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1 ANSI/UL 307A-2005 (R2018)
UL 307A

Standard for Liquid Fuel-Burning Heating Appliances for Manufactured

Homes and Recreational Vehicles

Coaches” and numbered UL 307. The Second edition was titled “Liqui
uel-Burning Heating Appliances for Mobile Homes and Travel Trailers. Th
hird — Fifth Editions were titled “Liquid Fuel-Burning Heating Appliances fqg

obile Homes and Recreational Vehicles.

First Edition — May, 1958
Second Edition — October, 1965
Third Edition — June, 1973
Fourth Edition — October, 1976
Fifth Edition — September, 1978
Sixth Edition — May, 1990
Seventh Edition — January, 1995
Eighth Edition — Febguary, 2009

NinthEdition

July 24, 2018

=

his ANSI/UL Standard for.Safety consists of the Ninth Edition including revision
hrough October 8, 2018

—
2]

The most recent_designation of ANSI/UL 307A as a Reaffirmed Americah
National Standard_(ANS) occurred on October 8, 2018. ANSI approval for
gtandard does net include the Cover Page, Transmittal Pages, and Title Page.

1Y

D

Commentstor proposals for revisions on any part of the Standard may b
qubmitted”to UL at any time. Proposals should be submitted via a Proposa
F

Request in UL’s On-Line Collaborative Standards Development System (CSDS
t htfps-//csds ul com

~

UL’s Standards for Safety are copyrighted by UL. Neither a printed nor electronic
copy of a Standard should be altered in any way. All of UL’s Standards and all
copyrights, ownerships, and rights regarding those Standards shall remain the
sole and exclusive property of UL.

COPYRIGHT © 2018 UNDERWRITERS LABORATORIES INC.
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INTRODUCT

1 Scope

ION

1.1 These requirements apply to the following types of liquid fuel-burning appliances intended for
installation in manufactured homes and recreational vehicles, including travel trailers, camping trailers,
truck campers, motor homes, and park trailers.

a) Direct vent system type heating appliances that provide for complete separation between the
indoor atmosphere and combustion system, including the air supplied for combustion by
inherent design of the furnace and its venting system.

b) Vénted heating appliances other than of the direct vent system type that provide

sepa
for c

1.2 Requirer]

a) Fq

Mandfactured Home Construction and Safety Standards, Title’24 CFR, Part 3280, 1

b) Fq
Crite

1.3 An appliance constructed to burn liquid fuel or gas_and a liquid fuel burning appliance co

designed so
with the appl
Homes and |

1.4 The tern
standard, su

2 Compone
2.1 Except 4
requirements

used in the g

2.2 A compd

ation between the indoor atmosphere and combustion system, including the“al

nents for the installation and use of these appliances are includedyn the followi
r Manufactured Homes — The Department of Housing and Urban Developmen|

r Recreational Vehicles — The National Fire Protection Association Standard fq
ria for Recreational Vehicles, NFPA 501C-1993.

hat it may be converted to burn gas by installation of a specific gas burner sha
cable requirements in the Standard fer*Gas-Burning Heating Appliances For |
Recreational Vehicles, UL 307B.

N “appliance” as used in this standard refers to any heating appliance co
h as a warm air central furhace, a wall furnace, a heating boiler, and a water

hts
s indicated in 272;-a component of a product covered by this standard shall co
for that coniponent. See Appendix A for a list of standards covering compons

roducts covered by this standard.

nentSis not required to comply with a specific requirement that:

for
r supplied

bmbustion by an installation method. Such appliances can be used onlyyn’manufactured
homgs, not in recreational vehicles.

hg standards:

t
994.

r Fire Safety
hstructed and

| also comply
Manufactured

ered by this
heater.

mply with the
nts generally

a) Ir

1 £ L - - - b () - - £ L
votves a featureor characteristic ot required-inthe—appticationmof the—compor

product covered by this standard, or

b) Is

superseded by a requirement in this standard.

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

use.

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

3 Units of Measurement

3.1 Unless otherwise indicated, all voltage and current values mentioned in this standard are rms values.

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

approximate
4 Glossary
4.1 For the

4.2 ANTIFLQ
in fuel level.

the appliancsg.

4.3 APPLIAN

4.4 AUTOM
on and ignite

4.5 BURNEHR

a) Al

nformation.

urpose of this standard, the following definitions apply.

DODING DEVICE — A primary safety control that causes fuellow to be shut o
t is intended to operate to shut off the fuel flow before excessive fuel can be di
ICE FLUE — The flue passages within the appliance:

ATICALLY LIGHTED APPLIANCE — An appliance in which fuel to the main bu
d automatically.

R:

operation of an automatic controk.

b) M
unde

c)M
and
exa
vertid

d) M

fo

bnually Lighted — One where fuel to the main burner is turned on only by hand
I supervision.

pchanical-Atomizing Type — A power-operated burner that prepares and delive
Il or part of the air by mechanical process in controllable quantities for combu
les are @ir-atomizing, high- and low-pressure atomizing, horizontal-rotary ato
al-rotary atomizing, and vertical-rotary wall-flame burners.

pchanical-Draft Type — A burner that includes a power driven fan, blower or ot

if upon a rise
scharged into

ner is turned

tomatically Lighted — One whereyfuel to the main burner is turned on and ignited by

and ignited

s the fuel
stion. Some
mizing,

ner

mecl

d.lliblll doS tiIU plillbipdi redris fUI buppiyillg d.il fUI bUllIbubiiUll.

e) Natural-Draft Type — A burner that depends principally upon the natural draft created in the
chimney to induce into the burner the air required for combustion.

f) Vaporizing Type — A burner consisting of a fuel vaporizing bowl or other receptacle to which
liquid fuel may be fed in controllable quantities; the heat of combustion being used to vaporize
the fuel, with provision for admitting air and mixing it with the fuel vapor in combustible

proportions.
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4.6 CENTRAL FURNACE - A self-contained appliance for heating air by transfer of heat of combustion
through metal to the air, and designed to supply heated air through ducts to spaces remote from or
adjacent to the appliance location.

4.7 CONTROL —

a) LIMIT — An automatic safety control responsive to changes in liquid level, pressure, or
temperature and intended to be set beyond the operating range for limiting the operation of the
controlled equipment.

b) OPERATING — A control, other than a safety control or interlock, to start or regulate burner
firing according to demand and to stop or regulate firing on satisfaction of demand or upon

reaching the intended temperature or pressure In the appliance being fired.

c) PRIMARY SAFETY — The automatic safety control intended to prevent abnerma
of fugl at the burner in case of ignition failure or flame failure.

d) SAFETY — Automatic controls, including relays, switches, and othérauxiliary equ
in copjunction therewith to form a safety control system, which is.intended to preve
opergtion of the controlled equipment.

e) S/
sens

4.8 DIRECT
combustion,
isolated from

4.9 DRAFT
automatically

4.10 ELECT

a) HI
havir

b) L(
than

|IGH-VOLTAGE CIRGUIT — A circuit involving a potential of not more than 600

ng the presence of flame and causing fuel to be shut off in event of flame failu

VENT SYSTEM APPLIANCE — An appliance‘avhich is constructed so that all a

discharge

ipment used
ht unsafe

\FETY COMBUSTION — A primary safety control responsive directly to flame properties;

re.

r supplied for

the combustion system of the appliance, @nd all products of combustion afe completely

the atmosphere of the space in which jt'is installed.

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

RICAL CIRCUITS —

g circuit characteristics in excess of those of a low-voltage power limited circu

DW-VOLTAGE (POWER LIMITED) CIRCUIT — A circuit involving a potential of
30 volts alternating current, rms 42.4 volts direct current or ac peak, and supp

1)SA*Class 2 transformer, or by a battery, by a battery and fixed impedancs
transformer and fixed impedance, each of which, as a unit is in compliance

appliance by

volts and
t.

not more
ied by:

,0rbya
with what is

- £ Yl O £
reyguneld 1or a vidss < trarisioririer, Ut

2) Is limited to a maximum of 100 volt-amperes. A circuit derived from a so
supply classified as a high-voltage circuit, by connecting resistance in serie

urce of
s with the

supply circuit as a means of limiting the voltage and current, is not considered to be a

low-voltage circuit.

¢) SAFETY CONTROL CIRCUIT — A circuit involving one or more safety controls.
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4.11 FUEL OIL — Any hydrocarbon oil defined by Specifications for Fuel Oils, ASTM D396-1992.

4.12 FULL DRAIN — As applied to tanks, means the tank is emptied through its fuel-feed outlet at the

bottom of the tank.

4.13 MANUFACTURED HOME - A factory built home constructed in accordance with the Department of

Housing and Urban Development Manufactured Home Construction and Safety Standards,
Part 3280-1994.

Title 24 CFR,

4.14 PIPING — The word ”piping” where used in this standard refers to either pipe or tubing or both.

a) PIPE — Refers to rigid metal pipe.

b) TUBING — Refers to semirigid metal tubing.

4.15 RECRHBATIONAL VEHICLE — A vehicular type unit primarily designed as tempdrary living quarters
for recreational, camping, or travel use, that either has its own motive power of is'mounted on or drawn

by another vehicle. The basic types are:
a) Camping Trailer — A vehicular portable unit mounted on wheels’and constructed
collapsible partial sidewalls that fold for towing by another vehicle and unfold at the
provide temporary living quarters for recreational, camping;{or travel use.
b) Mptor Home — A vehicular unit designed to provide temporary living quarters for
camping, or travel use, built on or permanently attaehed to a self-propelled motor v
chaspis or on a chassis cab or van that is an integral part of the completed vehicle
c) Park Trailer — A vehicular unit:

1) Built on a single chassis, mounted on wheels,

2) Designed to provide:seasonal or temporary living quarters, and may be
utilities necessary for operation of installed fixtures and appliances,

3) Constructeg-ta permit setup by user, using only hand tools, that may inc
pulling, and/supporting devices, and
setup mode.

d) Trpvel Trailer — A vehicular portable unit, mounted on wheels, designed to provig

with
campsite to

recreational,
chicle

tonnected to

ude lifting,

4) Havihg-a gross trailer area not exceeding 400 square feet (37.2 m?) whdn in the

e temporary

e " £ " 1 : 4 ! (4 1 : aled
||V|n Yudiicrs 101 recireauuridl, LAITIPITy, O iravel Ust difu Ul sullh a4 SIZ€ U WETUTTIL

as not to

require special highway movement permits when towed by a motorized vehicle, and with a
living area of less than 220 square feet (20.4 m?), excluding built-in equipment (such as

wardrobes, closets, cabinets, kitchen units or fixtures) and bath and toilet rooms.

e) Truck Camper — A portable unit constructed to provide temporary living quarters

for

recreational, camping, or travel use, consisting of a roof, floor, and sides, and designed to be

loaded onto and unloaded from the bed of a pickup truck.
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4.16 ROOF JACK — A factory-made assembly for conveying flue gases through a roof and which includes
a flue, insulating means, flashing, and cap.

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

a) Cleaning or replacing nozzles, atomizers and pilots.

b) Setting ignition electrodes.

¢) Cleaning strainers or replacing strainer or filter elements.

d) Resetting safety control.
e) Re¢placing igniter cable.
lacing or cleaning air filters.

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

4.19 VALVE|-
a) BURNER-INPUT CONTROL — An automatic-Gontrol valve for regulating burner input.

b) CONSTANT LEVEL VALVE — A device;for maintaining within a reservoir a constant level of

¢) MANUAL MAIN-FUEL SHUTOFRF = A manually operated valve in the fuel line foff the purpose

d) SAFETY SHUTOFF —¢A control valve that is automatically closed by the safety dontrol
systgm or by an emergency device. Such a valve may be of the automatic or mandally opened

type.

4.20 VENTHD APPLIANCE - An indirect-fired appliance provided with means to accpmmodate a
chimney or g roof-jack)connector.

4.21 WATER HEATER — An appliance for supplying hot water for domestic or commercial plflrposes other

than for spaceheating—Categories of water heatersare:

a) DOMESTIC STORAGE — A water heater that heats and stores water at a thermostatically
controlled temperature for delivery on demand. Input rating may not exceed 200,000 British
thermal units (Btu) per hour (59 kW).

b) COUNTER TYPE —
1) Flush Type — A vented automatic storage water heater with flat sides, top, front and

back, which is primarily for flush installation in conjunction with or adjacent to a counter
36 inches (0.9 m) high, wherein the front and top of the heater casing are exposed.
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2) Recessed Type — A vented automatic storage water heater with flat sides, top, front
and back, which is for flush installation beneath a counter 36 inches (0.9 m) high,

wherein the front of the heater casing is exposed.

3) Concealed Type — A vented automatic storage heater which is for flush installation
beneath a counter top 36 inches (0.9 m) high, wherein the entire heater is concealed.

CONSTRUCTION - ALL APPLIANCES

5 Materials

5.1 Fuel-confining parts or operating parts, if failure of the parts will allow unsafe leakage of fuel or unsafe

operation or [prevent a safety device from functioning, shall be of metal having a melting
temperature)|of not less than 950°F (510°C) and a tensile strength of not less than 10,00
square inch (psi) (68.9 MPa) at 400°F (204°C). Parts shall not sag, distort, melt, or show le
during any of the tests specified herein. Piping shall be made of iron, steel, copper,.of bras

6.1 An applipnce shall be factory built as a group assembly and shall-include all the e
necessary fof its intended function when installed as intended. An appliance may be shipg
more subassgmblies. See 6.8.

6.2 Appliances for manufactured homes supplying a heating-medium, that is, air, steam, or \
ducts or pipgds only may be constructed to provide complete separation of the combustion
the atmosphgre of the manufactured home when the appliances are installed as intended i
with the malnhufacturer’s instructions furnished with>the appliance. Other types of aj
manufacturedl homes and all appliances for recreational vehicles shall provide for complete
the combustipn system from the atmosphere of the'manufactured home or recreational vehic
construction pf the appliance. Air-intake assemblies and flue-gas outlet assemblies conforr
requirements (see Sections 9 and 20, respectively) shall be provided as components of thes
See 83.3.

6.3 The com
of a manufa
installed so t

ctured home or recreational vehicle is obtained by the appliance being cor
hat:
a) Al| air supplied-for combustion,

b) THe combustion system of the appliance, and

i

oint (solidus
pounds per
akage of fuel

h
D.

bsential parts
ed as two or

ater, through
system from
h accordance
pliances for
separation of
e by inherent
ning to these
e appliances.

plete separation of the combustion system of a fuel-burning appliance from th¢ atmosphere

structed and

¢) Allproductsofcombustiomare comptetety tsotatedfromtheatmosptereof then
home or recreational vehicle.

An appliance that provides such complete separation of the combustion system of the atmo

anufactured

sphere of the

manufactured home or recreational vehicle by inherent construction is referred to as a “direct vent system

appliance.”


https://ulnorm.com/api/?name=UL 307A 2018.pdf

UL 307A JULY 24, 2018

12

6.4 If such isolation in a manufactured home only is obtained by installation of the appliance in a
compartment isolated from the indoor atmosphere, doors, panels, and any other access openings serving
the enclosure are to communicate only to the outdoors.

6.5 Conformance of a direct vent system appliance with 6.3 is not intended to preclude designs including
parts which, when opened or removed, may permit the combustion system to communicate with the
atmosphere of the manufactured home or recreational vehicle, provided:

a) The appliance is not operable when such part is opened or removed,

b)Compartment doors or access panels are hinged to the compartment in a manner not likely to
permit or invite their removal, and an interlock switch is provided that will automatically open the
circult when the door or panel Is opened and that will automatically close the circuitf when the
door|or panel is closed — the construction of the interlock switch is such that servicg¢ personnel
can manually close the circuit for servicing but the switch will automatically return t¢ its intended
positlon when the door or panel is closed, that is, be in a position to automatically gpen the
circult when the door or panel is reopened — and the interlock switch is{wired in thg power
circuft to the appliance or in the combustion-detector circuit of the primary safety cdntrol, or

switches
one of the

c) A
that
door

combination of two or more compartment doors or access, panels and interlocK
brovide protection equivalent to the preceding are furnishied, in which case onl
5 or panels need be hinged to the compartment.

5.3 or 6.4 by
n the door or
"WARNING”
Except When
nigh, and the

6.6 A burne
following the
access pane
and the folloy
Servicing.” T
balance of th

compartment of an appliance intended to conform to the requirements of §
criteria outlined in 6.5 (a) and (c) shall include*a*marking that can be seen whg
is open. The marking shall be in contrastingscolors and shall contain the word
ing or equivalent: “Risk of Electric Shock'= This Compartment Must Be Closed
he word "WARNING” shall be in letters not less than 19/64 inch (7.5 mm)
e statement in letters not less than\%/32 inch (5.6 mm).

bnce may include an opening, communicating with the combustion system, n¢eded for the
or start the appliance, providéd the opening does not exceed a 28 square ingh (181 cm?)
al area and has an attached cover plate. The cover plate is to be self-closing §nd equipped

6.7 An appli
user to light
cross-section

with a mean
clearly markq

5 such as a latch oryspring to hold it firmly in the closed position. The cover |
d with a statement,equivalent to “"Keep Closed When Appliance Is In Service.”

blate shall be
The marking

shall be in I¢tters not less(than 5/32 inch (3.9 mm) high. A manual reset shall be reseftable without

dismantling t
separation o
vehicle.

6.8 Air-intak

ne appliancetor.-removing any part of it if such dismantling or removal nullifies
the combustion system from the atmosphere of the manufactured home o

b.assémblies and flue-gas outlet assemblies for direct vent system appliance

the complete
recreational

5 shall be an

integral part-ofthe—apptance;,oreach—=assembty —shat-be—constrocted—fordirect—=attactiment to the

appliance.

6.9 An appliance, if not assembled by the manufacturer as a unit, shall be arranged in as few
subassemblies as practicable. Each subassembly shall be capable of being incorporated readily into the
final assembly without requiring alteration, threading, welding or similar tasks by the installer. Two or more
subassemblies, which must bear a definite relationship to each other for the proper and safe installation
or operation of the appliance, shall be arranged and constructed to permit them to be incorporated into
the final assembly, without need for alteration and alignment, only in the correct relationship with each
other; or such subassemblies shall be assembled, tested, and shipped from the factory as one element.
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6.10 A radiation shield or baffle employed for limiting temperatures shall be assembled as part of the
appliance; or be part of a subassembly that must attach to the appliance for its intended operation; or be
such that the appliance cannot be assembled for operation without first attaching a required shield or
baffle in its intended position.

6.11 An appliance shall be such that, for any intended installation, the alteration or removal of a baffle,
insulation, or a radiation shield needed to prevent unsafe temperatures is not required.

6.12 An appliance for recessed, horizontal, through-the-wall, alcove, or closet installation shall provide for
maintaining the minimum clearance required between the bottom, sides and back of the appliance and
between concealed surfaces of the wall or partition in which or to which the appliance is to be installed.
Spacers shall be of such strength and bearing surface as to maintain required clearance from such

construction.

6.13 Applian
boilers, are ¢
continuous in
Appliances fq
more than or
clearance.

6.14 Integra
to maintain t
(0.81 mm) u
attached to t

6.15 An app
of combustio
discharged i
the chimney

6.16 A const
shall withstar
by more thar

6.17 The va
attached. A 1
of the valve

any direction
respect to th

ces for alcove or closet installation, such as upflow and downflow central f
pbnsidered to conform to 6.12, if spacers are located at least at one level.to provi
terference with adjoining construction as done, for example, by an.€xtended baj
r recessed installation in an interior wall or through an outside wall may requi
e level, or more than one spacer on each surface of the appliance, to maintair

spacers, where required on the appliance, shall be ofsuch strength and beari
ne required clearance. A sheet steel spacer shallhave a minimum thickness
hless equivalent strength and rigidity are obtained with lesser thickness. A sp
e appliance by welding, riveting, or equally pérmanent means.

iance for recessed, alcove, or closet installation shall be such that no portion of
N nor any portion of the heated circulating air or air from the space being h
to spaces within walls, floor, or ceiling. Openings in the jacket, top or sides t
pr vent connector extend shall afford compliance with this requirement.

ant level valve assembly,.net enclosed within the appliance casing nor otherw
3 degrees in any herizontal or vertical plane.

ve is to be joined’to the appliance as intended and fuel lines integral with f
hssembly Successive applications of the load are to be made vertically and |

Upon(removal of the load after each application, the position of the valve &
b appliance is to be within the limits specified in 6.16.

Lirnaces, and
e essentially
5e or support.
re spacers at
the required

hg surface as
pf 0.032 inch
acer shall be

the products
eated will be
hrough which

se protected,

d a load of 100 pounds (45 kg) when tested as described in 6.17, without altering its position

he appliance

00 pound (45.kg) weight or load is to be applied uniformly without impact to the main body

orizontally in
ssembly with

6.18 An app

idlIbU uquippcu' VViﬁI d VdeliLillg IL}ulIIBI bild” IUU bubil ﬁldi, WiIUII tiIU dpp“dllb

e is level, the

minimum distance between the designed maximum oil level in the burner maintained by the primary safety
control and the level of the lowest point at which overflow may occur is not less than 3/4 inch (19.1 mm).

6.19 Parts, when adjustable or movable, shall be provided with locking devices to prevent accidental
shifting.
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6.20 Screws or bolts used to attach parts which are detached for care or servicing of the appliance shall
be capable of holding upon the application of the torques indicated in Table 6.1 after removal and
replacement.

Table 6.1
Maximum torque requirements for screws

Screw size (mm) Torque, pound-inches (N-m)
No. 8 (4.2) 20 (2.3)
No. 10 (4.8) 25 (2.8)
1/4 inch (6.4) 100 (11.3)
5/1p-reh 7-5% 206 {22-6)
3/8 inch (9.5) 350 (39)%5)
7/1 inch (11.1) 550 62.1)
1/2 inch (12.7) 800 (90.3)
9/1 inch (14.3) 1200 (135)5)

6.21 Parts of an appliance requiring attention, manipulation, or adjustment in-usage shall ble accessible.

6.22 Bolts, muts, screws, except sheet-metal screws, and other thréaded parts used irl the general

assembly of the appliance shall have threads conforming to the Standard for Unified Inch Sdrew Threads,
ANSI B1.1-1989.

6.23 The copstruction of an appliance shall be such as to prevent products of combustion|from coming
in contact with thermal insulation.

6.24 Sheet gteel parts of the appliance, except where otherwise specified in these requirements, shall
have a minimum thickness of 0.013 inch (0.33 mmyif uncoated or 0.016 inch (0.41 mm) if galvanized. This
applies to parts such as radiation shields and liners not exposed to combustion products, air|intake tubes,
and the like, Junless greater strength and rigidity are required for the application.
6.25 A remojable cover for an access @pening that maintains, with the cover closed, requirgd separation
between the [combustion system andthe atmosphere of the manufactured home or recreatjonal vehicle,
and a removgble flue collector box; shall fit tightly and shall, together with any gasket matefial:

a) B¢ made of a material rated for the temperature to which it is exposed,

b) Show no evidence of deterioration or damage as a result of tests of the appliance, and

c) Bg farmed and cut to prevent parts from blocking air openings of the burner(s) and pilot.
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7 Accessibility for Servicing

7.1 An appliance shall be constructed to afford accessibility to those parts and controls requiring
attention, manipulation, or adjustment in usage.

7.2 An appliance shall be built to allow cleaning of parts such as interior surfaces of burners, heating
surfaces in contact with combustion products, fuel inlet, and oil strainers, without major dismantling of the
appliance or removal of those parts required by 6.9 to be factory assembled.

7.3 The removal of access panels, burners, caps, plugs, and the like, specifically constructed to permit
ready removal and replacement for servicing, are not considered major dismantling as described by 7.2.

7.4 Accessiljility achieved with the use of simple tools shall be afforded for cleaning, inspéction, repair,

and replaceent of all burners, controls, and safety devices when the appliance. is

recommend

by the manufacturer. The arrangement of parts in the assembly removed-for g

installed as
ervicing shall

be such that|their restoration, following removal, will not necessitate realignmentto Securg their proper

relationship

done by the pperator shall accompany the appliance to the user.

7.5 A forced|air heating appliance intended to be connected to a supply-duct(s) may inclu
measuring stptic pressure developed within the appliance casing. Suchyconnection shall cor
or tubing connector fitting with a removable cap or plug and shall.b€ located in the warm air

the applianc
instructions.

Exception:
mm) in diam

7.6 The hea
of clean-out

Exception: |
brass nuts a

7.7 The flue
a) Th

b) TH
is op

ith other parts of the assembly. Special equipment that may be required for s

and be accessible after the appliance is installed“in accordance with the m
[he cap or plug need not be provided if the @rifice in the appliance casing is 0.4
pier or less. See Figure 47.1.

Is and nuts of bolts, and the threads'of screws, which must be removed to perm
blates shall not be placed wherethey are in contact with flue-gases.

Bolts made of Type 430 stainless steel or material equally resistant to heat and
e exempt from this requirement.

gas passageways-of*air-heating appliances shall be accessible for cleaning w
e products_of.combustion are drawn below the level of the burner.

e temperature of the combustion products is less than 250°F (121°C) when th

erated within £2 percent of the manufacturer’'s Btu per hour (W) input rating, of

ervicing to be

e means for
sist of a pipe
outlet end of
anufacturer’'s

40 inch (1.02

t the removal

corrosion and

nen:

e appliance

4.0 -

c) Tt
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8 Burner Equipment

8.1 An oil burner for a liquid fuel-burning appliance shall conform to the applicable requirements included
in the Standard for QOil Burners, UL 296.

8.2 A burner or part that at any time contains an open pool of fuel, a semienclosed valve, or an integral
tank shall be of splash-proof construction. The burner or part shall be such that, when at rest, fuel will not
under conditions of use (with flame burning or extinguished) discharge from such burner or part when the
appliance is tilted in any direction to an angle of not more than 3 degrees from the horizontal. Oil fuel may
be discharged below the floor of a manufactured home or recreational vehicle. Under such circumstances,
if such an assembly or part is subject to variations in fuel flow rate or to changes in combustion

characteristics when off level, it shall function in the intended manner.

8.3 A burne
9 Air-Intake
9.1 The requ
appliances @

[«
atmosphere

Exception:
homes that g

9.2 An appli
with a draft 1

the outside atmosphere.

9.3 If two inf
roof, or wall g
enclosure ing

9.4 An air-in
at least 7 inc
of a manufa
intended, the
exit will be af

9.5 An air-in

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

irements in this section are applicable to all types of appliances)-that is, direc
nd appliances that provide for separation of the combustion system fror
isolation) by an installation method.

0.3 and 9.12 are applicable only to appliances interided for installation in
rovide for isolation by an installation method.

egulator shall also provide air for draft reg@lator dilution. An intake shall comr

bkes are employed to provide air as\required by 9.2, both shall be located in th
f the manufactured home, or both shall terminate in the same pressure zone in
ide the manufactured home.

ake assembly to the underside of a manufactured home or recreational vehicle
nes (177.8 mm) below the upper surface of the floor. An air-intake assembly thr
tured home or reereational vehicle shall be such that, when the assembly i
air entrance will be at least 6 inches (152.4 mm) above the top surface of the
least 6 inches below the top surface of the roof.

take assembly for installation through an outside wall of a manufactured h

capable of b
the wall and

an éxtended from 2 inches (50.8 mm) to 4-3/4 inches (121 mm) beyond the

halMot project beyond the outside wall more than 3 inches (76.2 mm).

vent system
n the indoor

manufactured

bnce shall be provided with a combustion aifintake. The intake for an appliance equipped

nunicate with

e same floor,
an appliance

shall extend
pugh the roof
5 installed as
roof and the

bme shall be
nside face of

9.6 An air-intake assembly for an appliance intended only for installation through an outside wall of a
recreational vehicle shall be capable of being extended at least 2 inches (50.8 mm) beyond the inside face
of the wall and shall not project beyond the outside wall more than 3 inches (76.2 mm). The appliance
shall be marked in compliance with 73.1(m).
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9.7 If a telescoping slip-fit connection is used in the air-intake tube to provide for installation in walls of
varying thickness, the minimum overlap shall be 1-1/4 inches (31.8 mm).

9.8 If a slip-fit is used at the connection of an air-intake tube with the appliance, the minimum overlap
shall be 1/2 inch (12.7 mm), and means shall be provided to position the tube with respect to the wall
structure.

9.9 The air entrance of an air-intake assembly shall be guarded, shielded, or located to exclude rain,
snow, debris, and birds. A screen, if used, shall have a mesh of not less than 1/4 inch (6.4 mm).

9.10 An air entrance located beneath the floor and having a free area of at least 10 square inches (65
cm?) with no cross-sectional dimensions less than 1-1/2 inches (38.1 mm) is considered to comply with

9.9 without a

9.11 The de
and of dilutio

9.12 The fre
installed in th
vent system
per hour (14

9.13 The mi

dditional guarding or shielding.

bign and path of an air intake shall provide the intended amounts of combustion
h air to any draft regulator.

b area of openings to the outdoors in combustion air and dilutior’gir-intake ass
e wall of an enclosure of a manufactured home in which amappliance, other
ppliance, is to be installed shall not be less than 1 square.inch (645 mm3) for e
4 W) of the total input rating of all appliances to be in, the enclosure.

nimum cross-sectional dimension of an internal airypassage in an air-intake a

be not less than 1/2 inch (12.7 mm).

9.14 The toq
inches (50.8
mm) above t
blocked to a

9.15 Openin
circulating aif
panels are of
(5.4102 mm)

or plane of any concealed combustion air.@r ventilation opening(s) shall be n
mm) above the floor level. The bottom of.such openings shall be not less thar
he floor level unless all performance_provisions can be met with the bottom o
distance 1 inch (25.4 mm) above the-floor.

s in perforated or expanded metal panels provided over openings for co
, or draft hood relief shall be.not less than 1/4 inch (6.4 mm) diameter. If the opd
her than circular in shape,jthey shall be of such size that will permit entrance of
drill.

air to burners

emblies to be
than a direct
ach 5000 Btu

ssembly shall

bt less than 2
1 inch (25.4
the opening

mbustion air,
nings in such
a No. 3 DMS
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10 Base

10.1 The base of an appliance shall be constructed to provide for the support of the appliance. A base or
frame shall be constructed of metal or material which provides strength, durability, and flame retardancy
equivalent to metal.

10.2 An appliance shall be provided with facilities to permit secure and ready attachment to the floor or
structure of the manufactured home or recreational vehicle. If unique bolts, screws, or other parts are

needed for that purpose, they shall be furnished with the appliance.

10.3 If means are required for leveling and alignment, they shall be included with the appliance.

10.4 If subbase is furnished as a separate assembly, it shall be marked to indicate the corre

the applianc
with respect

10.5 The ba
on flammabl
between vert
shall extend
be installed.

10.6 The us
with 10.5.

11 Drip Pan

11.1 An oil-f]

with respect to the subbase. A separate subbase which cannot be assembl
o the appliance need not be marked.

5e, subbase, or duct connector of a downflow appliance shall be constructed f
b flooring material and shall establish and maintain not less than the requir

cal surfaces of the plenum or duct to be attached thereto and.the floor construct
bt least 3/4 inch (19.1 mm) below the upper surface of the fleor on which the a

b of spacers in the form of separate blocks or shims-is not considered to be i

or Tray

red appliance having a burner or partiwhich at any time contains an open pq

ct position of
2d incorrectly

br installation
ed clearance
ion. A spacer
ppliance is to

h compliance

ol of oil or a

semienclosed valve, or integral tank, even though-considered splash-proof, shall be provided with a drip

pan or tray.
retain or drai
tilted in any ¢

11.2 The dri
oil. It shall b
passageway

Such drip pan or tray shall be designed to collect oil discharged from such pz
h such oil to the underside of the mobile home or recreational vehicle when the
irection to an angle of not-more than 3 degrees from the horizontal.

h pan or tray shall be.provided with a conduit or passageway arranged to drain
e supplied as part of the appliance or as a separate single subassembly. T
shall have an interhal diameter of not less than 5/16 inch (7.9 mm).

rts and shall
appliance is

any collected
he conduit or
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12 Casing

12.1 The outer casing or jacket shall be made of steel or equivalent material, reinforced or formed if
necessary, so that it is not likely to be damaged through handling in shipment, installation and use. Sheet
metal casings shall be made of steel having a minimum thickness of 0.020 inch (0.51 mm) if uncoated, or
0.023 inch (0.58 mm) if galvanized, or of nonferrous sheet metal having an average thickness of not less
than 0.029 inch (0.74 mm).

12.2 Access panels which need to be removed for service and accessibility shall be constructed to permit
repeated removal and replacement without causing damage or impairing any required insulating value.

12.3 A removable panel through which air is drawn for combustion shall be constructed so as to prevent
it being attached in a manner that may cause a risk of fire or injury to persons.

12.4 A remojable panel shall be constructed so that it will not be interchangeable with other panels on
the same appliance when interchange may cause a risk of fire or injury to persons.

12.5 The caping shall completely close the bottom or be constructed to pfoyide an effedtive radiation
barrier betwgen the heat exchanger and the floor.

Exception: JAn opening is permitted if it is intended to be permanéntly connected to a girculating air
distribution auct or to an intake assembly.

12.6 An appliance and its return air system shall be construeted so that the negative pressure created by
an air circulgting fan cannot affect the combustion air supply' or act to draw products of combustion into
the circulating air.

13 Radiation Shields

13.1 A radiafion shield or liner shall be constructed, formed, and supported to provide fof its intended
positioning ahd to prevent distortion or sagging in service. A shield or liner shall be prot¢cted against
corrosion byl heat-resistant paint, galvanizing, or the like if its deterioration may cauge excessive
temperature Wwhen the appliance is tested in compliance with these requirements. Any finish|to obtain the
required resistance to corrosion shall not be damaged by heat when the appliance is tested under these
requirements.
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14 Materials In Air Handling Compartments
14.1 General

14.1.1 Materials in a compartment handling air for circulation through a duct system shall not have a
flame spread rating of more than 25 nor a smoke developed rating of more than 50 when tested in
accordance with the test method for fire hazard classification of building materials in the Standard for Test
for Surface Burning Characteristics of Building Materials, UL 723. This requirement does not apply to the
following:

a) Air filters, drive belts, wire insulation, and paint as applied for corrosion protection.

b) Gaskets forming air or water seals between metal parts.

¢) Miscellaneous small parts such as resilient or vibration mounts, wire ties,cglampg, or labels.
d) An adhesive which, when tested in combination with the specific insulating matefial, complies
with the requirement.

e)M
the t
(0.9

14.1.2 Expo
unprotected

14.1.3 The s
asbestos-cen
bars or 2 inc

14.1.4 Thern
block air flow
or if loosenin

blded or formed components made of polymeric materials; not liners, in such ¢
btal surface area of such materials in the compartment does not exceed 10 sq
m?). See 14.1.7.

bed unimpregnated asbestos material shall not be_used in an air handling comg
pdge of a gasket sandwiched between two pafts'is considered to be exposed.

upporting surface to be used in the fire“hazard classification test of adhesivg
hent board or metal. Other materials requiring support may be supported using
N (50.8 mm) hexagonal mesh-wire Wwith metal bars or rods.

hal or acoustic insulating material shall be securely positioned if loosening m
to cause temperatures orpressures in excess of those acceptable in the temg
g will result in reduction\.of electrical spacings below the required values, shori

grounding. L
of the movin

ading edges of insulation shall be protected against damage from the effects ¢
air.

14.1.5 A mdchanical fastener for each square foot (929 cm?2) of exposed surface is g
securely posjtion insulating liners. Mechanical fasteners may be bolts, metal clamps, wirg
equivalent. Butting €dges of insulation against bulkheads may be used to provide protectiq
edges againgt damage from effects of the velocity of moving air. Rigid or semirigid sheets

uantity that
hare feet

artment. The

s is to be of
metal rods or

ay reduce or
erature tests
-circuiting, or
f the velocity

onsidered to
rods, or the
n for leading
of insulating

bn of leading

material may| not“fequire fastening to the extent needed for less rigid material or protecti
edges if the i i i

14.1.6 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) or minus 29°C (minus 20°F) for outdoor-use equipment.
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14.1.7 Polymeric materials exempted by 14.1.1(e) shall not have a flame spread rating of more than 25
or shall conform to the requirements of the flammability test in 41.1 — 41.5.

14.2 Air filters

14.2.1 A filter, if supplied as a part of the appliance, shall be accessible for inspection or replacement

without the u

se of special tools and without dismantling the appliance.

14.2.2 Means shall be provided to retain and support an air filter in the intended position in or on the

appliance.

15 Combustion Chamber

15.1 The 00||nbustion chamber and flueways of an air-heating appliance shall be constructe

or sheet stee

I. Sheet steel, if used, shall be such as to assure strength, rigidity, durability,

corrosion, amd other physical properties equivalent to ANSI C1010 hot-rolledi-sheet st

minimum thig
input not in g
mm).

15.2 Combu
accessible fo

16 Radiator

16.1 A radia
15.1 for a co

17 Heating-
17.1 Joints i
machined an

joint shall no

17.2 Examp

kness of 0.032 inch (0.81 mm), except that an air-heating appliance having a m
xcess of 50,000 Btu per hour (14.6 kW) may have a minimum thickness of 0.0

stion chamber (fire box) lining material, if used, shall, b&)durable, supported
r replacement with equivalent materials.

for of an air-heating appliance shall be made of material not lighter than that
Mbustion chamber.

Surface Joints
h heating surfaces shall be.substantially tight, as attained by being welded,
d bolted, or riveted. A joint'shall not depend primarily on cement for tightness

depend solely upon friction of the joint itself for strength.

es of some acceptable lock seams are illustrated by Figure 17.1.

d of cast iron
resistance to
bel having a
hximum rated
P6 inch (0.66

n place, and

esignated in

ock-seamed,
A slip or lap
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Figure 17.1
Types of acceptable lock-seams
FOLD LOCKED DOUBLE LOCK OFFSET
STANDING SEAM DOUBLE SEAM
= B4 Bl
ACME LOCK  CORDON SEAM 'OCK SEAM
ED[100
18 Baffles
18.1 A flue baffle shall be fixed in position and shall be accessible for cleaning. A flue baffle which is

removable fo

only in its infended position. It shall be made of material not lighter than that designated

combustion d

18.2 A baffle
of which wol

subject to replacement without dismantling of the appliance.

18.3 Where

replacement
in 15.1 for a

r cleaning shall be of such construction as will facilitate its removal and permit
hamber.

ts, the failure
servable and

located in a flue-gas'passage or other passage exposed to combustion produd
Id not cause hazardous operation, yet is considered replaceable, shall be ob

t is necessary to remove a flue baffle to clean the flueway, the flue baffle of an internal-flue

type water h
or 2 feet (61

?

ater shall be designed for removal within a clearance above the floor of 6-1/2 feet (2.0 m),
mm)-above the flue collar on a heater taller than 4-1/2 feet (1.3 m).
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19 Flue Collar

19.1 A flue collar shall be substantial and arranged to permit secure attachment of a connector.

19.2 A flue collar, or flue connector parts within the air handling compartment, shall have the rigidity, heat
and corrosion resistance at least equivalent to that of sheet steel having a thickness of not less than 0.032
inches (0.81 mm).

20 Flue-Gas Outlet Assembly

20.1 A flue-gas outlet assembly to convey flue gases to the outside shall be furnished with each

appliance. A connector shall be furnished, if required, to connect the flue collar of the appliance to the
flue-gas inlet|of the outlet assembly.

20.2 A connpctor to a roof jack shall be of a length required to connect to an appliance finstalled in a

manufacturedl home having at least a 7 foot (2.1 m) ceiling height.

20.3 A flue-g
vehicle.

as outlet for an appliance shall not terminate beneath a manufaétured home of recreational

20.4 The flug-gas conveying conduit of a flue-gas outlet assembly for@n appliance exhausti
at a temperagure of 1000°F (538°C) or less, measured at the flue-Cdllar during the applicabl
Operation Témperature Test, Sections 56 and 57, shall besmade of material having ¢
resistance to|corrosion, fire, and heat equivalent to the matetials in Table 20.1.

ng flue gases
e Continuous
urability and

Table 201
Materials
Material Minimum thickness,
inch (mm)

Low carbon pteel coated with A19 0.0254 (0.645)
ceramic
Aluminum-cdated steel in which the 0.0254 (0.645)
bond betwedn the steel and the
aluminum is jan iron-aluminum alloy.
Type 430 stginless steel 0.012 (0.30)

len when the

20.5 A flue-g
appliance is
conduit of flu

as conveying conduit of a connector, if shielded or encased or otherwise hidd
installed;\shall be made of material equivalent to that required for the flue-g
p-gas-outlet assemblies.

20.6 An outd

s conveying

r easing or other structural part of a flup-gaq outlet assembly or connector ex

posed to the

weather (exclusive of flue-gas conveying conduit) shall be made of material having durability and
resistance to corrosion, fire, and heat equivalent to that of galvanized steel, 0.018 inch (0.46 mm) thick,
and have a coating of zinc conforming with the coating Designation G90 in Table | of the Standard
Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lron Alloy-Coated (Galvannealed) by the
Hot-Dip Process, ASTM A653/A653M-94, with not less than 40 percent of the zinc on any side, based on
the minimum single spot test requirement in this ASTM Designation. The weight of zinc coating may, in
case of question, be established in accordance with the Standard Test Method for Weight of Coating on
Zinc-Coated (Galvanized) Iron or Steel Articles, ANSI/ASTM A90-1993. Such parts that are always inside
the structure shall conform to 13.1.
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20.7 Parts of flueways shall be joined in a manner to prevent disengagement and shall be tight when
tested in accordance with these requirements.

20.8 If a slip-fit is used at the connection of a connector with the appliance, the minimum overlap shall be
1-1/4 inches (31.8 mm), the minimum overlap of the connector at the roof jack shall be 3 inches (76.2
mm), and the construction at the outer ends of the connector shall be such as to assure a secure and
reasonably gas-tight connection at the time of installation.

20.9 The assembly shall be provided with a cap to prevent the entrance of debris or rain into the flue-gas
conveying pipe and into any air passages terminating at the exterior of the manufactured home or

recreational vehicle.

20.10 A cap
accumulation

20.11 Aflue
through the

varying thick
21 Control {
21.1 A safet

21.2 The red

shall be designed so that flue-gas or air passages are not likely to be obstry
, by leaves or debris falling or blown onto it, or by birds.

gas outlet and combustion air-intake combined in one assembly and intended f
oof or outside wall of a manufactured home or recreational vehicle‘shall be
hesses of roof and wall construction in accordance with 9.4 — 9/6-
Circuits

control or protective device shall interrupt the ungreunded conductors.

uirement of 21.1 does not apply to a circuit within"a safety control or to the €

circuit to a s¢parate element of the control, such as a flamé-=sensing device.

21.3 A contr
can be fused

22 Controls

bl circuit shall be arranged so that it may‘be connected to a power-supply bran
at not more than the value appropriaie‘for the rating of any control included ir

22.1 Application

22.1.1 All safety controls shall be accessible.

22.1.2 A saf

bty control shall"be’supported in such a manner that it and its sensing element

its intended position. It shall.be possible to determine by observation or test whether or not

is in its inten

22.1.3 Nothi
ineffective or

Hed location.

hg shall be provided for the purpose of permitting any safety control to
allowing firing of the appliance without the protection of each of the required sg

cted by soot

pr installation
designed for

xtension of a

Ch circuit that
the circuit.

will remain in
each control

be rendered
fety controls.

22.1.4 An appliance not equipped to provide safe automatic restarting shall be arranged to require
manual restart after any control functions to cause the fuel supply to be shut off and following restoration
of an interrupted power supply.
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22.2 Combustion air control

22.2.1 If an automatically operated air control is provided, the arrangement shall be such that, in case of
failure, combustion shall be established as intended or the fuel shall be shut off before an unsafe condition
can occur.

22.2.2 An appliance equipped with a forced- or induced-draft fan, or both, shall be arranged to provide
combustion as intended or the fuel shall be shut off after failure of the air supply before an unsafe
condition can occur.

22.2.3 An appliance equipped to change the firing rate automatically shall automatically proportion the air

supply with the fuel, if necessary, to produce stable and complete combustion at all firing rates.

22.3 Limit c

22.3.1 An ai
of the intend

22.3.2 The |
control or thd

22.3.3 At the

pntrol

-heating appliance shall be equipped with a limit control to prevent temperatu
bd range.

mit control shall be in addition to and shall function at a higher value than &
rmostat.

maximum setting allowed by a fixed stop, the limit eottrol for a warm air heat

shall permit @n outlet air temperature not in excess of the maximum safe temperature as d

test, but not

22.3.4 A boi
boilers or exa

more than 200°F (93.3°C).

er assembly shall be provided with limit centrols to prevent excessive press
essive temperatures in hot water boilers.ln addition, a boiler shall be furnished

which will prgvent operation of the burner assemblyiin the event of low water in the boiler.

shall be in aq

22.35 Ifab
low values, 4
the limit cont

22.3.6 The 1
pressure of n
temperature
ASME Code

22.3.7 Thel i
of the water

dition to and set at a higher value than any operating control(s).

biler is equipped with an operating control that only regulates the fuel input betw
n additional operating contteol set to shut off the equipment at a value below th
rol is required.

haximum setting of.a"limit control allowed by a fixed stop for a heating boiler §
ot more than 15 pounds per square inch gauge (psig) (103 kPa) in a steam boil
of not more than 250°F (121°C) in a hot water boiler. Such boilers are stan
Symbol H;,

Mit_ control of a water heater shall have a fixed stop and shall function when the
is_not more than 210°F (98.9°C) when the heater assembly is tested as desc

res in excess

Iy operating

ng appliance
etermined by

ure in steam
with a control
| imit controls

een high and
e set point of

shall permit a
er, or a water
ped with the

temperature
ribed herein.

Furthermore,

I n bl £ " 41 4 n 4 [ TH 1 e :
WITETT 1E COUTTUUT TUTTCUHUTTS,  UT1E WdaleT Ie1TpeTature stidll U dDUVE Uiat TTidirt

temperature regulating control.

ained by the

22.3.8 A water heater provided with a continuous-burning pilot fire during the standby burning period shall
not permit a water temperature in excess of 100°F (55.6°C) above room temperature when tested as
specified.
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22.3.9 The limit control of a heating boiler or warm-air heating appliance shall be a recycling-type control,
except that an auxiliary limit control on a central furnace may be a manual-reset type. The limit control for
a water heater shall be of a manual-reset type.

22.3.10 A downflow appliance shall be constructed and arranged so that a risk of fire or injury to persons
will not result from reverse air flow.

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

22.3.12 The requirements of 22.3.11 are intended to avoid interposing other controls in the limit-control
circuit if the Jailure of these other controls may create the risk of fire or injury to persons|that the limit
control is intgnded to prevent.

22.3.13 An gppliance equipped with a vaporizing burner shall be designed to avoid.pooling|of the burner
upon functioning of the limit control.

22.3.14 Thellimit control or controls shall be factory located on the appliance.
22.4 Primary safety control

22.4.1 A hefting appliance shall be equipped with a primary\safety control that complies with the
Standard fof Automatic Electrical Controls for Househeld "and Similar Use — Part P: Particular
Requirementp for Burner Ignition Systems and Components,)UL 372.
WIRING METHODS — ALL APPLIANCES

23 Field Wiling

23.1 Generd|

23.1.1 Provigion shall be made for €ohnection of a wiring system that, in compliance withl the National
Electrical Cofle, ANSI/NFPA 70-1993, will provide for connection of fixed equipment.

23.1.2 The lpcation of an @utlet box or compartment in which field-wiring connections arg to be made
shall permit these connections to be inspected after the equipment is installed as intended.

23.1.3 The donnections are to be accessible without removing parts other than a service cpver or panel
and the covef of thig-outlet box or compartment in which the connections are made. A component intended
for such use [may‘Serve as a cover.

23.1.4 The size of a junction box in which field-installed conductors are to be connected by splicing shall
be not less than that specified in Table 23.1. A conductor passing through the box is counted as one
conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).
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Table 23.1
Size of junction boxes

Size of conductors Free space within box for each conductor
AWG (mm2) cubic inches (cmd)
16 or smaller (1.3 or less) 15 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
10 (5.3) 25 (41.0)
8 (8.4) 3.0 (49.2)

23.1.5 Wiringtermina

of field-wirin
70-1993 corr|

23.1.6 Lead:s
may result in

23.1.7 Lead;
the lead may
to separate f
withstand a

23.1.8 An idéntified (grounded) terminal or lead shall not bg efectrically connected to a singlg

switching de
protective de|

23.1.9 Stran

and from comtacting dead-metal parts, such as-by use of pressure-terminal connectors, s

crimped ey¢
connectors s
of the clampi
equivalent, if
thickness of

23.1.10 Leagls provided for'spliced connections to an external high-voltage circuit shall not

to wire-bindirn
shall not be
connections

) conductors of at least the size required by the National Electrical Code,
bsponding to the marked rating of the assembly.

may be less than 6 inches (152.4 mm) in length if it is evident thatithe use of
damage to the lead insulation.

intended for connection to an external circuit shall be provided with strain reli

fom its termination or may result in damage to the lead from sharp edges. Eg
ull of 10 pounds (44 N) for 1 minute without damagdeto the assembly.

ice which has an ”off” position or to a single-pole overcurrent (not inherent
vice.

lets, soldering all strands of<ihe wire together, or equivalent means. Of
hall not be used unless they-are designed to prevent disconnection resulting fr
hg means. The shanks of terminal connectors shall be protected by insulating
the required spacings-may be reduced as a result of loosening of the clamping
he insulation on the shanks shall be not less than 0.028 inch (0.71 mm).

g screws ofpressure terminal connectors located in the same compartment as
isible to-tHe installer unless the screws or connectors are rendered unusable f
pr the_leads are insulated at the unconnected ends.

ANSI/NFPA

a longer lead

bf if stress on

be transmitted to terminals, splices, or to internal wiring.if. such stress may cause the lead

ch lead shall

-pole manual
overheating)

Hed conductors at terminals shall beZprevented from contacting other uninsulated live parts

bldering lugs,
en slot-type
bm loosening
ubing, or the
means. The

be connected
the splice or
br field-wiring

23.1.11 Ter

hinal parts by which field-wiring connections are made shall consist of sold

ering lugs or

pressure terminal connectors, 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.

23.1.12 A wire-binding screw at a high-voltage wiring terminal for field connection shall be not smaller
than No. 10 (4.8 mm diameter) except that a No. 8 (4.2 mm diameter) screw may be used for the
connection of a conductor not larger than 14 AWG (2.1 mm?3) and a No. 6 (3.5 mm diameter) screw may
be used for the connection of a 16 or 18 AWG (1.3 or 0.82 mm?) control circuit conductor.
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23.1.13 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?2) 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?); and in either case, there shall be not less than two full threads
in the metal.

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

23.1.15 A wire-binding screw shall thread into metal.

23.1.16 Field-wiring terminals shall be secured to their supporting surfaces by methods other than friction
between surfaces so that they will be prevented from turning or shifting in position if such motion may
result in redyction of spacings to less than those required. This may be accomplished by, two screws or
rivets; by square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting stralvor clip fitted
into an adjacent part; or by some other equivalent method.

23.1.17 Confuctors intended for connection to a grounded neutral line shall be identified, su¢h as finished
in a white or|gray color. All other current-carrying conductors shall be finished+in colors otr:Ir than white,
gray, or green. A terminal for connection of a grounded conductor shall be.identified by a npetallic-plated
coating, subdtantially white in color and shall be readily distinguishable(frem other terminals| or it shall be
identified in gome other manner, such as on an attached wiring diagram.

23.1.18 A box or enclosure included as part of the assembly)and in which a branch cirquit supplying
power to theg furnace is to be connected, shall not require<that it be moved for care of {he unit. This
requirement [does not apply to separate limit controls ahd stack switches, where permitied, to which
metal-clad cgble or flexible metallic conduit is to be dire€tly attached.

23.1.19 A bgx or enclosure in which field-installation conductors are to be connected ag specified in
23.1.17 and P3.1.19 shall be located so that the'temperature of conductors within the box o¢r surfaces of
the box likely| to be in contact with the conductors will not exceed that specified for Type T wire when the
appliance is fested in compliance with these frequirements.

23.1.20 Wiripg to be done in the field where permitted between the appliance and devices|not attached
to the appliahce, or between separate devices which are field installed and located, shal| comply with
these requirgments if done with\Type T wire enclosed in conduit or with metal-clad cable.
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23.2 Grounding

23.2.1 The equipment grounding terminal or lead shall be located in the field wiring compartment and
shall be suitable for connection of an equipment-grounding conductor of at least the size required by the
National Electrical Code, ANSI/NFPA 70-1993, for the rating of the power supply circuit to be connected.

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

23.2.3 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
connector sh
removed dur
retain the co
conductors &

a) A
b) TH
23.2.4 The s
shall be finis
and no other|

23.3 Cord c

23.3.1 An af
cord and att

rating consisTe

23.3.2 The marked current rating of_a" cord-connected appliance shall not exceed 80 p

current rating

23.3.3 A cor
ANSI/NEMA

on a wiring diagram provided on the equipment. The wire-binding screw ot

all be secured to the frame or enclosure and shall be located so that ithis
ng servicing. At a wire-binding screw, upturned lugs, or the equivalent,shall b
nductor. If a pressure connector is used adjacent to the connectors intended f
nd if it could be mistaken for the neutral of a grounded supply:

marking shall be additionally provided indicating EQUIPMENT, GROUND, and
e connector shall be identified by a green color, or both!

urface of an insulated lead intended for the connegtion of an equipment-ground
hed a continuous green color or a continuous green color with one or more yj
lead visible to the installer shall be so identified:

pnnected appliances

pliance intended for cord connection'to the power supply shall be provided V
chment plug of the grounding_type, and of the type, voltage rating, ampacity
nt with the rating and intended’operation of the appliance.

of the attachment plug.

-connected appliance shall employ a grounding-type attachment plug that com
designationstin. Table 23.2.

I

ressure wire
nlikely to be
e provided to
or the supply

ng conductor
ellow stripes,

vith a flexible

, and current

brecent of the

plies with the
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Table 23.2
Attachment plugs

Attachment plug rating,
amperes, volts

ANSI/NEMA designation?

15, 125 5-15P
20, 125 5-20P
15, 250 6-15P
20, 250 6-20P

2 As part of

the Standard for Wiring Devices — Dimensional Requirements, ANSI/NEMA WD6-1988.

23.3.4 A cord-connected appliance shall employ a Type SJ, SJO, SJT, or SUTO power-supply cord rated

for use at a

in the Natioal Electrical Code, ANSI/NFPA 70-1993 shall not be less than what is“req

appliance.

23.3.5 Thel
(2.13 m). Th
attachment p

23.3.6 The g

not be transinitted to terminals, splices, or internal wiring. If a metallic cord rip is provide

contact uning
cord shall ng
Section 69.

23.3.7 The 4
shall be smo
The power-s

23.3.8 Thep
be run throu
recreational

23.3.9 Thep
be concealeq
recreational

ltage not less than the rated voltage of the appliance. The ampacity of the cardl as specified

ngth of a power-supply cord shall not be less than 6 feet (1.82 m)~and not mo
length is to be measured between the point at which the cord exits the appli

lug.
ower-supply cord shall be provided with a strain relief means so that stress of

ulated live parts or reduce spacings within the eq¢losure if the cord is moved
t be subject to damage by moving parts if it cannbe moved inward. See Strai

dges of the entry hole for the power-supply cord, including the cord entry hole
bth and rounded, and without burrs, figsior sharp edges that may damage the cq
ipply cord shall be routed to reducgthe risk of damage to the cord insulation.

ower-supply cord shall be attached to the appliance in a manner and location w
hh holes in walls, ceilingsjwand floors when it is connected to the manufacty
ehicle’s power supply outlet.

ower-supply cord'shall be attached to the appliance in a manner and location w
| behind the walls; ceilings, and floors when it is connected to the manufactt
ehicle’s power - supply outlet.

uired by the

le than 7 feet
ance and the

the cord will
d, it shall not
inward. The
 Relief Test,

in a bushing,
rd insulation.

here it cannot
red home or

here it cannot
red home or
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24 Factory Wiring

24.1 The wiring of high-voltage and safety-control circuits shall comply with the requirements of 24.2 —
24.27.

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

24.3 The wiring for all appliance circuits shall be furnished by the manufacturer as part of the appliance.
If the appliance is not assembled and wired at the factory, such wiring shall be furnished as a harness
with each appliance and be arranged to facilitate attachment when the appliance is assembled, in which
case a pictdrial diagram showing the exact arrangement of the wiring shall be included with each
appliance.

24.4 Electricpl wiring to a part which must be moved for maintenance and servicing.shall bg arranged so
that the part may be moved without breaking soldered connections or disconngcting conduif. Conductors
to be disconfected from terminals of such a part shall terminate in eyelets or’éonnectors. Iff the wiring to
a part that functions also as an access plate or cover, such as, a transfarmer closing the access to the
nozzle assembly, is not detachable, the assembly shall include provision for support of that pgart 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.

24.5 Condugtors shall be enclosed within conduit, electrical metallic tubing, metal raceway, electrical
enclosure, ol metal-clad cable, except as specified in 24.18.and 24.19.

24.6 Group A of Table 24.1 includes some wiring materials intended for use if enclosed ag specified in
24.5.

Table 24.1
Typical wiring materials
Type of wire, cord, cable or Wire size Insulation thickness
appliance wiring material with 2 .
Group insulation thickness corresponding AWG (mm?) inch (mm)
to wire sizes specified
10 & Smaller (5.3) 2/64 (0.8)
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
REF-2, TF, TFF, TFN, TFFN, SFF-2, 4 (21.2) 4/64 (1.6)
BRH, RHH, RHW, HW, XHHW, MTW, 3 (26.7) 4/64 (1.6)
A THW, MTW, THWN, TW, PF, PFG, 2 (33.6) 4/64 (1.6)
wopiance wing materal 1 24) 5/64 20
PP g 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)

Table 24.1 Continued on Next Page
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Table 24.1 Continued

Type of wire, cord, cable or Wire size Insulation thickness
appliance wiring material with 2 .
Group insulation thickness corresponding AWG (mm?) inch (mm)
to wire sizes specified

S, SE, SEO, SO0, STO, STOO, SJ, 18 (0.82) 4/64 (1.6)

SJE, SJEO, SJOO, SJITO, SJTOO, 16 (1.3) 4/64 (1.6)

SO, ST, SJO, SJT, or appliance 14 @.1) 5/64 2.0)

B wiring material with thermoplastic or

neoprene insulation, with insulation 12 (3.3) 5/64 (2.0)
thicknesses shown at the right 10 (5.3) 5/64 (2.0)
corresponding to the wire sizes 8 (8.4) G6/64 (2.4)
indicated. 6 (13.3) 8/64 (32)

AWG (1.3
equivalent
thickness

properties

Thermoplgstic wiring materials, as specified in Group A, with insulation thickness of 2/64 inch (0.8 mm))for 1

or 0.82 mm?) and 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, 8.4 mm?), ate consi
to the wiring material specified in Group B, when the conductors are covered with 3/327Thch (0.8 1
hermoplastic insulating tubing of a type recognized for the purpose from the standpoint of dielectr
heat resistance, moisture resistance, and flammability.

b or18
Hered
nm) wall
lc

24.7 Flexible
does not app

24.8 If flexib
(1.4 m) withi

metal conduit, if used, shall be not smaller than 3/8 inch (9:5/mm) electrical tre
ly to parts of components, such as conduit protecting flame sensor leads.

e metal conduit is used it shall be mechanically secured at intervals not exceed
N 12 inches (305 mm) on each side of every junction box except for lengthg

inches (0.9 nm) where flexibility is necessary.

24.9 All spli
connection
connection m

24.10 A spli
permanence

24.11 Splicin
may be emp
subjected. TH

24.12 A spli
in which high

24.13 Splice

ces and connections shall be mechanieally secure and bonded electrically
hall be made mechanically secure before being soldered if breaking or loog
ay result in a risk of fire or electric\shock.

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

g devices, such as fixture-type splicing connectors, pressure wire connectors,
oyed if they have.insulation equivalent to that required for the voltage to w
ermoplastic tape, wrapped over a sharp edge is not acceptable.

be is to beenclosed by being installed in a junction box, control box, or other
-voltagé wiring materials, may be employed as specified in Group A of Table 3

5.shall be located, enclosed, and supported so that they are not subject to dan

de size. This

ing 4-1/2 feet
not over 36

A soldered
bening of the

s involved if

and the like,
hich they are

compartment
4.1.

hage, flexing,

motion or vit

e
dlUrl.

24.14 Splices in enclosed machinery compartments are to be secured to a fixed member in the

compartment

so that they are not subject to movement or damage during servicing.
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24.15 At all points where conduit or metal tubing terminates, the conductors shall be protected from
abrasion. If metal-clad cable is used, an insulating bushing or its equivalent shall be provided between the
conductors and the metal tubing and the connector or clamp shall be of such construction that the
insulating bushing or its equivalent will be visible for inspection.

24.16 A wireway shall provide for the interconnection of sections and fittings which will ensure a rigid
mechanical assembly and good electrical conductivity. The interior of the wireway shall be free from burrs
and sharp corners or edges which might cause damage to the insulation on wires.

24.17 All wiring shall be supported and routed to prevent damage due to sharp edges or moving parts.

24.18 Factory wiring involving a potential of not more than 300 volts between parts attached to the same

assembly with a predetermined fixed relationship one to the other may be done with Type-SO or ST cord,
provided all of the following conditions are fulfilled.
a) It [s not practical to do the wiring in accordance with 24.6.
b) THe cord is not required to be bent, twisted, or otherwise displaced+to render majintenance
and $ervice.
¢) ThHe length of cord exterior to the assembly is not more tham 4 inches (101.6 mn) and strain
relief|is provided.
24.19 Cords|or appliance wiring material as reference in Group B of Table 24.1 may be employed if the

wiring is enc

a) Th
the W

b) O
inch
(12.7

osed by an appliance casing conforming to dlli*of the following:

ere are no openings in the bottom, unless-a U-shaped channel or trough is lo
iring and the wires do not project through the plane of the top of the trough of

tated under
channel.

benings in other than the bottom will not permit entrance of a rod having a diafeter of 1/2

12.7 mm), and openings for such items as pipe or conduit are not more than
mm) in diameter larger than'the object that will be installed through the openi

c) O

enings are not closer than 6 inches (152.4 mm) to the wiring unless metallic &

bafflgs are placed between the wiring and the openings. Louvered openings of a ki
serve to protect thewiring from mechanical damage from outside the compartment
are go formed as to.assist in confining an electrical disturbance to within the compz
exenpt from this_requirement. To conform with these requirements the louvers sho
drawh metal(of a form to completely obscure viewing of the wiring within the compz
viewed frommthe horizontal outside the compartment, and the openings shall be located so an
objegqt.falling vertically cannot enter the compartment through the louvered opening

1/2 inch
hg.

arriers or

nd which
and which
rtment are
ild be of a
rtment when

h

.

d) Where flammable material other than electrical insulation is located within the compartment
the wiring is separated from such material and the material will not sustain combustion upon
removal of the ignition source. An air filter may be employed within the enclosure.
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24.20 In applying the requirement of 24.19, an opening which is always intended to be connected to an
air duct may be considered as closed.

24.21 Cords and other wiring material permitted in accordance with 24.18 and 24.26 shall be supported
and arranged to avoid being physically damaged, such as by closely following surfaces. Strain relief,
where required, shall be provided.

24.22 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, if required, shall be

ceramic, phenolic, cold-molded composition, fiber, or equivalent material.

24.23 A fibe
will not be e
higher than §

" bushing shall be not less than 3/64 inch (1.2 mm) In thickness, shall be sg |
posed to moisture, and shall not be employed where it will be subjected t0-4
0°C (194°F) under intended operating conditions.

pcated that it
temperature

24.24 To prqvide an acceptable unbushed opening in sheet metal usually requires rolling ang or extrusion
of the metal around the opening, or the insertion of a grommet conforming t6’24.21.

24.25 Exceppt as indicated in 24.26, conductors of motor circuits having two or more motors| one or more
of which are fthermal or overcurrent protected, wired for connection to(one supply line shall withstand the
conditions off a short circuit test without creating a risk of fire or-electric shock. See Shorf Circuit Test,
Section 66.

24.26 Condyctors which conform to the following are considered acceptable without test:

a) Conductors which have an ampacity of not\less than one-third the ampacity of th

bran

b) Conductors which are 18 AWG (082 mm?) or larger and not more than 4 feet (1

lengt
Circu
inclu

c) Cq
does

24.27 Factof
insulation, S
insulation of
compartment

th-circuit conductors,

h provided the appliance will be“protected by a 60-ampere fuse or smaller. Se
it Test, Section 66. This applies to any of the wiring materials specified in this
ling those enclosed in raceways, or

nductors which setve as jumper leads between controls providing the length @
not exceed 3 jfiches (76.2 mm) or the conductors are located in a control pan

y wiring of.a low-voltage safety circuit may be done with SP-2 cord having
PT-2 cord or appliance wiring material having neoprene, thermoplastic, or eq
bquivalent thickness, or low-energy safety control wire, if such wiring is located
of'an appliance and is shielded from damage.

e required

.2 m) in
b Short
standard,

f the leads
el.

all-neoprene
ually durable
in a cavity or
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25 Separation of Circuits

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

25.2 Segregation of insulated conductors as specified in 25.1 may be accomplished by clamping, routing,
or equivalent means which results in permanent separation from insulated or uninsulated live parts of a
different circuit.

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

a) Fi ess the

cond

pld-installed and factory-installed conductors connected to any other circuit;un
uctors of both circuits are insulated for the maximum voltage of either cireulit.

b) Uninsulated live parts of any other circuit.
c) An ric shock or
injury
conta

cond
ANS

y uninsulated live parts whose short circuiting may result in-a.risk of fire, elect
to persons, except that a construction in which field-installed conductors may|make

ct with wiring terminals is acceptable, provided that Typé)T, RF-2, or equivalept

uctors are or will be installed when wired in compliancé with the National Elecfrical Code,
/NFPA 70-1993.

rs and from
bcation of the
r uninsulated
brent circuits.

25.4 Segregation of field-installed conductors from éther field-installation conducto
uninsulated live parts connected to different circuits may ®e accomplished by arranging the |
openings in fhe enclosure for the various conductors;with respect to the terminals or othe
live parts, so|that there is no likelihood of the intermingling of the conductors or parts of diff

d for

I assumed
lach opening

a) If
inten
for th
will b

he number of openings in the enclosure does not exceed the minimum requir
Hed wiring and if each opening is located opposite a set of terminals, it is to b
e purpose of determining.cempliance with 25.3, that the conductors entering ¢
e connected to the terminals opposite the opening.

b) If
inveq
inten
parts

be
hich they are
nt-carrying

more than the minicAum number of openings are provided, the possibility is to
tigated of conductors entering at points other than opposite the terminals to w
ded to be connected and contacting insulated conductors or uninsulated curre
connected.to a different circuit.

25.5 To detd
service and

rminé&_if a device complies with the requirements of 25.3, it is to be wired as i

t would be in
o more than

n, doihg so slack is to be left in each conductor, within the enclosure, and 1

average car

—a L : [ 4 : ot ! [T s " 4
1S U DT TACTILISCU T SIOWITY TS SIAUR IO e Wittty COTTIParuriert.

25.6 If a barrier is used to provide separation between the wiring of different circuits or between operating
parts and field-installation conductors, it shall be of metal or insulating material and shall be held in place.
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25.7 A metal barrier shall have a thickness at least as great as that specified by Tables 29.1 and 29.2,
based on the size of the barrier. A barrier of insulating material shall be not less than 0.028 inch (0.71
mm) in thickness and shall be of greater thickness if its deformation may be accomplished so as to defeat
its purpose. Any clearance at the edges of a barrier shall be not more than 1/16 inch (1.6 mm) wide.

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

closure remo

26 Bonding

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

for Grounding

26.1 Expose
which may b
the equipme
grounding te

26.2 Except
and mountin
interconnecti
contacted by

d or accessible noncurrent-carrying metal parts, which are liable to become*e
b contacted by the user or by service personnel during service operations’ pe
ht is energized, shall be electrically connected to the point of conneetion of &
minal or lead.

as specified in 26.3, uninsulated metal parts of cabinets, electrical enclosures,
g brackets, controller mounting brackets, capacitors and-other electrical
ng tubing, and piping valves, and the like shall be bonded for grounding if
the user or serviceman.

nergized and
formed when
In equipment

motor frames
components,
they may be

26.3 Metal plarts, as specified below, need not be grounded:
a) Adhesive-attached, metal-foil markings, screws, handles, and the like, which are(located on
the qutside of enclosures or cabinets and isolated from electrical components or wifing by
grounded metal parts.
b) Isplated metal parts, such as magnet frames and armatures, and small assembly screws
which are separated from wiring and“uninsulated live parts.
¢) Pdanels and covers which do/not enclose uninsulated live parts if insulated parts and wiring

are §

d) P3
insul

not Ig¢ss than 1732 inch (0.8 mm) thick.

eparated from the panel or cover.

nels and covers which are insulated from electrical components and wiring by
hting barrier of vulcanized fiber, varnished cloth, phenolic composition, or simil

26.4 Ifaco
for purpose

ponént; such as a switch, is likely to become separated from its intended grou
of\testing or adjustment while the equipment is energized, it is to be prd

an attached
hr material

nding means
vided with a

grounding co

26.5 Splices

IIUIUbtUI IIUi IUqUilillg IUIIIUVdi fUI bubil bUIVibU.

shall not be employed in wire conductors used for bonding.

26.6 Metal-to-metal hinge bearing members are considered as a means for bonding a door for grounding.
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26.7 A separate bonding conductor shall be of material rated for use as an electrical conductor.
Ferrous-metal parts in the grounding path shall be protected against corrosion by enameling, galvanizing,

plating, or eq

uivalent means. A separate bonding conductor or strap shall:

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

b) Not be secured by a removable fastener used for any purpose other than bonding for
grounding unless the bonding conductor is unlikely to be omitted after removal and replacement
of the fastener.

26.8 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed

connection, d
than 454°C
vitreous enatr

26.9 A conn
acceptable if
device and i
thermal degr
maintenance
clamping dey

26.10 If bon@ling depends on screw threads, two or more screws or two full threads of a sin

to engage th

26.11 If the
conductor is
means does

a) W
bran

b) Ddiring a short circuit testin series with a fuse of proper rating. See Short Circuit

Sect

r by welding, soldering or brazing with materials having a softening or melting
849°F). The bonding connection shall penetrate nonconductive coatings 'suc
hel.

ection that depends upon the clamping action exerted by rubbén or similar
it complies with 26.11 under any degree of compression permitted by a varig
the results are still acceptable after exposure to the effects, of oil, grease, n
hdation which are likely to occur in service. The effect of assembling and disas
purposes, such a clamping device is to be considered with respect to the likq
ice being reassembled in its intended position.

b metal.
adequacy of a bonding connection cannot be determined by examination, or
smaller than specified by 26.12 — 26.34; it shall be considered acceptable if th
not open:

hen carrying for the time indicated in Table 26.1 twice the current equal to the

Ch circuit overcurrent device.required to protect the equipment, and

on 66.

point greater
N as paint or

materials is
ble clamping
hoisture, and
sembling, for
tlihood of the

ple screw are

if a bonding
e connecting

rating of the

Test,
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Table 26.1
Duration of current flow, bonding-conductor test

Rating of overcurrent device, amperes

Minimum duration of current flow, minutes

2
4

30 or less
31 -60

26.12 The size of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
based on the rating of the branch-circuit overcurrent device to which the equipment will be connected.
Except as specified in 26.11, the size of the conductor or strap shall be in compliance with Table 26.2.

Table 26.2
Bonding wire conductor size
Rating of ové¢rcurrent Size of bonding conductor?
device, anjperes Copper wire Aluminlim wire
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)
2 Or equivalenf cross-sectional area.

26.13 A bon
size of the cq

26.14 If mor
conductor is
protection fo
by a branch-
bonding con
ground-fault

ELECTRICA
27 General
27.1 Electric

a) Tq

nductors supplying power to the component or.components within the enclosu

to be based on the rating of the quercurrent device intended to provide
the component bonded by the conductor. For example, if a motor is individu
Circuit overcurrent device smaller than other overcurrent devices used with the
fuctor for that motor is to bexsized on the basis of the overcurrent device
protection of the motor.

. COMPONENTS — ALL-APPLIANCES

pl components and wiring shall be arranged:

avoid\eontact with water from humidifiers,

ding conductor to a component or electrical enclésure is not required to be lafrger than the

re.

b than one size of branch-circuit overcurrent devices is involved, the size of ¢ach bonding

ground-fault
blly protected
equipment, a
intended for

b) T4

avoid oil or water from dripping or running on them during usage, and

c¢) To avoid water dripping or running from a pipe connection required to be uncoupled for
servicing the appliance.

27.2 Attachment plugs or separable connectors shall not be used in a circuit where the breaking or
making of the circuit by such devices may result in a risk of fire, electric shock or injury to persons.
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28 Mounting of Electrical Components

28.1 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from
turning except as specified in 28.2 and 28.3.

28.2 The requirement that a switch is to be prevented from turning may be waived if all of the following
conditions are met:

a) The switch is of a plunger or other type that does not tend to rotate when operated. A toggle
switch is considered to be subject to forces that tend to turn the switch during operation of the

switch.

b) THe means for mounting the switch makes it unlikely that operation of the swiich| will loosen
it.

c) THe spacings are not reduced below the required values if the switch retates.

d) The operation of the switch is by mechanical means rather than by-direct contact by persons.

28.3 Alamp
in which the |
reduce spaci

28.4 The me
washer whic
preventing a
turning.

28.5 Uninsu
prevented frg
the acceptab)

28.6 Control
constructed,
any conditiorn

polder of the type in which the lamp cannot be replaced, such-as a neon pilot or
bmp is sealed in a nonremovable jewel, need not be prevented from turning if rg
ngs below the required values.

ans for preventing turning is to consist of more than friction between surfaces. A
N provides both spring take-up and an intefference lock is acceptable as th
small stem-mounted switch or other device having a single-hole mounting

ated live parts shall be so securéd to the base or mounting surface that
m turning or shifting in position¢f, such motion may result in a reduction of sp
e values.

enclosed, and/or protected that dense smoke will not be generated or flame ¢
s which may occutin service.

ndicator light
tation cannot

toothed lock
e means for
means from

they will be
acings below

equipment located within) the plenum or return-air compartment of a furnac¢ shall be so

mitted under
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29 Electrical Enclosures

29.1 Uninsulated live high-voltage parts shall be enclosed or guarded to prevent accidental contact by
persons during use of the equipment in compliance with 36.1 — 36.12.

29.2 Sheet metal complying with Tables 29.1 and 29.2 is considered acceptable for the enclosure of
electrical components.

29.3 If the design and location of components and the strength and rigidity of the outer cabinet warrant,
an individual enclosure thinner than specified in Tables 29.1 and 29.2 may be employed.

Table 29.1
Minimum(thickness of sheet metal for electrical enclosures — carbon steel or stainjess steel
Without|supporting frame? With supporting frame or equivalent Minimum thickness in jnches (mm)
reinforcing?®
Maximum widith® [ Maximum length® | Maximum width® | Maximum length Unceoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)
4.0 (19.2) 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) (28
6.0 (1%.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (0.74)
7.0 (11.8) 8.75 (22.2) 10.0 (25.4) 12,5 (34.8) (22) (2p)
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.Q (40.6) (20) 2p)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (3%.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (1B)
18.0 (4%.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (5¢.8) 25.0 (63.5) 29.0 (730 36.0 (91.4) (16) (1p)
22.0 (5%.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (6%.5) 31.0 (78.7) 35.0, (88.9) 43.0 (109.2) (15) (1p)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (78.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) (19
33.0 (8%.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
35.0 (8%.9) 47.0 (119:4) 54.0 (137.2) 66.0 (167.6) (13) (1B)
42.0 (106.7) Not limjted 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (11p.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) (1p)
52.0 (13p.1) Not\imited 80.0 (203.2) Not limited 0.108 (2.74) 0.1[11 (2.82)
60.0 (15p.4) 740 (188.0) 84.0 (213.4) 103.0 (261.6) (11) am
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (186.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) ap)
@ A supporting frame 1S a structure of angle or channel or a folded rngid section of sheet metal which 1s rigidly attached to and

has essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the
bending moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have
equivalent reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame
of angles or channels. Construction considered to be without supporting frame includes:

1) Single sheet with single formed flanges (formed edges),

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

3) An enclosure surface loosely attached to a frame, e.g., with spring clips.
b The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
¢ For panels which are not supported along one side, e.g., side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.
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Table 29.2
Minimum thickness of sheet metal for electrical enclosures — aluminum, copper, or brass
Without supporting frame? With supporting frame or equivalent reinforcing? Minimum
. . . . . . thickness
Maximum width®? Maximum length® Maximum width? Maximum length inches
inches (cm) inches (cm) inches (cm) inches (cm) (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023
3.5 (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
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
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
9.5 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (685) (1.14)
12.0 (30.5) Not limited 28.0 (71.1) Not ifnited 0.058
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
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41)
37.0 (94.0) Not limited 87.0 (22140) Not limited 0.122
42.0 (106.7) 53.0 (134.6) 93.0 (286.2) 114.0 (289.6) (3.10)
52.0 (132.1) Not limited 123.0 (812.4) Not limited 0.153
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)
a A supporting frame is a structure of angle or channel or a folded\gid section of sheet metal which is rigidly attjched to and

has essentially
bending mome
equivalent rein
of angles or ch

4

b The width is {
enclosure may
¢ For panels w
limited to the d

hts which may be applied via the enclosure sufface when it is deflected. Construction that is consi
orcing may be accomplished by designs thatwill produce a structure which is as rigid as one builf
Annels. Construction considered to be without supporting frame includes:

) Single sheet with single formed flanges (formed edges),

) A single sheet which is corrugatéd or ribbed, and

) An enclosure surface loosely attached to a frame, e.g., with spring clips.

he smaller dimension of a réctangular sheet metal piece which is part of an enclosure. Adjacent s|
have supports in commen,and be made of a single sheet.

ich are not supported along one side, e.g., side panels of boxes, the length of the unsupported si
mensions specified_uhless the side in question is provided with a flange at least 1/2 inch (12.7 mr

the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity t¢ resist the

Hered to have
with a frame

Lrfaces of an

He shall be
h) wide.

29.4 Termingl housings of motors, to which connections are to be made in the field, shall bg

shall be size

29.5 Steel e

l in accerdance with the National Electrical Code, ANSI/NFPA 70-1993.

hclosures shall be protected against corrosion by painting, plating or other equiy

of metal and

alent means.

29.6 Sheet metal to which a wiring system is to be connected in the field shall have a thickness not less
than 0.032 inch (0.81 mm) if uncoated steel, not less than 0.034 inch (0.86 mm) if galvanized steel, and

not less than

0.045 inch (1.14 mm) if nonferrous.
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29.7 If threads for the connection of conduit are tapped through a hole in an enclosure wall, or if an
equivalent construction is employed, there shall be not less than three nor more than five threads in the
metal, and the construction of the device shall be such that a conduit bushing can be attached. If threads
for the connection of conduit are not tapped all the way through a hole in an enclosure wall, conduit hub,
or the like, there shall be not less than 3-1/2 threads in the metal and there shall be a smooth, rounded
inlet hole for the conductors which shall afford protection to the conductors equivalent to that provided by
a standard conduit bushing and which shall have an internal diameter approximately the same as that of
the corresponding trade size of rigid conduit.

29.8 An enclosure threaded for support by rigid conduit shall provide at least five full threads for engaging

with the conduit.

29.9 A knoc
without defor]

29.10 A kno
shall be so Iq
not result in

29.11 A plat
not less than

a) 0.
havir

b) 0
1-3/8

A closure for|
a standard k

29.12 The e

the like throdigh openings onto combustible material, including the surface on which the

mounted.

29.13 If insu
is given to th
source.

29.14 All in
compliance V

.27 inch (0.69 mm) steel or 0.032 inch (0.8%,mm) nonferrous metal for a hole

Kout In a sheet-metal enclosure shall be secured but shall be capable of b4
mation of the enclosure.

ckout shall be provided with a flat surrounding surface for seating of @,.conduit
cated that installation of a bushing at any knockout likely to be used'during i
Epacings between uninsulated live parts and the bushing of less than those req
b or plug for an unused conduit opening or other hole in the enAclosure shall hay
D14 inch (0.36 mm) for steel or 0.019 inch (0.48 mm)/for nonferrous metal for

g a 1/4 inch (6.4 mm) maximum dimension; and

inch (34.9 mm) maximum dimension.

a larger hole shall have a thickness\equal to that required for the enclosure of
nockout seal shall be used. Suchrplates or plugs shall be securely mounted.

hclosure shall prevent the:eémission of molten metal, burning insulation flaming

ating material other than electrical insulation, is provided within the enclosure,
e burning characteristics and combustibility of the material, and the proximity

fendéd™mounting positions of the appliance are to be considered when
ith\ihe requirements of 29.12.

ing removed

bushing, and
stallation will
uired.

e a thickness
h hole

having a

the device or

) particles, or
lequipment is

consideration
of an ignition

determining

29.15 A junction box which is formed in part by another part such as a fan scroll or a motor casing is to

fit such that:

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

b) An opening between the box and motor frame having no dimension exceeding 1/2 inch (12.7

mm)

does not permit the entrance of a 13/64 inch (5.2 mm) diameter rod.
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29.16 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire, an opening in an enclosure shall comply with either (a) or (b).

a) For an opening that has a minor dimension (see 29.20) less than 1 inch (25.4 mm), such a
part or wire shall not be contacted by the probe illustrated in Figure 29.1.

b) For an opening that has a minor dimension of 1 inch (25.4 mm) or more, such a part or wire
shall be spaced from the opening as specified in Table 29.3.

Exception: A motor need not comply with these requirements if it complies with the requirements in
29.17.
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Figure 29.1
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Table 29.3
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

Minor dimension? of opening? Minimum distance from opening to part
inches® (mm) inches (mm)P
3/4 (19.1)¢ 4-1/2 (114.0)

1 (25.4)° 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-7/8 (47.6) 15-1/2 (394.0)
2-1/8 (54.0) 17-1/2 (444.0)

¢ 36 76270)

a See 29.20.
b Between 3/4 inch (19.1 mm) and 2-1/8 inches (54.0 mm), interpolation is to be used to determine a valug betyveen values
specified in the table.

¢ Any dimensjon less than 1 inch (25.4 mm) applies to a motor only.

d More than 3-1/8 inches (54.0 mm), but not more than 6 inches (152.4 mm).

29.17 With fespect to a part or wire as mentioned in 29.16, in an integral enclosure of a motor as
mentioned in|the exception to 29.16:

a) An opening that has a minor dimension (see 29.20) léss than 3/4 inch (19.1 mm) is
acceptable if:

1) Film-coated wire cannot be contacted-by the probe illustrated in Figure 29.4;

2) In a directly accessible motor (see 29.20), an uninsulated live part cannqt be
contacted by the probe illustrateddn Figure 29.3; and

3) In an indirectly accessible.motor (see 29.20), an uninsulated live part capnot be
contacted by the probe iltustrated in Figure 29.2.

b) An opening that has a minor dimension of 3/4 inch (19.1 mm) or more is acceptable if a part
or wire is spaced from_the opening as specified in Table 29.3.



https://ulnorm.com/api/?name=UL 307A 2018.pdf

46 UL 307A JULY 24, 2018

Figure 29.2
Probe for uninsulated live parts
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Figure 29.4
Probe for film coated wire
—a— 1==— ANY CONVENIENT LENGTH
3/4" (19.1mm) DIA.
1/2" (12.7mm) DIA, —:\
¥ N
r==— 4" (101.6mm) ‘4 l
1/4" (6.4mm) RAD. ——
PA140A
29.18 The pfobes mentioned in 29.16 and 29.17 and illustrated in Figures 29.1 — 29.4 shall|be applied to

any depth th
through the ¢
Figures 29.1
shall be char

29.19 The p
accessibility
to be applied

29.20 With r
diameter of
opening.

29.21 Withr

pening to any position that is necessary to examine the enclosure. The probes
and 29.3 shall be applied in any-possible configuration; and, if necessary, the
ged after insertion through the opening.

robes mentioned in 29.18 and 29.20 shall be used as measuring instruments

bt the opening will permit; and shall @e rotated or angled before, during, and after insertion

illustrated in
configuration

to judge the

brovided by an opening, and not as instruments to judge the strength of a material; they are

with the minimumn force necessary to determine accessibility.

bference tosthe requirements in 29.16 and 29.17, the minor dimension of an o
he largest Cylindrical probe having a hemispherical tip that can be inserted

pening is the
through the

r that is:

bference to the requirements in 29.17, an indirectly accessible motor is a motad

a) Accessible only by opening or removing a part of the outer enclosure, such as a guard or

pane

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

b) Located at such a height or is otherwise guarded or enclosed so that it is unlikely to be
contacted.

A directly accessible motor is a motor that can be contacted without opening or removing any part, or is
located so as to be accessible to contact.
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29.22 During the examination of a product to determine whether it complies with the requirements in
29.16 or 29.17, a part of the enclosure that may be opened or removed by the user without using a tool
(to attach an accessory, to make an operating adjustment, or for other reasons) is to be opened or
removed.

29.23 With reference to the requirements in 29.16 and 29.17, insulated brush caps are not required to be
additionally enclosed.

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

29.25 A hinged or pivoted panel or cover shall be positioned or arranged so that it is not subject to falling
or swinging pecause ot 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.

29.26 The assembly shall be so arranged that an overcurrent protective device;.such ag a fuse, the
intended fungtioning of which requires renewal, can be replaced and manual-reset devices|can be reset
without remoying parts other than a service cover or panel, and a cover or doorenclosing th¢ device. See
29.30.

29.27 A reqpired protective device shall be wholly inaccessible, from outside the applipnce without
opening a dqor or cover, except that the operating handle of a citelit breaker, the operating button of a
manually opgrable motor protector, the reset button of a manuallyresettable pressure switch, and similar
parts may prpject outside the appliance enclosure.

29.28 An opgning in an enclosure to provide clearanceé’around a dial, knob, lever, or handle shall not
allow the entfance of a rod having a diameter of 9/64 ihch (3.6 mm) at any setting or position of such part.

29.29 A fusegholder shall be so designed, installed, or protected that adjacent uninsulated high-voltage
live parts within 4 inches (101.6 mm), other than the screw shell of a plug fuseholder, cartridge fuse clips,
or wiring terminals to the fuseholder, will not be exposed to contact by persons removing or replacing
fuses. An inqulating barrier of vulcanized-fiber or similar material employed for this purpose shall be not
less than 0.0R8 inch (0.71 mm) in thickness.

29.30 The dpor or cover of an-enclosure shall be hinged if it gives access to fuses or any mptor overload
protective dgvice, the functioning of which requires renewal, or if it is necessary to open|the cover in
connection wjith the intended operation of the protective device such as resetting a manual reset overload
protective deyice.

Exception: hinged cover is not required if the only fuses enclosed are:

a) C ; itloads, other
than a fixed control-circuit load, such as a pilot lamp, are within the same enclosure,

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

c¢) Fuses in low-voltage circuits.


https://ulnorm.com/api/?name=UL 307A 2018.pdf

JULY 24, 2018 UL 307A 49

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

29.32 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold the
door in place and 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 29.31.

29.33 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 at least 1/2 inch (12.7 mm). A construction
with affords equivalent protection, such as a fuse enclosure within an outer enclosure, or a combination

of flange an

29.34 Strips
not less than
between theg

29.35 An eld
29.36 Termi

wiring is con
the terminals

30 Motors gnd Motor Overload Protection

30.1 All mot
or combinati

30.2 Overcu
with the requ

a)A
rated

rating:

rabbet, Is acceptable.

used to provide rabbets, or angle strips fastened to the edges of a door; shall |
two points, not more than 1-1/2 inches (38.1 mm) from each end of each strip
e end fastenings not more than 6 inches (152.4 mm) apart.

ctron tube or similar glass-enclosed device shall be protected against mechar
nals of a low-voltage safety device within an appliance compartment or cavity to

hected need not be otherwise enclosed if such terminals are recessed and lo
are shielded from accidental shorting or damagex

brs shall be protected by an integral thefimal protector or by overcurrent prote
ns thereof.

rrent protective devices as specified in 30.1 are overcurrent protective device
rements of the National Electrical Code, ANSI/NFPA 70-1993, as follows:

separate overcurrent devi¢e which is responsive to motor current. This device
or selected to trip at ne more than the following percent of the motor full-load

be secured at
and at points

ical damage.

which factory

cated so that

ttive devices,

5 that comply

shall be
current
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Motors with
Motors with
(40°C)

All other mo

a marked service factor not less than 1.15
a marked temperature rise not over 104°F

tors

125 percent
125 percent

115 percent

(Each winding of a multispeed motor is to be considered separately and the motor is to be protected at

all speeds.)

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

curre

nt rating:

Motors with
Motors with
(40°C)

All other mg

30.3 An inte
Overheating

30.4 Separa
be assemble
protection is
in the risk of

30.5 Motors,
are determin
overcurrent g
motor will no

30.6 Imped3
overheating

actual condit]
installed in ¢

30.7 Fuses s
largest size f

30.8 Motors
herein.

a marked service factor not less than 1.15
a marked temperature rise not over 104°F

tors

gral thermal protective device shall comply with the requirements in the
Protection for Motors, UL 2111.

e overcurrent devices, except when included as part{of a magnetic motor con
 as part of the equipment, and be identifiable as such after assembly to the equ
not to include means for manually interrupting the motor circuit if such interrupti
fire, electric shock or injury to persons.

such as direct-drive fan motors, which afe not normally subjected to overload
ed to be protected against overheating because of locked-rotor current by

overheat under actual conditions of use.
nce protection is acceptable for motors which are determined to be protg
lue to locked-rotor current, provided it is determined that the motor will not o\
ons of use, except that impedance protection is not to be accepted where th
bmpartments handling:air for circulation to the conditioned space.

bhall not be used’as motor overload protective devices unless the motor is pro
LiIse which-Can be inserted in the fuseholder.

shall-not exceed the temperature rise specified in Table 55.1 when tested

140 percent
140 percent

130 percent

Standard for

troller, are to
ipment. Such
bn may result

s, and which
a thermal or

rotective device may be accepted ufder this requirement, provided it is deternmiined that the

cted against
erheat under
e motors are

tected by the

as specified

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

30.10 Interruption of the circuit to a motor by the overcurrent or overtemperature protective device shall
not result in the risk of fire, electric shock or injury to persons or in discharge of fuel. If a burner depends
solely upon an electric valve to stop the flow of fuel to the burner, the interruption of the circuit to the motor
by the protective device shall also cause the interruption of the circuit to the valve. The device which
interrupts the circuit to the valve may be independent of the motor circuit.
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30.11 Automatic-reset type protective devices shall not be used if the automatic reclosing of the circuit to
the motor by the device may result in the risk of fire, electric shock, or injury to persons.

30.12 A motor shall have no openings permitting a drop of liquid, or a particle falling vertically onto the
motor, to enter the motor.

30.13 Compliance with the requirement of 30.12 may be provided by the motor frame or by other
enclosure, structure, or shield, or by a combination of two or more such items, and is to be determined
with the motor applied to the assembly.

30.14 Motors having openings in the enclosure or frame shall be installed or shielded to prevent particles
from falling out of the motor onto flammable material located within or under the assembly.

30.15 The rgquirements specified in 30.14 will necessitate the use of a barrier of nonflamniable material
under an opgn type motor unless:

a) The structural parts of the motor or the appliance such as the bottom 'closure prgvide the
equiJalent of such a barrier, or

b) ThHe motor overload protection device provided with a single-phase motor is to b¢ such that
no blirning insulation or molten material falls to the surface, that supports the appliance when
the motor is energized under each of the following fault corditions, as applicable to[the
partigular type of motor:

1) Open main winding,

2) Opening 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
templerature and current)«that will prevent the temperature of the motor windings frgm becoming
morg than 257°F (125°C) under the maximum load under which the motor will run yithout
caus|ng the protecter to’cycle and from becoming more than 302°F (150°C) with the rotor of the
motor locked, or
d) The motor ¢gomplies with the requirements for impedance-protected motors, and the

temperatureof the motor winding does not exceed 302°F (150°C) during the first 72 hours of
operftion with the rotor of the motor locked.

30.16 The barrier specified in 30.15 shall be:
a) Horizontal,

b) Located as specified in Figure 30.1, and
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c) Have an area not less than that specified in Figure 30.1.

Openings for drainage, ventilation, and the like, may be employed in the barrier, provided that such
openings do not permit molten metal, burning insulation, or the like to fall on combustible material.
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Figure 30.1
Location and extent of barrier

\\

EB100A

A — Motor windipg to be shiglded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded, and is to
consist of the urjshielded\portion of a motor winding which is partially shielded by the motor enclosure or equivalent.

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

C — Inclined line which traces out minimum area of the barrier. When moving, the line is to be always:
1) Tangent to the motor winding,
2) 5 degrees from the vertical, and

3) So oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by
the inclined line C and the horizontal plane of the barrier.
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30.17 Overcurrent protective devices and thermal protective devices for motors shall comply with the
requirements of the Short Circuit Test, Section 66.

31 Capacitors

31.1 A motor starting or running capacitor shall be housed within an enclosure or container that will
protect the plates against mechanical damage and that will prevent the emission of flame or molten
material resulting from malfunction of the capacitor. Except as noted in 31.2 and 31.3, the container shall
be of metal providing strength and protection not less than that of uncoated steel having a thickness of
0.020 inch (0.51 mm).

31.2 The individual container of a capacitor may be of sheet metal thinner than specified in 31.1 or
material othgr than metal It the capacitor is mounted In an enclosure that houses othel parts of the
appliance ahd provided that such box, case, and the like is acceptable for the-énclosure of
current-carrying parts.

ontainer of an electrolytic capacitor is constructed of metal, it shall be in

arts by moisture-resistant insulation not less than 0.028 inch (0:71 mm) thig
4.6. Otherwise, it shall be separated from dead-metal parts by spacings in acqg

31.3 If the
dead-metal
indicated in J
Table 34.1.

sulated from
k, except as
ordance with

31.4 A capa
against expu
requirements

Citor employing a liquid dielectric medium more combustible than askarel shall
sion of the dielectric medium when tested in aceordance with the applicable
of this standard, including faulted overcurrent conditions based on the circuit

used. See Short-Circuit Test, Section 66.

Exception:
winding, the
but not less

Capacitor may be tested using a fault current less than the test current specified

32 Electricall Insulating Material

32.1 Materia
porcelain, ph

32.2 Vulcani
as the sole s

Enolic compositions, or cold-molded composition.

red fiber maynbée used for the insulating bushings, washers, separators, and ba
upport foruninsulated live parts of other than low-voltage circuits.

f the available fault current is limited by other components in the circuit, such as

than the current established by dividing the circuit voltage by the impedancg
component(s).

be protected
performance
in which it is

a motor start
in Table 66.1
of the other

| for the mounting of_current-carrying parts shall be of moisture resisting material such as

friers, but not
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33 Switches and Controllers

33.1 Except as indicated in 33.2, a controller(s) for controlling the loads involved shall be provided for all
assemblies incorporating more than one motor intended for connection to the same power supply.

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

33.3 A single controller may control more than one motor if the controller is rated for the combined load
controlled.

33.4 A contrpller or switch shall be rated for the load that it controls.

33.5 The log
controller or

d controlled is to include any load external to the assembly for whichyeonngctions in the

switch circuit are provided.

33.6 A contr
a current-intq

pller that may be called upon to break a motor load under locked-totor conditiohs shall have

rrupting capacity not less than the locked rotor load of the metor controlled.

33.7 The log
alternating ct

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

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

33.8 If the cpntroller is cycled by the operation of an automatic-reset overload device, it shall withstand
an endurancg¢ test under locked-rotor conditions without failtirte. The endurance test is to be ¢onducted for
a duration eduivalent to that required for the overload device and at an equivalent rate.

33.9 Motor ¢ontrollers shall be arranged so that:they will simultaneously open a sufficient number of
ungrounded ¢onductors to interrupt current flowto"the motor.

SPACINGS + ALL APPLIANCES

34 High-Volkage Circuits

34.1 Except|as noted in paragraphs below, the spacings between uninsulated live part$ of opposite
polarity and petween an uninsulated live part and a dead-metal part shall be not less than the values

indicated in 1

[able 34.1.
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Table 34.1
Minimum spacings

Ratings Minimum spacings®
Volt-amperes Volts Through air Over surface To enclosure®

inch (mm) inch (mm) inch (mm)

0 — 2000 0 — 3002 1/8P (3.2) 1/4 (6.40 1/4 (6.4)
More than 0-150 1/8P (3.2) 1/4 (6.4) 1/2 (12.7)

2000
151 — 300 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
301 — 600 3/8 (9.5) 1/2°¢ (12.7) 1/2 (12.7)

a If over 300 v(
b The spacings
1/4 inch (6.4 m
spacing need 1
wired. Measurg
¢ Includes metd
d The spacings|
mm) for a motd

Its, spacings in last line of table apply.
between wiring terminals of opposite polarity, or between a terminal and grounded metal, shall be
Im), except that if short circuiting or grounding of such terminals will not result from projecting’ straf
ot be greater than that given in the above table. Wiring terminals are those connected'in.the field
ments are to be made with solid wire of adequate ampacity for the load connected tq each termin|
| fittings for conduit or cable which are factory installed or which may be field instatled.

at wiring terminals of a motor shall be 1/4 inch (6.4 mm) for a motor rated 250,volts or less and 3
r rated more than 250 volts.

not less than
ds of wire, the
land not factory
Al.

/8 inch (9.5

34.2 The thr|
the basis of
However, the
on all comp
component v
component W
volt-amperes
loads is judg

referred to alpove are to be determined by the measured input.

34.3 For cir
motors may
(6.4 mm) wh

evaluated on
ent controls.
the total load

pbugh-air and over-surface spacings at an individual component part are to be
the total volt-ampere consumption of the load or loads which the compor]
spacing from the component to the enclosure shall be judged on the basis of
bnents in the enclosure. For example, the thtough-air and over-surface spacings at a
hich controls only a motor are judged on-the basis of the volt-amperes of the motor. A
hich controls loads in addition to the motor'is similarly judged on the basis of the sum of the
of the loads so controlled, except that.a component which independently confrols separate
ed on the basis of the volt-ampereg'of the larger load. The volt-ampere value$ for the load

terminals of
y be 1/4 inch

uits not exceeding 300 velts, the over-surface spacings for glass-insulated
be 1/8 inch (3.2 mm) whére'1/4 inch (6.4 mm) is specified in the table, and ma
bre 3/8 inch (9.5 mm) is specified.

34.5 All unin
of the same

acing requirements.in Table 34.1 do not apply to the inherent spacings inside m
inals, or to.the’ inherent spacings of a component which is judged on the
for the cemponent. However, the electrical clearance resulting from the ins

otors, except
basis of the
tallation of a
he table.

ranch circuits
gy were parts

of opposite polarity in accordance with the requwements indicated above and shall be evaluated on the
basis of the highest voltage involved.

34.6 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material employed where spacings would otherwise be insufficient, shall be not less than 0.028
inch (0.71 mm) in thickness, except that a liner or barrier not less than 0.013 inch (0.33 mm) in thickness
may be used in 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. Material having a lesser
thickness may be used if it has equivalent insulating, mechanical, and flammability properties.
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35 Low-Voltage Circuits

35.1 The spacings for low-voltage electrical components which are installed in a circuit which includes a
motor overload protective device, or other protective device, where a short or grounded circuit may result
in hazardous operation of the appliance shall comply with the following.

35.2 The spacing between an uninsulated live part and the wall of a metal enclosure including fittings for
the connection of conduit or metal-clad cable shall be not less than 1/8 inch (3.2 mm). See 34.5.

35.3 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).

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

35.5 The spécings in low-voltage circuits which do not contain devices sueh. as indicated iff 35.1 are not
specified.

35.6 The oufput of a transformer device supplying a circuit classjfied as a Class 2 low-voltage circuit and
provided as|a part of the equipment shall not be interconneeted with the output of another such
transformer [device unless the voltage and current measurements at the output teriinals of the
interconnectgd devices are within the values for a single Class 2, 30 volts or less, transformer device.

35.7 Two orl more transformer devices supplying Citcuits classified as Class 2, low-voltage circuits
provided as g part of the equipment shall be treated-as two separate circuits, each having its pwn separate
wiring compdrtment, and the output of each circuit shall be marked to warn that the separation shall be
maintained.
PROTECTION OF USERS AND SERVICE PERSONNEL - ALL APPLIANCES
36 General
36.1 An unipsulated high-voltage live part and hazardous moving parts shall be located| guarded, or
enclosed so fs to minimize the likelihood of accidental contact by personnel performing seryice functions

which may have to be¢performed with the equipment energized.

36.2 Service functions which may have to be performed with the equipment energized incliide:

a) Adjosting-the—settingoftemperaturecontrotswithror-without marked-diatsettings,
b) Resetting control trip mechanism,

c) Operating manual switches, or

d) Adjusting air-flow dampers.

A factory set and sealed control is not considered to be adjustable.
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36.3 The requirements of 36.1 are not applicable to mechanical service functions which are not
performed with the equipment energized.

36.4 Adjustable or resettable electrical control or manual switching devices may be located or oriented
with respect to uninsulated high-voltage live parts so that manipulation of the mechanism for adjustment,
resetting, or operation can be accomplished in the intended direction of access if uninsulated high-voltage

live parts or hazardous moving parts are:

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

b) Not located within 6 inches (152.4 mm) on any side or behind the mechanism, unless
guarded.

36.5 An elgctrical control component which may require examination, adjustment;

servicing, or

maintenance| while energized, not including voltage measurements, shall be located*and mounted with

respect to ot
service funct
parts or to in

36.6 Access
the control cq
an access c(
following arra

a) Th

the farthest component in the control assembly.igynot more than 14 inches (355.6 n

plang

b)Un
withi
inchg
to bg
the o
cons

in the outer cabinet tothe closest rectangular perimeter surrounding the outside ed

comy

c) Th
open
wirin

er components and with respect to grounded metal parts so that it is accessiblg
ons without subjecting the serviceman to the risk of shock from-adjacent un
ury from adjacent moving parts.

bility and protection from electric shock and accidental contact may be obtaineg
mponents in an assembly so that unimpeded access is pfovided to each compd
ver or panel in the outer cabinet and the cover of thelcontrol assembly enclo
ngement. See Figure 36.1.

e components are located with respect to thé access opening in the outer cab
of the access opening.

nsulated live parts outside the controt assembly projected clear space, except
h a control panel, or unguarded hazardous moving parts are located not closer
s (152.4 mm) from any side.of the access area. The projected clear space is
bounded on the sides by:the projection of the smallest rectangular perimeter
utside edge of the components or control enclosure when provided. The acces
dered to be bounded on the sides by the projection of the perimeter of the acq

onent or control enclosure.

e volume/generated by the projected clear space of the control assembly to th
ng in the)outer cabinet, within the access area, is completely free of obstructig

.

for electrical
nsulated live

by mounting
nent through
sure with the

inet so that
hm) from the

for live parts
than 6
considered
surrounding
s area is
€ss opening
he of the

e access
ns, including

. 4l & . 4l & 1 ol - . (] s ) (H s
d) AbbUbb LU e CUMTTPUTICTIIS 1T UTE COTTHOT dS5STTTIUTY 15 TIOU TTTTPEUcU 1T 1S Uirettivu

by ot

her components or by wiring in this assembly.

1 of access

e) Extractor-type fuseholders and snap switches mounted through the control assembly
enclosure are to be located so that there is unimpeded access to these components through
the access opening in the outer cabinet and so that they are not immediately adjacent to
uninsulated live parts outside the control assembly enclosure, unless guarded.
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36.7 Components in a low-voltage circuit are to comply with the requirements of 36.5 in their relation to
uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

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

a) Coils of controllers,

b) Relays and solenoids,

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

d) Enclosed motor windings,

e) In
f) Inqulated wire.

36.9 Moving
enclosed or guarded.

Eulated terminals and splices, and

parts such as fan blades, blower wheels, pulleys, or belts which-may cause i

Figure 36.1
Accessibility and protection

hjury shall be

!
I UNINSULATED LIVE PARIT AT LEAST
~~~~~~ - UNNSULATED LIVE PART BN i) Feol Ricess AREA_
“[~ 6 in(152mm) SHORTEST | Pt
. DISTANCE \ CONTROL ACCESS OPENING !
. ENCLOSURE 0\,
FARTHEST | s !
COMHONENT | \ COMPONENT
t PLANE OF
= ACCESS
nn OPENING on
N I\ 14 1N MAX. iy W
x (1 +, ((356mm) ACCESS - 4
2 . CONTROL PROJECTED REA 7Y A7 7
& \ CLEAR s v
\ 3 SPACE EE%(T)E\\ s
0UARD 7 RECTANGULAR <IN, 7 7
S PERMETER 4 i A R4
\ J \ \[ GUARD
// -
3 RECETTABLE PROFEEFED-CLEAR-SPACE
(CROSS-HATCHED AREA)
N HAZARDOUS MOVING PART AT LEAST
=" HAZARDOUS [ 6 IN.(152 MM) FROM ACCESS AREA
- MOVING PART | (UNLESS GUARDED)
SECTION A-A L,

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

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


https://ulnorm.com/api/?name=UL 307A 2018.pdf

60

UL 307A

JULY 24, 2018

b) An

interlocking device shall shut off the mechanism, or

¢) A warning marking shall be displayed which reads essentially as follows:

DANGER - To Avoid Injury From Moving Parts, Shut Off The (Equipment) Before (Removing-
Opening) This (Cover-Door).

36.11 The distance from an opening in a required guard or enclosure to the moving part mentioned in
36.9 shall be in accordance with Table 36.1, but the minor dimension of the opening shall not in any case
exceed 3 inches (76.2 mm). For an opening having a minor dimension intermediate between two of the
values included in the table, the distance from the opening to the moving part shall be not less than that
found by appropriate interpolation between the corresponding values in the right-hand column of the table.

The minor difnension of the opening Is determined by the largest hemispherically tipped cylindrical probe
that can be ipserted through the opening with a force of 5 pounds (22 N).
Table 36.1
Dimensions in openings in enclosure
Minor dimensions of opening? Minimum distance fram opening to movjng part
inches (mm) inches (mm)
[1/4 (6.4) 1/2 (12.1)
3/8 (9.5) 14/2 (38.1)
1/2 (12.7) 2-1/2 (63.%)
3/4 (19.1) 4-1/2 (1140)
1 (25.4) 6-1/2 (1650)
1-1/2 (38.1) 10-1/2 (2670)
2 (50.8) 14-1/2 (368/0)
Over P inches (Over 50.8) 30 (762)0)
@ Openings Igss than 1/4 inch (6.4 mm) are not to besconsidered.
36.12 A moying part is not to be considered when judging compliance with 36.1 and 36.9| if the part is

unlikely to bg

CONSTRUC

37 Central Furnaces

37.1 A horiz
to support th

FON — SPECIFIC.APPLIANCES

bntal furnace intended for suspended installation shall be provided with bracke
b furnaee from its basic frame or structure.

contacted through the dpening because of fixed components, including baffle$

p.

s or hangers

37.2 A furnd

caintandad faor inctallatinn 1n tha ~anlad air nath A~awvwnctraam feam o ~Annl
Ce—rteaea—or—mStaatto— e cH— Pttt GOV RSt o ——G00n

g coil, shall

oo T3

conform to the following:

a) All interior surfaces of the heat exchanger, combustion chamber including its bottom,

radia

tors, and flues shall be resistant to corrosion by moisture.

b) The fire-box liner shall resist deterioration from being wetted by condensation.

c) Condensation shall not drip on burner parts or other corrodible parts if corrosion of any such

parts

is likely to cause hazardous operation.


https://ulnorm.com/api/?name=UL 307A 2018.pdf

JULY 24, 2018 UL 307A 61

d) The heat exchanger and appliance flue shall contain no traps or pockets in which
condensation may collect.

37.3 Connections between the heat exchanger and the casing which encloses circulating air shall be
constructed to prevent leakage of combustion products into the circulating air.

37.4 Provision shall be made to permit removal and replacement of the filters and oiling the motor and
blower bearings without dismantling or removing any portion of the flue gas conveying system. For

removal of the blower assembly, it is permissible to disconnect the flue gas conveying system.

38 Heating Boilers

38.1 A boilef shall be constructed, equipped, inspected, tested, and marked in accordg

applicable S

Iction of the ASME Boiler and Pressure Vessel Code, Section 1V, Heating Boi

39 Water Heaters

39.1 Tempe

Fature-regulating control

39.1.1 A wafer heater shall be controlled by means of a temperature-regulating control.

39.1.2 A ten
inherent load
operation, or
+10°F (£5.6°

nperature-regulating control shall be capable of opefation under rated elec
for 30,000 cycles of operation without any mechanical or electrical failure, i

).

39.1.3 At the¢ maximum setting allowed by a fixed stop, the temperature regulating contr

heater shall |

Exception:
temperature
(93.3°C).

39.1.4 An a
correspondin
reads “Low-N

mit the water temperature to not moreithan 194°F (90°C).

When the temperature-regulating control or controls and the limit control
folerances not greater than £5°F (£2.8°C), the maximum water temperature s

Jjustable temperature regulating control shall be set at the factory to a co
p to a 120°F (49°G) or lower setting. This setting is approximate in the case of 3
fledium-High” of the equivalent, instead of directly in degrees Fahrenheit or Ce

39.1.5 A wafter heater€quipped with a nonadjustable temperature-regulating control shall be

(49°C) or low

Exception:

er.

A, water heater equipped with a nonadjustable temperature-regulating contr

nce with the
Brs.

rical load or
mpairment of

apparent damage. Any change in calibration as-a.result of the operation test shall not exceed

bl of a water

have cutout
hall be 200°F

ntrol position
marking that
Isius.

set at 120°F

bl that is set

above 120°F

4O 0O\ 4 4l Lo ke R TI) [N TTAET) Q N VI B A I W D Y
(779 U at uic 1actury oflidail € proviucu Willt irie” otdalu I'idZairu LaleTl IVIArRITT

783.18 and shown in Figure 73.1.

described in
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39.2 Limit control

39.2.1 A water heater shall be provided with an automatic fuel shutoff system, e.g., temperature limit
control, actuated by high-water temperature as an integral part of the heater. The shutoff system shall be
of the manual reset type and shall be arranged to interrupt all fuel supply to the heater before the water
has attained a temperature as specified in 22.3.7.

39.2.2 A manual-reset mechanism shall be accessible for resetting. A location behind an access cover in
the jacket of the water heater is acceptable.

39.2.3 The automatic fuel shutoff system shall have no operating parts in common with the
temperature-regulating device or control mentioned in 39.1.1, but a common mounting bracket or a

common enc

39.2.4 Imme¢g
element is im
6 inches (15!

39.2.5 Surfa
element ser

osure may be employed for both devices.

rsion-type, temperature-limiting, devices shall be located so that the tempera
mersed in the water within the tank and controls the temperature of the water
.4 mm) of the tank.

Ce-mounted, limit controls shall be mounted and located sothat the tempera
ses the water temperature within the top 6 inches¢((152.4 mm) of the

surface-mounted, temperature-sensitive elements shall be insulated of located so as to isola

flue gas heat

39.3 Water

torage vessels

39.3.1 The water vessel shall withstand a hydrostatic_tést pressure of 300 psi (2.1 MPa
hydrostatic tgst pressure, whichever is greater, without\developing leakage or visible perman
or the tank shall carry the symbol of the ASME Boiler and Pressure Vessel Code, Section V

The working
of steel, the

the equivaler
39.3.2 A sto
39.3.3 Hot a

39.3.4 A sto
The opening

a) St

pressure shall be not more than 5@ percent of the hydrostatic test pressure. If

or other ambient conditions that are not indicative of stored water temperaturg.

ure-sensitive
ithin the top

ure-sensitive
tank. Such
te them from

, or its rated
bnt distortion,
11, Division 1.
the vessel is

nside surfaces shall be protected, against corrosion by galvanizing, porcelain ¢nameling, or

t.
age vessel shall be equipped with a valve to facilitate emptying the tank.
hd cold water copnections shall be clearly identified.

rage tank shall.have an opening for installation of a temperature-and-pressurg

all b& focated:

b relief valve.

AN ) " £ 4 L
)y e wop Ur uie diin, Ul

2) With its centerline in the upper 6 inches (152.4 mm) of the side.

b) Shall be separate from the openings for water connections.

¢) Shall be threaded in conformity with the Standard for Pipe Threads General Purpose (Inch),
ANSI/ASME B1.20.1-19883.

d) Shall accommodate a 3/4 inch (19.1 mm) or larger trade-size pipe. See ANSI/ASME B1.20.1-

1983
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39.4 Materials contacting water

39.4.1 A nonmetallic material in contact with water shall comply with the requirements in the National
Sanitation Foundation Standard for Plastic Piping System Components and Related Materials, NSF No.
14-1990, with regard to toxicity, waste, color, solubility, and odor.

39.5 Dip tubes

39.5.1 Dip tubes, if used, shall be provided with an antisiphoning hole located so that when the dip tube
is installed, the hole will be within 6 inches (152.4 mm) of the top of the tank.

39.5.2 A dip tube having a specific gravity less than 1.0 shall be held in place by a positive means that

will limit any

39.5.3 A no
particularly W
temperatures

39.5.4 Nonni

symbol and the lot number.

39.5.5 A nori
PERFORMA
40 General

40.1 An app

using any grade or type of fuel recommended by~the manufacturer of the appliance. Each

of appliance,
are to be su
optional piec
of the equipn

40.2 An app
of these requ

40.3 An app
or calibration

appliance is festedout of level at any and all angles of tilts of not more than:

vertical displacement to not more than 1/4 inch (6.4 mm).

hmetallic dip tube shall be investigated to determine its acceptabitity’ for
ith respect to solubility, brittleness, and resistance to deformation, collapse, an
likely to be encountered in service. See Nonmetallic Dip Tube Tgsts, Section

etallic dip tubes shall be permanently marked with the manufacturer's name

metallic material for a dip tube shall have a specific-gravity greater than 0.94.

NCE — ALL APPLIANCES

iance shall comply with the applicable*requirements for performance as des

or a number of sizes and typesto be representative of the entire range of siZ
bjected to all or part of the tests prescribed herein. An appliance is to be test
b of equipment (recommended for use by the manufacturer) which affects the
hent.

iance of a type net.described specifically herein shall be tested in accordance
irements.

if the appliance is out of level shall perform in accordance with these requiremsg

the service,
d sagging, at
68.

or identifying

cribed herein
5ize and type
es and types
ed with each
performance

vith the intent

iance employing burners or parts which may be affected in their fuel-burning rate, operation,

nts when the

a)T

(] £ 4l i) - o | (] - 4l , . - Q. o 4.0 Q. L0 o)
vU Ucyrccs 1TTUTTT UTE TIOTIZ0TTAD UGuTiiy UTe 18515 T oCULUTNS 49, 90 = OU, dllU 0

, and

b) Three degrees from the horizontal during the Air Flow Test — Horizontal Appliances, Section

63.
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40.4 In addition to the following tests, the appliance shall be tested in accordance with the requirements
of 6.16, 6.17, 6.20, 14.1.7, 26.11, 39.1.2, and 39.3.1.

41 Flammability Test

41.1 Samples are to consist of at least three of each part, or of sections of each part as large as is
practical to test. Sections should include the thinnest portions of the parts. Preferred sample size is 1/2 by
5 inches (12.7 by 127 mm) when practical and convenient.

41.2 The test flame is to be obtained by means of a Tirrill or Bunsen laboratory type burner having a
nominal tube diameter of 3/8 inch (9.5 mm) and a length above the primary air inlets of approximately 4
inches (102 mm). The flame is to be adjusted to an overall height of 5 inches (127 mm) with an inner blue
cone of 1-1/2finches (38.1 mm). The area in which the test is to be conducted is to be shieldeld from drafts.

41.3 The paft or section is to be arranged with the major axis of the sample area vertical, pxposing thin
sections to tHe maximum sweep of flame if practical. The test flame is to be applied-to‘a lowgr edge of the
specimen with the flame 20 degrees from the vertical. The flame is to be applied for 5 [seconds and
removed for p seconds until five such cycles of exposure have been completed: The specimen shall not
continue to bpurn for more than 1 minute following the last exposure to the.flame nor shall any material fall
from the speg¢imen during the test. Complete destruction of the sample, is-not acceptable.

41.4 An essentially identical set of samples is to be aged in a full:draft, circulating air over] at the aging
temperature pnd time determined by the use of the finished partin accordance with Table 41.1.

41.5 The sgmples shall be removed from the oven atthe end of exposure and subjected to the
flammability [test. The samples shall not show wedkening, embrittlement, or other |evidence of
deterioration,| which could prevent the intended operation of the assembly, and shall comply with the
requirements of the flammability test.

Table 41.1
Aging temperature and time
Maximum normal-operating Aging temperature, Aging time,
Intended ude? temperature
°C (°F)b °C (°F) hours

Enclosure 65 (149) 90 (194) 168
(indoor only)
Enclosure 75 (167) 90 (194) 1440
Enclosure 85 (185) 95 (203) 1440
Enclosure 95 (203) 105 (221) 1440
Enclosure 100 (212) 121 (250) 1440
Structural 50 (122) 75 (167) 1440
Structural 75 (167) 100 (212) 1440
Structural 100 (212) 121 (250) 1440
2 If a material is used as both an enclosure and a structural part, it is to be subjected to the aging condition shown for structural
parts.
b If normal operating temperature is between two values shown in table, the higher of these two values is used in determining
the aging conditions.
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42 Test Installation — Corner Location

42.1 A nonrecessed direct vent system appliance may be tested for installation in a room corner. The
appliance is to be placed in a partial enclosure in the as-received condition, as described below. The
distance from the chimney or vent connector and the distance from the back, side, and top of the
appliance to the walls and ceiling of the enclosure are to be as indicated in Figure 42.1. If integral spacers
are provided, the clearance may be other than specified, but not more than 2 inches (50.8 mm). When
one side of the appliance may create a higher wall temperature than the other, that side of the appliance
is to be directly opposite one wall.
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Figure 42.1
Test enclosure — downflow furnace corner location clearances
BACK
TOP VIEW 6’ (1.613m)
7' (2.
C) ( m)
INLET
AIR

| K.
-l

A — From top of|appliance.

C — From flue-gfs outlef assembly.

D — From back ofappttance, 0, 1, or 2 mches (0, 25, or 5 1mm).

STATIC
PRESSURE
OPENING

[ PLENUM Ep

FRONT ELEVATION SIDE ELEVATION

S2705

E, — From left side of appliance 0, 1, or 2 inches (0, 25, or 51 mm) for left-hand corner installation, otherwise 24 inches (609.6 mm)

or less.

Ep — Clearance from any side of supply plenum and warm-air duct within 3 feet (0.9 m) of appliance to be 0, 1/4, 1/2, 3/4, or 1 inch
(0, 6.4, 12.7, 19.1, or 25.4 mm).

Er — From right side of appliance, 0.1 or 2 inches (0.25 or 51 mm) for right-hand corner installation, otherwise 24 inches (610 mm)

or less.
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42.2 The ceiling height of the enclosure is to be that required to obtain the clearance from the top of the
appliance to the ceiling specified by the manufacturer, but the ceiling height is to be not more than 7 feet
(2.1 m).

42.3 The partial enclosure is to be formed by walls of nominal 1 inch (3/4 inch) (19.1 mm) wood boards
or plywood 3/4 inch (19.1 mm) thick, set at right angles and finished in flat black. A ceiling and floor of
equivalent construction are to be placed above and below the partial enclosure. The height of the walls is
to be as shown. All joints are to be tight or sealed. The walls of the partial enclosure are to extend as
shown.

42.4 For a downflow furnace, a structure made of nominal 1 inch (3/4 inch) (19.1 mm) lumber or 3/4 inch
(19.1 mm) plywood representing a floor and joint structure is to be placed around the warm-air outlet
plenum and gluct. The clearance between the plenum and duct and the enclosure Is to be[E or 1/4, 1/2,
3/4, or 1 inch (6.4, 12.7, 19.1, or 25.4 mm). The structure is to extend the full lengthrof-the duct. See
Figure 42.1.

42.5 A thermocouple is to be placed centrally 15 inches (381 mm) in front of the appliance gnd 24 inches
(610 mm) abpve the floor of the test enclosure as indicated in Figure 42.2.

Exception: For horizontal furnaces, the thermocouple for measuring roem temperature is [fo be located
midway between the floor and ceiling of the test enclosure.

42.6 The appliance is to be level. Leveling means, when provided, are to be removed if d¢tachable, or,
if not detachable, are to be adjusted to place the base of thé.appliance the minimum allowgble distance
above the floor.
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Figure 42.2
Room temperature thermocouple

8-1/2"
e ||
H UPL
\
/ \— 1~ —— m 3"/ -
A== G B
TOP VIEW
3"
(76.2mm)
r f
pelne
— |-+ —3{——
(76.2mm)
SIMULATED ou
CABINET ~™—a 2|5
8|8
=2
é &
FLOOR LEVEL ~ N
FRONT VIEW

S2706A

1. Bright aluminum No. 24 MSG or 0.020 inch (0.51 mm) minimum thick baffle, 6 inches (152.4 mm) longer than (3).
2. Bracket material, 1/8- by 1-inch (3.18 by 25.4 mm) strap iron.

3. Thermocouple, supported by bracket.
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43 Test Installation — Upflow, Downflow, and Horizontal Furnaces for Alcove or Closet Location

43.1 Direct vent system appliances may be tested for installation in an alcove or closet. Appliances that
provide for separation of the combustion system from indoor atmosphere by an installation method shall
be tested in a simulated closet arranged to isolate the appliance from the interior atmosphere.

43.2 The furnace is to be installed in an enclosure, as described below, in the as-received condition, with
clearances as specified by the manufacturer, to walls and ceiling of the test enclosure. Clearances to back
and side walls are to be not more than 2 inches (50.8 mm). The specified clearances are to be maintained
when the furnace is placed in the enclosure as close to such vertical walls as the construction of the
appliance will permit. The ceiling height of the enclosure is to be that required to obtain the specified
clearance from the top of the appliance to the ceiling, but in no case is the ceiling height to be more than
7 feet (2.1 m). See:

Figule 43.1 — Upflow appliances.
Figune 43.2 — Downflow appliances.

Figule 43.3 — Horizontal appliances.
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Figure 43.1
Test enclosure for alcove or closet installation upflow heating appliances
BACK BACK

BZ} M : TOP VIEW Bi M : TOP VIEW
T L1l 10

EL Er -
L c R e  F b e
B EL c or Er
24"
CLOSET ALCOVE
e— C —=] lt— C —] ‘ A
T T
L Il
Bf PLENUM /l PLENUM | b -
¢ B 2o S
=zZ, i’g 7
unz Max.
<z9 o
= Z 0O %
EL ER za < B D
50 \
INLET
= [ ] 4

FRONT ELEVATION FRONT ELEVATION
CLOSET CLOSET
187 (457mm)
24" (610mm)
6: gLBm)
S2708 7. (2,1m)

A — From top of|appliance casing or plenum.

B — From front gf appliance.

C — From flue-gfs outlet assembly(

D — From back ¢f appliance{ 2.inches (50.8 mm) or less.

E, — From left s|de of appliance, 2 inches (50.8 mm) or less.

Egr — From right stdeof appttance, 2 nches (50-8 1) or 1855.

Ep — Clearance from any side of supply plenum and warm-air duct within 3 feet (914 mm) of appliance, 0, 1/4, 1/2, 3/4, or 1 inch
(0, 6.4, 12.7, 19.1, or 25.4 mm).

F — From bottom of suspended-type appliance.
Note — The ventilating openings and any door into a closet are intended to be extended to the outside of the manufactured home if

the appliance is not of a design inherently separating the combustion system from the atmosphere of the manufactured home (direct
vent system appliance).
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Figure 43.2
Test enclosure for alcove or closet installation downflow heating appliance
BACK BACK
E E
E{ E. | TOP VIEW @g EL TOP VIEW
I @ B S R 1 10
c | 18"
B C or
24"
CLOSET ALCOVE
INLET —
e— ¢ —=4 AR . ¢ —| A
/I
EL Er o 5| & D 7
Z-3 Max.
Z=Zwz
Cny
=O hr} [
SZo3
25 %
g5\
SN B N S S— 1
E: E PLENUM I 4 - ]
I__ 6 —=]| PLENUM
FRONT ELEVATION FRONT ELEVATION
CLOSET CLOSET
18" 5457mm)
24" (810mm)
6/5(1:8m)
S2707 7¢(2.1m)

A — From top of

B — From front

C — From flue-g

D — From back

E, — From left s

appliance casing or plenum.

f appliance.

hs outlet assembly(

f appliance{ 2.inches (50.8 mm) or less.

de of appliance, 2 inches (50.8 mm) or less.

Eg — From right

Sfde of appifance, 2 mches (50-8 Tm) or 1e55.

Ep — Clearance from any side of supply plenum and warm-air duct within 3 feet (914 mm) of appliance, 0, 1/4, 1/2, 3/4, or 1 inch
(0, 6.4, 12.7, 19.1, or 25.4 mm).

F — From bottom of suspended-type appliance.
Note — The ventilating openings and any door into a closet are intended to be extended to the outside of the manufactured home if

the appliance is not of a design inherently separating the combustion system from the atmosphere of the manufactured home (a
direct vent system appliance).
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Figure 43.3
Test enclosure for alcove or closet installation horizontal heating appliance
BACK
D
I I
I I
INLET X TOP VIEW X OUTLET
AIR Il Il AIR
1 QB 18" | ——— FOR CLOSET.
(b or——+—-,
lﬁ‘f S_— FOR ALCOVE}
A
I I
I I
-1 E =t F F=Eg 1
FRONT VIEW
SECTION 1" (305mm)
18" (457mm)
S2709 24" (610mm)

A — From top of|appliance casing or plenum.

B — From front gf appliance.

C — From flue-gfs outlet assembly(

D — From back ¢f appliance{ 2.inches (50.8 mm) or less.

E, — From left s|de of appliance, 2 inches (50.8 mm) or less.

Egr — From right stdeof appttance, 2 nches (50-8 1) or 1855.

Ep — Clearance from any side of supply plenum and warm-air duct within 3 feet (914 mm) of appliance, 0, 1/4, 1/2, 3/4, or 1 inch
(0, 6.4, 12.7, 19.1, or 25.4 mm).

F — From bottom of suspended-type appliance.
Note — The ventilating openings and any door into a closet are intended to be extended to the outside of the manufactured home if

the appliance is not of a design inherently separating the combustion system from the atmosphere of the manufactured home direct
vent system appliance.
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43.3 The walls, floor, and ceiling of the enclosure are to be made of nominal 1 inch (3/4 inch) (19.1 mm)
wood boards or 3/4 inch (19.1 mm) thick plywood. The walls are to be vertical and at right angles. The
interior surfaces of the walls, floor, and ceiling are to be finished in flat black. All joints in the enclosure
are to be sealed.

43.4 For alcove installation test, the enclosure is to be three-sided, leaving the front side of the appliance
casing exposed. Any remaining opening around the casing from side to side and from floor to ceiling is to
be closed with 3/4 inch (19.1 mm) plywood if the appliance is not provided with a frame or panel for this
purpose. The side walls are to terminate flush with the front of the appliance, and a wall is to be placed
opposite the open side of the enclosure at a distance of 18 or 24 inches (457 or 610 mm), as specified
by the manufacturer for testing purposes. If it is judged that such installation may create higher
temperatures at some locations, an appliance may also be tested with one side wall of the enclosure

extended 18
placed oppoq

43.5 For clo
made of 3/4
If the door is
in accordanc

43.6 Forad
(19.1 mm) p
plenum and
3/4, or 1 inc
Figures 43.1

43.7 The rod
suitably shiel
15 inches (3§
except for a

the test encl
ventilating of
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43.8 The ap

above the flg
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nch (19.1 mm) thick plywood, the interior surfaces of which are tg be finished
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b with the manufacturer’s installation instructions.
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ywood representing a floor and joist structure is to-le placed around the w
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43.2, and 43.3.
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1 mm) in front of the appliance and\24 inches (610 mm) above the floor of the tg
norizontal furnace the thermocouple is to be located midway between the floor
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if not detachable, are to be @djusted to place the base of the appliance the minimum allow
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44 Supply and Return Ducts — Forced-Air Appliances

441 Unless the supply plenum is an integral part of the appliance, the appliance is to be tested with a
metal plenum having the same dimensions as the discharge opening of the appliance.

44.2 The height or depth of a separate plenum is to be such that the clearance from the plenum and
warm-air duct to surface of the test enclosure will be in accordance with 42.2 and 43.2. See Figures 42.2,
43.1, 43.2 and 43.3.

44.3 Any opening through which a warm-air duct passes from the enclosure is to be of such size that the
edges of the opening will clear the duct 5/16 inch (7.9 mm) and the space filled with insulating material

and sealed.

44.4 The siZ
standard air,
based on an
of air is to be

44.5 The ouflet duct area may be calculated by means of the applicable fellowing formula:
_ 0.11 _ 0.0000277
= (Btu/hour) ppy x T Ay = Wiopu X571 178

Where:
A; =|Area in inch,; A, = Area in mm&:
TF =|85°F or the designed temperature rise.
T, =129.4°C or the designed temperature rise.

The area for

44.6 The teg
correspondin

e of the outlet duct is to be calculated for approximately 900 feet/minute (275
0.075 pound/feet?® (1.2 kg/m3) with the designed temperature rise througtithe g
output equivalent to 75 percent of the rated input [ Btu per hour (0.293 X W)].
taken as 0.243 Btu per pound (565 J/kg).

st duct-is{to be rectangular in shape, with a width approximately equiy
g dimension of the plenum or plenum collar, but the aspect ratio is not to excee

44.7 The warme-air duct outlet is to be arranged to discharge away from the cold-air inlet of t

m/minute) of
ppliance and
Specific heat

85°F (29.4°C) temperature rise may be used in tests for other temperature ris¢s.

alent to the
A four to one.

ne appliance,

also, away from the air inlet to the test enclosure for closet installation. The inlet and outlet ducts should
be positioned at 90 to 180 degrees apart.

44.8 A horizontal furnace is to be tested with the outlet duct arranged as indicated by Figure 43.3.
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44.9 A thermocouple grid, see 47.6.6, is to be located in each warm-air outlet duct in a plane within 6
inches (152.4 mm) downstream from the position closest to the plenum where any couple will not see any
surface of the heat exchanger. The duct is to extend at least 6 inches (152.4 mm) beyond the
thermocouple grid.

4410 The cross-sectional area and shape of an air inlet duct are to be equivalent to the cold-air inlet of
the appliance. If a central furnace is of the direct vent system type, the return air inlet of the furnace need
not be extended to the exterior of the alcove or closest provided it complies with 12.6.

45 Test Installation — Heating Boilers and Water Heaters

45.1 A heating boiler or a water heater is to be tested for installation in a manner similar to that prescribed
for upflow fufnaces.

45.2 The rogm temperature is to be measured by a thermocouple placed centrally (15-inches (381 mm)
in front of thel appliance and 24 inches (610 mm) above the floor of the test structure,as indicated in Figure
42.2.

Exception: fror a closet installation, the thermocouple is to be placed in the center of the lower ventilation
opening into [the closet when the manufacturer’s instructions recommend-that such opening| be provided.

46 Flue-Gaq Outlet Assembly

accordance with the instructions furnished with the appliarice! The ceiling or wall opening is fo conform to
the outside sprfaces of the outlet assembly with ceiling . ar;wall material placed at zero cleargnce to those
parts. Tempdratures on the surface of the outlet assembly at points of contact with ceiling orf wall material
are to be determined. See Figure 46.1.

46.1 The odtlet assembly furnished by the manufactureriwith each appliance is to bI installed in

46.2 A primary safety control or draft regulater furnished separately for mounting in the flue-gas outlet
assembly is fo be placed in the position specified in the manufacturer’s instructions. An adjustable draft
regulator, if grovided, is to be adjusted:in-accordance with instructions furnished with the apgpliance.
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Figure 46.1
Flue-gas outlet assembly test installation
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47.3 Power measurement
47.3.1 The total electrical input to an appliance is to be measured in amperes.

47.3.2 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.

47.4 Speed measurement
47.4.1 Mechanical or electronic means are to be used to measure the speed of a motor or of the

mechanism driven by it. The load imposed by the counter is not to adversely affect motor speed. A
stroboscope is recommended for measuring speed of a motor under 1/8 horsepower (93 W) output.

47.5 Static Lressure measurement

47.5.1 Aninglined draft gauge is to be used to measure external static pressure inithe outlet plenum. The
gauge is to Have an accuracy of £0.0025 inch (£0.064 mm) and is to be capablé'of being rgad directly to
0.005 inch (0.13 mm). Unless otherwise specified, all references to static pressure measurgments herein
refer to statiq pressure in the outlet plenum.

47.5.2 The static pressure connection in the outlet plenum is to consist of one of the arrangements shown
in Figure 47|1. An additional static pressure connection as descfibed in 7.5 may be furnished as a
permanent part of the appliance.
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Figure 47.1
Static pressure pickup arrangements
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47.6 Temperature measurement

47.6.1 Temperatures are to be determined by means of a potentiometer and bead-type thermocouples.
Unless otherwise indicated, a thermocouple is to be made of wires not heavier than 24 AWG (0.21 mm?).

47.6.2 Thermocouples are to be placed on surfaces of the test enclosure at various locations as may be
required to observe maximum temperatures during tests. Temperatures on the surface of the flue-gas
outlet assembly at points of contact with ceiling material are to be determined. Thermocouples are to be
attached to other pertinent materials and parts such as those mentioned in Table 55.1.

47.6.3 A thermocouple junction and adjacent thermocouple lead wire are to be held in contact with the
surface of the material on which the temperature is being measured in a manner assuring accurate
temperatureddetermlnatlons. In most cases, such thermal contact will result from securgly taping or

cementing the thermocouple in place, but where a metal surface is involved, brazing or'soldering the
thermocouplg to the metal may be necessary.
47.6.4 Thermocouples are to be secured to wood surfaces by staples over the\insulated portion of the
wire and with] pressure-sensitive tape over the tips to maintain it against the Surface of the wood.

Exception: fror zero clearance, the thermocouples are to be applied to.strfaces of the appliance at points
of zero cleargnce.

47.6.5 The flue-gas temperature is to be measured by a shiefded thermocouple, such asl|illustrated by
Figure 47.2, [located in the flue-gas passage not more than:3'inches (76.2 mm) downstrgam from the
flue-gas outlgt of the appliance. There is to be no draft contrel between the appliance and thg point where
the flue-gas |temperature is measured. If a draft contrel is incorporated in the appliance, it is to be
dependably gealed in the position allowing maximum’draft during all tests.
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Figure 47.2

Standard shielded thermocouple for flue-gas temperature
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nm)

mm)
nm)
nm)

to potentiometer

tor cut to length

lator; then crimp

5. 1 — Piece of rubber tubing, 5/16 inch (33.3 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing by 2 inches (50.8 mm).

6. 22 AWG (0.36 mm?) bright stainless steel shield.

7. Wire strap.

8. 20 AWG (0.51 mm?) sheet-metal holder.

9. Ceramic fiber

bushing.
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47.6.6 The outlet-air temperature in rectangular ducts connected to a forced-air furnace is to be
measured by nine thermocouples of identical length wired in parallel. The test duct cross section is to be
divided into three equal horizontal and three equal vertical areas with a thermocouple located centrally in
each of the nine areas thus obtained. The thermocouple grid is to be located in a plane perpendicular to
the axis of air flow and within 6 inches (152.4 mm) downstream of the location closest to the plenum
where any couple will see any surface of the heat exchanger. The duct is to extend at least 6 inches
(152.4 mm) beyond the thermocouple grid.

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

47.6.8 The d
storage vess
determined.

utlet water temperature of a water heater Is to be measured by a thermocouple
el so that the water temperature 1 inch (25.4 mm) from the outlet cohneq

placed in the
tion may be

48 Initial Telst Conditions

48.1 Generdl

48.1.1 The 4 bscribed in a

preceding se

ppliance is to be set up for test in the appropriate enclosure and manner d
ction of these requirements. See Figures 42.1 — 43,3,

48.1.2 When an appliance is to be equipped with air filters, they are to be in place.
48.1.3 An aj
only by the in
adjusted so
during the cg

pliance equipped with an air circulating fan; the capacity of which is intended to be varied
staller, such as with a belt-drive or a motor-speed control, is to be tested with the fan speed
hat the approximately rated air delivery is obtained. This adjustment is to be maintained
nduct of all tests described herein.

48.1.4 An af
as a motor s
the following
maximum ter

pliance equipped with a devige intended for manual change or adjustment by t
peed control or a circulating-air damper, the positioning of which could affect
tests, is to be tested with the adjustable device in the position or positions likg
hperatures or to diselose a malfunction.

he user, such
the results in
ly to develop

48.1.5 If theresults of an appliance test involving the operation of a limit control are likely o be affected
by the tempeyature of the inlet air, the test is to be conducted under conditions which mainta|n the inlet air
temperature petween 80°F (15.6°C) and 80°F (26.7°C).

48.1.6 The 4
for which the

ppliance is to be fired at its rated Btu per hour (W) appliance input, 2 percent, with a fuel
appliance is designed.

48.1.7 An appliance equipped with a vaporizing oil burner is to be arranged for firing at maximum input,
as well as at the manufacturer's recommended high-fire input, £2 percent, the latter if the appliance is not
equipped with a limit control.

a) The recommended high-fire input is the oil flow rate recommended by the manufacturer,
which rate is to be not less than 90 percent of the maximum input.

b) The maximum input is the oil flow rate allowed by the fuel-metering device when adjusted to
its maximum allowable setting. This value is determined by adding any plus tolerance allowed in
maximum valve flow.
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48.1.8 Unless otherwise specified in the paragraphs describing the tests, appliances are to be tested at
the potentials indicated in Table 48.1.

Table 48.1
Test voltages

Rated Normal test voltage
110 - 120 120
200 - 208 208
220 - 240 240
254 - 277 277

48.1.9 No. 1|fuel oil having a viscosity conforming to Table 48.2 is to be used for firing wapor{zing burners.

Table 48.2
Viscosity
Oil vjscosity Maximum Mean Minimum
Centistokes Jat 38°C(100°F) 2.04 1.97 1.9
Centistokeq at 25°C(77°F) 2.44 2.34 2.24

48.1.10 Theffiring rate at high fire is to be equivalent to the rated input of the appliance.

48.1.11 The|pilot-fire burning rate is to be a rate equiyalent to the pilot-fire obtained at the maximum
allowable sefting of the metering device with No. 1 oilplus the valve manufacturer’s plus tolerance.

48.2 Static pressure for tests

48.2.1 The dtatic pressure for all test shal|l be“as indicated in Table 48.3.

Table 48.3
Relation of-appliance input to external static pressure
Input to appliance, External static pressure® inches (mm) water column
btu per houn, (watts) Temperature of outlet air determined by function of limit control
Above 165°F (73.9°C) 165°F (73.91C) or less

55,000 (16,000) and 0.10 (2.5) 0.20 (5.1)
under
Over 55,000 (16,000)'to 0.12 (3.1) 0.24 (6.0)
80,000 (23,400)
Over 80,000 (23,000) to 0.15 (3.8) 0.30 (7.6)
100,000 (29,300)
2 Measured at static pressure connection located in supply plenum.
b An appliance may be tested at an external static pressure in excess of those specified as recommended by the
manufacturer.

48.2.2 If adjustable oil shutoff controls are provided, they are to be adjusted to the maximum allowed
timing for shutoff.
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48.2.3 The depth of oil in the burner under pooled condition is to be the maximum to be allowed in

production.

48.2.4 The draft of the flue collar is to be as recommended by the manufacturer, which is to be not less
than 0.02 inch (0.5 mm) water column.

49 Combustion Test — Burner and Appliance

49.1 An appliance shall operate uniformly and shall not produce smoke in excess of that specified in 49.3

when it is op

erated in accordance with 49.2 and 49.3.

49.2 The appliance is to be fired at a high-fire input rate for at least 15 minutes or until equilibrium

combustion (¢
change is to
appliance so
included with

49.3 When t
and operated
shall not exc
smokemeter.

50 Operatio

50.1 The lim
heating appl
temperature
determined b
heater shall
determined b

onditions are obtained. Combustion air adjustment Is made normally on hig
be made for other firing rates unless changed automatically or unless the instrg
state, in which case correlation of the calibrations of fuel and air adjustme
those instructions.

he appliance is fired at rate input and such that the stack loss issnot more ths
until steady-state combustion conditions have been established, the smoke in t
bed that indicated by a No. 2 spot on the Shell-Bacharach smoke scale with thg

h Tests
t control shall act to shut off the fuel to the main burner(s) when the outlet air
ance reaches a temperature not in excéss of that specified by 22.3.3 a

br pressure in a heating boiler reaches_a.value not in excess of that specified

act to limit the water temperature 0t in excess of that specified in 22.3.7
y the appropriate tests herein.

50.2 A warm-air, heating appliance eguipped with a limit control when fired at rated in

capable of c(
the appliancq

ntinuous operation without the limit control functioning to cause reduction in th
is tested as described-herein.

h fire and no
ctions on the
nt are to be

n 25 percent
he flue gases
e Model RDC

bf a warm-air
hd when the
in 22.3.6, as

y the Limit-Control Cutout Test, Section’51. The limit control and operating confrol of a water

— 22.3.8, as

put, shall be
e input when

50.3 No flanpe shall burn odtside the combustion chamber when the appliance is tested in accordance

with the requ

rements in_Sections 51 — 64.
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51 Limit-Control Cutout Test — Warm-Air Appliances and Boilers

51.1 The limit control is to be adjusted to the maximum setting allowed by its fixed stop and to the
maximum indicated differential setting. A thermocouple is to be attached to a warm-air appliance
limit-control sensing element at its midpoint with the thermocouple leads arranged so that the calibration
of the control is not impaired. The appliance is to be fired until steady-state conditions are attained.

51.2 Each warm-air outlet of a central furnace is to be restricted symmetrically to raise the outlet air
temperature to a value not more than 10°F (5.5°C) below the temperature that will cause the limit control
to function. The static pressure in the supply plenum is to be not more than the appropriate value indicated
in Table 48.2.

51.3 A preliminary test is to be made to determine the degree of blocking the cold-air inlet anid/or warm-air
outlet requirdd to produce the air temperature that will cause the limit control to functiom. Fipe blocking is
then to be rglieved to the degree required to permit continuous operation of theyapplignce and the
appliance operated until a substantial equilibrium outlet-air temperature is obtained.”If the| appliance is

equipped with a single cold air inlet grille, not intended to be connected to a réturn air dug
total area of|the grille may be blocked with layers of cloth attached progressively to a fr
described in p8.5.

51.4 The degree of blocking is then to be gradually increased over a_period of 10 minutes

t system, the
Ame such as

until the limit

control acts fo shut off the main burner. The outlet air temperaturé (T,), at the instant the limit control

functions, is {o be measured. The temperature (T,) of the limit-control sensing element is to
over the peripd beginning with the instant the limit control functions and ending when the ser
temperature frecedes from the maximum it attained. The‘outlet air temperature thus obtai
exceed the values specified in 22.3.3. Also, after the [imity control functions, its sensing eler
attain a temperature that will adversely affect the limit:Control calibration.

51.5 The oujlet of a boiler is to be restricted to'faise the temperature or pressure until the¢

functions. Fof this test, a thermostat or other©operating control is to be bypassed. The temp
water in a wdter boiler is not to exceed the value specified in 22.3.6. The pressure in a stear
to exceed th¢ value specified in 22.3.6;

52 Water-He¢ater Temperature Control Test

52.1 A storage-type water heater is to be filled with water at temperature of 65 +5°F (18.3
adjustable temperature-regulating control is to be adjusted to the maximum setting alloweq
stop. A thermpocouple ¢r-thermometer is to be installed 3 inches (76.2 mm) below the top ¢
vessel for nmeasuring)the temperature of the stored water. A pressure-relief device fq
quick-acting palvesis to be installed on the outlet connection of the storage vessel. A flo
calibrated to permit a flow rate of 5 gallons/mlnute (18 9 I|ters/m|nute) is to be connected tq

be measured
sing element
hed is not to
hent is not to

limit-control
brature of the
h boiler is not

+2.8°C). An
by the fixed
f the storage
llowed by a
w restriction,
the outlet of

the valve. A wa

and adjusted

so that at full flow the pressure at the inlet connection to the heater will be maintained at the value required
to deliver a steady flow rate of 5 gallons/minute (18.9 liters/minute) during test draw periods. During the
test, the inlet-water temperature is to be maintained at 65 +5°F (18.9 +2.8°C). The heater is to be fired at
rated high-fire input with the inlet-water valve opened and the outlet-water valve closed, until the
temperature control functions to reduce the fuel supply to the burner to a minimum. Water is to be then
drawn immediately at the rate of 5 gallons/minute (18.9 liters/minute) until the control functions to turn on
the fuel supply to the burner, and the maximum outlet-water temperature is recorded. This operation is to
be repeated until a constant or continually receding outlet water temperature is attained. The maximum
outlet water temperature is not to exceed 194 or 200°F (90 or 93.3°C) as indicated in 39.1.3 at any time
during the test.
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52.2 The heater, if equipped with a burner which operates on pilot fire when the thermostat reduces the
fire, is to be allowed to continue operation following the test described above, but with the inlet-water valve
shut off and the outlet-water valve open, until equilibrium or continually receding water temperatures are
obtained. The temperature of the water at the top of the heater is to be not more than 100°F (55.6°C)
above room temperature.

53 Limit-Control Cutout Test — Water Heater

53.1 With the heater installed as in, Test Installation-Heating Boilers and Water Heaters, Section 45, the
temperature regulating control is to be made inoperative. The heater is to be fired at rated high-fire input
with the inlet-water valve opened and the outlet-water valve closed, until the limit control functions. The
water temperature measured in accordance with 47.6.8 is not to exceed 210°F (98.9°C), but shall be

greater than
54 Continui

54.1 The lim
to be placed
air delivery is

54.2 Each
symmetrically
indicated in 1

54.3 If an ap
minimum nur

54.4 Operati

inlet-air Temperature (T4), the outlet-air temperature (T,), and the limit-control sens

temperature
and recordeq
measured an
the center of

545 To be i
device includ

54.6 The pe

T2m

that obtained in the Water-Heater Temperature Control Test, Section 52.

ty of Operation Test— Warm-Air Appliances

it control is to be bypassed to permit continued operation during this'test. The
n operation. A variable speed air circulating fan is to be adjustediso’that appro
obtained.

varm-air duct outlet of a forced air appliance to be(so equipped is to
to maintain an external static pressure in the supply plenum of the appri
[able 48.2.

pliance is intended for installation with an optional number of warm-air outlets,
hber of outlets to be always employed are o be closed.

pn of the appliance is to be continued.until equilibrium outlet air temperature is
T,) are to be measured. Also, the electric current input to the appliance is to
, and the static pressure at.the” appliance static pressure connection (see 47
d recorded. The inlet-air temperature (T;) is to be measured by a thermocou
the air inlet opening and_shielded from direct radiation from hot surfaces of thg

h conformance withi50.2, the firing of the appliance is not to be interrupted b
ed as part of the appliance.

[formance’ef*a central furnace is to be such that when temperatures are meas

nus T3is not more than T minus 70°F (21°C) where:

appliance is
imately rated

be restricted
bpriate value

all except the

pbtained. The
ing element
be measured
.5.2) is to be
ble located in
e appliance.

y any control

Lred:

Tr=tntet=airtemperature,degrees For€:
T, = Outlet-air temperature, degrees F or C.

T = Outlet-air temperature at which limit control functioned in Limit-Control
— Warm-Air Appliances, Section 51, degrees F or C.

Cutout Test

70°F (21°C) = Assumed maximum inlet-air temperature demanding continuous firing of

central furnace or wall furnace at high-fire input.
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55 Temperature Test

55.1 When a heating appliance is tested in accordance with these requirements, no part shall attain a
temperature which will damage required corrosion protection, adversely affect operation of safety controls,
impair the value of required thermal or electrical insulation, or cause creeping, distortion, sagging, or
similar damage when such damage to the material or part may cause the appliance to become unsafe for
use. The temperature rises at specific points shall be not greater than those specified in Table 55.1 unless

otherwise indicated.

Table 55.1
Maximum temperature rises

Materials and components

°C

Column 1

(°F)

°C

Columi 2
(°F)

A. Motors??)
1. G
alte
of 7
incl

2. d
alte
of n

3.4
alte
of n
incl

lass A insulation systems on coil windings of
nating-current motors having a frame diameter
inches (178 mm) or less in diameter (not
iding universal motors):

a. In open motors;

Thermocouple or resistance
method
b. In totally enclosed motors;

Thermocouple or resistance
method

lass A insulation systems on coil windings of

nating-current motors having a frame diameter

ore than 7 inches (178 mm) and of direct-

current and universal motors:

a. In open motors:
Thermocouple method
Resistance method

b. In totally enclosed motors:
Thermocouple method
Resistancesmethod

lass B insulation systemis on coil windings of
nating-current motars having a frame diameter
ore than 7 inehes. (178 mm) or less (not

iding universal-motors):

a. ln\open motors;

Thermocouple or resistance
method

75

80

65
75

70
80

95

(135)

(144)

(117)
(135)

(126)
(144)

(171)

115

115

115
115

115
115

140

(208)

(208)

(208)
(208)

(208)
(208)

(252)

(R SO T) L ’ "
Lo iutdiy STiiuscUu TThuturs,

Thermocouple or resistance
method

4. Class B insulation systems on coil windings of
alternating-current motors having a frame diameter
of more than 7 inches (178 mm) and of direct-
current and universal motors:

a. In open motors;
Thermocouple method
Resistance method

b. In totally enclosed motors;
Thermocouple method

100

85
95

90

(180)

(153)
(171)

(162)

140

140
140

140

(252)

(252)
(252)

(252)

Table 55.1 Continued on Next Page
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Table 55.1 Continued

Materials and components Column 1 Column 2
°C (°F) °c (°F)
B. Components
1. Capacitors:
a. Electrolytic typed 40 (72) (Not specified)
b. Other types® 65 (117)
2. Field wiring 35 (63) 60 (108)
3. Relay, solenoid, and other coils with:P
a. Class 105 insulated winding;
Thermocouple method 65 (117) 115 (208)
b. Class 130 insulated winding:
Thermocouple method 85 (153) 140 (252)
4. Jealing compounds 40°C(72°F) less than itsymelting point
5. Tfransformer enclosures®
a. Class 2 transformers 60 (108) 85 (153)
b. Power and ignition transformers 65 (117) 90 (162)
C. Wiring
1. Ipsulated Conductors 25°C(45°F) less than the 10°C(18°F) lesp than the
temperaturé rating temperaturd ratingf
2. Hexible cords — Types SJ, SJO, SJT including 35 (63) 60 (108)
surface_s of the appliance which the cord may
conjact'
D. Electrical| Insulation — General9
1. dlass C electrical insulation material Not specified
2. (lass (180) electrical insulation material As determined by test
3. Hiber used as electrical insulation or cord 65 (117) 90 (162)
bushings
4. Bhenolic composition used as electrical 125 (225) 150 (270)
insylation or as parts where malfunction fwill result
in a|risk of fire or electrical shock
5. Thermoplastic material 25°C (45°F) less than its temperature rgting
6. Jarnished cloth insulation 60 (108) 85 (153)
E. Metals
1. Aluminum alloys —
a. 1100 183 (330) 239 (430)
b. 3003 239 (430) 294 (530)
c. 2014, 2017, 2024, 5052 294 (530) 350 (630)
2. Aluminiin=coated steel" 656 (1180) 767 (1380)
3. Jarbon-Steel Sheet, Cast Iron 517 (930) 683 (1230)
4. Carborrsteet=—CoatedwittrTypeAtS—ceramic 572 1030y 628 (1130)
5. Galvanized steel® 267 (480) 350 (630)
6. Stainless steel —
Types 302, 303, 304, 316, 321, 347 767 (1380) 878 (1580)
Type 309 961 (1730) 1072 (1930)
Type 310 1017 (1830) 1128 (2030)
Type 405 683 (1230) 795 (1430)
Type 403, 409, 410, 416 572 (1030) 683 (1230)
Type 430 711 (1280) 822 (1480)
Type 442 877 (1580) 933 (1680)
Type 446 961 (1730) 1072 (1930)

Table 55.1 Continued on Next Page
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Table 55.1 Continued

Column

°C

Column 1

°C

Materials and components

(°F)

2
P

7. Zinc Castings 89 (160) 145

F. General:
1. Air Filter
2. Flue gases
3. Oil in constant level valve or tank
4. Surfaces of heater ot points of zero clearance to
test structure
5. gurtace of foor beneatn and wWithin 3 1eet (0.91
mm) of heater to be classified for installation on
conjbustible floors
6. Jurfaces of test enclosure (ceiling, walls, and the
like

97
738
22
97

50
517

14

50

(90)
(930)
(25)
(90)

50 190) 97

50 (90) 97

(260)
(175)
(1330)
(40)
(175)

(175)

(175)

diameter is to be measured in the plane of the laminations of the circle circumsetibing the stator f
bs, boxes, or the like, used solely for motor cooling, mounting, assembly, or connection.

ding temperatures are to be measured by thermocouples unless the coil is inaccessible for mount
devices (sugh as a coil immersed in sealing compound) or unless the coil wrap inclddes thermal insulation or
layers, 1/32inch (0.8 mm) maximum, of cotton, paper, rayon, or the like. For a thekmocouple-measured tempe
coil of an alfernating-current motor, other than a universal motor, having a diaméter 7 inches (178 mm) or lesq
thermocouple is to be mounted on the integrally applied insulation on the genductor. At a point on the surface
(not including universal motors) where the temperature is affected by an _external source of heat, the temperat
measured by a thermocouple may exceed the indicated maximum by the.following amounts, provided that the

@ The motor]
excluding lu

b Coil or win

1. 5°C (9°F) for Column 1 limits for Class A insulation emgeil windings of alternating-current motors h
diarpeter of 7 inches (178 mm) or less, open type.
2. 10°C (18°F) for Column 1 limits for Class B insulation on coil windings of alternating-current motorg
diarpeter of 7 inches (178 mm) or less, open type.
3. 16°C (27°F) for Column 1 limits for ClassA insulation on coil windings of alternating-current motorg
diarpeter of more than 7 inches (178 mm), epen type.
4. 2D°C (36°F) for Column 1 limits for Class B insulation on coil windings of alternating-current motorsg
diarpeter of more than 7 inches (178'mm), open type.
¢ The specifled maximum temperature rises apply if the galvanizing is required as a protective coating, or the
of the surfage is utilized to reduce the\risk of fire.
d For an eleftrolytic capacitor which)is physically integral with or attached to a motor, the temperature rise on
material intggral with the capacitor enclosure may be not more than 65°C (117°F).
€ A capacitor which operates,at a temperature higher than a 65°C (117°F) rise may be evaluated on the basis
marked temperature rating-
f For condugtors havihg a temperature rating of 200°C (392°F) or higher, the rise may be equal to the temperj
9 The limitajons_on\phenolic composition and on rubber and thermoplastic insulation do not apply to compoun|
have been ipvestigated and found to have special heat-resistant properties.

rame,

nore than 2

Lire rise

b

temperature]rise of the coil, as measured by the resistance method, is not more than that specified in the tablé.
hving a

ng of these

rature of a
, the
of the coil

having a
having a
having a
eflectivity
nsulating
of its

ture rating.
ds which

h When the teftectivity-of-atumintmcoated-steetisutitized-to-redtee-therisk-of-fire—the-meximum-attowabte-te
rise is 830°F (461°C).

i For standard insulated conductors other than those mentioned, reference should be made to the National Electrical
Code, ANSI/NFPA 70-1990. The maximum allowable temperature rise in any case is 25°C (45°F) less than the
temperature limit of the wire in question where Column 1 temperature rise are specified, and the maximum allowable

temperature rise where Column 2 temperature rises are specified is to be based on the heat resistant properti
insulation.

mperature

es of the
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56 Continuous Operation Temperature Test — Central Heating Appliances

56.1 The limit control is to be bypassed to permit continued operation during this test. The appliance is

to be fired at rated input.

56.2 The outlet-air temperature of a central furnace is to be:

a) 88°F (48.9°C) above inlet-air temperature for central furnaces equipped with a limit control

that does not permit an outlet-air temperature in excess of 165°F (73.9°C).

b) 123°F (68.4°C) above inlet-air temperature for central furnaces equipped with a |

imit control

that permits an outlet-air temperature in excess of 165°F (73.9°C), but not more than 200°F

(93.3°C).

56.3 The oytlet-air temperature of central furnaces is to be established by gradually r
circulating aif flow until the outlet-air temperature reaches the applicable value specified
(+2.8°C). The static pressure in the supply plenum of a forced-air appliance isto\be not mg
the appropridte value specified in Table 48.2. Any restriction of a return air inlet-grille, not in
connected to|a return air duct system, is to be accomplished by layers cheesecloth applied f
The cloth is attached to a frame such as specified in 58.5.

56.4 For boilers designed for hot-water use only, the feed water inlet is to be throttled during
the water temperature at the outlet of the boiler has reachedcthe’ value determined in cor
22.3.6, but rot less than 200°F (93.3°C). The feed water then is to be supplied at such
maintain the ftemperature at the boiler outlet within £5°F (£2/8°C) of the specified value. A
is to be mairftained at a pressure not less than 14 psig (96.6 kPa), and the feed water is t
to maintain g relatively constant water level in the gauge glass. If the temperature of the bo
components |or the test enclosure are affected.during the test by the feed-water tem
temperature pf feed water measured at the inlet\to"the boiler is to be maintained 20°F (11.1
outlet-water temperature for hot-water boilerscand not less than 180°F (82.2°C) for stream b
intended for gither hot water or steam are o be tested as steam boilers.

56.5 Firing 0
changes in
maximum ter

f the boiler is to be continued until equilibrium temperatures are attained as evi
emperature rises for three consecutive readings taken 15 minutes apart
hperature points.

56.6 During
specified for

he test, the temperature rise above room temperature for any item is not to exc
that Columin1 of Table 55.1.

56.7 If the b
following add

oiler is*equipped with a burner operating on pilot or low fire during standby
itional test is to be conducted.

pstricting the
n 56.2, +5°F
re than twice
tended to be
rogressively.

the test until
npliance with
a rate as to
stream boiler
b be supplied
ler assembly
berature, the
C) below the
Dilers. Boilers

enced by no
at observed

ped the value

periods, the

56.8 The limit control is to be operative and adjusted to the specified setting and the minimum differential.
See 22.3.6. The pilot or low-fire, oil-metering valve is to be adjusted to its maximum allowable setting. The
boiler is to be fired at rated high-fire input and draft. The water inlet and the outlet of the boiler are to be
gradually closed. CAUTION — A relief valve shall be used during this test. The burner is to be allowed to

fire until equilibrium or continuously receding temperatures are attained.
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56.9 The water temperature in the boilers shall not exceed the inlet-air temperature by more than 100°F
(55.6°C). The temperature rises above inlet-air temperature shall not exceed the values specified in

Column 1 of

Table 55.1.

57 Continuous Operation Temperature Test — Water Heaters

57.1 The temperature control is to be bypassed to permit continued operation during this test.

57.2 The heater is to be fired at rated input. The flow of water through the heater is to be regulated to
maintain the outlet water at a temperature of 10 £5°F (5.6 +2.8°C) below the outlet-water temperature that
causes the temperature regulating control to function when adjusted to its maximum setting.

57.3 Firing @
no changes
maximum ter

57.4 During
specified for

58 Blocked

58.1 This te

T the heater 1s to be continued until equilibrium temperatures are attained as
in temperature rises for three consecutive readings taken 15 minutes apart
hperature points.

his test, the temperature rise above room temperature for any item-is,not to exc
that Column 1 of Table 55.1.

Register Temperature Test

5t is to be conducted on central furnaces provided with a return air register g

bvidenced by
at observed

bed the value

r air opening

forming a paft of or in close proximity to the appliance casing and intended for alcove or clos¢t installation.

58.2 The by

bass is to be removed from any limit control, ahd it and any fan control are to b

the maximunp allowable temperature setting and minimum differential. An adjustable registe

be set at any
to be closed.

58.3 A centr
sensing elen
use number
obtained dur

allowable setting producing maximum teémperatures. Any auxiliary warm-air ou

b| furnace is to be fired at a fuel input not more than that required to maintain th
ent at a temperature measured’in degrees F (if temperatures are measured i

ng the Continuity of Operation Test — Warm-Air Appliances, Section 54.

58.4 When ¢quilibrium temperatures have been attained, each main grille or register is t

progressively
starting from

, using the frame described below, to the extent of 25, 50, 75, and 100 perce
any edge of the grille or register.

58.5 The fra
m2/kg), coun
dimensions

(19.1 by 38.1

e is 16 aonsist of three layers of cheesecloth, of weight 16 — 17 yard®pound
28 by 24, stretched taut over a wood frame of a size and shape larger than

e adjusted to
I shutter is to
tlet ducts are

E limit-control
n degrees C,

vithin parenthesis) equivalent to 70 (21) plus T, 5> minus T4 where T4 and T, dre the values

b be covered
ht of its area,

(29.5 - 31.3
the external
y 1-1/2 inch)

f.the“grille or register. The frame is to be made of nominal 1- by 2-inch (3/4

rame is to be

placed so that the cheesecloth is in direct contact with the outer surface of the grille or register. The frame
is to remain in place for each trial until equilibrium temperatures are attained or failure becomes evident.

58.6 An appliance designed to provide a pilot fire is to be operated at maximum allowable pilot fire until
equilibrium temperatures are attained. Each grille or register of an oil-fired appliance then is to be
progressively covered as indicated in 58.4.
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58.7 A manually regulated appliance is to be fired at any fuel input rate between OFF or pilot-fire rate and
high-fire input permitted by allowable adjustment of the metering device until equilibrium temperatures are
attained. Each grille or register then is to be progressively covered as indicated in 58.4.

58.8 The tests described in 58.4, 58.6, and 58.7 are to be repeated with one or more auxiliary grilles
open.

58.9 To be in conformance with 55.1, the cheesecloth is not to ignite or char during the tests.
Furthermore, the temperature rises above room temperature are not to exceed the values specified in
Column 2, Table 55.1, during the period terminating 1 hour after the first shutoff effected by the limit
control; or, if the limit control does not function, during the period terminating 1 hour after the coverage is
applied. Thereafter,the temperature rises are not to exceed the values specified in Column 1, Table 55.1,
except that 4 motor may attain a temperature not in excess of 208°F (116°C) above room temperature
during any part of these tests.

59 Blocked |Outlet Temperature Test

59.1 This teq

59.2 The by

t is to be conducted when an appliance is intended to be providedywith warm-ai

bass is to be removed from the limit control, and it and the fan control are to b

the maximunp temperature setting and minimum differential.

59.3 The ap
temperature,
while mainta
Table 48.2.
conducted.

pliance is to be fired and the flow of circulating) air regulated to maintain
which will allow continuous operation of the apgliahce, without operation of the
ning a static pressure in a supply plenum nétimore than the appropriate valu
After steady-state, air-temperature conditions are attained, the following

59.4 The warm-air outlets of the ducts are_to~be uniformly restricted to close 80 pqg

cross-section
automatic-res
with an auxil
attained.

al area of the duct and the appliance allowed to be cycled by the limit co
et type or otherwise to function“as it will. If the appliance is of the downflow t
ary manual-reset limit control, the test is to be continued until maximum tem

59.5 If the a

pliance is of a type’equipped with an automatic-reset limit control only, the temj

above room femperature shall;not exceed the values specified in Column 2, Table 55.1, duri

r outlet ducts.

e adjusted to

an outlet air
limit control,
b indicated in
est is to be

rcent of the
ntrol if of the
pe equipped
beratures are

berature rises
ng the period

terminating 1[hour after the.first shutoff effected by the limit control. Thereafter, the temperatdre rises shall

not exceed the values¢gpecified in Column 1, Table 55.1, except that a motor may attain 3

temperature

not in excesy of 208°F) (116°C) above room temperature during any part of this test. See 55.1.

59.6 If the
functions dur ;
the values specified in Column 2, Table 55.1.

d the control
hot to exceed

pliarice is of a type equipped with an auxiliary manual-reset limit control, an

59.7 If the appliance is equipped with a vaporizing burner which does not include a means to avoid
pooling and which may be ignited from a pooled condition, the following additional test is to be conducted.
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59.8 The appliance is to be readied so that it can be operated under the conditions described in 59.2 and
59.3 to begin this test. An integral oil tank is to be filled. The warm-air outlets of the ducts are to be
uniformly restricted to close 80 percent of their open area. The burner is to be pooled to the maximum
fuel level allowed by the fuel-control device, i.e., constant-level valve. The main-burner flame is to be
lighted and the appliance is then allowed to be cycled by the limit control if of the automatic-reset type or
otherwise to function as it will. If the appliance is of the downflow type equipped with an auxiliary
manual-reset limit control, the test is to be continued until maximum temperatures are attained.

59.9 If the appliance is of a type equipped with an automatic-reset limit control only, the temperature rises
above room temperature are not to exceed the values specified in Column 2, Table 55.1, during the period
terminating 1 hour after the main-burner flame was lighted. Thereafter, the temperature rises are not to
exceed the values specified in Column 1, Table 55.1, except that a motor may attain a temperature of
208°F (115°C) above room temperature during any part of the test. See 55.1.

59.10 If the pppliance is of a type equipped with an auxiliary manual-reset limit control, ar

functions du
exceed the V|

59.11 During
60 Blocked

60.1 This te
connected to

60.2 The ap

60.3 The ap
functions. TH
attained.

60.4 During
specified in (
the limit con
Table 55.1,
temperature

Ixcept that a moterimay attain a temperature not in excess of 208°F (116°C

ing this test, the temperature rises above inlet-air temperature during the te
plues specified in Column 2, Table 55.1. See 55.1.

this test, no flame is to burn outside the combustion chamber.
Inlet Temperature Test

5t is to be conducted when an appliance is provided with a return air inlet inj
ducts.

pliance is to be operated under the conditions described in 59.2 and 59.3 to b
bliance inlet air opening or filter is to be-gradually and uniformly restricted until th

en the appliance is to be allowed\ to operate until equilibrium temperature

this test, the temperaturelrises above room temperature are not to excee
folumn 2, Table 55.1, during the period terminating 1 hour after the first shut o
ol. Thereafter the temperature rises are not to exceed the values specified in

Huring any partof-this test. See 55.1.

d the control
st are not to

tended to be

bgin this test.

e limit control
5 have been

d the values
ff effected by
Column 1 of
above room
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61 Fan Failure Temperature Test

61.1 A fan-type, warm-air appliance is to be operated under the conditions described in 59.2 and 59.3 to
begin this test.

61.2 The circulating air fan drive is to be disengaged unless the fan is directly attached to the driving
motor shaft, in which case the fan motor only is to be disconnected from the electrical circuit. The
appliance is then allowed to be cycled by the limit control if of the automatic-reset type. If the appliance
is of the downflow type equipped with an auxiliary manual-reset limit control, the test is to be continued
until maximum temperatures are attained.

61.3 If the appliance is of a type equipped with an automatic-reset limit control only, the temperature rises

above room {
terminating 1
not exceed t
not in excesq

61.4 If the 4
functions dur
the values s{

61.5 If the a
the following

avoid pooling.

61.6 The ap
59.3 to begin

61.7 The cir
motor shaft,

is to be poold
main burner

to be cycled
equipped wi
temperatures

61.8 If the appliance is not.equipped to avoid pooling and of a type equipped with an automa

control only,
Column 2, T

th an auxiliary manrual-reset limit control, the test is to be continued un

hour after the first shutoff effected by the limit control. Thereafter, the températ
ne values specified in Column 1, Table 55.1, except that a motor may @ttain 3
of 208°F (116°C) above room temperature during any part of this test. See 5!

ppliance is of a type equipped with an auxiliary manual-reset limit control, ar]
ng this test, the temperature rises above room temperature during the test are
ecified in Column 2, Table 55.1. See 55.1.

ppliance is equipped with a vaporizing burner which mady be ignited from a poo
additional test is to be conducted even though the“appliance is equipped wit

bliance is to be readied so that it may be opérated under the conditions describe
this test. An integral fuel tank is to be filled.

culating air fan drive is to be disengaged unless the fan is directly attached

n which case the fan motor onlyis to be disconnected from the electrical circu
d to the maximum fuel level.allowed by the fuel control device, i.e., constant le
lame ignited, and the appliance allowed to function as it will. The appliance is
by the limit control if of. the automatic-reset type. If the appliance is of the d

are attained.

the temperature rises above room temperature shall not exceed the values

Thereafter, t
that a motor

e
Thay attain a temperature not in excess of 208°F (116°C) above room temperatu

able 55.1) "during the period terminating 1 hour after the main-burner flame
temperature rises shall not exceed the values specified in Column 1, Table|

emperature shall not exceed the values specitied in Column 2, Table 55.1, dur:[wg the period
re rises shall

temperature
b.1.

d the control
hot to exceed

ed condition,
N a means to

d in 59.2 and

o the driving
t. The burner
vel valve, the
then allowed
pwnflow type
til maximum

tic-reset limit
specified in
was lighted.
55.1, except
re during any

part of this test—See55-1:

61.9 If the appliance is not equipped to avoid pooling and a type equipped with an auxiliary manual-reset
limit control, and the control functions during this test, the temperature rises above room temperature
during the test are not to exceed the values specified in Column 2, Table 55.1.
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61.10 If the appliance is equipped with a device to avoid pooling, the temperature rise limits given in
Table 55.1 do not apply, but the appliance is not to show any manifestation of a risk of fire. A part
damaged as a result of the test is not to be cause for hazardous operation of the appliance when attempts

to operate the appliance are made following the test.

61.11 During this test, no flame is to burn outside the combustion chamber.

62 Stalled Fan Motor Temperature Test

62.1 This test is to be conducted on a fan-type appliance only if the impedance of the circulating air fan
motor provides the overcurrent protection for that motor. Only the fan motor temperatures need be

recorded.

62.2 The ap

62.3 The rof
appliance is
temperature
test. The ma
be not more

62.4 If the 4
pooling and
burner is to
device, the n
allowed to rg

bliance is to be operated under the conditions described in 59.2 and 59.3 to'b

to be immediately reenergized and allowed to remain energized until th
reaches a maximum. Any manually reset control that functions is4not to be reg
Kimum temperature rise above room temperature attained by‘the motor during
than 225°F (125°C).

ppliance is equipped with a vaporizing burner which{does not include a mg
vhich may be ignited from a pooled condition, the/totor of the fan motor is to b
be pooled to the maximum fuel level allowed by the fuel-control device, i.e., g
nain burner flame lighted, and the appliance ‘allowed to function as it will. The
main energized until the fan-motor temperature reaches a maximum. Any m

control that {unctions is not to be reset during this test. The maximum temperature rise

temperature
63 Air Flow

63.1 During
operate to pr
of reverse ai

63.2 This teq

63.3 A recta
return air inlg
m) above the
against the 8

httained by the motor during the test shall be not more than 225°F (125°C).
Test — Horizontal Appliances

operation of an appliancefrom a cold start, either the limit control or the fan
bvent an air temperature.in ‘excess of 90°F (50°C) above room temperature ung
flow through the appliance.

t is to be condtcted on horizontal central furnaces.

hgular duct,the same size as the inlet air opening of the appliance, is to be at
t of thelappliance and extended vertically by a 90 degree elbow to a distance
top ‘6f*the return-air opening of the appliance. The appliance is to be arrang
ppropriate external static pressure value indicated in Table 48.2. The limit co

or of the fan motor is to be locked, while the appliance is temporarily”de-er

bgin this test.

ergized. The
e fan motor
et during this
the test shall

ans to avoid
e locked, the
onstant-level
appliance is
anually reset
above room

control shall
er conditions

tached to the
of 6 feet (1.8
bd to operate
ntrol and fan

switch, if adjustabte;aretobeadjustedtothe maximumtemperature—setting—amd-minimmom

differential.

63.4 Air temperature is to be measured by three individual bead-type 24 AWG (0.21 mm?) thermocouples
located in a plane of the return air (inlet air) connection of the appliance on a horizontal line one-third of
the distance below the top of the return air opening of the appliance. One thermocouple is to be located
1 inch (25.4 mm) from one side of the opening, one at the center, and the other 1 inch (25.4 mm) from
the opposite side of the opening.
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63.5 The appliance is to be adjusted for firing at rated input, and if a pilot is used it is to be adjusted for
minimum normal input. Starting with the appliance at room temperature, the pilot, if used, is to be lighted
and allowed to burn for 15 minutes. The appliance is then to be fired and allowed to operate until the
blower becomes operative or the limit control functions to shut off the main burner flame.

63.6 The maximum temperature indicated by any of the three thermocouples at the return air opening of
the appliance shall not exceed 90°F (50°C) above room temperature prior to or during the first or
subsequent cycle of operation effected by the limit control or prior to the functioning of the fan control to
circulate air in the intended direction.

64 Seepage and Burnoff Temperature Tests

64.1 An appliance equipped with a burner incorporating a fire pot or a receptacle to retain pr collect fuel
to prevent its| hazardous discharge in the event of ignition or flame failure shall be construeted so that no
hazardous sg¢epage of fuel or operation will occur when the appliance is tested as describefl below.

64.2 Any dr3ft regulator furnished with the appliance by the manufacturer is t0'\be operable during this
test. The regplator is to be set to maintain manufacturer's recommended high-fire draft.

64.3 The appliance is to be tilted in any direction to an angle not more than 3 degrees from the horizontal
and readied for operation at maximum rated input. Any limit control is_t0 be operable. Drip pans or trays
are to be fillgd with as much fuel as they will retain. An integral-{fuel tank is to be filled. Paper is to be
placed benegth the burner. Any automatic-ignition system is to’be/rendered inactive.

64.4 The fugl valve is to be opened as required for firing*at’high-fire rate. The unlighted appliance is to
be allowed t¢ stand for 48 hours, during which time no. fuel is to drip onto the paper nor agcumulate on
surfaces of the combustion chamber, flue passages, 6r-chimney connector.

64.5 The paper is to be removed, the appliance fighted and allowed to fire until steady-state combustion
and equilibriym temperature conditions are attained. During that time, no flame is to be expelled into the
room from the appliance or a draft regulator.

64.6 If an agpliance is equipped with.a manually controlled air circulating fan, the tests of 6¢.1— 64.5 are
to be conducted with the fan idle until equilibrium temperatures are attained and then are to[be continued
with the fan @perating until equilibrium or continually receding temperatures are attained.

64.7 During this test, the temperature rises above room temperature shall not exceed the values specified
in Column 2 pf Table 55.1.

64.8 An appliancéequipped with an optional draft booster and a natural draft burner is to Qe tested with
and without the power supply connected to the draft booster.

64.9 If the appliance is equipped with a device to avoid pooling of the burner, and the device can be
nullified by a malfunction of the device, the appliance is to be tested as specified above, except that the
appliance is to be level. The burner is to be pooled to the extent allowed by the fuel level control with the
antipooling device not functioning.
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65 Direct Vent System Leakage Test

65.1 In direct vent systems of appliances having a separate air intake section and a separate combustion

chamber-ven

t section:

a) The leakage from the combustion chamber-vent section of the system shall not exceed 4.0
percent of the products of combustion; and

b) The leakage from the air intake section of the system shall not exceed 8.0 percent of the
products of combustion. See 65.2 — 65.5.

65.2 The vent and air intake terminals are to be removed, and the entrance of the air intake section

sealed at the[point it enters the combustion chamber. The entire system, including the comb

flue gas con
sealed in acq
be sealed at
fittings for su
provisions fo

65.3 The int
read directly

65.4 Clean ¢
system being

not being pressurized is to be open. The internal air pressure in the section of the

pressurized i

a) 0.
syste

b) 0.
hour

65.5 The led

where:

l

ections between the appliance and the vent and air intake terminals, is to\be
the point of connection to the vent and air intake terminals. The sealing meang
measuring the internal pressure in each section of the system!

brnal pressure in the system is to be measured by a waterfilled manometer v
to 0.01 inch (0.25 mm) water column or equivalent means.

ir is to be permitted to flow through a metering device and into the section of t
pressurized through the air supply fitting. The <air supply fitting to the section

9

g

5 to be adjusted to:

inch water column (25 Pa) above theihormal operating system pressure for f
ms operating at positive combustion.chamber pressures and

inch water column for all other’systems. The leakage rate is to be noted in ¢
for both the air intake and-6éombustion chamber-vent sections of the direct ven

kage rate is to be determined by the following equations:

L,=0.04xVxl

L,=0.08xVxlI

Listion air and
installed and

ordance with the manufacturer’s instructions. Both the flue outlet and the-air iflet is to then

is to include

pplying air to both the air intake and combustion chamber-vent sections of th¢ system and

hich may be

he direct vent
bf the system
ystem being

brced draft

Libic feet per
t system.

L. = Allowable leakage rate from combustion chamber-vent section of direct vent system, cubic
feet per hour.

L, = Allowable leakage rate from air intake section of direct vent system, cubic feet per hour.

V = 1960 cubic feet of flue products based on the formation of approximately 1276 cubic feet of
dry flue products plus 684 cubic feet of excess air, when one gallon of ASTM D396 No. 2 fuel
oil (nominal density 7.432 pounds per gallon) is burned.

I = Fuel oil input rating, in gallons per hour.
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65.6 In a direct vent system of an appliance having all or part of the vent portion of the combustion
chamber-vent section enclosed within the air intake section:

a) The leakage from the combustion chamber-vent section of the system shall not exceed 4.0
percent of the products of combustion, as calculated in 65.5, and

b) The leakage from the total system shall not exceed 8.0 percent of the products of
combustion plus the leakage, in percent, determined for the combustion chamber-vent section.
See 65.7 — 65.10.

65.7 A direct vent system in an appliance having all or part of the vent portion of the combustion
chamber-vent section enclosed within the air intake section, the combustion chamber-vent section of the
system shall Joe considered that portion of the combustion chamber-vent section not contairjed within the
air intake sedgtion.

65.8 The vent/air intake terminal is to be removed, and the entrance of the air intake sectjon sealed at
the point it eters the combustion chamber. The entire system, including the combustion aiq and flue gas
connections petween the appliance and the vent/air intake terminal, is tofbe’ installed gnd sealed in
accordance With the manufacturer’s instructions. Any vent extension located, within the air iptake section
need not be installed. The direct vent system is then to be sealed at the point of connection {o the vent/air
intake termingl. The sealing means is to include fittings for supplying(@ir simultaneously to the air intake
and combustjon chamber-vent sections of the system and provisjons for measuring the intefnal pressure.

65.9 Using the test apparatus and method of test outlined.in 65.3 and 65.4, the total system is to be
pressurized and the leakage rate noted in cubic feet per hHour.

65.10 The cpmbustion chamber-vent section of the "system is then to be sealed, with th¢ appropriate
fittings noted|above, at the first joint of the vent portion of the combustion chamber-vent sectfon contained
within the airfintake section downstream of the comibustion chamber. Using the test apparatu$ and method
of test outlined in 65.3 and 65.4, the combustion chamber-vent section is to be pressuiized and the
leakage rate |noted in cubic feet per hour:

66 Short Circuit Test
66.1 Inherent overheating-protective devices, bonding conductors or connections when fequired, and
conductors of multiple motorcircuits shall withstand short circuiting when protected by a fuge of the size

required by the appliance!

a) Banding.conductors and bonding connections shall not open when samples are subjected to
the gonditions of this test.

to the

b) M
conditions of this test.

c) There shall be no ignition of cheesecloth surrounding the enclosure of a protective device
when three samples are tested.
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66.2 The device is to be connected in a circuit having a capacity based on the full-load current and
voltage rating of the appliance. See Table 66.1. The appliance full-load current is to be determined by
adding the motor full-load current to that of each other motor, as determined in compliance with the
National Electrical Code, ANSI/NFPA 70-1993, for the marked horsepower rating of the motor, and the
current rating of each other load. Each simultaneous load condition is to be considered separately, and
the maximum resulting current employed as the basis of selection of the capacity of the test circuit. The
voltage source for the test circuit is to be an alternating-current supply and the circuit capacity is to be
measured without the device in the circuit. See 66.3.

Table 66.1
Short-circuit test currents
Full-load amperes Circu’t: capacity
Single phase amperes
115 vojts 208 volts 230 — 240 volts 277 volts
9.8 or lgss 5.4 or less 4.9 or less - 200
9.9-16.0 5.5-8.8 5.0 -8.0 6.65 or less 1000
16.1 — 34.0 8.1-18.6 8.1-17.0 - 2000
34.1 — 0.0 17.1 — 44.0 17.1 - 40.0 = 3500
Over 80.0 Over 44.0 Over 40.0 Over '6.65 5000
0 to 250 volts,|dc — 0 to 648 volt-amperes 200
66.3 Exceptlas specified in 66.5 — 66.8, an overcurrent protectivé or a thermal protective device on an
appliance hgving more than one motor wired for connection to one supply line shall withstand short
circuiting without creating a risk of fire or electric shock when protected by a fuse rated at 4D0 percent of
the full-load ¢urrent of the largest motor of the group plis an amount equal to the sum of gny additional
loads suppligd. There shall be no ignition of cheeseeloth surrounding the enclosure of the protective
device when[samples are subjected to a short cirguit test.
66.4 The negrest standard size fuse, rated nob higher than the current specified in 66.3, but|not less than
15 amperes,|is to be employed for the test. The maximum fuse size marked on the applignce is not to

exceed this \

66.5 With re
specified, prg
such a maxir

66.6 If a thd
within an out
molten metal

alue.

erence to 66.3, the protective device may be tested with a fuse having a low
vided the appliance\will start and operate without opening the fuse and is mark
hum limit of fuse protection.

rmally protected motor or a separately enclosed overcurrent protective devi
er cabinet, and if the assembly is constructed so that it can be determined th
will be confined within the cabinet, and any flammable material except electri

or an air filte

is mot located below the motor and will not sustain combustion upon removal

er rating than
ed to specify

ce is located
at flame and
cal insulation
bf the ignition

source, the Short Circuil Test for risk of fire specified In 66.3 may be waived. HOWeVer, 11 s

between live

parts of different circuits may result, the Short Circuit Test is not to be waived.

nort circuiting

66.7 Short circuit tests are not required for an assembly with more than one motor, if the rating of each
motor does not exceed 1 horsepower (746 W output), and the assembly is intended to be used on a
branch circuit protected at not more than 20 amperes at 125 volts or less or 15 amperes at 126 — 600
volts, provided the following conditions are met:

a) The marked maximum branch circuit protective device size does not exceed the values
specified above, and
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b) The full-load current rating of each motor does not exceed 6 amperes.

66.8 Short circuit tests are not required for an assembly with more than one motor if the motor(s) have
full-load current or horsepower rating(s) in excess of those specified in 66.7, provided:

a) The marked maximum branch circuit protective device size of the assembly does not exceed
the maximum size for protecting the motor of the smallest rating, and

b) It is determined that a fuse of marked size will not open under the most severe conditions of
service which might be encountered.

66.9 A nonrenewable cartridge fuse is to be connected in series with the device. A new fuse and device,

connection, d
67 Dielectri

67.1 An app
alternating pq
and low-voltg

a) 10

b) 10
more

67.2 Where
rated voltage
potential; unl
potential for 1

67.3 A low-\

r conductor are to be used for each test.

t Voltage Withstand Test

liance shall withstand for 1 minute without breakdown, the application of @
tential between high-voltage live parts and dead-metal parts, and-between live
ge circuits. The test potential shall be:

00 volts plus twice rated voltage except as specified in (D).

00 volts for motors rated at not more than 1/2 horsepower-output (373 W-outp

than 250 volts.

of the appliance is to be employed in.determining the dielectric voltage W
ss the developed steady-state capagitor voltage exceeds 500 volts, in which
he parts affected is to be 1000 volts'plus twice the developed voltage.

oltage circuit shall be capable "of withstanding, for 1 minute without breakdo

alternating potential of 500 volts applied'between low-voltage live parts of opposite polarity

low-voltage |

67.4 The dig
on the compl
and the wirin

67.5 A 500

ve parts and dead-metal_parts.

lectric voltage withstand test between low-voltage parts of opposite polarity m
bte assembly proyided the components have been separately subjected to this
O is with material as tabulated in Table 24.1.

VA or larger transformer, the output voltage of which is essentially sinusoida

varied, is to

e uséd'to determine compliance with the foregoing. The applied potential is to

0 hertz (Hz)
parts of high-

ut) and not

higher than rated voltage is developed in a/motor circuit through the use of capacitors, the

ithstand test
case the test

wn, a 60 Hz
and between

hy be waived
test condition

and can be
be increased
for 1 minute.

gradually from, zero until the required test value is reached and is to be held at that value
The require&nfﬁwmmmm:mﬂ-m—mhm i i i i

used is such that it maintains the specified high potential voltage at the equipment during the duration of

the test.

g equipment
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68 Nonmetallic Dip Tube Tests

68.1 Deformation and weight loss

68.1.1 A nonmetallic dip tube shall be subjected to the tests described in 68.1.2 — 68.1.4. The dip tube
shall not have:

a) A

linear deformation of more than 1/2 inch (12.7 mm),

b) A total lateral deformation of more than 1-1/2 inches (38.1 mm), and

c) A weight loss.

68.1.2 Twely
length of 49
grade measu

68.1.3 Linea
would be in
removed fror
length and w

e 51-inch (1.30-m) long dip tube samples are to be tested. Each samplehis-t
nches (1.24 m), and the weight of each cut-sample is to be determined‘using
ring device with a full scale reading not to exceed three times the weight of th

service for 48 hours in water maintained at 200°F (93°C).\The samples ar
h the water and cooled to room temperature. Any surface water is to be remd
pight are to be determined and compared to the original fesults.

b be cut to a
a laboratory
b sample.

I deformation and change of weight are to be determined by suspending the samples as they

e then to be
ved, and the

68.1.4 Lateral deformation is to be determined by installing enévend of each sample in a

would be in 3
free end and
at 200°F (93
surface wate
each sample
measured frd

tank inlet fixture), and measuring the distance-between the position of the ce
the extended centerline of the fixture. Followirig'immersion for 48 hours in wat
’C), the samples are to be removed from.the water and cooled to room tem
I is to be removed, and the lateral deformation measured. The total lateral d

m the extended centerline of the fixture.

68.2 Resistgnce to crushing

68.2.1 Wher
1/4 inch (6.4

68.2.2 Ten 2
described in
be subjected
temperature

mm) as described in. 68.2.4.

-inch (51-mm)ong dip tube samples are to be tested. Each test sample is to
68.2.3. The apparatus for the test is to be as illustrated in Figure 68.1. The sg

pf 225 _plus 5 minus 0°F (107 plus 3 minus 0°C).

fixture (as it

r maintained
erature. Any
eformation of

}terline of the

is acceptable if it is within the limits;of*a circle having a radius of 1-1/2 inch¢s (38.1 mm)

tested as described in'68.2.2 — 68.2.4, a nonmetallic dip tube shall not defofm more than

be tested as
mples are to

for 24 hodrs+to transverse loading under a weight of 870 grams while being maintained at a
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