.4) or Test No. 2 (51.3.1 —
51.3.4), is to be tested after it has been subjected to the Combustion Tests, Section 51, except that the
total voltage is to be as indicated in 59.2.3. The oil-temperature control for a burner intended to burn
preheated oil is to be set for the minimum temperature recommended in the manufacturer's instructions for
the grade of oil fuel being used for the test. The temperature of the oil as supplied to any parts of the
burner, except those located downstream from a preheater, is to be 35 £5°F (1.7 £3°C). If a burner is
equipped with an oil preheater, the temperature of the oil at the inlet to the preheater is to be at room
temperature.

59.2.3 The voltage of the power supply to the burner is to be reduced to 85 percent of normal test
voltage for alternating current or to 80 percent of rated voltage for direct current.
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59.2.4 The burner is to be energized and allowed to remain energized for the designed trial-for-ignition
period. Five trials are to be made. During each trial, ignition shall be effected so that no flame is expelled
from the burner or the heating appliance being fired for the test.

59.2.5 Following the last trial for ignition described in 59.2.4, and as a continuation thereof, the burner is
to be fired at high-fire rate for at least 15 minutes, during which period stable combustion is to be

maintained.

59.3 Endurance —test no. 12

59.3.1

capable of functioning as intended for at least 6000 ignition cycles.

The igniter of a hot-wire ignition system for an automatically- or remotely-lighted burner shall be

59.3.2 Thre¢ samples of the igniter are to be tested. The burner is to be connected-iora
having the appropriate overvoltage as specified in Table 50.1. The system is to be energize
energized sugcessively as repeating cycles. The duration of the on period is A0 be the {
period for autpmatically-lighted burners and the average time required to establish ignition

during Test
period is to b
operation, in
no electrical g

59.4 Component temperatures —test no. 13

59.4.1 Parts
for such parts

a)As
until e

b)As

0. 1 or Test No. 2 (see Section 51, for manually-lighted buiners). The durg

twice the on period unless the control system requires a longer time to comg
vhich case the off period is to be the minimum allowed by(the control system.
r mechanical failure of the igniters during the tests.

of a hot-wire ignition system shall not attain"temperature rises in excess of t
in Column 1, Table 58.1, when the system'is energized as follows:

stem intended to automatically recycle on ignition or flame failure shall be al
huilibrium temperatures are attained by the parts.

stem intended to require tnanual reset upon ignition or flame failure shall be

power source
d and then de-
rial-for-ignition
as determined
tion of the off
lete a cycle of
There shall be

hose indicated

owed to cycle

energized and

then reset as quickly as the system will allow after lockout until five attempts for ignifion have been

made.

g

b

c) A
equilib

d) A sy
0N pos

ystem that remains energized upon ignition failure shall be energized con
rium temperatures are attained by the parts.

stem manually energized by means of a momentary contact switch that cann
ition-shall be energized for 5 minutes.

tinuously until

bt be left in the

e)As

stem manually energized by means of a switch that can be left in the on pg

sition shall be

energized continuously until equilibrium temperatures are attained by the parts.

59.4.2 This test is to be made with the burner installed as for Test No. 1 or Test No. 2, but with the fuel
supply to the burner shut off during attempted trials for ignition. Temperatures are to be measured as
described in Section 56.

60 Ignition Tests, Gas

60.1 Reduced voltage - test no. 14

60.1.1 A pilot flame for an automatically- or remotely-lighted burner shall effect ignition of the fuel as
introduced into the ignition zone in accordance with the requirements of 60.1.4, when the voltage of the
power supply to the burner is 85 percent of rated voltage for alternating current and 80 percent of rated
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