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INTRODUCTION

1 Scope

1.1 These requirements apply to oil-fired unit heaters as defined herein. Unit heaters designed to supply

heated air through ducts are covered in the Standard for QOil-Fired Central Furnaces, UL 727.

1.2 The 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 Ifavalu

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

ond value may

be only appro

Kimate. The first stated value is the requirement.

2 Glossary

2.1 For the purpose of this standard, the following definitions apply.

2.2 AIR SHUTTER - An adjustable device for varying the size of the air.inlet or inlets reglilating primary
or secondary pir.

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

2.4 APPLIANCE FLUE — The flue passages within-the appliance.

2.5 AUTOMATICALLY LIGHTED APPLIANCE — An appliance in which fuel to the npain burner is

normally turn

d on and ignited automatically.

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

2.7 BASE —|The main supporting frame or structure of the furnace, exclusive of legs.

2.8 BURNER - A device-for the final conveyance of fuel or a mixture of fuel and air to the combustion
zone.

2.9 BURNER, AUTOMATICALLY LIGHTED - One where fuel to the main burner is normally turned on
and ignited al tnmq‘rir‘nlly

210 BURNER, MANUALLY LIGHTED — One where fuel to the main burner is turned on only by hand
and ignited under supervision.

2.11

BURNER, MECHANICAL-ATOMIZING TYPE - A power-operated burner which prepares and

delivers the oil and all or part of the air by mechanical process in controllable quantities for combustion.
Some examples are air atomizing, high and low pressure atomizing, horizontal rotary, vertical rotary
atomizing, and vertical rotary wall-flame burners.

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

2.13 BURNER, NATURAL DRAFT TYPE — A burner which depends principally upon the natural draft
created in the flue to induce into the burner the air required for combustion.
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2.14 BURNER, VAPORIZING TYPE — A burner consisting of an oil-vaporizing bowl or other receptacle
to which liquid fuel may be fed in controllable quantities. The heat of combustion is used to vaporize the
fuel, with provision for admitting air and mixing it with the oil vapor in combustible proportions.

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

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

2.17 CHIMNEY CONNECTOR — The pipe which connects a solid or liquid fuel burning appliance to a

chimney.

2.18 COMBL
contact with h
material made
and burn. Su
treated, or pla

219 COMBU
or heat and lig
oxygen.

2.20 COMB\

221 COMBL

2.22 CONST
delivery to the

2.23 CONTR

pat-producing appliances, chimney connectors, vent connectors, and‘warm ai

of or surfaced with wood, compressed paper, plant fibers, or other material
h material shall be considered as combustible even though-flameproofed,
stered.

USTION — As used herein, the rapid oxidation of fuel ascompanied by the prod
ht. Complete combustion of a fuel is possible only<n the presence of an adeq

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

USTION (FLAME) SAFEGUARD - A.safety combustion control.

burner.

OL — A device designed to regulate the fuel, air, water, or electrical supply to

equipment. It may be automatic,-semiautomatic, or manual.

2.24 CONTR
temperature u

2.25 CONTR

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

OL, SAFETY - Automatic controls (including relays, switches, and o

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

ducts means
that will ignite
fire retardant

iction of heat,
Late supply of

urs.

ANT-LEVEL VALVE — A device for maintaining within a reservoir a constant Ig¢vel of fuel for

the controlled

, pressure, or

ther auxiliary

equipment us¢d ih ‘conjunction therewith to form a safety control system) which are intend

ed to prevent

unsafe operati

on of the controlled equipment.

2.26 CONTROL, PRIMARY SAFETY — The automatic safety control intended to prevent abnormal
discharge of oil at the burner in case of ignition failure or flame failure.

2.27 CONTROL, SAFETY COMBUSTION — A primary safety control responsive directly to flame
properties. It senses the presence of flame and causes fuel to be shut off in event of flame failure.

2.28 DAMPER - A valve or plate for regulating draft or flow of flue gases. A damper is generally
considered as being located on the downstream side of the combustion chamber, usually in a flue passage
of the appliance or in the chimney connector.

2.29 DAMPER, AUTOMATICALLY OPERATED — A damper operated by an automatic control.
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2.30 DAMPER, MANUALLY OPERATED - An adjustable damper manually set and locked in the desired

position.

2.31
automatically

reducing the chimney draft to the desired value.

2.32 ELECTRICAL CIRCUITS:

DRAFT REGULATOR - A device which functions to maintain a desired draft in the appliance by

a) High-Voltage Circuit — A circuit involving a potential of not more than 600 volts and having circuit
characteristics in excess of those of a low-voltage circuit.

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

(42.4
other
having
derive
series
a low-

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

2.33 EXCE{
that which is t

2.34 FLUE {
combustion ¢

2.35 FLUE
connector.

2.36 FLUE
2.37 FUEL
2.38 HEAT
chamber of t

(such as air,
contained corf

eak or direct current) and supplied by a primary battery, a standard Class,2
suitable transforming device, or a suitable combination of transformer and fix
output characteristics in compliance with what is required for a Class 2-fransfq
 from a source of supply classified as a high-voltage circuit, by cennecting
with the supply circuit as a means of limiting the voltage and current) is not co
oltage circuit.

heoretically required for complete combustion.

- The general term for the conduit or passageway through which flue gases
namber to the outer air.

COLLAR — That portion of an appliance designed for attachment of the ch

5ASES — Combustion products and excess air.
DIL — Any hydrocarbon oil as defined by Specification for Fuel Oils, ASTM D39

FXCHANGER,\DIRECT — A heat exchanger in which heat generated in th
ne appliance-is transferred directly through walls of the appliance to the he
steam, e water) held in close contact with the combustion chamber wall
hbustion-and heat transfer device, hence a direct heat transfer device.

2.39 HEAT

transformer or
ed impedance
rmer. A circuit

resistance in
nsidered to be

bS AIR — Air which passes through the combustion,area and the appliance flugs in excess of

pass from the

imney or vent

5-1992.

e combustion
ating medium
5. It is a self-

EXCHANGER, INDIRECT — A heat mmhsmgnr which encloses or _cont

ins a heating

medium, such as air, steam, or water, the heat from which is transferred to another heating medium
separately contained in close contact with or directed through the heat exchanger. It is an indirect heat
transfer device.

240 HEATING SURFACES - All surfaces which transmit heat directly from flame or flue gases to the
medium to be heated.

2.41 INDIRECT-FIRED APPLIANCE — An appliance designed so that combustion products or flue gases
are not mixed in the appliance with the medium to be heated and provided with a flue collar.

2.42 LINER - See Radiation Shield.

2.43 MANUALLY LIGHTED APPLIANCE — An appliance in which fuel to the main burner is turned on
only by hand and ignited under supervision.
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2.44 NORMAL CARE - The periodic tasks usually performed to operate and maintain an appliance,
such as air, fuel, pressure, and temperature regulation; cleaning; lubrication; resetting of controls; and the
like. Repair and replacement of parts other than those expected to be renewed periodically is not
considered to be normal care. Some examples of normal care are:

a) Cleaning or replacing nozzles, atomizers, and pilots.

b) Setti

c) Clea

ng ignition electrodes.

ning strainers or replacing strainer or filter element.

d) Resetting safety control.

e) Rep

2.45 PILOT -

2.46 PRIMA
ignition zone.

2.47 RADIAT
adjacent objed

2.48 RADIA]

acing igniter cable.
- A flame which is utilized to ignite the fuel at the main burner or burners:

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

[ION SHIELD — A separate panel or panels interposed) between heating
ts to reduce heat transmission by radiation.

[OR — Auxiliary heat transfer surfaces within the casing, connected between th

chamber and the flue collar.

2.49 READII

2.50 SECON

2.51 SPECI/
market.

252 THERM
temperatures

2.53 UNIT H
which may be|
circulation of

DARY AIR — The air externally 'supplied to the flame at or beyond the point of i

AL PARTS AND TOOLS —Those parts and tools that are not available on t

OSTAT - Ang4dutomatic control actuated by temperature change, used
petween predetermined limits.

EATER + A self-contained, automatically controlled, indirect-fired air heat
floorsmounted or of the suspended type. It is equipped with an integral fan

it reaches the

surfaces and

e combustion

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

gnition.

ne open retail

to maintain

ng appliance
or blower for

bir and is to be used for the heating of a nonresidential space. It may be ¢

pquipped with

louvers or faceextersions by themanufacturer:

2.54 VALVE, MANUAL OIL SHUT-OFF — A manual operated valve in the oil line for the purpose of
completely turning on or off the oil supply to the burner.

2.55 VALVE, OIL CONTROL - An automatically or manually operated device consisting essentially of an

oil valve for co

ntrolling the fuel supply to a burner.

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

b) Safety Valve — A normally closed valve of the "on" and "off" type, without any bypass to the

burner,

that is actuated by a safety control or an emergency device.

2.56 VENTED APPLIANCE - An indirect-fired appliance provided with a flue collar to accommodate a
flue pipe for conveying flue gases to the outer air.
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3 Components

3.1

Except as indicated in 3.2, a component of a product covered by this standard shall comply with the

requirements for that component. See Appendix A for a list of standards covering components generally
used in the products covered by this standard.

3.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.

3.3 A comp
use.

3.4 Specific
capabilities.
temperatures

CONSTRUCT

4 Assembly

41 A unit
components
shipped as tw

4.2 A unit
subassemblig

without requifing alteration, cutting, drilling, except to the extent indicated in 4.3, threadirn

similar tasks
other for the

to permit theqn to be incorporated into the complete assembly, without need for alteration

only in the ¢
tested, and sh

4.3 To comply with.4.2, major subassemblies of a unit heater are deemed to be the bl

exchanger, if

!

components are incomplete in construction features or .estricted in
Buch components are intended for use only under limited, conditions, su
not exceeding specified limits, and shall be used only underthose specific con

ION

eater shall be a factory-built as a group<assembly and shall include all
ecessary for its normal function when installed as intended. An oil-fired unit
0 or more major subassemblies.

neater, if not assembled by ‘the manufacturer as a unit, shall be arran
s. Each subassembly shall be-capable of being incorporated readily into the

by the installer. Two or.mofre subassemblies, which must bear a definite relati
roper and safe installation or operation of the unit heater, shall be arranged a

brrect relationship with each other. Otherwise, such subassemblies shall &
ipped from<the factory as one element.

cluding its base, combustion chamber, casing, and safety controls; the

assembly, inc|

bnent shall be used in accordance with its rating established for the intendetli conditions of

performance
ch as certain
ditions.

the essential
neater may be

ged in major
final assembly
g, welding, or
bnship to each
nd constructed
or alignment,
e assembled,

rner; the heat
fan or blower

uding the base, filters, and casing; and the fan or blower motor if not included

as part of the

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

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

4.5 A unit heater shall be such that, for any normal installation, the alteration or removal of a baffle,
insulation, or radiation shield needed to prevent unsafe temperatures is not required.

4.6 A unit heater intended for suspended installation shall be provided with suitable brackets or hangers
to support the heater from its basic frame or structure.
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4.7 A unit heater shall afford convenient operation by the user of those parts requiring attention or
manipulation by him in normal usage.

4.8 Adjustable or movable parts shall be provided with locking devices to prevent accidental shifting.

4.9 Screws or bolts used to attach parts which are detached for normal care or servicing of the appliance
shall be capable of holding upon the application of the torques indicated in Table 4.1 after removal and
replacement.

Table 4.1
Maximum torque requirements for screws
Torque,
Screw(size (mm) )

pound-inches (NFm)

No.|8 (4.2) 20 @.3)
No. 10 (4.8) 25 (3.8)
1/4 iffch (6.4) 100 11.3)
5/16 ifich (7.9) 200 (2p.6)
3/8 irjch (9.5) 350 (3p.5)
7/16 ifich (11.1) 550 (6R.1)
1/2 infch (12.7) 800 (9p.3)
9/16 ifich (14.3) 1200 (195.5)

4.10 Any ex{ernal door providing access into the;combustion chamber of a unit heater|shall be self-
closing.

4.11 The bufner and combustion chamber:of a unit heater shall be enclosed to the extenf necessary to
prevent incandescent particles from drepping from the heater.

4,12 A burndr shall be secured so\that it will not twist, slide, or drop out of position.
5 Burners

5.1 Oil burngrs and the"oil portion of combination gas-oil burners that are intended for us¢ with the unit
heater shall cgmplyswith the Standard for Oil Burners, UL 296.

6 AccessibilityforServicing

6.1 A unit heater shall be built to allow cleaning of parts such as heating surfaces in contact with
combustion products, oil inlet pipes, and oil strainers without major dismantling of the unit heater or
removal of parts required by 4.2 to be factory-assembled.

6.2 The removal of access panels, burners, blowers, caps, plugs, and the like, intended to permit ready
removal and replacement for servicing, and the detachment of the chimney connector are not considered
maijor dismantling as defined by 6.1.

6.3 Accessibility shall be afforded for intended cleaning, inspection, repair, and replacement of all
burners, operating controls, and safety controls when the unit heater is installed as recommended by the
manufacturer. The disposition of parts in the assembly removed for intended care shall be such that their
restoration, following removal, will not necessitate their realignment to secure their intended relationship
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with other parts of the assembly. Special tools or parts required for intended care to be done by the

operator shall

accompany the heater.

7 Disposal of Combustion Products

7.1

the circulating air.

The construction of a unit heater shall not allow the products of combustion to become mixed with

d or formed if
or use. Sheet

8 Base

8.1 The base of a unit heater shall be constructed of metal or other noncombustible material to provide
support of the heater

9 Casing

9.1 The outer casing or jacket shall be made of steel or equivalent materjal;, reinforce

necessary, sq that it is not likely to be damaged through handling in shipment,installation,

metal casing ghall be made of steel having a minimum thickness of 0.020,in¢h (0.51 mm) (]

uncoated, or
average thick

9.2 Access
removal and 1

9.3 Aremo\
replacement

94 A remo

interchange npay cause a risk of fire, electrig shock, or injury to persons.

9.5 The cas
the bottom or

9.6 Conneclion between theyheat exchanger and the casing which encloses circulatin

constructed tdg

10 Radiation Shields and Materials in Air-Handling Compartments

0.023 inch (0.58 mm) (No. 24 GSQG) if galvanized or of nonferrous sheet m
ness of not less than 0.029 inch (0.74 mm).

panels intended to be removed for service and, accessibility shall be capab)
eplacement without evidence of damage or impairment of any required insulat

able panel through which combustion air{s drawn shall be capable of repeate]
vithout causing a risk of fire, electric shag¢k, or injury to persons.

able panel shall not be interchangeable with other panels on the same

ng of a floor-mounted heater for installation on combustible flooring shall co
be constructed to provide a radiation barrier between the heat exchanger and

prevent leakage of combustion products into the circulating air.

10.1

A radiation_shield or liner shall remain _in _its intended position during intended s

No. 24 MSQG) if
btal having an

e of repeated
ng value.

d removal and

heater when

mpletely close

he floor.

g air shall be

ervice without

distortion or sagging. A shield or liner shall be protected against corrosion if its deterioration may result in
temperature rises greater than those specified in Table 45.1. Any finish used to obtain the required
resistance to corrosion shall not be damaged by heat when the heater is tested under these requirements.

10.2 Exposed unimpregnated asbestos material shall not be used in an air handling compartment. The
unprotected edge of a gasket sandwiched between two parts is considered to be exposed.

10.3 Thermal or acoustic insulation shall not have a flame spread rating over 25 nor a smoke rating over
50 when tested in accordance with the Standard for Tests for Surface Burning Characteristics of Building
Materials, UL 723.

10.4 Thermal or acoustic insulating material shall be securely positioned if loosening may reduce or
block air flow, causing temperatures or pressures in excess of those acceptable in the temperature tests,
or if loosening will result in reduction of electrical spacings below the required values, short-circuiting, or
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grounding. Leading edges of insulation shall be protected against damage from the effects of the velocity
of the moving air, for example, butting edges of insulation against bulkheads.

10.5 With reference to the requirements specified in 10.4, a mechanical fastener for each square foot of
exposed surface is considered to securely position insulating liners. Mechanical fasteners may be bolts,
metal clamps, wire rods, or the equivalent. Rigid or semirigid sheets of insulating material may not require
fastening to the extent needed for less rigid material or protection of leading edges if the material
possesses inherent resistance to damage.

10.6 An adhesive required for securing insulation shall retain its adhesive qualities at any temperature
attained by the adhesive when the unit is tested under the performance requirements of this standard and
at minus 17.8°C (0°F).

11 Air Filter

11.1 Afilter ghall be accessible for inspection or replacement without the use of-special tooJs and without
dismantling the heater.

12 Combustion Chamber
12.1 A combustion chamber and flueway shall be constructed of{Cast iron, sheet steel, or jother suitable
material. Shegt steel shall be such as to assure strength, rigidity, durability, resistance to gorrosion, and

other physical| properties equivalent to sheet steel having a minimum thickness of 0.042 inch (1.07 mm)
(No. 18 MSG)

12.2 Combusgtion chamber or fire box lining matetial shall be durable, securely held |n place, and
accessible for [replacement with equivalent material(

13 Radiator

13.1 A radiator shall be made of material not lighter than that designated in 12.1 for B combustion
chamber and shall be accessible for Cleaning.

14 Heating $urface Joints

14.1  Joints ip heating<surfaces shall be substantial and reasonably tight, as attained by being welded,
lock-seamed, machined’and bolted, riveted, or the equivalent. A joint shall not depend primafily on cement
for tightness. A slip or lap joint shall not depend solely upon friction of the joint for strength.

14.2 Examples of some acceptable lock-seams are illustrated by Figure 14.1.
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FOLD LOCKED

Figure 14.1

Types of acceptable lock-seams
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15 Baffles

15.1 A baffl
and disposed
made of matg
minimum thic
or deleteriou
requirements

15.2 Aflue
of such desig
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CORDON SEAM LOCK S
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in a manner to provide for'reasonable life and shall be fixed in position. A flue
rial having resistance.to corrosion equivalent to AISI C1010 hot-rolled sheet
ness of 0.042 inch(1.07 mm), unless its deterioration will not cause excessive
5 performanceé_ characteristics when the heater is tested in accordang

paffle_shall be accessible for cleaning. A flue baffle which is removable for cle
n as\will facilitate its removal and permit replacement only in a safe position.

Bl

EAM

-

OFFSET

SEAM

b in a flue-gas passage orotherwise exposed to combustion products shall e constructed

baffle shall be
steel having a
temperatures
e with these

aning shall be

16 Flue Col

16.1
connector.

lar

A flue collar shall be designed and arranged to permit the secure attachment of the chimney

16.2 A flue collar or flue collector parts shall have the rigidity and heat and corrosion resistance at least
equivalent to that of sheet steel having a thickness of not less than 0.042 inches (1.07 mm).

17 Damper

17.1

and Draft Regulator

An adjustable damper shall be equipped with minimum and maximum operating stops. The

minimum operating stop for such damper shall be located to obtain sufficient air for complete combustion

at minimum b

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

17.3 A heater to be equipped with a barometric draft regulator shall be designed so as not to require the
regulator to be installed in a false ceiling, in a different room, or in any manner that will permit a difference

in pressure between the air in the vicinity external to the regulator and the combustion air supply.

18 Controls

18.1 Application

18.1.1
safety control

18.1.2
ground will no
other than des

18.1.3 The r¢quirement in 18.1.1 does not apply to a circuit within a saféty control or to the

circuit to a sep

18.1.4 A con
that can be fus

18.1.5 Allsa

It is the intent of the requirement in 18.1.1 that a short circuit or combinatiop of sh

br protective device shall interrupt the ungrounded conductor.

render a safety control or protective device inoperative. Safety control circuit
cribed in 18.1.1 may be considered if they accomplish the intent ofithis require

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

trol circuit shall be arranged so that it may be conhected to a power supply
ed at not more than the value appropriate for the rating of any control included

ety controls shall be accessible.

proper positio

18.1.6 A safI

proper location.

18.1.7 Nothi
ineffective or t

18.1.8 A bur
restart after a
interrupted po

18.2 Limitc

ty control shall be supported in suchi@ manner that it and its sensing element
. It shall be possible to determine,by observation or test whether or not each

g shall be provided for)the purpose of permitting any safety control to
b allow firing of the heater without the protection of each of the required safety

her not equippéd)to provide safe automatic restarting shall be arranged to re
ny control functions to cause the fuel supply to be shut off and after res
ver supply:

bntrol

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

ort circuits to
arrangements
ment.

bxtension of a

branch circuit
in the circuit.

will remain in
ontrol is in its

be rendered
controls.

quire manual
oration of an

18.2.1

The limit control shall be a recycling type.

A heater shall be provided with a suitable integral limit control to prevent excessive temperature.

18.2.2 A safety limit control which functions to interrupt or reduce the delivery of fuel for combustion by
opening an electrical circuit shall be so arranged as to effect the direct opening of that circuit, whether the
switching mechanism is integral with the sensing element or remote from same.

18.2.3 The requirement in 18.2.2 is intended to avoid interposing in the limit control circuit other controls,
the failure of which may create an unsafe condition the limit control is intended to prevent.
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19 Field Wiring
19.1 General

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

19.1.2 The location of an outlet box or compartment in which field wiring connections are to be made
shall be such that these connections may be inspected after the equipment is installed as intended.

19.1.3 The connections are to be accessible without removing parts other than a service cover or panel
and the cover aof the outlet box or compartment in which the connections are made A component intended

for such use may serve as a cover.

19.1.4 The size of a junction box in which field installed conductors are to be connected by splicing shall
be not less than that indicated in Table 19.1. A conductor passing through the,box is cpunted as one
conductor, and each conductor terminating in the box is also counted as one ‘conductor. A ffield-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).

19.1.5 A knjockout for connection of a field wiring system to a’terminal box or compartment shall
accommodat¢ conduit of the trade size determined by applying Table 19.2.

Table 19.1
Size of junctionboxes

Size of conductors Free space within box for each confluctor,
AWG (mm?) Cubic inches (¢md)
16 or spnaller (1.3 orless) 1.5 (24.6)
14 (2.1 2.0 (32.8)
1 (83) 2.25 (36.9)
1 (5.3) 25 (41.0)
8 (8.4) 3.0 (49.2)
Table 19.2
Trade size of conduit in inches
Wite Size Number of Wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 12 12 12 12
12 (3.3) 12 12 12 3/4 3/4
10 (5.3) 12 12 12 3/4 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13.3) 3/4 1 1 1-1/4 1-1/4
4 (21.2) 1 1 1-1/4 1-1/4 1-1/2
3 (26.7) 1 1-1/4 1-1/4 1-1/2 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2

Table 19.2 Continued on Next Page
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Table 19.2 Continued
Wire Size Number of Wires
AWG (mm?) 2 3 4 5 6
0 (53.5) 1-1/4 1-1/2 2 2 2-1/2
2/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2
4/0 (107.2) 1-1/2 2 2 2-1/2 2-1/2
MCM
250 (127) 2 2-1/2 2-1/2 3 3
300 (152) 2 2-1/2 3 3 3-1/2
350 (177) 2-1/2 2-1/2 3 3-1/2 3-1/2
400 (203) 2-1/2 3 3 3-1/2 4
500 (253) 3 3 3-1/2 4 4
NOTES
1 This table is bgsed on the assumption that all conductors will be of the same size and there will Be ne more than $ix conductors
in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the internal crogs-sectional
area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-Sectional area of the wires, based
on the cross-sedtional area of Type THW wire.
2 Conversion fagtors: 1/4 inch = 6.4 mm, 1 inch =25.4 mm.

19.1.6 Wiring exterior to a unit heater between the burner assembly and a limit con

combustion cd
with metal-cla
as part of the
See 20.1.4.

19.1.7 A box
to the heater
requirement d
clad cable or fl

19.1.8 A box
19.1.7, and 19

trol, a safety
ntrol, or a motor controller, that can be done readily with Type T wire enclosed in conduit or
l cable in accordance with these requirements, need not be furnished by the|manufacturer
Linit heater if adequate instructions for installing such wiring are furnished with each heater.

pplying power
the unit. This
which metal-

or enclosure included as part of the assembly and in which a branch circuit su
is to be connected, shall net-require that it be moved for normal care of
bes not apply to separate.limit controls and stack switches, where permitted, tq
exible metallic conduit is\te be directly attached.

ted in 19.1.6,
urfaces of the

or enclosure in Which field installed conductors are to be connected as indica
.1.9 shall be so.located that the temperature of conductors within the box or s

box likely to H
heater is teste

19.1.9 Excej

e in contact.with the conductors will not exceed that specified for Type T wire when the

d in accordance with these requirements.

t as.specified in 20.1.4, wiring to be done in the field between the heater and devices not

attached to th

p heater or between separate devices which are field installed and located shiall conform to

these requirements if done with Type T wire enclosed in suitable conduit or with suitable metal-clad cable.

19.1.10 The

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

control box, or equivalent enclosure intended for connection of the product to the wiring system specified
in 19.1.1. 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 prevent loosening of the
conduit fittings. A grounding conductor of the size specified in the National Electrical Code, NFPA 70-

1993, shall be

a) The
6 feet (

b) No

included unless:

total length of flexible metal conduit of any ground return path in the burner is not more than
1.83 m);

circuit conductor protected by an overcurrent-protective device rated at more than 20

amperes is included; and
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c) The conduit is no larger than 3/4-inch trade size, or the fittings for the conduit are identified as

providing grounding.
19.2 Leads and terminals

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

of field wiring

conductors of at least the size required by the National Electrical Code, NFPA 70-1993, corresponding to

the marked rating of the assembily, shall be provided.

19.2.2 Leads may be less than 6 inches (152 mm) in length if it is evident that the use of a longer lead

may result in a risk of fire or electric shock.

19.2.3 Leadk intended for connection to an external circuit shall be provided with strainire
the lead may |pe transmitted to terminals, splices, or internal wiring which may cause thele
from its termination or result in damage to the lead from sharp edges. Each lead| shall
withstanding a pull of 10 pounds (44.5 N) for 1 minute without damage to the assembly.

19.24 An id
manual switg
overheating)

entified (grounded) terminal or lead shall not be electrically..connected to
hing device which has an OFF position or to a single-pole overcurrent
protective device.

19.2.5 Field|wiring terminals shall be secured to their supporting surfaces by methods oth
between surfaces so that they will be prevented from turning-or shifting in position if sug
result in redugtion of spacings to less than those required. This may be accomplished by
rivets; by squire shoulders or mortices; by a dowel pinglug, or offset; by a connecting stra
into an adjacgnt part; or by some other equivalent method.

19.2.6 Conductors intended for connection to a grounded neutral line shall be identified
white or gray [color. All other current carrying“conductors shall be finished in colors other th
or green. A tefminal for connection of a gretinded conductor shall be identified by a metallic-
substantially White in color and shall be readily distinguishable from other terminals, or it shd
in some otherlmanner, such as on an attached wiring diagram.

19.2.7 At tegminals, stranded\conductors shall be prevented from contacting other uninsu
and from confacting dead metal parts. This may be accomplished by use of pressure-termir
soldering lugg, crimped.eyelets, soldering all strands of the wire together, or equivalent meg
type connectprs shali~not be used unless they are designed to prevent disconnection

loosening of the clamiping means. The shanks of terminal connectors shall be protected

ief if stress on
nd to separate
be capable of

a single-pole
(not inherent

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

such as by a
bn white, gray,
blated coating,
Il be identified

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

by insulating
f the clamping

tubing or the equivalent. If the reqwred spacings may be reduced as a result of Ioosenlng Q

m).

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

19.2.9 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 19.2.5 except that
for 10 AWG (5.3 mm?) and smaller wires, the parts to which wiring connections are made may consist of
clamps or wire binding screws with cupped washers, terminal plates having upturned lugs, or the
equivalent, to hold the wire in position.

19.2.10 A wire binding screw at a high-voltage wiring terminal for field connection shall not be smaller
than No. 10.
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Exception No. 1: A No. 8 screw (4.2 mm major diameter) may be used for the connection of a conductor
not larger than 14 AWG (2.1 mm?).

Exception No. 2: A No. 6 screw (3.5 mm major diameter) may be used for the connection of a 16 or 18
AWG (1.3 or 0.82 mm?) control-circuit conductor.

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

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

19.2.13 A wife binding screw shall thread into metal.

20 Internal Wiring

20.1 Generdl

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

20.1.2 Wiring shall be done with insulated conductors chaving current carrying capacity, voltage, and
temperature :‘_Etings consistent with their use. A condugtor, other than an integral part of f component,
shall be not smaller than 18 AWG (0.82 mm?).

20.1.3 Excej
manufacturer
shall be furnis
assembled, in

t as indicated in 19.1.6, the wiring for all heater circuits shall be furn
as part of the heater. If the heater is not assembled and wired at the factor
ned as harness with each heater and be arranged to facilitate attachment whe
which case a pictorial_diagram showing the exact arrangement of the w

ished by the
y, such wiring
n the heater is
iring shall be

included with gach heater.

20.1.4 Ifinsd
wiring shall bg
safety control)

lated conductors rated for use at temperatures in excess of 60°C (140°F) are fequired, such
furnished by:the manufacturer as part of the assembly and the devices (exgept a primary
to be connected by such wiring shall be factory-located on the equipment.

20.2 Methods

20.2.1 Electrical wiring to a part which must be moved for normal maintenance and servicing shall be
arranged so that the part may be moved without breaking soldered connections or disconnecting conduit.
Conductors to be disconnected from terminals of such part shall terminate in eyelets or connectors. If the
wiring to a part which functions also as an access plate or cover, such as 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.

20.2.2 Conductors shall be enclosed within conduit, electrical metallic tubing, metal raceway or electrical
enclosure, or metal-clad cable, except as specified in 20.2.15 and 20.2.16.

20.2.3 Group A of Table 20.1 includes some wiring materials rated for use if enclosed as indicated in
21.6.
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20.2.4 Flexible metal conduit shall be not smaller than 3/8 inch (9.5 mm) electrical trade size. This does
not apply to parts of components, such as conduit protecting flame sensor leads, considered under other
standards.

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

Table 20.1
Typical wiring materials
[ Type of Wire, cord, cable, or Wwiresize msutatiomthickness
appliance wiring material with
insulation thicknesses shown at the
right corresponding to wire sizes )
Group indicated AWG (mm?®) Inch (mm)
10 and smaller (5.3) 2/64 (0.8)
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21,2) 4/64 (1.6)
FFH-2, TF, TFF, TFFN, SF-2, SFF-2,
RH, RHH, RHW, T, THW, XHHW, MTW, 3 @6.7) 4/64 (1.6)
A THW-MTW, THWN, TW, PF, PFF, PCF, 2 (33.6) 4.64 (1.6)
PGFF, RFH-3 or thermoplastic
dppliance wiring material. 1 (42.4) 5/64 (2.0)
1/0 (53.5) 5/64 (2.0)
2/0 (67.4) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.2) 5/64 (2.0)
18 (0.82) 4/64 (1.6)
16 (1.3) 4/64 (1.6)
bO, ST, SJO, SJT, S, SE, 8J, SJOO, 14 (2.1) 5/64 (2.0)
B >JTQ, SJTQQ, SO0, S.TO,'STOO, or 12 (3.3) 5/64 2.0)
appliance wiring materialiwith
thermoplastic or negprene insulation 10 (5.3) 5/64 (2.0)
8 (8.4) 6/64 (2.4)
6 (13.3) 6/64 (3.3)
Thermoplastic wiring materials, as referenced in Group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or|18 AWG (1.3 or
0.82 mm?) and B/62 |nch (1.2 mm) for 14,12,10, or8 AWG (2.1, 3. 3 5.3, or8 4 mm?), are con3|dered equivalent fo the wiring
material referen pstic insulating
tubing of a type suitable for the purpose from the standpomt of dielectric properties, heat reS|stance moisture-resistance, and
flammability.

20.2.6 All splices and connections shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered if breaking or loosening of the
connection may result in any hazardous condition.

20.2.7 A splice shall be provided with insulation equivalent to that required for the wire involved if
permanence of spacing between the splice and other metal parts is not ensured.

20.2.8 Splicing devices, such as fixture-type splicing connectors, pressure wire connectors, and the like,
may be employed if they have insulation suitable for the voltage to which they are subjected. In
determining if splice insulation consisting of coated-fabric, thermoplastic, or other type of tubing is
acceptable, consideration is to be given to such factors as its dielectric properties, heat resistant and
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moisture resistant characteristics, and the like. Thermoplastic tape wrapped over a sharp edge is not
acceptable.

20.2.9 A splice is to be enclosed by being installed in a junction box, control box, or other compartment in
which high-voltage wiring materials may be employed.

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

20.2.11 A splice is considered to be adequately enclosed when installed in a junction box, control box, or
other enclosed compartment in which high-voltage wiring materials, as specified in Group A of Table 20.1,
may be employed. Splices in enclosed machinery compartments are to be secured to a fixed member in

the compartmént so that they are not subject to movement or damage during servicing.

20212 Ata

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

conductors an
its equivalent

20213 Aw
mechanical as
burrs, and sha

20.2.14 Allw

20.2.15
same assemb
cord, provided

a)ltis

b) The
mainte

c) The
is prov

20.2.16 Corg
wiring is enclo

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

d the metal tubing, and the connector or clamp shall be such that the insulati
vill be visible for inspection.

reway shall be such that the interconnection of sections’ and fittings will p
sembly and ensure electrical conductivity. The interior of the wireway shall
rp corners or edges which might cause damage totheinsulation on wires.

iring shall be supported and routed to prevent damage due to sharp edges or 1

y with a predetermined fixed relationship one to the other may be done with T|
all of the following conditions are fuffilled.

not practical to do the wiring intaccordance with 20.2.3.
cord is not required \t@ be bent, twisted, or otherwise displaced to r

hance and service.

ded.

s or appliance wiring material as referenced in Group B, Table 20.1 may be e
5ed.by.a heater casing conforming to all of the following:

rotected from
i between the
ng bushing or

rovide a rigid
be free from

noving parts.

Intefnal wiring involving a potential of not more than 300 volts between parts aftached to the

ype SO or ST

ender normal

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

mployed if the

a) The

€ are o openings T the-bottor, untessa U=straped thanmetortroughristoce

ted under the

wiring, and the wires do not project through the plane of the top of the trough or channel.

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

¢) Louvers or openings in other than the bottom will not permit entrance of a rod having a diameter
of 1/2 inch (12.7 mm), and openings for such items as pipe or conduit are not more than 1/2 inch
(12.7 mm) in diameter larger than the object that will be installed through the opening.

d) Openings are not closer than 6 inches (152 mm) to the wiring unless metallic barriers or baffles
are placed between the wiring and the openings.

e) Where combustible material other than electrical insulation is located within the compartment,
the wiring is separated from such material, and the material has self-extinguishing characteristics.
An air filter may be employed within the enclosure.
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20.2.17 Holes in walls or partitions through which insulated wires or cords pass and on which they may
bear shall be provided with smoothly rounded bushings or shall have smooth, rounded surfaces upon
which the wires or cords may bear to prevent abrasion of the insulation. Bushings shall be ceramic,
phenolic, cold-molded composition, fiber, or equivalent material.

20.2.18 A fiber bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall be so located that it
will not be exposed to moisture, and shall not be employed where it will be subjected to a temperature
higher than 90°C (194°F) under normal operating conditions.

20.2.19 To provide an acceptable unbushed opening in sheet metal usually requires rolling, extrusion of

the metal around the opening, or both, or the insertion of a grommet conforming to 20.2.17.

20.3 Short ¢

20.3.1 Exce
more of which
the conditions
Section 48.

20.3.2 Condg

Circuit protection

pt as indicated in 20.3.2, conductors of motor circuits having two or more 1
are thermal or overcurrent protected, wired for connection to one supply line
of a Short Circuit Test without creating a risk of fire or electric shock. See Shg

uctors which conform to the following are considered accéeptable without test:

a) Comductors which have an ampacity of not less thaf one-third the ampacity g

branch

b) Cor
provid
or less
branch
includi

c) Corn
does

21

21.1 Unless
internal wirin
separated or
parts of the s3

circuit conductors; or

ductors which are 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.2
bd that the circuit will be protected by a fuse or HACR type circuit breaker rate
as specified on the product nameplatetor provided as part of the product and
-circuit protection. This applies toyany of the wiring materials specified in

hg those enclosed in raceways; or.

ductors which serve as jumper leads between controls, providing the lengt
ot exceed 3 inches (76.2 mm) or the conductors are located in a control panel,

Separation of Circuits

provided with, insulation for the highest voltage involved, insulated conduct

segregated from uninsulated live parts connected to different circuits or op
me Citcuit.

hotors, one or
shall withstand
rt Circuit Test,

f the required

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

h of the leads

brs of different

j circuits{shall be separated by barriers or shall be segregated, and shall also be so

posite polarity

21.2 Segregation of insulated conductors as stated in ZT.T may be accomplished by clamping, routing,
or equivalent means which provides permanent separation from insulated or uninsulated live parts of a
different circuit.

21.3 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.

¢) 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, when Type T or equivalent conductors are or will be
installed when wired in accordance with the National Electrical Code, NFPA 70-1993.
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21.4 Segregation of field installed conductors from other field installed conductors and from uninsulated
live parts of the unit heater 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 the proper
wiring of the heater and if each opening is located opposite a set of terminals, it is to be assumed,
for the purpose of determining compliance with 21.3, 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

enteri

n )
contac'ing insulated conductors or uninsulated current carrying parts connected

circuit i

215 If a ba
operating part
place.

21.6 A meta
size of the bar
and shall be
purpose. Any

21.7 Openin
diameter and
which will neg
surface where
closure remov|

22 Bonding

22.1 Expose
which may be
be performed
of an equipme|

22.2 Except
and mounting

S to be investigated.

frier is used to provide separation between the wiring of different circuit
5 and field installed conductors, it shall be of metal or insulating material and s

barrier shall have a thickness at least as great as thatrequired by Table 25.1,
rier. A barrier of insulating material shall be not less¢fian 0.028 inch (0.71 mmnj
pf greater thickness if its deformation may be_readily accomplished so as
Clearance at the edges of a barrier shall be not more than 1/16 inch (1.6 mm) w

ps in a barrier for the passage of conductors shall be not larger than 1/4 inc
shall not exceed in number, on the basis\of one opening per conductor, the nu
d to pass through the barrier. The.€losure for any other opening shall pres
ver an insulated wire may be in_tontact with it. The area of any such ope
d, shall not be larger than requited for the passage of the necessary wires.

for Grounding

d or accessible nencurrent carrying metal parts which are liable to become ¢
contacted by the user or by service personnel during service operations whig
when the equipment is energized, shall be electrically connected to the point
ht ground

bs indicated in 22.3, uninsulated metal parts of cabinets, electrical enclosures,

onnected and
to a different

5 or between
hall be held in

based on the
) in thickness
to defeat its
ide.

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

nergized and
h are likely to
of connection

motor frames

brackets, controller mounting brackets, capacitors and other electrical

components,

interconnectin

g tubing—andpiping vatves, and—the tike, stratt—bebonded—for grounding—if

contacted by the user or serviceman.

22.3 Metal parts as described below need not be grounded.

they may be

a) Adhesive-attached metal-foil markings, screws, handles, and the like which are located on the
outside of enclosures or cabinets and isolated from electrical components or wiring by grounded
metal parts.

b) Isolated metal parts, such as magnet frames and armatures, small assembly screws, and the
like, which are separated from wiring and uninsulated live parts.

¢) Panels and covers which do not enclose uninsulated live parts if insulated parts and wiring are
separated from the panel or cover.
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d) Panels and covers which are insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material not

less th

22.4

an 1/32 inch (0.8 mm) thick.

If a component, such as a switch, is likely to become separated from its normal grounding means

for purposes of testing or adjustment while the equipment is energized, it is to be provided with a
grounding conductor not requiring removal for such service.

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

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

grounding.

22.7 A sepa
metal parts in
or equivalent

a) Be
enclos

b) Not
unless
fasten

22.8 The bq
connection, 0
than 454°C (
vitreous enan

22.9 A conr
acceptable if
device, and i
thermal degra
maintenance
clamping dev

2210 If bon
to engage the

rate bonding conductor shall be of material rated for use as an electrical~cong
the grounding path shall be protected against corrosion by enameling, galva
Mmeans. A separate bonding conductor or strap shall:

brotected from mechanical damage, such as by being located.within the confin
ure or frame; and

be secured by a removable fastener used for any purpose other than bonding
the bonding conductor is unlikely to be omitted after removal and repla

er.

nding shall be by a positive means, such;as by clamping, riveting, bolte
I by welding, soldering, or brazing with materials having a softening or meltin
B50°F). The bonding connection shallipenetrate nonconductive coatings su
el.

it complies with 22.11 under’any degree of compression permitted by a var
the results are still acceptable after exposure to the effects of oil, grease,

purposes such a-clamping device is to be considered with respect to the lik
ce being reassembled in its intended position.

ding depends on screw threads, two or more screws or two full threads of a si
metal.

uctor. Ferrous
nizing, plating,

es of the outer

for grounding,
cement of the

d or screwed
j point greater
ch as paint or

ection that depends upon the clamping action exerted by rubber or similar materials is

able clamping
moisture, and

dation which are likely to occur in service. The effect of assembling and disassembling for

elihood of the

ngle screw are

2211 If the

adequacy of a bonding connection cannot be determined by examination, ¢

r if a bonding

conductor is smaller than required by 22.12 — 22.14, it shall be considered acceptable if the connecting
means does not open:

a) When carrying for the time indicated in the following table twice the current equal to the rating of
the branch circuit overcurrent device required to protect the equipment; and

b) During a short circuit test in series with a fuse of proper rating. See Short Circuit Test, Section

49.
Fuse rating, Maximum carrying time,
amperes minutes
30 or less 2
31-60 4
61-100 6
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2212 The size of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
based on the rating of the branch circuit overcurrent device to which the equipment will be connected.
Except as indicated in 22.11, the size of the conductor or strap shall be in accordance with Table 22.1.

Table 22.1
Bonding wire conductor size
Size of bonding conductor?
Rating of overcurrent Copper wire Aluminum wire
device, amperes AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.3) 6 (13.3)
200 6 (13.3) 4 (21.2)

@ Or equivalent g

ross-sectional area.

22.13 A bon
size of the con

22.14 If mor|
conductor is tg
for the compo
circuit overcu
conductor for
of the motor.

22,15 All exg
an equipment

22.16 The e
shall be suitah
National Elect

:Ihat motor is sized on the basis-of the overcurrent device intended for ground-f

ling conductor to a component or electrical encloesure is not required to be |

b 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 protecte
rent device smaller than other (Overcurrent devices used with the equipme

osed dead metal parts that are liable to become energized shall be electrically
grounding terminal(s) or lead(s).

uipment grfounding terminal or lead shall be located in the field wiring com
le for cennection of an equipment grounding conductor of at least the size re
ical Code, NFPA 70-1993 for the rating of the power supply circuit to be conne

Irger than the
ductors supplying power to the component or components within the enclosurg.

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

connected to

partment and
quired by the
cted.

22.17 Asold

h fit connector

ring I||g1 a pllQh-in (QPI"D\AI|QQQ) connector ora qllir\k-nnnnnr’r or similar frictio

shall not be used for the terminal for the field installed grounding conductor.

22.18 A wire binding screw intended for the connection of an equipment grounding conductor shall have
a green colored head that is hexagonal, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be identified by being marked G, GR, GROUND, GROUNDING, or
by a marking on a wiring diagram provided on the equipment. The wire binding screw or pressure wire
connector shall be secured to the frame or enclosure and shall be so located that it is unlikely to be
removed during normal servicing. At a wire binding screw, upturned lugs or the equivalent shall be
provided to retain the conductor. If a pressure connector is used adjacent to the connectors intended for
the supply conductors and if it could be mistaken for the neutral of a grounded supply, a marking shall be
additionally provided indicating EQUIPMENT GROUND and/or identifying the connector by a green color.
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2219 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.

23 Electrical Components — General

23.1

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

during normal usage or from a connection required to be uncoupled for servicing the appliance.

23.2 Attachment plugs or separable connectors shall not be used in circuits when the breaking or making
of the circuit by such devices may allow unsafe operation of the equipment.

24 Mountin

241 A switg
turning, exceq

24.2 The re
conditions are

a) The
switch
the sw

b) The
c) The

d) The
perso

24.3 A lamp
light in which

b of Electrical Components

h, fuseholder, lampholder, or similar electrical component shall be mounted to
t as noted in 24.2 and 24.3.

quirement that a switch be prevented from turning may he\waived if all o
met:

switch is of a plunger or other type that does not tend to rotate when oper
is considered to be subject to forces that tend to €urry'the switch during norm
itch.

means for mounting the switch makes it unlikely that operation of the switch w
spacings are not reduced below the required values if the switch rotates.

normal operation of the switch-is"by mechanical means rather than by dir
S.

holder of the type in which' the lamp cannot be replaced, such as a neon pi
the lamp is sealed in a.nonremovable jewel, need not be prevented from tur

cannot reducg spacings below therequired values.

244 The m
lock washer V
preventing a
turning.

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

prevent it from

the following

ated. A toggle
al operation of

Il loosen it.

ect contact by

ot or indicator
hing if rotation

res. A toothed
the means for
j means from

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

25 Electrical Enclosures

25.1

25.1.1

General

Uninsulated live high-voltage parts shall be enclosed or guarded to prevent accidental contact by

persons during normal use of the equipment. This applies also to such parts located in a compartment into
which access is required for normal care of the equipment, such as resetting controls, replacing filters,
lubrication, cleaning, and the like.

25.1.2 Among the factors taken into consideration when judging the acceptability of an enclosure are:
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a) Mechanical strength;

b) Resi

c) Mois

stance to impact;

ture absorptive properties;

d) Combustibility;

e) Resi

stance to corrosion; and

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

For a nonmetgllic enclosure or part of an enclosure, all of these factors are considered W

thermal and c

25.1.3 Thee

the like through openings onto combustible material, including the surface oh which the

mounted.

25.1.4 Termi
shall be sized

25.1.5 Steel
means.

25.1.6 Sheef
individual encl

25.1.7 Wher
warrant, an in
applies, may b

emical aging.

nclosure shall prevent the emission of molten metal burning insulation, flamin

hal housings of motors to which connections are to be made in the field shall b
n accordance with the National Electrical Code, NFPA70-1993.

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

metal complying with Table 25.1 and Table 25.2 whichever applies, is acce
pbsure of electrical components.

e the design and location of the*component and the strength and rigidity of thej
dividual enclosure of thinner;metal than specified in Table 25.1 or Table 2!

ith respect to

g particles, or
equipment is

b of metal and

er equivalent

ptable for the

outer cabinet
b.2 whichever

e employed.

Minjmum thickness jof sheet metal ::rbéﬁlglsc;;ures carbon steel of stainless steel
With supporting frame or equivalent
Without qupporting frame? reinforcing® Minimum thickness infinches (mm)

Maximum width® .\ Maximum length® | Maximum width® | Maximum length Uncoated etal coated
Inches (cm) Inches (cm) Inches (cm) Inches (cm) (MSG) (GSG)

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

4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (24)

6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (0.74)

7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) (22) (22)

8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)

9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)

125 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)

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

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

20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)

Table 25.1 Continued on Next Page
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Table 25.1 Continued

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
Inches (cm) Inches (cm) Inches (cm) Inches (cm) (MSG) (GSG)

22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0.063 (1.61)

25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) (15)

25.0 (63.4) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)

29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) (14)

33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 0.084 (2.13)

35.0 (89]0) 47.0 (119.4) 54.0 (137.1) 66.0 (167.6) (13) 13)

42.0 (104.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0}097 (2.46)

47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) 12)

52.0 (133.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.80)

60.0 (153.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (M) 11)

63.0 (164.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0}126 (3.20)

73.0 (184.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.8) (10) 10)

@ A supporting ffame is a structure of angle or channel or a folded rigid section of-sheet metal which is rigidly attached to and has
essentially the §ame outside dimensions as the enclosure surface and which.has sufficient torsional rigidity to resigt the bending
moments which|may be applied via the enclosure surface which it is deflected.'Construction that is considered to lhave equivalent
reinforcing may|be accomplished by designs that will produce a structure Which is as rigid as one built with a frame of angles or
channels. Consfructions considered to be without supporting frame includes:

1) Sipgle sheet with single formed flanges (formed edges);
2) Apingle sheet which is corrugated or ribbed, and

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

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

¢ For panels which are not supported along ong side, for example, side panels of boxes, the length of the unsuppofted side shall
be limited to thg dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mpm) wide.

Mjnimum thicknéss of sheet metar?ggzrzlgigsures aluminum, copper, or brgss
With supporting frame or equivalent
Withlout supporting frame® reinforcing®
Maximum width® Maximum length® | Maximumwidth® | Maximumlength | Minimum thickness,
Inches
Inches (cm) Inches (cm) Inches (cm) Inches (cm) (mm) (AWG)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (22)
35 (8.9) 4.0 (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) 13.5 (34.3) (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (18)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (16)
9.5 (24.1) 1.5 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14)

Table 25.2 Continued on Next Page
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Table 25.2 Continued

essentially the s.
moments which
reinforcing may
channels. Const

1)
2
3)

® The width is th
enclosure may h

~

¢ For panels whi
limited to the din

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:

bingle sheet with single formed flanges (formed edges),
\ single sheet which is corrugated or ribbed, and

An enclosure surface loosely attached to a frame;such as with spring clips.

smaller dimensions of a rectangular sheet.metal which is part of an enclosure. Adjacent surfaces|
Ave supports in common and be made of-a single sheet.

ensions specified unless the side.if questions is provided with a flange at least 1/2 inch (12.7 mm

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

Inches (cm) Inches (cm) Inches (cm) Inches (cm) (mm) (AWG)
12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (14)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (12)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 (p3.5) Not limited 60.0 (152.4) Not limited 0.095 (10)
29.0 ¥3.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41
37.0 (p4.0) Not limited 87.0 (221.0) Not limited 0.122 (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289'6) (3.10
42.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (6)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89

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

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

hve equivalent
of angles or

of an

h are not supported along one sidessuch as side panels of boxes, the length of the unsupported dide shall be

wide.

25.1.8 Ifinsd
is given to thg
source.

lating material other than electrical insulation is provided within the enclosure,
burning charactéristics and combustibility of the material, and the proximity

25.1.9 All intended modnting positions of the unit are to be considered when determining

with the requir|

bment'of25.1.3.

consideration
of an ignition

if it complies

25.1.10 A junction box which is formed in part by anather part such as a fan scroll or a maf

fit such that:

Dr casing is to

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

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

25.1.11

the related figures:

The criteria for judging an opening in an electrical enclosure are given in the following items and

a) An opening that will not permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable if:

1) A probe as illustrated in Figure 25.1 cannot be made to touch any uninsu
when inserted through the opening; and

lated live part


https://ulnorm.com/api/?name=UL 731 2021.pdf

NOVEMBER 11, 2021 UL 731 31

2) A probe as illustrated in Figure 25.2 cannot be made to touch enamel insulated 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 25.3.

25.1.12 During the examination for conformance with the requirements of 25.1.11, a part of the
enclosure (including air filters) which may be removed without the use of tools is to be removed.

Figure 25.1

Probe for uninsulated live metal parts

D = 3/8" (9.5mm)

H/—R = 3/16" (4.8mm)

— Any Convenient
Length

3/4"
(19.1mm)

PA170A
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Figure 25.2

Probe for enamel-insulated wire

D =1/2" (12.7mm)

/ R = 1/4" (6.4mm)

4
(101.6mm)

— Any Convenient
Length

3/4"
(19.1mm).

PA1708B
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Figure 25.3

Opening in enclosure

ENCLOSURE OPENING
SECTION "A—A
< A | / >
\ /
\ /
AN
~~ .
LIVECPART __~i
SECTION B-B
T T /=
\ A /
\ Y /
AN T Y
~ _
LIVE PART __~ia
EC100A

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

a) Less than X inches (mm) from the perimeter of the opening, as well as

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

X equals five times the diameter of the largest diameter rod that can be inserted through the opening, but not less than 4 inches (102

mm).
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25.2 Doors and covers

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

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

25.2.3 The assembly shall be so arranged that an overcurrent protective device such as a fuse, whose
normal functioning requires renewal, can be replaced, and manually-reset device can be reset without
removing parts other than a service cover or panel and a cover or door enclosing the device. See 25.2.7.

25.2.4 A required protective device shall be wholly inaccessible from outside the~appliance without
opening a dogr or cover, except that the operating handle of a circuit breaker, the ‘operating button of a
manually operable motor protector, the reset button of a manually resettable pressure switgh, and similar
parts may project outside the appliance enclosure.

ndle shall not
on of the dial,

25.2.5 An opening in an enclosure to provide clearance around a diali knob, lever, or ha
allow the entrance of a rod having a diameter of 9/64 inch (3.6 mm),at'any setting or positi

knob, and the

25.2.6 A fus
live parts withi
wiring termina
An insulating K
0.028 inch (0.7

25.2.7 Thed
protective dev
in connection
overload prote

ike.

h 4 inches (102 mm), other than the screw shellof a plug fuseholder, cartridge
s to the fuseholder, will not be exposed tereontact by persons removing or re
arrier of vulcanized fiber or similar material employed for this purpose shall bg
1 mm) in thickness.

ce, the normal functioning, of Which requires renewal, or if it is necessary to o
with the normal operation.*of the protective device, such as resetting a n
ctive device, except as-indicated in 25.2.8.

25.2.8 A hinged cover is notrequired for a device in which the only fuses enclosed are:

a) Con
a fixed

b) Extr

rol circuit fuses of 2 amperes or less, provided the fuses and control circuit loa
control eir€uit load, such as a pilot lamp, are within the same enclosure; or

hctor-type fuses each with its own enclosure; or

eholder shall be so designed, installed, or protected that adjacent uninsulated high-voltage

fuse clips, or
placing fuses.
not less than

por or cover of an enclosure shall-be hinged if it gives access to fuses or any motor overload

pen the cover
anually reset

ds, other than

c¢) Fuses in Tow-voltage circuits.

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

25.2.10 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 25.2.9.

25.2.11 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
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construction which affords equivalent protection, such as a fuse enclosure within an outer enclosure or a
combination of flange and rabbet, is acceptable.

25.2.12 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 end fastenings not more than 6 inches (152 mm) apart.

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

damage.

25.3 Field wiring system connection

25.3.1

Shegt metal to which a wiring system is to be connected in the field shall have

less than 0.032 inch (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034 inch. (0.
GSQG) if galvahized steel, and not less than 0.045 inch (1.14 mm) if nonferrous.

25.3.2
or if an equiv
in the metal,

threads for th
conduit hub,

rounded inlet
provided by a
as that of the

2533 Ane
engaging with

25.34 Akn
without undus

25.3.5 Akn
shall be so lo
result in spac

lent construction is employed, there shall be not less than three nor more th
ind the construction of the device shall be such that a conduit bushing can

e connection of conduit are not tapped all the way threugh a hole in an ¢
br the like, there shall be not less than 3-1/2 threads-in\the metal. There shal
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\conduit shall provide at least five f
the conduit.

pckout in a sheet metal enclostire shall be secured but shall be capable of k
deformation of the enclosure;

pckout shall be provided with a flat surrounding surface for seating of a condu
ated that installation-of a bushing at any knockout likely to be used during inst

25.3.6 A plate or plug for an unused conduit opening or other hole in the enclosure

thickness not

a) 0.0

less than:

4inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for g

ngs between uninsulated live parts and the bushing of less than those required.

thickness not
mm) (No. 20

If thr¢ads for the connection of conduit are tapped all the way through a hole in an ¢nclosure wall,

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

LIl threads for

eing removed

it bushing and
Allation will not

shall have a

hole having a

1/4 ina

h (P\ 4 mm) maximum dimension; and

b) 0.027 inch (0.69 mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal for a hole having a
1-3/8 inch (34.9 mm) maximum 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.

26 Motors and Motor Overload Protection

26.1

combination thereof.

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

26.2 An overcurrent-protective device as referred to in 26.1 means overcurrent protective devices

conforming to

the requirements of the National Electrical Code, NFPA 70-1993, as follows:
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a) A separate overcurrent device which 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:

Motors with a marked service factor not less than 1.15
Motors with a marked temperature rise not over 40°C (72°F)

All other motors

125 percent
125 percent

115 percent

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

be pro

tected at all speeds.

b) If the values specified for motor-running overcurrent protection do not correspond to the

standard-sizes—er—ratings—eoffuses—ermagnetcorthermal-overloadprotective—devices, the next
higher [size or rating may be used, but not higher than the following percent of\motor full-load
currenfrating:
Motors |with a marked service factor not less than 1.15 140 percent
Motors|with a marked temperature rise not over 40°C (72°F) 140 percent
All othgr motors 130 percent
26.3 An integral thermal protective device is to comply with the requirements of the|Standard for

Overheating A

26.4 Separa
be assembled

equipment. S
interruption m

26.5 Three-
a) Thre

b) The
method

investi

when qupplied from*transformers connected Wye-Delta or Delta-Wye. Assemblies s
shall be marked/to indicate that the motor is protected under primary single-phasi
This marking\may be a paper sticker or decal, or may be on an attached wiring diagra

rotection for Motors, UL 2111, except as covered\by 26.8.

e overcurrent devices, except when included as part of a magnetic motor co

as part of the equipment and be readily identifiable as such after asg
ch protection is not to include means for manually interrupting the motor
y allow unsafe operation of the equipment.

}

hase motors shall be provided-with overcurrent protection as follows:
e properly rated overcurrent devices shall be employed; or

mal protectors, gombinations of thermal protectors and overcurrent devices,
s of protection may be employed where the specific protective arrangem
ated and found to provide proper protection under primary single-phase fail

htroller, are to
embly to the
circuit if such

or equivalent
ent has been
ire conditions
b investigated
g conditions.
m.

26.6 A motor included in a suspended type heater shall be of the totally enclosed construction if not
wholly enclosed within the heater casing.

26.7

In determining compliance with 26.6, when a totally enclosed motor is to be provided, no openings

are permitted in portions of the motor frame exterior to the appliance, that is, openings may be in the shaft
end of face-mounted oil-burner motors bolted flush to the blower housing of a gun-type burner, but not in

other portions

of the motor frame.

26.8 Motors, such as direct-drive fan motors, which are not normally subjected to overloads, and which
are determined to be adequately protected against overheating due to locked-rotor current by a thermal or
overcurrent protective device, may be acceptable under this requirement provided it is determined that the

motor will not

overheat under actual conditions of use.
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26.9

Impedance protection may be accepted for motors which are determined to be adequately

protected against overheating due to locked-rotor current, provided it is determined that the motor will not
overheat under actual conditions of use, except that impedance protection is not to be accepted where the
motors are installed in compartments handling air for circulation to the conditioned space.

26.10 Fuses shall not be used as motor overload protective devices unless the motor is adequately

protected by {

26.11
herein.

he largest size fuse which can be inserted in the fuseholder.

Motors shall not exceed the temperature rises indicated in Table 45.1 when tested as described

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

CONTon the

26.13 In no
protective de
burner depen
circuit to the n

26.14 Auton
the motor by

26.15 A mo
motor to ente

26.16 Confg
shield, or by
applied to the

26.17 Moton
from falling o

26.18 Ther
open type mo

a) The¢ structural“parts of the motor or the burner, such as the bottom closurg

equiva

hameplate.

case shall interruption of the circuit to a motor by the overcurrent| or ov
ice result in unsafe operation of the equipment or the hazardous“discharg
[ds solely upon an electric valve to stop the flow of fuel to the budrner, the inte
notor by the protective device shall also cause the interruption.of the circuit to t

natic-reset type protective devices shall not be used if the 'automatic reclosing
he device may result in unsafe operation of the equipment.

the motor as applied to the assembly.

rmance to 26.15 may be provided by the motor frame or by another enclosur
another combination of two or moré&’such items and is to be determined
assembly.

s having openings in the enclosure or frame shall be installed or shielded to pr
t of the motor onto combustible material located within or under the assembly.

pquirement in 26.1-7will necessitate the use of a barrier of noncombustible ma
for unless:

lent of such a barrier; or

b) The

insulafion/or molten material falls to the surface that supports the appliance whe

motor overload protection device provided with a single-phase motor is such t

ertemperature
e of fuel. If a
rruption of the
he valve.

bf the circuit to

or shall have no openings permitting a drop of-liquid or a particle falling verfically onto the

P, structure, or
vith the motor

event particles

terial under an

b, provide the

hat no burning

h the motor is

energized under each of the following fault conditions, as applicable to the particular motor:

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

4) Capacitor shorted, permanent split capacitor type; or

c) The motor is provided with a thermal motor protector (a protective device that is sensitive to
temperature and current) that will prevent the temperature of the motor windings from becoming
125°C (257°F) under the maximum load under 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.
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26.19 The barrier mentioned in 26.18 shall be horizontal, shall be located as indicated in Figure 26.1,
and shall have an area not less than described in that illustration. Openings for drainage, ventilation, and
the like, may be employed in the barrier provided that such openings would not permit molten metal,
burning insulation, or the like to fall on combustible material.

26.20 Overcurrent protective devices and thermal protective devices for motors shall comply with the
requirements of the Short Circuit Test, Section 49.

Figure 26.1

Location and extent of barrier

LOCATION AND EXTENT OF BARRIER

EB100 C

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 that is partially shielded by the motor enclosure or equivalent.

B — Projection of outline of motor winding on horizontal plane.
C — Inclined line that 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) Oriented so that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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27 Overcurrent Protection of High-Voltage Control-Circuit Conductors

27.1 General

2711 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 product. A control
circuit does not carry main-power current. If a control circuit is supplied through a transformer provided as

part of the product, see Overcurrent Protection of Transformers, Section 28, for additional requirements.

27.2 Direct-

2721 Fort

connected high-voltage control circuit

he purpose of these requirements, a direct-connected high-voltage control cir

uit is one that

is supplied frg
It is not tappd
within the pro

27.3 Tappes

27.3.1 For {
tapped within
Such a circuit

27.3.2 A hig
control equipr
Electrical Cod

27.3.3 Atap
rating of the o

Exception No
m) long betws
rated 60 amp

Exception Ng
withstand sho

Exception NG
overcurrent p

m a branch circuit separate from a branch circuit that supplies other loads with
d from the load side of the overcurrent device or devices of the controller.ci
juct. See 54.14.

il high-voltage control circuits

he purpose of these requirements, a tapped high-voltage«control circuit is 3
the product from the load side of the overcurrent device or devices for the G
shall be protected in accordance with 27.3.3 — 27.4.2.

h-voltage control circuit that is tapped from thesxmain power circuit at a point
hent enclosure shall be protected as specified in Column A of Table 430-72(b)
e, NFPA 70-1993.

ped high-voltage control-circuit conduétor shall be provided with overcurrent
vercurrent-protective device shall.not exceed the value specified in Table 27.1,

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

. 2: An overcurrent-protective device of a higher rating may be used if
rt-circuiting wihen tested as specified in 49.14.

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

in the product.
cuit or circuits

circuit that is

ontrolled load.

outside of the
pf the National

rotection. The

han 4 feet (1.2
circuit breaker

he conductors

provided with

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

a) This protection is in accordance with requirements specified in Overcurrent Protection of
Transformers, Section 28; and

b) The rating of the device does not exceed the applicable value specified in Table 27.1 multiplied

by the

ratio of secondary-to-primary rated transformer voltage.
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Table 27.1
Overcurrent protective device ratings for control circuit conductors

Maximum rating of overcurrent protective device, amperes
Tapped control-circuit Conducto_rs contained in control Conductors _extending beyond control
conductor size, equipment enclosure equipment enclosure
AWG (mm?) Copper Aluminum? Copper Aluminum?
18 (0.82) 25 - 7 -
16 (1.3) 40 - 10 -
14 (2.1) 100 - 45 -
12(3.3) 120 100 60 45
10({5.3) 160 140 90 75
Largerjthan 10 b b [ c
@ Includes coppdr-clad aluminum.
b 400 percent of palue specified for 60°C conductors in Table 310-17 of National Electrical Code, NFPA 70-1993.
¢ 300 percent of alue specified for 60°C conductors in Table 310-16 of National Electrical Code, NFPA 70-1993.
27.4 Overcurrent-protective devices
27.4.1 Overdurrent protection for a tapped high-voltage control-cirCuit conductor, as requifed by 27.3.3,

shall be provig
54.12.

Exception: Th
marked rating
not exceed the

2742 Acon
a)Benp

b)Beg

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

The device sh
an acceptable

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

b overcurrent device or devices need not be provided as part of the product f,
of the product, the rating of the branchscircuit overcurrent-protective device or
values specified in Table 27.1.

trol-circuit overcurrent-protective device shall:
rovided for all ungrounded conductors;

f a size in accordance with the requirements in 27.3.3; and

bll be a'circuit breaker or a fuse that is acceptable for branch-circuit protection
fuse are a Class CC, G, H, J, K, L, R, or T cartridge fuse or a Type S plug fuse

Exception: If t

cordance with

based on the
devices does

Examples of

he control circuit is tapped from a circuit supplying other loads in the product, a device used

for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 49.1. If the supplementary device used is a fuse,

the product sh

all be marked in accordance with 54.13.

28 Overcurrent Protection of Transformers

28.1

28.1.1

High-voltage transformers

transformer and shall:

A transformer, other than as described in 28.2.1 and 28.2.2, is considered to be a high-voltage

a) Be provided with thermal-overload protection in accordance with the requirements in 28.1.2; or
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b) Be protected by an overcurrent device, or devices, in accordance with the requirements in
28.1.4; or

c) Comply with the requirements in the Burnout Test, High-Voltage Transformers, Section 51.

28.1.2 If a high-voltage transformer is provided with a thermal-overload-protective device, the device
shall be arranged to interrupt primary current and shall limit temperatures of the transformer windings
under overload conditions to those acceptable for the class of insulation employed in the windings. See
Overload Test, High-Voltage Transformers, Section 50.

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

51.

28.1.3 A th
Requirements
have an end
calibration of
Equipment, U
Requirements
873 requirem

2814 Ifalt
shall comply

28.1.5 A hig
in the primary
28.3.1.

28.1.6 If the
more than 25
not required i
or set as indid

brmal cutoff shall comply with the requirements in the Standardcfor Th
and Application Guide, UL 60691. A manually or automatically reset thermal
Lrance rating of not less than 6000 cycles and shall complyAwith the rec
temperature-limiting controls in the Standard for Temperature-Indicating arn
L 873. Compliance with the Standard for Automatic Electrical Controls — P
, UL 60730-1, and/or the applicable Part 2 standard from-the UL 60730 serie
ents.

igh-voltage transformer is protected by an overcurrent device or devices, s
vith the requirements specified in 28.1.5, 28.1%6;.and 28.3.1 — 28.3.3.

h-voltage transformer shall be protected by an overcurrent device or devices,
circuit and that is rated or set as indicated in Table 28.1 for the primary. S

D percent of the rated primary current of the transformer, additional overcurre
n the primary circuit provided the secondary circuit is protected by a protectiv
ated in Table 28.1 forthe secondary.

ermal-Links —
protector shall
juirements for
d -Regulating
art 1: General
5 fulfills the UL

uch protection

that is located
ee 28.1.6 and

circuit supplying a transformier is provided with overcurrent protection rated or set at not

nt protection is
e device rated

Table 28.1
Ratings of transformer overcurrent protective devices
Maximum rating of overcurrent device, percent of transformer gurrent rating,
Rated primary or secondary current, when in:
aMmpeTes Primmary Serondatry
Less than 2 3002 167
2 or more, less than 9 167 167
9 or more 125° 125°

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

b |f 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.

28.2 Low-voltage transformers

28.2.1

Except as specified in 28.2.2, a transformer having a rated output of not more than 30 volts and

1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device, or devices,
located in the primary circuit. The overcurrent device, or devices, shall be rated or set at not more than 167
percent of the primary current rating of the transformer. See 28.3.1.
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28.2.2 A transformer that directly supplies a Class 2 circuit (see 2.32(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).

28.3 Overcurrent protective devices

28.3.1 Overcurrent protection in the primary circuit of a transformer, as described in 28.1.5 and 28.2.1,
need not be provided as part of the product if, based on the marked rating of the product, the rating of the
branch-circuit overcurrent-protective device, or devices, does not exceed the values specified in 28.1.5 or

28.2.1, as app

licable.

28.3.2 Overg
provided as p4

28.3.3 Areq
a)Benp

b)Bed

c) Hav¢ a voltage rating not less than the circuit in which itis used.

The device sh
of an acceptal

Exception: If a
for overcurren
rating accepts
accordance wi

29 Switcheqd and Controllers

29.1 Except
assemblies ing

29.2 A contr
fuse size does

urrent protection in the secondary circuit of a transformer, as required-by, 2|
rt of the product. If a fuse is used the product shall be marked in accordahce w

Lired transformer overcurrent-protective device provided as part 6fithe product
rovided for all ungrounded conductors;

f a size in accordance with the requirements in 28.1.5 £.28.2.1, as applicable;

all be a circuit breaker, or a fuse, that is acegptable for branch-circuit protecti
le fuse are a Class CC, G, H, J, K, L, R, or\I*cartridge fuse or a Type S plug fu

transformer supply is tapped from a-Circuit supplying other loads in the produg
t protection may be of the supplementary type provided that the fuse has
ble for the circuit in which it is used. See Table 49.1. The product shall
th 54.11.

as noted in 29.2;a controller(s) for controlling the loads involved shall be p
orporating more than one motor intended for connection to the same power su

pller is\not required for an assembly having more than one motor if the marl

more than 6 anperes full-load current for each motor.

naot.exceed 20 amperes at 125 volts or less, or 15 amperes at 600 volts or less

B.1.6 shall be
ith 54.12.

shall:

and

pn. Examples
5e.

t, a fuse used
A short-circuit
be marked in

rovided for all
pply.

ed maximum
, and with not

29.3 A single controller may control more than one motor if the controller is rated for the combined load
controlled. The assembly shall be marked in accordance with 54.7 if the same controller contacts handle a
remote motor(s) in addition to the motor(s) in the unit containing the controller.

29.4 A controller or switch shall be rated for the load that it controls.

29.5 The load controlled is to include any load external to the assembly for which connections in the
controller or switch circuit are provided.

29.6 A controller that may be called upon to break a motor load under locked-rotor conditions shall have
a current-interrupting capacity not less than the locked-rotor load of the motor controlled.
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29.7

If the controller is cycled by the operation of an automatic-reset overload device, it shall withstand

an endurance test under locked-rotor conditions without malfunction. The endurance test is to be of a
duration equivalent to that required for the overload device and at an equivalent rate.

29.8 The locked-rotor load of a motor is based on six times the full-load current rating of the motor if

alternating cu

rrent and ten times the full-load current rating if direct current.

29.9 Motor controllers shall be arranged so that they will simultaneously open a sufficient number of
ungrounded conductors to interrupt current flow to the motor.

30 Capacitors

30.1 A motq
protect the p
material resul
be of metal p
0.020 inch (0.

30.2 The in
mounted in a
like, is accept

30.3 |If the g
metal parts b

in note a of Table 32.1. Otherwise, it shall be separatedd{rom dead metal parts by spacings

with the table

30.4 A capd
against expul
requirements
used. See Sh

Exception: If
winding, the ¢
but not less

component(s).

31

Electrical Insulating Material

r starting or running capacitor shall be housed within an enclosure or con
ates against mechanical damage and that will prevent the emissionofifl3
ting from malfunction of the capacitor. Except as noted in 30.2 and 30.3,the
roviding strength and protection not less than that of uncoated sieeh having
651 mm) (No. 24 MSG).

dividual container of a capacitor may be of material other*than metal if th
N enclosure that houses other parts of the burner and,previded that such bo
Able for the enclosure of current carrying parts.

moisture-resistant insulation not less than 0.028 inch (0.71 mm) thick, exce

citor employing a liquid dielectric medium more combustible than askarel sha
sion of the dielectric medium Wwhen tested in accordance with the applicabls
of this standard, including faulted overcurrent conditions based on the circu
brt-Circuit Test, Section 49,

he available fault current is limited by other components in the circuit, such a
apacitor may be tested using a fault current less than the test current specifie
han the current-established by dividing the circuit voltage by the impedang

ainer that will
me or molten
container shall
a thickness of

e capacitor is
K, case, or the

ontainer of an electrolytic capacitor is constructed of metal, it shall be insulated from dead

bt as indicated
in accordance

Il be protected
b performance
t in which it is

5 a motor start
) in Table 49.1
e of the other

31.1 Materi

Horthemountingof corrent carrying parts—shatt-beporcetain, phenotic torm

molded composition, or equivalent material.

position, cold-

31.2 Ordinary vulcanized fiber may be used for the insulating bushings, washers, separators, and
barriers, but not as the sole support for uninsulated live parts where shrinkage, current leakage, or
warpage may introduce a risk of fire, electric shock, or injury to persons. Plastic materials may be used for
the sole support of uninsulated live parts if found to have adequate mechanical strength and rigidity,
resistance to heat, resistance to flame propagation, dielectric voltage withstand, and other properties
needed for the application.

32 High-Voltage Circuits Spacings

32.1 Except as noted in paragraphs below, the spacings between uninsulated live parts of opposite
polarity and between an uninsulated live part and a dead metal part shall be not less than the values
indicated in Table 32.1.
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Table 32.1
Minimum spacings
Ratings Minimum spacings
Through air Over surface To enclosure®
Volt-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 2000 0-150 1/8° (3.2) 1/4 (6.4) 12 (12.7)
151 —-300 1/4 (6.4) 3/8 (9.5) 12 (12.7)
301 -600 3/8 (9.5) 1/2¢ (12.7) 12 (12.7)
NOTE — An insu iti terial employed
where spacings vould otherwise be insufficient, shall not be less than 0.028 inch (0.71 mm) in thickness, excephthpt a liner or
barrier not less than 0.013 inch (0.33 mm) in thickness may be used in conjunction with an air spacing of not less than one-half of
the through air spacing required. The liner shall be located so that it will not be damaged by arcing. Materjahhaving|a lesser

thickness may b
@ 1f over 300 volt
® The spacings b
than 1/4 inch (6.

the spacing nee
factory wired. M¢

¢ Includes fittingg

b used if it has equivalent insulating, mechanical, and flammability properties.
5, spacings in last line of table apply.

etween wiring terminals of opposite polarity, or between a wiring terminal and grounded metal, shall not be less

. mm), except that if short-circuiting or grounding of such terminals will not resultfrom projecting s
not be greater than that given in the above table. Wiring terminals are thése‘connected in the fiel
asurements are to be made with solid wire of adequate ampacity for the{load connected to each t

for conduit or metal-clad cable.

rands of wire,
I and not
brminal.

32.2 The thr
basis of the tq
the spacings
components i
which controls
controls loads

;Lrom the component to the enclosure shall*be judged on the basis of the to

bugh air and over surface spacings at an individual component part are to be
tal volt-ampere consumption of the load or loads which the component contn

the enclosure. For example, the through air and over surface spacings at
only a motor are judged on the basi§of the volt-amperes of the motor. A con
in addition to the motor is similarly judged on the basis of the sum of the volt-a

loads so cont

the basis of the volt-amperes of the largerdoad. The volt-ampere values for the load referreq

to be determi

32.3 The spqcing requirementsin-Table 32.1 do not apply to the inherent spacings of a con

is judged on t
from the insta
indicated in th

32.4 Allunin
of same volta

olled, except that a component.which independently controls separate loadg

d by the measured input.

e basis of the requirements for the component. However, the electrical clear:
lation of a cempoOnent, including clearances to dead metal or enclosures, ar
p table.

sulatéd-live parts connected to different circuits, except subdivided circuits or k
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the highest voltage involved.

33 Low-Voltage Circuits Spacings

33.1

n the basis of

The spacings for low-voltage electrical components which are installed in a circuit which includes a

motor overload protective device where a short or grounded circuit may result in unsafe operation of the

appliance shal

| comply with 33.2— 33.5.

33.2 The spacing between an uninsulated live part and the wall of a metal enclosure, including fittings of
the connection of conduit or metal-clad cable, shall be not less than 1/8 inch (3.2 mm). See 32.4.

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

33.5 The spacings in low-voltage circuits which do not contain devices such as indicated in 33.2 are not
specified.

PROTECTION OF USERS AND SERVICE PERSONNEL

34 General

34.1 An uni
enclosed so &
to be perform

34.2 Servic
a) Adj
b) Reg

c) Op¢g

1

nsulated high-voltage live part and hazardous moving parts shall be locate
s to minimize accidental contact by personnel performing service functionsw
bd with the equipment energized.

functions which may have to be performed with the equipment energized incl
sting the setting of temperature controls with or without marked dial settings;
etting control trip mechanisms;

rating manual switches; or

d) Adjuisting air-flow dampers.

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

34.3 There

34.4 Adjustz
with respect t
operation carj
moving parts

a) Not

b) Are

1, guarded, or
hich may have

ide:

juirements of 34.1 are not applicable to mechanical service functions which are not normally
performed with the equipment energized.

ble or resettable electrical control or manual switching devices may be located or oriented

b uninsulated live parts-so that manipulation of the mechanism for adjustmern
be accomplished~in*the normal direction of access if uninsulated live parts
jre:

located in‘front, in the direction of access of the mechanism; and

not lecated within 6 inches (152 mm) on any side or behind the mechanism, ur

t, resetting, or
or hazardous

less guarded.

345 An ele

etrioal nir companant—ahid CVZ-V-CT- V- 3PN

oo |
CtrCa OO COTMTTPoTTCT T i

servicing, or

maintenance while energized, not including 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 serviceman to the likelihood of shock hazard from adjacent
uninsulated live parts or to accident hazard from adjacent moving parts.

34.6 Accessibility and protection from shock and accident hazard 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 34.1.

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.
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b) Uninsulated live parts outside the control assembly projected clear space (except for live parts
within a control panel) or unguarded hazardous 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.

¢) The volume generated by the projected clear space of the control assembly to the access
opening in the outer cabinet (within the access area) is completely free of obstructions, including

wiring.

d) Acc
other ¢

e) Exir
are to

openin
outsidg

bmponents or by wiring

in this assembly.

Figure 34.1

Accessibility and protection

ss to the components in the control assembly is not impeded in the directio

bctor-type fuseholders and snap switches mounted through the control’'assen
be located so that there is unimpeded access to these components throud
j in the outer cabinet and so that they are not immediately adjacent-to uninsul
the control assembly enclosure, unless guarded.

of access by

bly enclosure
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pted live parts
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_-~ | INJURIOUS MOVING PART AT LEAST
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- MOVING PART | (UNLESS GUARDED)
SCO727A A

34.7 Components in a low-voltage circuit are to comply with the requirements of 34.5 in their relation to

uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

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

a) Coils of controllers;
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b) Relays and solenoids;

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

d) Enc

losed motor windings;

e) Insulated terminals and splices; and

f) Insulated wire.

34.9 Moving parts such as fan blades, blower wheels, pulleys, belts, and the like, which may cause injury

shall be enclo

sed or guarded.

34.10 Ifthe

a) The
b) Ani
c)Aw

DANG
Openi

3411 The d
34.9 shall be
exceed 3 inc
values specifi
found by app|
34.1. The mir

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

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

opening or removal of the door, panel or shield shall require the use of'topls; g
hterlocking device shall shut off the mechanism; or

brning marking shall be displayed which reads essentially as.follows:

ER — To Avoid Injury From Moving Parts, Shut Off Zhe’(Equipment) Befo
ng) This (Cover-Door).

istance from an opening in a required guard .orenclosure to the moving parj
n accordance with Table 34.1, but the minor,dimension of the opening shall ]
nes (76 mm). For an opening having a minor dimension intermediate betwe
ed in the table, the distance from the opening to the moving part shall be not
ropriate interpolation between the céfresponding values in the right-hand cg
or dimension of the opening is determined by the largest hemispherically tip

Table 34.1
Locations of openings

=3

e (Removing-

mentioned in
ot in any case
ten two of the
less than that
lumn of Table
ped cylindrical

inor dimensions.of opening?® Minimum distance from opening to m¢ving part
Inclr:s (mm) Inches (mm)
14 (6.4) 1/2 (12.7)
3/B (9.5) 1-1/2 (38.1)
1/ (12.7) 2-1/2 (63.5)
3/4 (19.1) 4-1/2 (114.0)
1 (25.4) 6-1/2 (165.0)
1-1/2 (38.1) 10-1/2 (267.0)
2 (50.8) 14-1/2 (368.0)
Over 2 (over 50.8) 30 (762.0)
& Openings less than 1/4 inch (6.4 mm) are not to be considered.

34.12 A moving part is not to be considered when judging compliance with 34.1 and 34.9 if the part is
unlikely to be contacted through the opening because of fixed components, including baffles.
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PERFORMANCE
35 General

35.1 A unit heater shall comply with the applicable requirements when tested as described herein. A
heater of a type not described specifically herein shall be tested in accordance with the intent of these
requirements. If any indications are observed during the tests prescribed herein that a heater will not
continue to meet the requirements in normal usage so as to assure continued safe performance, such
supplementary tests shall be conducted as deemed necessary to assure safe service.

35.2 A floor-mounted unit heater is tested normally for installation on noncombustible floors and with
clearances to combustible walls and ceilings as indicated in Table 35.1. Such a heater is classified under
Form I or Forn III, depending on its physical size as noted in the table. At the option of theymnufacturer, a
floor-mounted|heater may be tested for installation on combustible floors and when so-tested is classified
under Form lajor Form llla, depending on its physical size.

Table 35.1
Standard clearances

Minimum clearance, inches (mm)

A B Cc D E F
Type of unit Chimney

heater Above Front connector. Rear Sides Below

Form | 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) NC

Form la (152) 24 (610) 18 (457) 6 (152) (I152) C

Form IlI 18 (457) 48 (1219) 18 (457) 18 (457) 18 ($#57) NC

Form llla 18 (457) 48 (1219) 18 (457) 18 (457) 18 (#57) C

Form lllb 18 (457) 48 (1219) 18 (457) 18 (457) 18 (#57) 18
(457)

FormV 6 (152) 24 (610) 18 (457) 18 (457) 18 ($#57) 18
(457)

Where: C — Combustible.

NC — Noncombustible:

Forms | and la —{A floor-mounted\unit heater not larger than 100 cubic feet (2.8 m?) in size (excluding blower or fan|compartment
and burner.)

Forms Ill, llla, and Illb —Awnit heater larger than one classified under Form | or Form V.

Form V — A suspended type unit heater not larger than 100 cubic feet (2.8 m®) in size (excluding fan compartment and burner
equipment).

35.3 A suspended type unit heater is tested normally for installation with clearances to combustible
construction not less than indicated under Forms lllb and V in Table 35.1.

35.4 The standard clearances designated in Table 35.1 are based on the heater being installed in a room
that is large compared to the size of the heater. All clearances designated in Table 35.1, or by the
manufacturer under an option, are to be in integral inches for testing purposes.

35.5 A unit heater classified under Forms |, la, or V may be tested as suitable for installation with
clearances to combustible construction less than indicated in Table 35.1.
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36 Test Installation — Floor-Mounted Heaters

36.1 Enclosure

36.1.1 The heater is to be placed in a partial enclosure in the as-received condition as described below.
The distance from the back, side, and top of the heater and from the chimney connector to the walls and
ceiling of the enclosure is to be not more than as indicated in Table 35.1. Warm air outlets are to be faced
away from the walls of the test enclosure. If outlets extend more than 180 degrees around the periphery of
the heater, those facing the walls are to be closed, or the heater is to be tested when placed as it may be
installed in service.

36.1.2 The heater is to be level. Leveling means are to be removed if detachable, or, if not detachable,
are to be adjusted to place the base of the heater the minimum allowable distance above thq floor.

36.1.3 The

boards or plyy
A ceiling of eq
be such as to
enclosure are
m) beyond th
35.1 from the
opposite the {
the flue collar

vood 3/4 inch (19.1 mm) thick, set at right angles and finished in flat black. Se
uivalent construction is to be placed above the partial enclosure/The height o
obtain the minimum clearance above the heater specified inJable 35.1. All jg
to be tight or sealed. The walls and ceiling of the partial enclesure are to exte
e end and side of the heater. The walls are to be the minimum distance spe
side and back of the heater except when the flue outlet is horizontal, in which
lue collar is to be the specified distance from a veftical chimney connector aj
by a 90-degree elbow. See 36.2.1.

Figure 36.1

Test enclosure for standard clearances floor-mounted unit heaters

partial enclosure is to be formed by two walls of 1 inch (25.4 mm) nominal thickness wood

e Figure 36.1.
the walls is to

ints in the test
nd 3 feet (0.91
cified in Table

case the wall
5 connected to

1. Location of
heater, assembly
on platform

$2584
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36.1.4 If the heater is intended for direct installation on combustible flooring, the floor beneath the heater
is to be 1 inch (25.4 mm) white-pine flooring covered with one thickness of building paper, and then by 3/4
inch (19.1 mm) thick plywood, unpainted or finished with a clear sealer.

36.2 Chimney connector

36.2.1 The chimney connector is to be the same nominal size as the flue collar or outlet of the heater.
Galvanized stovepipe not heavier than 0.023 inch (0.58 mm) (No. 24 GSG) is to be used. The chimney
connector is to extend vertically through the ceiling of the test enclosure, being directly connected to and
extended vertically above a vertical flue outlet and connected to a horizontal flue outlet by using a 90-
degree sheet metal elbow at the bottom of the vertical section. See Figure 36.2.

36.2.2 Wherg the chimney connector passes through the enclosure, an opening 8 incHes (203 mm)
larger than thg chimney connector is to be cut in the enclosure and the annulus thus formed|sealed on the
exterior surfage with a fire and heat resistive insulating barrier at least 1/8 inch (3.2 mm) thigk. See Figure
36.3. Tempergtures on the surfaces surrounding the chimney connector are not to be deternjined at points
located less thian 2 inches (51 mm) from the outer edge of the annulus.
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Figure 36.2
Chimney connectors — standard clearance test
(M (M
()
— —
R &) R

] Y .

HORIZONTAL FLUE OUTLET VERTICAL FLUE OUTLET

S2585

1. Centerline of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
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Figure 36.3

Sealing of annulus around chimney connector

CHIMNEY CONNECTOR

/\O/

FIRE and HEAT RESISTIVE
INSULATING BARRIER

e— 4" — f— 47—

(102mm) (102mm)

AN

52586

36.2.3 A bragket for supporting the thermocouple for measuring flue-gas temperature is to[be located as
shown by ltem 2, Figure 36.2.

36.2.4 The primary safety controlyif furnished separately for mounting in the chimney connector exterior
to the heater, [may be located at~any appropriate point either within or exterior to the test ¢nclosure. No
temperature measurements (inyor on a control so located are to be made during tests| for standard
clearances.

36.2.5 A draft regulator is to be provided for test purposes and located in the chimney confector outside
the test encloqure. See Figure 36.2.

36.2.6 Any built-in draft regulator included as part of the furnace is to be fixed in the position allowing
maximum draft.

36.2.7 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.

36.3 Airoutlet and inlet

36.3.1 Each air outlet opening of a floor-mounted unit heater is to be fitted with a straight duct extending
3 feet (0.91 m) from the face of the normal air outlet opening and of the same cross-sectional area and
shape as the outlet opening. This duct, for testing purposes only, is to be furnished by the manufacturer. To
provide a means to symmetrically restrict the outlet end of the duct, an adjustable restrictor is to be
provided which forms a diamond-shaped opening at the outlet end of the duct. If the design of the air outlet
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does not permit the attachment of such a duct, an equivalent means is to be provided to restrict the air flow
and to measure the outlet air temperature.

36.3.2 The outlet air temperature is to be measured by a single bead-type thermocouple, not larger than
24 AWG (0.21 mm?) located in the center of the air discharge opening of the test duct.

36.3.3 The inlet air temperature is to be measured by a thermocouple not heavier than 24 AWG (0.21
mm?) shielded from direct radiation and located centrally 24 inches (610 mm) in front of the heater and 24

inches (610 mm) above the floor of the test enclosure.

37 Test Installation — Suspended Type Heaters

371

37.1.1
top portion of|
the vertical si
(457 mm). TH

inches (305 mim) below the heater. The vertical walls and ceiling of the eénclosure are to be

and construc
plywood, finis
than specified
employed in t

37.2 Chimney connector

37.21 The

Galvanized s
connector is {
extended verf]
elbow at the 4

37.2.2 Whe
flue pipe is to
and heat resi

surfaces surrpunding the ‘€himney connector are not to be determined at points located lesg

(50.8 mm) fro

37.2.3 Whe

Enclosl.ure

The heater is to be hung in a suspended tunnel-type enclosure so that the clearang

heater and the ceiling is 6 inches (152 mm). Clearance between the vertical
Jes of the heater is to be 18 inches (457 mm). The enclosure is 10, éxtend at |
e enclosure is to extend at least 18 inches (457 mm) beyond-the front ang

ed of 1 inch (25.4 mm) nominal thickness wooden boards or 3/4 inch (1
hed a flat black. All joints in the test enclosure are to\be tight or sealed. If ¢

above are desired, the manufacturer may specify in integral inches the clg
pst. The heater is to be level.

chimney connector is to be the sameéZnominal size as the flue collar or outlet
ove pipe not heavier than 0.023 inch (0.58 mm) (No. 24 GSG) is to be used
p extend vertically through the ‘eeiling of the test enclosure, being directly con
cally from a vertical flue outlet'and connected to a horizontal flue outlet by usir
ottom of the vertical section: See Figure 36.2.

e the chimney connector pierces the ceiling, an opening 8 inches (203 mm)
be cut in the enclosure, and the annulus thus formed sealed on the upper sur
stive insulating barrier at least 1/8 inch (3.2 mm) thick. See Figure 36.3. Te

M the outer edge of the annulus.

. ay'elearance of less than 18 inches (457 mm) between the chimney ¢

e between the
side walls and
past 18 inches

back and 12
at right angles
0.1 mm) thick
earances less
arances to be

of the heater.
The chimney
nected to and
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arger than the
race with a fire
mperatures on
than 2 inches

onnector and
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also with a flue

combustible censtruction—is—desired—a—h
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arrangement as indicated by Style I, and a heater with a horizontal flue outlet is to be tested also with a
flue arrangement as indicated by Style Il in Figure 37.1. The clearance between the chimney connector
and the interior surfaces of the test enclosure is to be not less than 9 inches (229 mm).

37.2.4 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
shown by item 2, Figure 36.2.
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Figure 37.1

Optional chimney connector arrangement for suspended type heaters
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maximum dr.
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ailf.

ector, may be
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nector outside
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]himney connector is to be connected to a chimney, stack, or exhaust systg
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imposing the specified draft.

37.3 Airoutlet and inlet

37.3.1

Each air outlet opening of a suspended type unit heater is to be fitted with a straight duct

extending 3 feet (0.91 m) from the face of the air outlet opening of the same cross-sectional area and
shape as the air outlet opening. This duct, for testing purposes only, is to be furnished by the
manufacturer. To provide a means to symmetrically restrict the outlet end of the duct, an adjustable
restrictor is to be provided which forms a diamond-shaped opening at the outlet end of the duct.

37.3.2 The outlet air temperature is to be measured by a single bead-type thermocouple, not larger than

24 AWG (0.21

mm?), located in the center of the air discharge opening of the test duct.
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37.3.3 The inlet air temperature is to be measured by a shielded thermocouple, not larger than 24 AWG
(0.21 mm?), located 24 inches (610 mm) behind and directly opposite the center of the air inlet end of the
heater.

38 Instrumentation

38.1 Draft

38.1.1 Draft is to be measured by a draft gauge which may be read directly to 0.005 inch (0.10 mm)
water column and which has an accuracy of £0.0025 inch (0.050 mm). A gauge is to be checked for zero
reading at the beginning and the end of each test.

38.2 Fuel input

38.2.1
or a burette ¢

The fuel input rate to a burner during a test is to be determined by a scale accurate|to 0.01 pound

pable of the same resultant accuracy.

38.3 Power|measurement

38.3.1 The fotal electrical input to a unit heater is to be measured in’amperes.

38.3.2 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.

38.4 Speed|measurement

38.4.1 Mechanical or electronic means are to be Used to measure the speed of a motor jor mechanism
driven by it.[ The load imposed by the counter is not to reduce motor speed. A gtroboscope is
recommendedl for measuring speed of a motor'under 1/8 horsepower (93 watts).

38.5 Temperature measurement

38.5.1 Temq
Unless othery

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

38.5.2 Ther

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

nermocouples.
(0.21 mm?).

bns as may be

required to dbservesmaximum temperatures during tests. Where the chimney connect
enclosure, température measurements on the inside surfaces of the enclosure are to be 1
(152 mm) away“/from the chimney connector. Thermocouples are to be attached to d
materials and parts such as those mentioned in Table 45.1.

br pierces the
nade 6 inches
ther pertinent

38.5.3 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in thermal
contact with the surface of the material whose temperature is being measured. In most cases, acceptable
thermal contact will result from securely taping or cementing the thermocouple in place, but where a metal
surface is involved, brazing or soldering the thermocouple to the metal may be necessary.

38.5.4 Thermocouples are to be secured to wood surfaces by staples over insulated portions of the wire
with the tip held in a good thermal contact with the surface by pressure-sensitive tape, except that for zero
clearance, the thermocouples are to be applied to surfaces of the heater at points of zero clearance.

38.5.5 Thermocouples are to be attached to surfaces other than as described above by being cemented
or taped to the surface in a manner to provide good thermal contact with the surface.
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38.5.6 The flue-gas temperature is to be measured by a thermocouple such as illustrated by Figure 38.1
inserted into the chimney connector as shown on Figure 38.2. There is to be no draft control between the
heater and the point where the flue-gas temperature is measured. If a draft control is incorporated in the
heater, it shall be sealed dependably in the position allowing maximum draft during all tests.

Figure 38.1

Standard thermocouple for flue-gas temperature

11/8"
(28.6mm)

5/32" MAX.
(4.0mm)

J_ SILVER SOLDER ©OR

WELD JUNCTION,
DO NOT OXIDIZE

.070" MAX
(1.78mm)

C e
RA152 —A

1. 20 AWG (0.51 mm2) iron-constantan, asbestos, or weven-glass-covered thermocouple wires extending from hot junction to
potentiometer or reference junction.

2. 1/4 inch (6.4 min) outside diameter of two-hole porcCelain insulator cut to length and ends beveled on two sides.

3. 1-5/16 inch (7.9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over insiilator; then crimp
ends over beveleq ends of insulator.

4.1 - Small wooden handle.
5. 1 — Piece of rufber tubing, approximately 5/16 by 3/32 by 2 inches long (7.9 by 2.4 by 50.8 mm long).

6. In lieu of indiviqual componentsidescribed in ltems 1, 2 and 3 above, any combination of preassembled parts of fubing, insulators
and thermocouplgs may be used.
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39
39.1

39.1.1 The
Sections 36 a

39.1.2 Ahe
by the install

Figure 38.2

Flue gas thermocouple and support bracket
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Initial Test Conditions

Linit heater is to be.set up for test in the appropriate enclosure and manne
nd 37 of these requirements.

bter equippedtwith an air-circulating fan, the capacity of which is intended to
br, such-as with a belt-drive or a motor-speed control, is to be tested with

adjusted so that approximately rated air delivery is obtained. This adjustment is to be mai

the conduct o

f all'tests described herein.

r described in

be varied only
the fan speed
htained during

39.1.3 A heater equipped with a device intended for manual change or adjustment by the user, such as a
motor speed control, a circulating air damper, and the like, the positioning of which could affect the results
of the tests, is to be tested with the adjustable device in the position or positions likely to develop
maximum temperatures or to disclose malfunction.

39.1.4

If the results of a heater test involving the operation of a limit control are likely to be affected by

the temperature of the inlet air, the test is to be conducted under conditions which maintain the inlet air
temperature between 15.6°C (60°F) and 26.7°C (80°F).

39.1.5 When a heater is to be equipped with air filters, they are to be in place. Disposable filters are to be
2 inches (50.8 mm) thick, except that filters 1 inch (25.4 mm) thick may be used if the heater is built to
accommodate only filters no thicker than 1 inch (25.4 mm).

39.1.6 Unless otherwise specified, heaters are to be tested at the potentials indicated in Table 39.1.
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Table 39.1
Test voltages

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

39.2 Heater Lquipped with mechanical atomizing burner

39.2.1 TheH
the burnerisr
than 0.06 inch

less and not more than 0.09 inch (2.3 mm) for burners fired at rates from 5.0 16 gallons pef

to 0.0017 dm?®
40 Combustf

40.1 A unit
smoke wheni

40.2 When't
operated until
been establis
heaters firing

Shell-Bachara|
41 Continud

41.1 The lim

heater from dglivering air,at*a temperature in excess of 200°F (93°C) for a suspended-type

horizontal outl
Test, Section 4

!

eater is to be fired at its rated Btu per hour input, £2 percent with a“grade of
bted. The draft at the flue collar is to be as recommended by the manufacturer
(1.5 mm) water column for burners fired at 5 gallons per hour (0.0005 dm?® g

per second).
ion Test — Burner and Heater

eater shall be capable of functioning uniformly and reliably without produc
stalled and adjusted in accordance with the:manufacturer's instructions.

e heater is fired at rated input and such that the stack loss is not more than 2
steady-state combustion conditions\of draft, fuel-input rate, and flue-gas tem
ed, the smoke in the flue gases’is not to exceed that indicated by a num

distillate fuel and a number-4-spot for heaters firing a residual type fuel as in
ch Scale with the Model RDEC Smokemeter.

us Operation Tests

it control, when-adjusted to its maximum setting allowed by a fixed stop, s

bt in thebottom and 250°F (121°C) for other styles of heaters. See the Limit ¢
2.

fuel for which
but not more
er second) or
hour (0.0005

ng excessive

6 percent and
perature have
per 2 spot for
licated on the

nall prevent a
heater with a
Control Cutout

firad ot oA Aalh  aeia bt oh ol b eanahl

41.2 A heate

rfie A ratad
—moU— aranu— utnvermygTatCU— oUttputTSian o~ oapaioit

of-contintous-operation without the

limit control functioning to cause reduction in the input when the heater is being tested. See the Continuity
of Operation Test, Section 43.

42 Limit Control Cutout Test

42.1

maximum indicated differential setting.

The limit control is to be adjusted to the maximum setting allowed by its fixed stop and to the

42.2 The test duct or ducts described in 36.3.1 and 37.3.1 are to be in place. A preliminary test is to be
made to approximate the degree of restriction necessary at the outlet of the test duct to cause the limit
control to function.

42.3 The restriction is then to be relieved sufficiently to permit continuous operation of the heater, and
the heater operated until substantially equilibrium outlet air temperature is obtained.
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