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INTRODUCTION
1 Scope

1.1 These requirements cover electrically operated general purpose and safety valves rated 600 volts or
less and intended for the control of the fluids specified in 1.2. Electrically operated valves, other than
automotive fuel valves, covered by these requirements are intended to be used in other than hazardous
locations as defined in accordance with the National Electrical Code, ANSI/NFPA 70.

1.2 Electrically operated valves for use in dispensing devices are intended for use with one or more of
the following:

a) Diisel fuel, which includes renewable diesel and diesel/biodiesel blends with nominal biodiesel
concentrations up to 5 percent (BO — B5) formulated in accordance with the Standard| Specification
for Diesel Fuel Oils, ANSI/ASTM D975.

b) Diesel/biodiesel, renewable diesel/biodiesel blends, blends cwith nomirjal biodiesel
concentrations from 5 percent up to 20 percent (B6 — B20) formulated in accordance with the
Standard Specification for Diesel Fuel Oil, Biodiesel Blends (B6 — B20), ANSI/ASTM D7467.

c) Bigdiesel (B99.9/B100) formulated in accordance with the Standard Specification| for Biodiesel
Fuel Blend Stock (B100) for Middle Distillate Fuels, ANSI/ASTM D6751.

d) Kdrosene formulated in accordance with the Standard Specification for Kerosine| ANSI/ASTM
D369P.

e) Fuel oil (heating oil) formulated in accordance with the Standard Specification for Fuel Oils,
ANSIIASTM D396.

1.3 These fequirements cover valves whose-coils are powered by a Class 2 (low-voltage) spurce. Valves
incorporating a high-voltage transformer, with a low-voltage secondary as an integral par{ of the valve
assembly, arg also covered by these requirements.

1.4 These fequirements do not gover valves for use with fluids other than as specified in 1.2.

1.5 These fequirements do not cover valves employing electrical parts, including coils, switch contacts
and resistarjce elements;\located in the flammable gas containing compartment of a yalve. Valves
constructed ps such_shall comply with the requirements in the Standard for Intrinsically S3fe Apparatus
and Associajed Apparatus for Use in Class |, Il, and lll, Division 1, Hazardous (Classified) Locations, UL
913.

2 General
2.1 Components

211 Except as indicated in 2.1.2, a component of a valve covered by this standard shall comply with the
requirements for that component.

2.1.2 A componentis not required to comply with a specific requirement that:

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

b) Is superseded by a requirement in this standard.
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2.1.3 A component shall be used in accordance with its rating established for the intended conditions of

use.

214

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.

2.2 Units of measurement

2.21

approximate information.

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

2.2.2 Unleg
mean-square

2.3 Undate

2.3.1 Anyu
be interpreteq

s indicated otherwise all voltage and current values mentioned in this stand
(rms).

H references

ndated reference to a code or standard appearing in the requirements of this s
as referring to the latest edition of that code or standard.

2.4 Automotive-fuel valve

241 Anau
3 Glossary,|
3.1 Forthe

3.2 AUTOM

omotive fuel valve shall comply with the requirements applicable to safety valve

burpose of this standard the followingdefinitions apply.

OTIVE-FUEL VALVE — An electrically operated valve rated for use with a direct

circuit and in

3.3 DIESEL/BIODIESEL BLEND - Blended fuels composed of a diesel component ang

component.
(such as B20

34 ELECT

a) Cla

nded for use as a fuel-line.shutoff valve on mobile equipment.

he numerical valuecorresponding to the biodiesel component determines the
for 20% biodiesel;-80% diesel).

ICAL CIRCGUITS -

s 2 Circuit — A circuit involving a potential of not more than 42.4 volts peak supp

ard are root-

andard shall

5, UL 429.

current (DC)

a biodiesel
blend rating

lied by:

for Class 2
nsformers —

Part 1: General Requirements, UL 5085-1, and the Standard for Low Voltage Transformers

— Part 3: Class 2 and Class 3 Transformers, UL 5085-3

2) A dry cell battery having output characteristics no greater than those of an inherently

limited Class 2 transformer; or

3) A combination of a rechargeable battery and a fixed impedance or regulating network
that complies with the applicable performance requirements for an inherently limited Class 2

transformer.

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts ac (42.4 volts peak
or direct current) and supplied from transformer output windings which are electrically isolated (i.e.
insulated from ground). A circuit derived from a source of supply classified as a high voltage circuit,
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by connecting resistance in series with the supply circuit as a means of limiting the voltage and

current, is not considered to be a low voltage circuit. Unless the isolating transformer i

s provided as

part of the valve or marked per 47.7, the circuit shall be considered a high voltage circuit.

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

having circuit

d) Intrinsically Safe Circuit — A circuit in which any spark or thermal effect produced either normally
or in specified fault conditions, is incapable of causing ignition of a mixture of flammable or
combustible material in air in the mixtures most easily ignited concentration under the test
conditions specified in the Standard for Intrinsically Safe Apparatus and Associated Apparatus, for

Use in Class I, Il, and lll, Division 1, Hazardous (Classified) Locations, UL 913.

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

3.5 GENERAL PURPOSE VALVE - Either a normally open or normally closed valve‘inten
the flow of a fluid.

3.6 MAXI
pressure at
intended to

UM OPERATING PRESSURE DIFFERENTIAL — The maximum difference
n inlet port and the pressure at an outlet port against which.an electrically ope
perate.

UM RATED PRESSURE - The maximum pressdre/to which the valve asse
specified by the manufacturer.

3.8 MINI
pressure at

UM OPERATING PRESSURE DIFFERENTIAL — The minimum difference
n inlet port and the pressure at an outlet pert required for operation of the valve.

3.9 RAINPROOF ENCLOSURE - An enclosure that prevents rain from interfering with
operation of ppparatus within the enclosure.

3.10 RAINTIGHT ENCLOSURE - An-enclosure that, when exposed to a beating rain, do
water to entdr the enclosure.

led to control

between the
rated valve is

mbly may be

between the

the intended

es not permit

3.11  SAFHTY VALVE - A-narmally closed valve intended to be actuated by a safety comtrol or by an

emergency device to preventthe delivery of a fluid that can result in risk of fire.

, DYNAMIC — A seal that is subject to mechanical movement or other applig
result in movement-or flexing of the seal under normal use conditions.

d forces that

3.13 SEAL =

forces other

than compression forces that are applied during installation and maintained during normal use conditions.

3.14 SWITCH — A contact device actuated by the valve mechanism and intended to control electrical

loads that are internal or external to the valve.

a) Safety Switch — A switch that opens and closes a safety-control circuit, or one intended for use

as an interlock in a safety-control circuit.

b) Nonsafety Switch — A switch not associated with a safety-control circuit.

3.15 WATERTIGHT ENCLOSURE — An enclosure that, when subjected to the application of a hose
stream as described in the Hosedown Test, Section 39, does not permit water to enter the enclosure.
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4 General

4.1 Valves shall be constructed so that they comply with the rules for installation and use of such

equipment as given in the National Electrical Code, NFPA 70.

4.2 Fluid confining parts, except gaskets and seals, shall be constructed of metallic materials.

5 Assembly

5.1 All valves

5.1.1 A valye shall include all the components necessary for its intended function and’ ins
components ghall be constructed for assembly as a unit.

5.1.2 Two g¢r more subassemblies intended to be assembled in the field as>a” unit shall b
being joined fogether without requiring any of the subassemblies to be cuty.drilled, welded,
altered.

5.1.3 If two|or more valves or actuating devices, or both, are inténded to be used together

the entire asg

514 Thec
the extent ne

5.1.5 A scr
for servicing

5.1.6 A seal disc shall be attached to:its)poppet or holder or be otherwise assembled to p

becoming dig
equivalent, o
Cement or aq

5.1.7 The
determined b

5.2 Safety

embly is to be considered and tested as one valve:

bnstruction of a valve shall be such that parts ¢can be reassembled after being ¢
pded for servicing.

wed cap or cover that constitutes afluid-confining part, and that is intended to
valve, shall require the use of a tool for removal.

located under service conditions. The disc may be secured by crimping, st
- by means of a chemical bond achieved by vulcanization in a controlled molg
hesive shall not belused as the sole means for securing a disc.

valve assembly shall withstand the stresses and vibration of intended o
y compliance with the Endurance Test, Section 28.

yalves

allation. The

e capable of
or otherwise

as one unit,

ismantled to

be removed

event it from
king, or the
ing process.

peration, as

5.21

safety shutoff.

A safety valve shall not depend on an outside source of energy, such as electricity, to function as a

5.2.2 A safety valve shall close independently of the energy supplied by the medium flowing. However,
the medium flowing may be used to exert supplementary closing forces on the valve seat.

5.2.3 A safety valve shall not be equipped with a bypass or with a means to prevent it from closing
completely. This requirement does not apply to a feature provided to permit a takeoff to recirculate fluid or
to supply a pilot or other individually controlled outlet.

5.2.4 An automatic shutoff mechanism shall be guarded to prevent unintended obstruction of moving

parts.
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5.2.5 A safety valve shall also function as a safety shutoff if intended to function as a safety shutoff,
regardless of the position of any damper or external operating lever or any reset device. The manipulation
of a manual-reset device shall not cause the valve to function as an automatic-reset valve.

5.2.6 A safety valve shall not be equipped with means for manually latching the valve in the open
position if such latching may prevent the valve from functioning as a safety shutoff.

5.2.7 The appropriate positions or the direction of movement for a manual operating lever or reset
handle included in a safety valve shall be clearly indicated.

5.2.8 If a mechanically actuated indicator is provided to indicate whether the main valve is open or shut,

the indicator shalt-be-visible-froma-distance-ofatHHeastb-feet-{4-6-m)-

5.3 Class 2 (low-voltage) valves

5.3.1 Valves whose coils are powered by a Class 2 (low-voltage) source~shall comply with the
construction jand testing requirements defined in this standard, see Section 18!

6 Materials
6.1 Metallic materials
6.1.1 Gengral

6.1.1.1 A metallic part, in contact with the fuels anticipated by these requirements, shall be resistant to
the action of| the fuel if degradation of the material Wil result in leakage of the fuel or if it will impair the
function of the device. For all fuel ratings, see the [kong Term Exposure Test Section 26.

6.1.1.2 The exposed surfaces of metallic”parts shall be resistant to atmospheric corrosion if this
corrosion will lead to leakage of the fluid jor if it will impair the function of the device. The material shall
comply with the requirements in Atma@spheric corrosion, 6.1.2.

6.1.1.3 Meiallic parts in contaCt.with the fuels anticipated by these requirements shall not be constructed
of lead, or mpterials that are~substantially lead. In addition, no coatings or platings containing lead shall be
used, such als terne-plated.steel.

6.1.2 Atmgspheric ¢orrosion

6.1.2.1 Mdtallic"materials used for fluid confining parts shall be resistant to atmospheric corrosion.
Ferrous materials of the Thickness specified In the following tems are acceptable for the preceding when
uncoated:

a) A casting having a wall thickness of not less than 1/4 inch (6.4 mm) if shown by production test
to be free of leakage, and

b) Fabricated sheet steel parts having a minimum wall thickness of 0.093 inch (2.36 mm).

6.1.2.2 A protective coating shall provide resistance against atmospheric corrosion to a degree not less
than that provided by the protective coatings specified in 6.1.2.3.

6.1.2.3 Cadmium plating shall not be less than 0.0003 inch (0.008 mm) thick, and zinc plating shall not
be less than 0.0005 inch (0.013 mm) thick, except on parts where threads constitute the major portion of
the area in which case the cadmium or zinc plating shall not be less than 0.00015 inch (0.0038 mm) thick.
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Metallic parts are considered to comply with 6.1.2.2 when they are protected against atmospheric

corrosion by:

a) Hot dipped, mill galvanized sheet steel complying with the coating designation G90 in Table | of

the Specification for Sheet Steel,

(Galvannealed) by the Hot Dip Process, ASTM A653/A653M; or

Zinc Coated (Galvanized) or Zinc-lron-Alloy Coated

b) Coatings which have been determined to be equivalent to G90 under the requirements of the
Standard for Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment, UL

1332.

6.1.2.4 A metallic material other than as described in 6.1.2.1 — 6.1.2.3 shall be painted or protected in a

manner that h
6.2 Nonme
6.2.1 Gene

6.2.1.1 An
to the action
function of th

6.2.1.2 Ga
respectively.
and a dynam

6.2.1.3 Gaj
material level

6.2.1.4 Nor
constructed g

a) Pol
b) Eth
c) Mef
d) Pol

e) Nyl

as been determined to be equivalent.
tallic materials
ral

bnmetallic part in contact with the fuels anticipated by thesewrequirements, shal
bf the fuel if degradation of the material will result in leakage of the fuel, or if it y
b device.

bkets or seals shall be designated as dynamic and/or static seals. See 3.

f the type of seal cannot be determined, thenthe material shall be treated as
Cc seal.

kets and seals shall comply with the-requirements as outlined in Nonmetallig
6.2.2 and Nonmetallic materials — system level, 6.2.3.

metallic materials in contactiwith the fuels anticipated by these requirements
f the following:

ysulfide rubber;

ylene propylene-diene monomer (EPDM) rubber;
hyl-Methaerylate;

yvinyl Chioride (PVC);

bN.6/6; or

be resistant
ill impair the

12 and 3.13
both a static

materials —

shall not be

f) Polyurethane.

6.2.2 Nonmetallic materials — fluid compatibility — material level

6.2.2.1

Static seals shall be evaluated in accordance with the Standard for Gaskets and Seals, UL 157,

modified as indicated in 6.2.2.2 — 6.2.2.4. If a specific material complies with these requirements, the
material can be considered to be qualified for system testing.

6.2.2.2 A static seal shall be constructed of a material that is acceptable in accordance with the scope of
Standard for Gaskets and Seals, UL 157.

6.2.2.3 Static seals shall be subjected to the Volume Change and Extraction Test in accordance with the
Standard for Gaskets and Seals, UL 157, except for the following modifications:
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a) The test duration shall be 1000 hours;
b) The applicable test fluids shall be as described in Supplement SA; and
c) For all materials, the average volume change shall not exceed 40% swell (increase in volume) or

1% shrinkage (decrease in volume). In addition, the weight loss shall not exceed 10%. For coated

fabrics, alternate limits can be used with the average volume change not exceeding

60% swell or

5% shrinkage, and the weight loss shall not exceed 20%. There shall be no visual evidence of
cracking or other degradation as a result of the exposure for any material including coated fabrics.

6.2.2.4 Static seals shall be subjected to the Compression Set Test in accordance with the Standard for

Gaskets and Seals, UL 157, except for the following modifications:

a) The test duration shall be 1000 hours.

b) THe samples shall be immersed, at room temperature, in the test fluidsi(see
compressed for the entire test duration. No oven conditioning is required.

c) The applicable test fluids shall be as described in Supplement SA.

d) THe recovery period shall consist of removing the sample from the compressio
immeyrsing it in the applicable test fluid for 30 minutes at room-ifemperature. The sar
be allpwed to dry out due to exposure to air. The 30-minute-ithmersion should use the
the tgst fluid for each sample.

Exception: This requirement does not apply to-composite gasket materials as defined in ac(
the Standard for Gaskets and Seals, UL 157,

6.2.2.5 Dypamic seals shall be evaluated in accordance with the Standard for Gaskets a
157 modified as indicated in 6.2.2.6 ~6.2.2.8. If a specific material complies with these requ
material can|be considered to be qualified for system testing.

6.2.2.6 A dynamic seal shallbe constructed of a material that is acceptable in accordance v
of the Standard for Gaskets'and Seals, UL 157.

6.2.2.7 Dympamie.seals shall be subjected to the Volume Change and Extraction Test in acq
the Standard for.Gaskets and Seals, UL 157, except for the following modifications:

tem c) while

n device and
hple shall not
same fluid as

d 35 percent.
ot exceeding

tordance with

nd Seals, UL
irements, the

ith the scope

ordance with

a) The test duration shall be 1000 hours;

b) The applicable test fluids shall be as described in Supplement SA; and

c) For all materials, the average volume change for a gasket or seal material shall not exceed 40%
swell (increase in volume) or 1% shrinkage (decrease in volume). In addition, the weight loss shall
not exceed 10%. For coated fabrics, alternate limits can be used with the average volume change
not exceeding 60% swell or 5% shrinkage, and the weight loss shall not exceed 20%. There shall
be no visual evidence of cracking or other degradation as a result of the exposure for any material

including coated fabrics.

6.2.2.8 Dynamic seals shall be subjected to the Tensile Strength and Elongation Test in accordance with

the Standard for Gaskets and Seals, UL 157, except for the following modifications:

a) The test duration shall be 1000 hours;
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b) The applicable test fluids shall be as described in Supplement SA; and

c) For all materials, the average tensile strength and the average elongation of materials shall not
be less than 60 percent of the as-received values. For coated fabrics, alternate limits can be used
with the average tensile strength and the average elongation not less than 30% of the as-received
values.

6.2.3 Nonmetallic materials — fluid compatibility — system level

6.2.3.1

For all materials, gaskets and seals that have been shown to comply with the applicable

requirements for static seals in the Standard for Gaskets and Seals, UL 157, or with the requirements
under material level tests shall be subjected to the system level tests for the applicable component after

the Long Tern
6.3 Casting
6.3.1 Maten

6.3.1.1 Cas
requirements|
Diesel/Biodie
Fuel Oil, UL §

6.3.2 System level fluid compatibility

6.3.2.1 The
Term Exposu
during or afte

6.4 Interna
6.4.1 Nonm
result in leak

accordance W

6.4.2 Intern

n Exposure Test, Section 26.
impregnation materials
ial level fluid compatibility

ting impregnation materials shall be evaluated at the material level in accorda
in the Standard for Power Operated Dispensing Devices-for Diesel Fuel, Bi

nce with the
bdiesel Fuel,

5el Blends With Nominal Biodiesel Concentrations Up_To 20 Percent (B20), Kerosene, and

7B.

casting impregnation material, applied as.intended to a casting, shall comply V
re Test, Section 26. The casting shall-not show indications of porosity leakage
I this test.

parts — fluid compatibility

etallic parts located internally to a fluid confining part, degradation of which woul
Age, is not required to comply with Nonmetallic materials, 6.2. The part shall
ith 6.4.2.

al nonmetallie parts shall be tested during the Long Term Exposure Test, Sectig

vith the Long
at any point

d not directly
be tested in

n 26. During

this test, the part shall-not degrade to the extent that visible particles can be observed in the fljiid.

6.5 Insulat'T'lg Materials

6.5.1

A material that is used for the direct support of an uninsulated live part shall comply with the

Relative Thermal Index (RTI), Hot Wire Ignition (HWI), High-Current-Arc Resistance to Ignition (HAI),
Comparative Tracking Index (CTI) values indicated in Table 6.1. A material is in direct support of an
uninsulated live part when:

a)ltis

in direct physical contact with the uninsulated live part; and

b) It serves to physically support and maintain the relative position of the uninsulated live part An
insulating material is considered to be in direct support of an uninsulated live part when the
material acts to maintain the relative position of the uninsulated live part when the part is not
retained in position when the part is rotated in any direction. An encapsulant is not considered

direct

support unless there is no other primary means to hold the live part in position.

Exception No. 1: With respect to RTI temperatures of insulating materials, see footnote a) of Table 6.1.
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Exception No. 2: A generic material provided in the thickness indicated in Table 6.2 shall comply with this

requirement without additional evaluation.

Minimum material characteristics fo-lr:atgfc?i':ect support of uninsulated live parts
Maximum Performance Level Category (PLC)
Flame Class RTI Electrical HWIP © HAI% ¢ CTIfeh
HB a 2 1 3
V-2, VTM-2 a 2 2 3
V-1, VTipt=4 3 3 > 3
V-0, VTY-0 a 4 3 3

& The electrica
Materials — Lohg Term Property Evaluations, UL 746B, by test or by use of the generic RTI table. This material char
dependent upgn the minimum thickness at which the material is being used. The RTI shall not be exceéded during
Temperature Test, Section 26. Where an insulating material forms part of an insulation system that complies with th|
Systems of Inqulating Materials — General, UL 1446, is described as a major insulating ground/interwinding/encaps
component in the system, and the insulation system forms part of the valve construction, the ‘material may be used
temperatures appropriate for that rated class system.

® The Hot Wird
Materials — Sh
which the matg
corresponding

Ignition (HWI) value of a material is to be determined by test in accordance with the Standard for Po
brt Term Property Evaluations, UL 746A. This material characteristicis'dependent upon the minimun
rial is being used. When the thickness of an insulating material isdess'than the minimum specified th
to a HWI value, the material is evaluated as in footnote c.

¢ A material wi
required by thip table shall be subjected to the end-product Abnormal Overload Test or the Glow-Wire End-Product
in the Standardl for Polymeric Materials — Use in Electrical Equipment EVvaluations, UL 746C or for AC coil construcf
Burn Out Test,|Section 36.

4 The High Cufrent Arc Resistance to Ignition (HAI) value of a miaterial is to be determined by test in accordance wi
for Polymeric Materials — Short Term Property Evaluations, WK746A. This material characteristic is dependent upo
thickness at which the material is being used. When the thickness of an insulating material is less than the minimun|
thickness corr¢sponding to a HAI value, the material is evaluated as in footnote e. For constructions where there ar
parts or no meghanically secured electrical connections subjected to movement (for example electrical connectiong
encapsulated)| HAIl is not applicable.

¢ A material without an HAI PLC value or with.at HAI PLC value greater (worse) than the value required by this tabl
subjected to tHe End-Product Arc Resistanc¢e Test specified in the Standard for Polymeric Materials — Use in Electri
Evaluations, UL 746C.

fThe Compardtive Tracking Index(GTl) PLC value of a material is to be determined by test in accordance with the

Polymeric Matrials — Short Term\Property Evaluations, UL 746A. This material characteristic is not dependent upg
thickness at which the material is.being used. When the thickness of an insulating material is less than the minimun|
thickness corr¢sponding ta’a.CTl value, the material is evaluated as having the same CTI value found for the greatg
The CTI valuefapplies td insulating materials used in pollution degree 3 environments for voltages of 600 V or less.

where pollutiop degreeq, or 2 is maintained, an insulating material shall have a CTI PLC of 4 or less. For constructi
creepage distdnces between uninsulated live parts of opposite polarity or between uninsulated live parts and groun
metal parts ar¢ greater than 12.7 mm, CTl is not applicable.

Relative Thermal Index (RTI) value of a material is to be determined in accordance with theyStandard for Polymeric

hout an HWI Performance Level Category (PLC) value or with;a HWI PLC value greater (worse) thaf the value

Acteristic is

he

e Standard for
ulant

At

ymeric
thickness at
ickness

ITest specified
ions to the

h the Standard
the minimum
specified

e no arcing

are potted or

e shall be
tal Equipment

Btandard for

h the minimum
specified

br thickness.
For equipment
ns where

ded or dead

9 A material without a CTI PLC value or with a CTI PLC value greater (worse) than the value required by Table 6.2 shall have a
proof tracking index of 175 when used in pollution degree 3 environment or a proof tracking index of 100 when used in pollution
degree 1 or 2 environment as determined by the end-product Proof Tracking Test specified in the Standard for Polymeric Materials

— Use in Electrical Equipment Evaluations, UL 746C.

h CTI requirements are not applicable if the over surface spacing between uninsulated live parts (e.g., spade termin

polarity or uninsulated live parts and grounded or accessible dead metal are separated with an over-surface electrical spacing

(creepage) of at least 1/2-in (12.7 mm).

als) at opposite
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Table 6.2
Generic materials for direct support of uninsulated live parts

exceeded during the Temperature Test, Section 25.

Thickness,
Generic Material Inch (mm) RTI, °C
Diallyl Phthalate 0.028 (0.71) 105
Epoxy 0.028 (0.71) 105
Melamine 0.028 (0.71) 130
Melamine-Phenolic 0.028 (0.71) 130
Phenolic 0.028 (0.71) 150
Unfilled Nylon 07028 (071 M5
Unfilled Polycafbonate 0.028 (0.71) 15
Urea Formaldehyde 0.028 (0.71) 1P0
Ceramic, Porcglain, and Slate No limit No fimit
Beryllium Oxidg No limit No fimit
NOTE — Each rhaterial shall be used within its minimum thickness and its Relative Thermal Index (RTI) value shall npt be

6.5.2 Vulca
the sole supp

nized fiber may be used for insulating bushings, washers, separators, and barrie
ort for uninsulated current-carrying parts of other than‘low-voltage nonsafety cirg

6.5.3 Glass|
Glass Impact]

covering an observation opening in the fluid_centaining body shall be subjected
Section 43 and Sight Glass Temperature:Shock, Section 44 requirements.

7 Fluid Connections

7.1 An opgning threaded for connection ‘of pipe shall be in accordance with the Stand
Threads General Purpose (Inch), ANSI/ASME B1.20.1 or the Standard for Dryseal Pipe Th
ANSI/ASME B1.20.3. See also 49.1(h).

Exception: Valves intended for-uise in installations where pipe fittings incorporate other th
threads shall\be permitted to-be-provided with pipe threads complying with a national pipe thr
compatible with those fittings, The pipe thread type shall be identified in accordance with 47.1

7.2 Flanged pipe.connections shall be in accordance with the Standard for Classes 25,
Cast Iron Pipe Flanges and Flanged Fittings, ASME B16.1 or the Standard for Pipe Flanges
NPS 1/2 Thrqugh NPS 24 Metric/Inch Standard, ANSI/ASME B16.5.

rs, but not as
uits.

to the Sight

ard for Pipe

reads (Inch),

an NPT type
bad standard

o

125 and 250
and Fittings

7.3 Avalve intended for connection to pipe larger than 3-inch nominal size shall be provided
pipe connections in accordance with 7.2.

with flanged

7.4 Tube fitting connections shall be in accordance with Standard for Automotive Tube Fittings, SAE
J512; Cast Copper Alloy Fittings for Flared Copper Tubes, ANSI/ASME B16.26; Standard for Refrigeration
Tube Fittings — General Specifications, SAE J513; and Pneumatic Fluid Power-Connections-Ports and

Stud Ends, 1SO 16030.

7.5 Solder joint connections shall be in accordance with the Standard for Cast Copper Alloy Solder Joint

Pressure Fittings, ASME/ANSI B16.18 or Wrought Copper and Copper Alloy Solder Jo
Fittings, ASME/ANSI B16.22.

int Pressure
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7.6 Weld joint connections shall be in accordance with the Standard for Factory-Made Wrought Steel
Buttwelding Fittings, ASME/ANSI B16.9 or Forged Steel Fittings, Socket-Welding and Threaded,

ASME/ANSI

B16.11.

8 Seals and Stuff Boxes

8.1

A manually operated stem shall not back out of the valve nor shall threads of a stem enter a stuffing

box recess when the stem is rotated or reciprocated, even though an adjustable packing nut or other
takeup is disengaged.

Exception: A stem such as that provided for a fuel-gas pilot adjusting screw, not complying with these

the stem.

requirements

8.2 If packi

to adjust or fenew the packing during intended usage or as wear occurs, a stuffing,box conf

following she

a)Th
a pag

b) Th

c) Th

8.3 A stuffi
the valve ste

8.4 An adj
constructed

maveha ycad if neongdad wawith o ~non roaiirina tha t1oa nf o fonl fn aain an~nco 0
ey Pe-orSC O ProvIe ettt a-ap e qut gt oo e-oratoorte-gahir a6t 5 S5to

g is used to reduce the risk of leakage around a valve stem, and if it is necesSa

Il be used:

e stuffing box shall be provided with a removable gland or follower, and shall be
king nut or other means for adjustment.

e stuffing box gland shall be made of corrosion-resistant material.

b stuffing box shall be fully packed prior to shipment.ofthe valve.

ng box for an automatically operated valve shallbe constructed to reduce the ris}
m.

istable stuffing box used to seal antautomatically actuated stem of a safety v
50 that any adjustment of the packing takeup will not bind the stem sufficiently to

y for the user
orming to the

provided with

of binding of

alve shall be
interfere with

automatic funpctioning of the valve. A gland shall be spring-loaded.

8.5 The physical characteristics of (@ takeup spring shall be such that it will advance the gland through
not less thanlone-half its possible, travel from its initial setting with the spring compressed. At the advanced
position of the gland, a takeupsspring shall not require further adjustment to prevent leakage from the
stuffing box Wwhen tested in accordance with these requirements.

9 Springs

9.1 A spring shall"be protected against abrasion and shall be guided or arranged to reduce the risk of

binding, buc

ling,*or other interference with its free movement.

10 Diaphragms

10.1

a result of diaphragm movement.

The assembly of a diaphragm type valve shall be such that positive motion of the valve will follow as

10.2 A metal part coming in contact with a diaphragm shall have no sharp edges, burrs, projections, and
the like, that may chafe or abrade the diaphragm.

10.3 A valve in which a flexible diaphragm, bellows, or similar construction constitutes the only fluid seal,
shall have the atmospheric side of the diaphragm or bellows enclosed in a casing constructed to limit
external leakage in the event of a diaphragm or bellows rupture, or shall have provisions for connection of
a vent pipe or tubing intended to be routed to the outdoors or other acceptable location.
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11 Operating Mechanisms
11.1 If threaded fasteners secure moving parts, they shall be upset, locked, or otherwise prevented from
loosening when tested in accordance with these requirements.

11.2 Operation of a manually actuated mechanism of a valve shall not subject parts to distortion or
damage to the extent that their intended function is impaired.

11.3 Moving parts shall be separated from conductors by barriers or by its physical location so that such
an operating part is not obstructed by stowed wiring.

11.4 A valvgusingamefectronmiccontrotcircuit stratt-be-mvestigatedunderconditionsof actyal service to

determine compliance with applicable requirements.

12 CurrentiCarrying Parts

12.1 A currgnt-carrying part shall be silver, copper, copper alloy, or other metakthat has beep determined

to be acceptgble for such use.

12.2 An unipsulated live part, including a terminal or contact assembly,/shall be secured to ifs supporting
surface by methods other than friction between surfaces so that itwill. be prevented from turnipg or shifting
in position.

12.3 Alock washer may be used to prevent turning of a termiinal or connection stud.

13 Enclosyres

13.1 Generpl

13.1.1  The mechanism of a valve shall be protected by an enclosure to reduce the risk of gamage to or
interference With operating parts. Electrical parts, other than Class 2 terminals in nonsafety gircuits, shall
be located of enclosed so that protection against unintentional contact or shorting of live [parts will be
provided if such contact or shorting may result in a risk of fire, electric shock, or injury to persops.

13.1.2 Clags 2 terminals, for a safety-control circuit shall comply with the requirementd in 13.1.1 if
shorting or gfounding of-the terminals may result in a risk of fire, electric shock, or injury tqQ persons, or

cause improper operation of a safety control.

13.1.3 The pnclosure shall provide room for the distribution of wires and cables required for|the intended

wiring of the valve. See 14.4.T.

13.1.4 The enclosure and any part of the enclosure such as a cover, or the like, shall be provided with
means for securing it in place.

13.1.5 Automotive fuel valves are not required to comply with these enclosure requirements.

13.1.6 Glass used for an observation window not more than 4 inches (102 mm) in any dimension and not
less than 1/16 in. (1.60 mm) thick or glass used for an observation window having no dimension greater
than 12 inches (305 mm) and not less than 1/8 in. (3.2 mm) thick need not be subject to additional
evaluation. Glass used to cover a larger opening shall comply with the Crushing resistance test and
Resistance to Impact (normal only) test specified in the Standard for Polymeric Materials — Use in
Electrical Equipment Evaluations, UL 746C.
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13.1.7 A nonmetallic enclosure or enclosure part, including coil retainers, shall comply with 13.3 as
appropriate. Coil retainers of enclosed valves where the coil retainer is exposed to the same degree as the
enclosures shall be additionally subjected to the Coil Retainer Impact and Coil Retainer Mechanical
Strength Tests specified in the Standard for Electrically Operated Valves, UL 429.

13.2 Metallic enclosures

13.2.1 The thickness of a metal enclosure shall not be less than that specified in Table 13.1, Table 13.2,
and Table 13.3.

13.2.2 A part such as a dial or nameplate that constitutes part of the enclosure, shall be of metal or other
materia| as s acificd forthae bhacic anclacuira

CorTC o To e oo eTrroroouTres

Thickness of sheet metal for enz?g;?;::sj— carbon steel or stainless steel
With supporting frame or equivalent
Without supporting frame?® reinforcing? Minimum thicKness
Maximum wifith,” | Maximum length,® | Maximum width,® | Maximum length, Uncoated, Metal coated,
inches (cm) | inches  (cm) inches  (cm) inches  (cm) inch (mm) inch (mm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020%¢  (0.51) | 0.03%¢  (0.58)
475 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Notlimited 0.026%  (0.66) | 0.0p9%®  (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (0.4) Not limited 12.0 (30.5) Not limited 0.032  (0.81) | 0.034  (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33:0) 16.0 (40.6)
12.5 ($1.8) Not limited 19.5 (49.5) Not limited 0.042  (1.07) | 0.045  (1.14)
14.0 ($5.6) 18.0 (45.7) 21,0 (53.3) 25.0 (63.5)

@ A supporting frame is a structure of angle orcharnnel or a folded rigid section of sheet metal which is rigidly attachdd to and has
the same outsigle dimensions as the enclosure*surface and which has torsional rigidity to resist the bending moments which is
capable of beirlg applied via the enclosure.surface when it is deflected. Construction that is determined to have equivalent
reinforcing is allowed to be accomplished by constructions that produce a structure which is as rigid as one built with a frame of
angles or chanpels. Constructions.determined to be without supporting frame include:

1) Single shegt with single formed flanges (formed edges),
2) A single sheet which is‘corrugated or ribbed, and

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

® The width is the sinhaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfdces of an
enclosure are gllowed to have supports in common and be made of a single sheet.

¢ For panels which are not supported along one side, for example, 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.

4 Sheet metal for an enclosure intended for outdoor (rainproof, raintight or watertight) use shall comply with 13.6.1 — 13.6.5.

¢ At points where a wiring system is to be connected, the thickness shall not be less than 0.032 inch (0.81 mm) if uncoated and not
less than 0.034 inch (0.86 mm) if zinc coated.
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Table 13.2
Minimum thickness of sheet metal for enclosures aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width,” Maximum length,® Maximum width,® Maximum length, Minimum thickness,
inches (cm) inches (cm) inches (cm) inches (cm) inch (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited
0.023%¢ (0.58)
3.5 (8.9) 4.0 (10.2) 8.5 (21.7) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited
0.029° (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 135 (34.2)
6.0 (15.2) Not limited 14.0 (35.6) Not limited
0.036° (0.91)
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7)
8.0 (20.3) Not limited 19.0 (48.3) Not limited
0.045 (1.14)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (6375)
12.0 (30.5) Not limited 28.0 (71.1) Not limited
0.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attacheid to and has
the same outsigle dimensions as the enclosure surface and which has torsional rigidity to resist the bending moments which are
capable of being applied via the enclosure surface when it is deflected. Constructionthat is determined to have equipalent
reinforcing is allowed to be accomplished by constructions that produce a struéture 'which is as rigid as one built with a frame of
angles or chanfels. Constructions considered to be without supporting frame'include:
1) Single shegt with single formed flanges (formed edges),
2) A single shget which is corrugated or ribbed, and
3) An enclosufe surface loosely attached to a frame (for exampley with spring clips).
® The width is the smaller dimension of a rectangular sheet nietal piece which is part of an enclosure. Adjacent surfages of an
enclosure may have supports in common and be made of.a single sheet.
¢ For panels wHich are not supported along one side,forexample, side panels of boxes, the length of the unsupport¢d side shall
be limited to th¢ dimensions specified unless the.side in question is provided with a flange at least 1/2 inch (12.7 mn}) wide.
4 Sheet copper| brass, or aluminum for an endfostire intended for outdoor use (rainproof, raintight or watertight) shal| not be less
than 0.029 incH (0.74 mm) thick.
¢ At points whefe a wiring system is to be-connected, the thickness shall not be less than 0.045 inch (1.14 mm).
Table 13.3
Cast-meta] enclosures of malleable iron and die-cast or permanent mold cast aluminyim, brass,
bronze, or zinc
Mini hicl
Cast metal of other than the
Die-cast metal, die-cast type,
Use or dimensions of area involved inch (mm) inch (mm)
Area of 24 square inches (155 cm?) or less and having no 1/16 (1.6) 1/8 (3.2)
dimension greater than 6 inches (152 mm)2t¢
Area greater than 24 square inches or having any 3/32 (2.4) 1/8 (3.2)
dimension greater than 6 inches
At a conduit hole 1/4 (6.4) 1/4 (6.4)

@ The area limitation for metal 1/16 inch thick may be obtained by the provision of reinforcing ribs subdividing a larger area.

b Die-cast meta

1) The enclo

| may be minimum 0.035 inch (0.89 mm) thick if:

sure is not intended to be used as a splice box and

Table 13.3 Continued on Next Page
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Table 13.3 Continued

Use or dimensions of area involved

Minimum thickness

Die-cast metal, die-cast

inch (mm) inch

Cast metal of other than the

type,
(mm)

AC or DC.

2) The voltage rating of the complete device is such that the potential between any two conductors does not exceed 250 volts

¢ Die-cast metal may be minimum 0.028 inch (0.71 mm) thick for an enclosure housing only low-voltage circuits.

13.2.3 If threads for the connection of conduit are not tapped all the way through a hole in an enclosure
wall, condui ; ; - re shall be a
smooth, rouded inlet hole for the conductors that affords protection to the conductors equijvalent to that
provided by & standard conduit bushing and that has an internal diameter as indicated-in_ Tablg 13.4.
Table 13.4
Throat diameter of conduit stop
Tradé¢ size of conduit, Minimum diameter,? Maximum diameter,
inch (mmO.D.) inch (mm) inches (mm)
1/2 (21.3) 0.56 (14.2) 0.62 (15.8)
3/4 (26.7) 0.74 (18.8) 0.82 (20.9)
1 (33.4) 0.94 (23.9) 1.05 (26.7)
@ A smaller diaheter may be provided in a construction as described\in 14.2.2 if the throat diameter of the conduit sfop is of a
sufficient size fo accommodate the conductors without damage and the conductors will not be pulled through the opening during
installation of the device.
13.3 Polymeric enclosures
13.3.1 A polymeric electrical enclosure or a polymeric part (such as a plug or other closure) that is relied
upon to complete and maintain the integrity of an electrical enclosure shall comply with the Hlammability —
127 mm (5 Ipch) Flame Test, Crushing Resistance Test, Resistance to Impact Test (both normal and cold),
and the Mold Stress-Relief-Distortion Test in the Standard for Polymeric Materials — Usg in Electrical
Equipment BEvaluations, WL.746C, and also with the additional requirements specified in this standard.
Polymeric pgrts may bejtested separately or may be tested as part of the overall electrical en¢losure.

Exception N
flammability

0. 15 Polymeric enclosures enclosing Class 2 circuits only, need not con

hply with the
bst, maximum

127 mm (5 Inch) flame rating, Crush Resistance Test, Resistance to Impact Te

use tempera

ture properties and the Mofd-Stress-Retief Distortiorr Test.

Exception No. 2: A polymeric plug or other closure made of a material classed in accordance with the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94, and
that serves to complete and maintain the integrity of an electrical enclosure is acceptable if the closure is:

a) Not more than 1.2 square inches (775 mm?) in area and is:

1) Rated 5VA, 5VB, V-0, V-1, or V-2; or

2) Rated HB and complies with the Flammability — 127 mm (5 Inch)

Flame Test

requirements in the Standard for Polymeric Materials — Use in Electrical Equipment

Evaluations, UL 746C.

b) More than 1.2 square inches (775 mm?) in area and is:
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13.3.2

1) Rated 5VA and complies with the Resistance to Impact Test requirements

(both normal

and cold) in the Standard for Polymeric Materials — Use in Electrical Equipment

Evaluations, UL 746C or;

2) Rated 5VB, V-0, V-1, V-2 or HB and complies with the Flammability — 127

mm (5 Inch)

Flame Test, the Resistance to Impact Test (both normal and cold) and the Crushing
Resistance Test in the Standard for Polymeric Materials — Use in Electrical Equipment

Evaluations, UL 746C.

In addition to the requirements in 13.3.1 polymeric materials used for outdoor use type

applications as defined in the Standard for Enclosures for Electrical Equipment, UL 50, such as Types 3,
3R, 4, and 4X enclosures or polymeric materials used for closures, fastenings, or hinges for these

enclosures,

Use in Electrical Equipment Evaluations, UL 746C.

13.3.3

In addition to the requirements in 13.3.1, polymeric materials used for Typés)6 and 6

all comply with the Ultraviolet Light Exposure Test in the Standard for Polymeri

c Materials —

P enclosures

or polymeric materials used for closures, fastenings, or hinges for these enclosureés, shall comply with the

Ultraviolet Light Exposure Test and the Water Exposure and Immersion Test inithe Standard {
Materials — Uge in Electrical Equipment Evaluations, UL 746C.

13.4 Enclo

1341 Aco
valve by swa
200 pounds
inches, each

Exception: If
device, the b
inches (22.6

13.4.2 For
and is to sup

13.4.3 For

than the condluit fittings. Inxthe bending test, the force is to be applied to the conduit at right

axis, and the
to the point o
a direction te
conduit.

ure conduit connection

hduit hub or nipple that is molded into a polymeric eficlosure or attached to the e
jing, staking, or similar means shall withstand, without pulling apart or turning, a
890 N), a bending moment of 600 pound-inches (67.8 N-m), and a torque of
applied for 5 minutes.

the enclosure has only one condujt<connection point and is intended to be a
ending moment shall be 150 pound-inches (17.0 N-m), and the torque shall be
N-m)

rt a weight of 200 pounds (90.7 kg).

he bending and tofsion tests in 13.4.1, the valve is to be rigidly supported by

lever arm¢is.to be measured from the wall of the enclosure in which the hub or sf

or Polymeric

hclosure of a
direct pull of
600 pound-

n end of line
200 pound-

e pullout test in 13.4.1the valve is to be supported by rigid conduit in the intended manner

L

means other
angles to its
ud is located

application of the bending force. In the torsion test, the force is to be applied to the conduit in

hding'to tighten the connection, and the lever arm is to be measured from the

center of the

13.4.4 With reference to 13.4.1, the bending test, a 9 feet — 10-7/64 inch minimum (3.0 meter) length of
conduit of the intended size shall be installed:

a) In a hub or an opening if provided as part of the enclosure; or

b) If a hub or opening is not provided, in the center of the largest unreinforced surface intended for
the connection of conduit.

13.4.5 The enclosure shall be securely mounted as intended in service, but positioned so that the
installed conduit extends in a horizontal plane. The test shall be terminated once the deflection of the
conduit end exceeds 10 inches (255 mm). If a weight is necessary to cause the conduit end to deflect, the
test shall be terminated once the deflection of the conduit end exceeds 10 inches (255 mm) or once a
bending moment of 600 pound-inches (67.8 N-m) is achieved. For the Sl system of units, the magnitude of
the weight shall be determined from the equation:
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in which,

W=(0.1M-0.5CL)/L

W and C are measured in kilograms;

M is measured in Newton-meters; and

L is measured in meters.

For the inch-pound units, the magnitude of the weight shall be determined from the equation:

in which,
Wis 1

Lis
weigh

Cist
Mis
13.5 Open

13.5.1 An
breaker othg
disturbances
13.3.3.

13.5.2 The

a) An
wiring

b) No

Exce

W=(M-0.5CL)/L

he weight, in pounds, to be hung at the end of the conduit;

he length of the conduit, in inches, from the wall of the enclosure to the poinf
tis suspended;

e weight of the conduit, in pounds; and

he bending moment required, in inch-pounds.
ngs

bpening shall not be provided in an“enclosure that houses a fuse or any porti
r than the operating handle, unltess the construction affords containment of ¢
equivalent to that provided. by~an enclosure complying with the requirement

following requirements apply to openings:

opening shall nat-be provided in a compartment or part of an enclosure that ¢
splices in a line-voltage circuit.

openings,shall be located in the mounting surface of an enclosure.

btionh: The following openings may be located in the mounting surface of an enclqg

at which the

n of a circuit
lectrical fault
s in 13.1.1 —

ontains field-

sure:

1) A mounting opening.

2) A maximum of four openings provided for the escape of air or paint duri

process. The maximum dimension of such an opening shall not exceed 1/8 inc

ng a painting
h (3.2 mm).

3) A maximum of four unused holes provided for mounting of internal components. The

maximum dimension of such an opening shall not exceed 3/16 inch (4.8 mm).

c) If the bottom surface is not the mounting surface, an opening may be provided in the bottom
surface of an enclosure if the opening does not permit materials to fall directly out from the interior
of the unit. See Figure 13.1 for an example of an acceptable construction.

d) The shortest distance between an opening and the bottom of an enclosure or a wall-mounting
surface shall be at least one-quarter of the enclosure height or depth, respectively, or 1 inch (25.4

mm),

whichever is less.
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e) There shall not be emission of flame or molten material, or manifestation of risk of fire, during
normal or abnormal tests on the control.

f) Unless the construction of a device provided with forced ventilation is such that there is no direct
path between live parts and the outlet opening, burnout tests as described in Section 39 shall be
conducted to determine that there is no emission of flame or molten material through the opening.

g) Air from an opening, either forced or otherwise, shall not be directed:

1) Into a duct or into a concealed space in a building or

2) Against the mounting surface.

h) Th
dimen
than
dimen
dimen
Figurg
holes
specif]

ere shall not be more than four holes for mounting an enclosure having
sion of 18 inches (457 mm); six holes for an enclosure with a maximum dimen|
18 inches, but less than 48 inches (1.2 m); eight holes for an enclosure-with
sion of 48 inches or more. Four of the holes for mounting an enclésure with
sion of 12 inches (305 mm) may be keyhole slots having the cohfiguration
' 13.2. The dimensions shown in Figure 13.2 may vary if the areatis equivalent
for mounting a larger enclosure may be keyhole slots, the.dimensions of W
ed, and which shall be evaluated with regard to the enclosure-dimensions and ¢

Figure 13.1

Bottom surface openings of:enclosures

2X BUT NEVER LESS

<_/THAN 17(25.4mm)

BAFFLE PLATES

(MAY BE BELOW
BOTTOM OF DEVICE)

a maximum
sion of more
a maximum
a maximum
illustrated in
. Four of the
hich are not
bnfiguration.

EC515C

—ap] X< [

BOTTOM OF DEWCE-——EL//"
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Figure 13.2

Keyhole slot

15 /64"
(6.0mm )|==—
MAX.

R

49/64"
(19.4mm)
MAX.

EC600

13.6 Accessibility of live parts

13.6.1 Eleq
with an uning
is considere(

Exception: A

13.6.2 An

Figure 13.3,
electric shoq

enough to pe

to be an uninsulated live part.

~ (9.9mm) ™

25/64°

MAX.

trical parts of valves shall Be located or enclosed to reduce the risk of unintentional contact
ulated live part. See 13/6.2 — 13.6.4. For the purpose of these requirements, filp-coated wire

n enclosure is fiot required for a device intended for assembly as part of another|device.

ppening_inan enclosure of a valve is acceptable if an accessibility probe ag| illustrated in

when-inserted into the opening, cannot be made to touch any part that involves the risk of
k to the end-user or service personnel. However, in no case shall the ope
rmit the entrance of a 1-inch (25.4-mm) diameter rod.

Ting be large
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Figure 13.3
Accessibility probe
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13.6.3 With regard to the application of the requirement in 13.6.2, the accessibility probe shall be
articulated into any configuration and shall be rotated or angled to any position before, during, or after
insertion into the opening, and the penetration shall be to any depth allowed by the opening size, including
minimal depth combined with maximum articulation.

13.6.4 If any part of the enclosure must be opened or removed as part of normal operation, regular
adjustment, or regular or required maintenance (set point adjustment, timer or time of day clock
adjustment, battery replacement, and the like) with or without the use of tools, or can be opened or
removed without the use of tools, the accessibility probe is to be applied without the part in place.

13.6.5 The smaller dimension (width) of an opening in an enclosure around a dial, adjusting knob, lever,

handle, poin

er_or the like shall nat be mare than 1/8 inch (3 2 mm) for any setting or positi

n of the dial,

knob, and th

13.6.6 Apl

a) 0.q
havin

b) 0.0
havin

A closure for
standard kng

13.7 Scredns and expanded metal

13.7.1 The
square inch

13.7.2 Exc
shall not be
the mesh op
inch (2.03 m

13.7.3 For
between un
performance
(0.51-mm) th

b like.

hte or plug for an unused conduit opening or other hole in the enclosure shall not

14 inch (0.36 mm) thick for steel or 0.019 inch (0.48 mm) thick for Nonferrous m
g a 1/4 inch (6.4 mm) maximum dimension and

27 inch (0.69 mm) thick for steel or 0.032 inch (0.81 mm) thick for nonferrous m
g a 1-3/8 inch (34.9 mm) maximum dimension.

a larger hole shall have a thickness equal to that rfequired for the enclosure of th
ckout seal shall be used. Such plates or plugs shall be securely mounted.

wires of a screen shall not be less.than 16 AWG (1.3 mm?) if the screen ope
3.23 cm?) or less in area, and notJess than 12 AWG (3.3 mm?) for larger screen

ept as noted in 13.7.3, perforated sheet steel and sheet steel used for expande
ess than 0.042 inch (1.07ymm) in average thickness [0.045 inch (1.14 mm) if 2
bnings or perforations are 1/2 square inch (3.23 cm?) or less in area, and not le
M) in average thickness [0.084 inch (2.13 mm) if zinc coated] for larger openings

nsulated,{movable, current-carrying parts and grounded metal so as to ad
or reduce ‘electrical spacings below the minimum values specified in Table 20
ick expanded metal mesh [0.023 inch (0.58 mm) if zinc coated] may be used if:

a)T

be less than:

btal for a hole

btal for a hole

e device or a

hings are 1/2
ppenings.

0 metal mesh
inc coated] if
5s than 0.080

a small deyite-in which the indentation of a guard or enclosure will not alter {he clearance

ersely affect
1, 0.020-inch

awmocad - maoach Aan ANy AnA oidA wfanna Af tha Aavins o neAatantad haco
“

area of not

more

or
CAPOSTOTTIT oo arty o~ oratt—or ToOCCOT T U TV ICCoUpPTrotc Gt TTas

than 72 square inches (464.5 cm?) and h

b) The width of an opening so protected is not greater than 3-1/2 inches (88.9 mm).

13.8 Rainproof, raintight, and watertight enclosures

13.8.1

as no dimension greater than 12 inches (305 mm) or

An enclosure for a valve intended to be used in wet locations and to be designated "Rainproof"

shall be constructed to prevent the entrance of a beating rain at a level higher than the lowest live part
within the enclosure. The enclosure shall be provided with external means for mounting, except that
internal means for mounting may be employed if constructed to prevent water from entering the enclosure.
Hinges and other attachments shall be resistant to corrosion. Metals shall not be used in combinations that
result in galvanic action that can impair the function of any part of the device.
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13.8.2 An enclosure for a valve intended to be used in wet locations and to be designated "Raintight"
shall comply with the requirements in 13.8.1, except that it shall be constructed to prevent the entrance of
water in a beating rain.

13.8.3 To determine if an enclosure complies with 13.8.1 or 13.8.2, the complete valve shall be subjected
to the Rain Test, Section 42.

13.8.4 An opening for conduit in a raintight enclosure, other than in the bottom of the enclosure, shall be

threaded.

13.8.5 An opening for conduit in a rainproof enclosure shall be threaded unless located wholly below the

lowest termin

enclosure if 4

13.8.6 Ans
shall be cons
for mounting,
entering the §
used in comb

al lua aor othar liva nart anthin tha aneclaciira Thara chall ha nravicinn for Aro
oo g OOt ey e partwrtr it e e GO Sur e e eSS R e pPTrovISTIOT—TO—atg

knockout or unthreaded hole is provided other than in the bottom.

nclosure for a valve intended to be used in wet locations and to be desighated
ructed to prevent the entrance of water. The enclosure shall be provided with ex
except that internal means for mounting may be used if constructed to prever
enclosure. Hinges and other attachments shall be resistant to.corrosion. Metals
nations that result in galvanic action that can impair the function of any part of th

13.8.7 To ¢
subjected to {

13.9 Corro

13.91 Ara
following co
equivalent pr

a) Ho

Stand

minim

comply with 13.9.4.

letermine if an enclosure complies with 13.8.5 and43.8.6, the complete va
e Hosedown Test, Section 43.

sion protection

nproof, raintight, or watertight enclosure shall be protected against corrosion wi
tings, or by other metallic or nonmetallic coatings that have been determine
btection.

-dipped, mill-galvanized sheet steel conforming with the coating designation

inage of the

"Watertight"

ernal means
t water from
shall not be
e device.

Ive shall be

th one of the
d to provide

G90 in the
Alloy-Coated
f the zinc on
fication. The
e of question
d for Weight
0.

el, uniformly
urface with a
ng shall be

m\ thickness of 0.00054 inch (0.01372 mm). T

g shall also

¢) A cadmium coating not less than 0.001 inch (0.0254 mm) thick on both surfaces. The thickness
of coating shall be established in accordance with the Metallic Coating Thickness Test, Section 44.

d) A cadmium coating not less than 0.00075 inch (0.01905 mm) thick on both surfaces with one
coat of outdoor paint on both surfaces, or not less than 0.0005 inch (0.0127 mm) thick on both
surfaces with two coats of outdoor paint on both surfaces. The thickness of the cadmium coating
shall be established in accordance with the Metallic Coating Thickness Test, Section 44. The paint
shall be an organic epoxy or alkyd-resin type, or other outdoor paint. The acceptability of the paint
may be determined by consideration of its composition or by corrosion tests if these are considered
necessary.
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13.9.2 With reference to 13.9.1, other finishes, including paints, metallic finishes, and combinations of
the two, may be used if comparative tests with galvanized sheet steel (without annealing, wiping, or other
surface treatment) complying with 13.9.1(a) indicate they provide equivalent protection. Among the factors
that are to be taken into consideration when evaluating the coating systems are exposure to salt spray,
moist carbon dioxide-sulphur dioxide-air mixtures, moist hydrogen sulphide-air mixtures, and ultraviolet

light and water.

13.9.2.1

Organic coatings provided for corrosion protection shall comply with the requirements in the

Standard for Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment, UL 1332.

13.9.3 Samples having coatings containing organic material are to be tested in the as-received condition

and also afte

13.94 An
required to
damages the
not enter dur

13.9.5
visible at 25
edges and p
comply with

13.9.6 A ng
of the effect

13.9.7 A gasket of an elastomeric or thermoplastic material or a composition gaske

elastomeric
in 13.9.8 or 1

13.9.8 A gasket of rubber or neoprene,-or composition gasket utilizing an elastomeric mat

subjected to
gasket may
cracking afte

13.9.9 A gasket of thermoplastic material, or a composition thereof, may be used after co

the effects o
cover or enc

annealed zinc coating that is bent or similarly formed after annealing and that4s

If flaking or cracking of the zinc coating at the outside radiusof)the bent or form

be painted shall be painted in the bent or formed area if the bending lor for
zinc coating, except that such areas on the inside surface of an enclosure th
ng the Rain Test, Section 38, need not be painted.

power magnification, the zinc coating is considered to be 'damaged. Simple s
Linched holes are not considered to be formed, but extfuded and rolled edges a
he requirements in 13.9.4.

nmetallic cabinet and an enclosure intended for outdoor use are to be evaluateq
bf exposure to ultraviolet light and water, in addition to the factors described in 13

material used to make an enclosure ¥ainproof or raintight shall comply with the
3.9.9, whichever is applicable.

the Tensile Strength Test-as described in the Standard for Gaskets and Seals,
be used if there istno visible evidence of deterioration such as softening,
r flexing.

f heat aging; distortion under conditions of use, and the means of securing the
osure:

13.10 Safetyvalves

Section 25.

hot otherwise
ing process
t water does

ed section is
heared or cut
nd holes shall

| on the basis

t utilizing an
requirements

erial, shall be
UL 157. The
hardening, or

nsideration of
gasket to the

13.10.1

The enclosure of a safety valve shall not interfere with the operation of the valve. Any openings

in the enclosure shall be located and sized so that they cannot be used as a means for blocking the valve
in the open position.

13.10.2 Class 2 electrical parts of a safety valve, except one intended for use only when located within
an enclosure, shall be enclosed if grounding, opening, or shorting of the electrical circuit may result in
failure of the valve to shut off automatically.
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14 Field Wiring Connections
14.1 General

14.1.1  For the purpose of these requirements, and particularly where wiring terminals or leads are
mentioned, wiring connections are considered to be those made to the valve when the valve is installed

14.1.2 A terminal box or wiring compartment shall be located so that wire connections therein may be
inspected without disturbing either high-voltage or safety-circuit wiring.

14.1.3 A valve, other than one intended only for use as an automotive fuel valve, shall be provided with

wiring termin
Electrical Coq

14.1.4 For
that is in accd

1415 Ava
type of wiring

14.2 Leads

1421 Aco
with the Natidg
if rubber or th

14.2.2 Aco

! ’ bk, 4l n £ ! 4 PR — : : 1
AlS Ul 1IC4aUsS TUT 1S COTMMTICSUUUIT U CUTTUUTLIOTS Ul dl 1ICast U1 SIZTC TCUUITTU Dy

e, NFPA 70, corresponding to the rating of the valve.

pbower-circuit connections, a valve shall have provision for the connection“of a
rdance with the National Electrical Code, NFPA 70.

I lead or the like intended to be spliced in the field\to a branch circuit conductor ir

ermoplastic, shall not be less than 1/32 ineh\(0.8 mm) thick.

| lead shall have a minimum length of48 inches (457 mm) as measured from thg

the coil to its fermination.

Exception N@
of 6 inches (1

Exception Ng
requirement.

. 1: If splicing is intended.to be accomplished within the valve enclosure, a mir
53 mm) shall be provided.

1423 Ale

d intended-for connection of a neutral or grounded supply conductor shall be fi

or gray, and ghall be distinguishable from the other leads. No other lead shall be so identified.

14.2.4 Aledd.intended for the connection of an equipment-grounding conductor shall not be

the National

iring system

ve that is intended for use with either a specific fitting or a fitting, that accommodates only one
system shall be supplied with such a fitting and is marked as‘indicated in 43.1(p).

accordance

nal Electrical Code, NFPA 70, shall not be smaller than 18 AWG (0.82 mm?). The insulation,

periphery of

imum length

. 2. A valve intended only for use as an automotive fuel valve need not comply with this

nished white

smaller than

the largest current-carrying conducior and shall have a iree length of 6 nches (153 mm) or more. The
surface of an insulated lead intended solely for the connection of an equipment grounding conductor shall
be green or green with one or more yellow stripes. No other lead visible to the installer in a field wiring
terminal compartment shall be so identified.

14.2.5 Leads (pigtails) for field connections shall be provided with strain relief to prevent mechanical
stress from being transmitted to terminals, splices, or interior wiring. Each lead shall withstand for 1 minute
a pull of 10 pounds (44.5 N).

14.2.6 A valve intended for use only within other equipment, an automotive fuel valve, or a low-voltage
valve for connection only to nonsafety control circuits may be provided with leads entering the enclosure
through an acceptable insulating bushing, or with leads in accordance with 14.2.9.
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14.2.7 A bushing of rubber or rubber-like material provided in accordance with 14.2.6 shall be 1/8 inch
(3.2 mm) or more in thickness along the inside edge of the opening, except that it may be minimum 1/16
inch (1.6 mm) thick [with a minus tolerance of 1/64 inch (0.4 mm)] if the metal around the hole is eyeletted
or similarly treated to produce smooth edges. A hole in which such a bushing is mounted shall be free from
sharp edges, burrs, projections, and the like, which might damage the bushing.

14.2.8 A bushing of rubber or rubber-like material shall be located so that it will not be exposed to oil,
grease, oily vapors, or similar substances that may have a deleterious effect on the material of the
bushing, unless the bushing complies with the applicable requirements in 6.2 — Nonmetallic materials.

14.2.9 An insulating bushing is not required on valves of the type described in 14.2.6 that are provided
with leads of _flexible cord not smaller than Typp P-1_or insulated conductors a(‘rppfahlp for the service
and having ot less than 3/64 inch (1.2 mm) thick insulation. The surface against which sugh leads may
bear shall bg rounded.

14.3 Field Wiring Terminals
1431 Aw
place by a b
accommodate a 10 AWG (5.3 mm?) or smaller conductor if upturned ligs, corners, or the &
provided to Hold the wire in place.

ring terminal shall be provided with a soldering lug or pressure terminal connectpr fastened in
olt or screw, except that a wire-binding screw may be used. at'a wiring terminal intended to
quivalent are

1432 AW
friction betw
shoulders or
part.

iring terminal shall be prevented from turning.er ‘shifting in position by means other than
ben surfaces. This may be accomplished by means such as two screws or rivets; by square
mortices; by a dowel pin, lug, or offset; or byya connecting strap or clip fitted intp an adjacent

14.3.3 A fig
one of the fo

a) Th

b) Th
Alum

1434 Aw

The screw shall thread-into metal.

Exception: A
one 16 AWG

Id-wiring pressure wire connector provided with electrically operated valves sha
lowing, as applicable:

e performance requirementsiin the Standard for Wire Connectors, UL 486A-486E

e performance requirements in the Standard for Equipment Wiring Terminals
num and/or Copper:Conductors, UL 486E.

re-binding screw at a field-wiring terminal shall not be smaller than 8 AWG (4.2 n

6 AWG (3.5 mm diameter) screw may be used for the connection of one 14 AW
(1:3mm?), or one 18 AWG (0.82 mm?) conductor.

| comply with

B

or

for Use with

hm diameter).

G (2.1 mm?),

14.3.5 It should be noted that according to the National Electrical Code, NFPA No. 70, 14 AWG (2.1
mm?) is the smallest conductor that the installer may use for branch circuit wiring and thus is the smallest
conductor that may be anticipated at a terminal for the connection of a power supply wire.

14.3.6 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.030 inch (0.76
mm) thick for a 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) thick for a wire
larger than 14 AWG (2.1 mm?). In either case there shall not be less than two full threads in the metal,
unless a lesser number of threads results in a connection in which the threads will not strip with normal
tightening torque in accordance with the values indicated in the Standard for Wire Connectors, UL 486A-
486B.

14.3.7 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the tapped hole for the binding screw to provide two full threads.
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14.3.8 Upturned lugs or a cupped washer shall be capable of retaining a conductor of the size specified
in 14.1.3 but no smaller than 14 AWG (2.1 mm?), under the head of the screw or the washer.

14.3.9 A terminal intended for connection of a neutral or grounded supply conductor shall be of a white
metal or plated with white metal and shall be readily distinguishable from other terminals. The terminal
may be identified in an equivalent manner, such as on an attached wiring diagram.

14.3.10 A wire-binding screw intended for the connection of an equipment-grounding conductor shall
have a green colored head, either hexagonal or slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be plainly identified, such as by being marked "G," "GR," "GND,"
"Ground," "Grounding," or the like, or by marking on a wiring diagram provided on the valve. The wire-
binding screw.o ire it | ike oved during
intended se

14.3.11 A gpick connect terminal shall be used with 22 — 10 AWG conductors. A nominal 0{110-, 0.125-,
0.187-, 0.205-, or 0.250-inch (2.8-, 3.2-, 4.8-, 5.2-, and 6.3-mm) wide quick-connect.terminal|shall comply
with the Standard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-conngct terminals
shall be investigated with respect to such areas as crimp pullout, engagement-disengagemgnt forces of
the connectof and tab, and temperature rises in accordance with UL 31Q."A”quick connect ferminal may
consist of either a connector (Female QC) or a production tab (Male QC);

14.3.12 A quick connect tab shall comply with the Tab Pull Test'of the Standard for Terminal Blocks, UL
1059, and the construction requirements in accordance with.the Standard for Electrical Quick-Connect
Terminals, ULl 310.

14.4 Wiring space

1441 Ifitis
provided for

intended that field-wiring connections be made within the valve enclosure, rpom shall be
aking such connections.

14.4.2 To determine the acceptability;of the wiring space, the valve is to be wired as it{would be in
service. A reasonable amount of slack-is to be left in each conductor within the enclosure, and not more
than average] care is to be exercised'in stowing this slack into the enclosure. Consideration |is then to be
given to the |ocation of the conduit opening relative to parts operating at temperatures in gxcess of the
permissible temperature limit ,0f the field installed wiring and splices, moving parts that might abrade
insulation or be fouled by.field installed wiring to impair their intended operation, or sharp stgtionary parts
over which wires may.be routed or against which slack may bestowed. These considefations apply
whether connections\are to be made at terminals or by splices to pigtail leads.

15 Internal|(Wiring

15.1  The internal wiring of a valve shall consist of wires (including conductors covered with insulating
tubing) acceptable for the atmosphere, temperature, and voltage to which the wiring is to be subjected.
High voltage conductor insulation shall be equivalent to that of Type T or TW circuits.

15.2 These requirements are not intended to exclude the use of printed wiring material or an acceptably
supported bare conductor.

15.3 Where the use of a short length of suitably insulated conductor is not feasible (for example, a short
coil lead), electrical insulating tubing may be used. The tubing shall not be subjected to sharp bends,
tension, compression, or repeated flexing, and shall not contact sharp edges, projections, or corners. The
wall thickness at any point for the smallest sizes of polyvinyl chloride tubing shall be not less than 0.017
inch (0.43 mm). For insulating tubing of other types, the thickness shall not be less than that providing
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mechanical strength, dielectric properties, heat and moisture-resistant characteristics, and the like, at least
equal to those of 0.017 inch (0.43 mm) thick polyvinyl chloride tubing.

15.4 The internal wiring and connections between parts of a valve shall be protected or enclosed.

15.5 A rubber-insulated conductor shall not be subjected to exposure to oil, grease, oily vapor, or other
substances having a deleterious effect on rubber.

15.6 Wireways shall be smooth and free from sharp edges, burrs, fins, moving parts, and the like, that
may cause abrasion of the insulation on conductors.

15.7 Holegimsheetmetat-watts iinuugil whictrsutated—wires Pass strattbe pluviu'cu' with smoothly
rounded bushings or shall have smooth, rounded surfaces upon which the wires may bear; to reduce the
risk of abrasion of the insulation.

15.8 Splicgs and connections shall be mechanically secure and shall maintain‘electrical contact without
strain on copnections and terminals. Soldered connections shall be mechanically secure |before being
soldered.

Exception: Jonnections to printed-wiring boards need not be mechanically secure prior to sqldering, if the
soldering is| done by a machine process in which the soldering time and solder temperature are
automatically controlled.

15.9 A spli¢e shall be provided with insulation at least equivalent to that required for the wirgs involved.
16 Grounding and Bonding

16.1 A vale, except one intended for use only“in low-voltage circuits, shall have provision [for grounding
all noncurrept-carrying metal parts that are-exposed or are likely to be touched by a gerson during
intended opgration or adjustment of thevalve, and that are likely to become energized as g result of an
electrical fault.

Ive is furnished with*an enclosure to provide for connection of one of the wjring systems
covered by the National Electrical Code, ANSI/NFPA 70, all exposed dead metal parts shall be electrically
bonded to an equipment.greunding terminal or lead located within the enclosure. If conrection to the
wiring system is not inteAded to be accomplished within the valve enclosure, and all exposgd dead metal
parts requiripng grounding are electrically bonded to the enclosure, a knockout or threaded|opening in a

& ounding—peint-shall-be—cenneeted—te-the frame or
enclosure by a positive means, such as by a bolted or screwed connection. The grounding connection
shall penetrate nonconductive coatings, such as paint or vitreous enamel. The grounding point shall be
located so that the grounding means will not be required to be removed during normal servicing. See
14.2.4 and 14.3.10.

16.4 A single point reference ground may be employed in a low-voltage circuit. The enclosure, frame, or
panel, including bolted joints, may carry the current of a low-voltage circuit. In neither of these instances
shall a current be carried through the field equipment grounding means, the metallic raceway or other
power supply grounding means, or the earth ground.

16.5 The grounded-circuit conductor shall not be grounded at or in conjunction with equipment covered
by this standard.
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16.6

If the valve is marked as specified in 47.7, it shall be provided with a wire connector securely

mounted to the outside of the housing acceptable for the connection of a minimum 8 AWG (8.4 mm?) solid

copper wire.
17 Protecti

171
may cause a

on of Users and Service Personnel

risk of injury to persons.

These requirements apply to live parts in other than low-voltage circuits, and to moving parts that

17.2 Live parts shall be located and enclosures and covers arranged to reduce the risk of electric shock
while removing or replacing a cover.

17.3 Anun
contact by p
relamping, ch

17.4 An uni
guarded or e
controls, and
equipment is

175 Anele
it is energizqg
grounded me
person to the
to persons. A
access by oth

17.6 Parts
be free of sha

18 Transfo
18.1 A Clas
Standard for
Transformerg

— Part 3: Clas

182 A co

nsulated live part shall be located, guarded, or enclosed so as to reduce-the
brsons with nearby live or moving parts that may cause a risk of injury to p
anging fuses, adjusting controls, lubricating motors, or during other maintefhancs

nsulated live part or a moving part that may cause a risk of injury to persons sha
nclosed to reduce the risk of unintentional contact by service personnel adjustin

energized.

Ctrical component that may require examination, adjustment, servicing, or maint

tal parts so that it is accessible for electrical sérvice functions without subjectin
risk of electric shock or to contact with adjacent moving parts that may cause a
\ccess to the components in the valve _assembly shall not be impeded in the
er components or by wiring.

bf valves subjected to contact during normal operation, adjustment, and user se
rp corners and edges.

'mers, Coils and Motors

s 2 circuit shall be supplied by an isolating source that complies with the require
Class 2 Power’Units, UL 1310, or the requirements in the Standard for
— Part 1: General Requirements, UL 5085-1 and the Standard for Low Voltage
s 2 and.€lass 3 Transformers, UL 5085-3.

winding containing porous materials shall be varnished-dipped, impregn

equivalent, t

likelihood of
ersons while
operations.

[l be located,
h or resetting

the like, or performing service functions which may have to be performg¢d while the

enance while

d shall be located and mounted with respect.to other components and with respect to

h the service
risk of injury
direction of

rvicing, shall

ments in the

| ow Voltage
ransformers

ated, or the

resist the qhanptinn of maisture

18.3 When the temperature of the coil exceeds the Class 105 (A) insulation limits in Table 25.1, the
insulation system shall additionally comply with the Standard for Systems of Insulating Materials —
General, UL 1446.

18.4 A motor employed as part of a motor-operated valve shall comply with the Standard for Rotating
Electrical Machines — General Requirements, UL 1004-1.

18.5 Each motor shall be capable of delivering its maximum normal load without introducing risk of fire,
electric shock, or injury to persons. The motor winding shall resist the absorption of moisture as noted in
18.2.

18.6 Each motor shall incorporate one of the following forms of locked rotor protection:
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a) Thermal protection complying with the applicable requirements in the Standard for Thermally
Protected Motors, UL 1004-3;

b) Impedance protection complying with the applicable requirements in the Standard for
Impedance Protected Motors, UL 1004-2; or

c¢) Other protection that is shown by test to be equivalent to the protection specified in (a).
19 Switches

19.1 A switching device intended to control external loads shall be tested in accordance with the
Standard for Special Use Switches, UL 1054 or the Standard for Switches for Appliances — Part 1: General
Requirements, UL 61058-1.

Exception: Not applicable to non-safety switch circuits supplied from a Class 2 source.

19.2 A swifch provided as part of a safety valve shall be considered as a safety-switch unless the valve
marking indi¢ates that the switch is not intended for use as a safety switch.

19.3 A safdty switch shall be capable of 100,000 cycles of operation at'rated load.
19.4 A nonpafety switch shall be capable of 6000 cycles of operation at rated load.
20 Spacings
20.1 General

20.1.1 Livelscrewheads or nuts on the underside of a support shall be countersunk not less|than 1/8 inch
(3.2 mm) in the clear, and then covered with @ waterproof, insulating, sealing compound that will not melt
at a temperature 15°C (27°F) higher than\the intended operating temperature of the valve, apd at not less
than 65°C (149°F) in any case; exceptithat if such parts are staked, upset, or otherwise prevented from
loosening, tHey need not be recessed,/and they may be insulated from the mounting surfage by material
other than se¢aling compound or by the provision of spacings through air and over surface in accordance
with these rejquirements.

20.1.2 The|spacing atwiring terminals is to be measured with appropriate wires in place ahd connected
to the termingls as in.actual service.

20.1.3 All pninsulated live parts connected to different circuits shall be spaced from one another as
though they |were parts of opposite polarity, in accordance with the requirement in 20.2.1,[{and shall be
evaluated on the basis of the highest voltage involved.

20.1.4 As an alternative approach to the spacing requirements specified in 20.2 and 20.3, and other than
as noted in 21.2 and 21.3, clearances and creepage distances may be evaluated in accordance with the
requirements in the Standard for Insulation Coordination Including Clearances and Creepage Distances
for Electrical Equipment, UL 840, as amended in Section 21.

20.2 High-voltage circuits

20.2.1 Except as noted in 20.2.3, 20.2.9 and Section 21, the spacing of high-voltage parts in a valve
shall not be less than those indicated in Table 20.1. Greater spacing may be required if the enclosure,
because of its size, shape, or the material used, is not sufficiently rigid to maintain the minimum spacing
requirements.
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20.2.2 If more than one circuit is included in one enclosure, the spacing from one circuit to another, and
the spacing from any one circuit to the enclosure or other uninsulated dead metal part excluding its
mounting surface, are to be based on the maximum voltage and total volt-ampere rating of the overall
assembly and not on the individual circuit rating. The inherent spacings within an individual component
such as a relay (including spacings from a live part to the mounting surface other than the enclosure) are
to be evaluated on the basis of the volt-amperes consumed and controlled by the individual components.

20.2.3 The spacings in a component device (such as a snap switch), supplied as part of a valve
assembly, other than in a safety-control circuit, shall not be less than the minimum spacings required for
the class of device in question, or not less than the spacings indicated in Table 20.1, whichever are
smaller. In a wiring device which is part of a safety-control circuit or a safety valve, spacings shall comply
with the requirement in footnote d to Table 20.1.

20.2.4 Unle
at least 1/32i

5s made of a material conforming to 20.2.7, a barrier or liner shall be usedn con
hch (0.8 mm) air space.

junction with

20.2.5 Mice
spacing requ
spacing is req

20.2.6 Film
compliance o

20.2.7 Whe
requirements

a) Be

material not less than 0.013 inch (0.33 mm) thick may be used |in"lieu of th
red in Table 20.1, if the mica is tightly held in a fixed position by the parts betwe
uired.

-coated wire is considered to be the same as an<uninsulated live part in
f a device with the spacing requirements in this standard.

n insulating material is used as a barrier to comply with over surface and throug
the insulating material used shall comply with at least one of the following criter

a generic insulating material providediin the thickness indicated in Table 20

e through-air
en which the

determining

h air spacing
a:

.2 when the

insula uninsulated

parts

ling material does not physically support or maintain the relative position of the
nvolved; or

b) Comply with at least one of the following:

]

1) Comply with the direct’support requirements in Section 6 at the use thicknes

n 0.013 inch
g material is

2) Be one of the"materials called out in Table 20.2 at a thickness not less thg
(0.33 mm) thick)plus one-half required clearance spacings when the insulatin
provided in lieu of required clearance distance only; or

3) At.the use thickness, capable of withstanding the 5000 V ac Dielectric Str:
accordance with the Standard for Polymeric Materials — Use in Electrica
Evaluations, UL 746C.

ength Test in
| Equipment

Exception No. 1: Materials with a dielectric strength rating of at least 5 kV at the use
thickness require no further evaluation.

Exception No. 2: When the barrier is provided in lieu of clearance distance only, is not
within 1/32 inch (0.8 mm) of uninsulated live parts, and does not physically support or
maintain the relative position of uninsulated parts involved, the insulating material is only
required to comply with the RTI and HAI values in Table 6.2.

5) Insulating Tape as follows:

i) Complies with the Standard for Polyvinyl Chloride, Polyethylene, and Rubber
Insulating Tape, UL 510, and used in sufficient layers equivalent to a 5kV dielectric
rating.

ii) Suitable operating temperature rating.
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iii) When tape overlaps on itself or is adhered to an adjacent surface to form a
sealed joint, the amount of overlap shall be at least 1/16 in. (1.6 mm).

iv) When the overlap described in (iii) is less than 1/16 in. (1.6 mm) the construction
complies with the clamped joint test in Section 41, Clamped Insulating Joints in Lieu

of Spacings.
Table 20.1
Minimum spacings
Maximum rating of 2000 volt-
Gemerat amperes;3060 volts
A B® C
General
purposevalves pafety valves
0-150 volts, | 151 - 300 volts, | 301 — 600 volts, | 0-300Volts, D — 300 volts,
Lofation inch (mm) | inch (mm) | inch (MmM) | jnghls (mm) ihch (mm)

Between any
uninsulated live
and an uninsul
live part of opp
polarity, uninsul
high or low-vol
parts, an
uninsulated
grounded dead
metal part othel
than the enclos
or an exposed
metal part whig

Between an
uninsulated live
and the walls o
metal enclosur

conduit or metd
clad cable

isolated (insulated)

including fittingfs for

Through air | 1/8>¢4  (3.2°¢d)[ 1/4%¢  (6.4%%) | 3/8%¢  (9.5°%) J\1/16°  (1.6°)
part or ol
pted Over 149 (6.4% | 3/8¢ (959 | 129 (127N | 116> (1.6°) 149 (6.49

psite surface
ated

age

-

8b,c,d (3.2b,c,d)

.
ure,
Head
h is

Shortest 1/2 (12.7) 1/2 (12.7) 1/2 (12.7) 1/4 (6.4) /4 (6.4)
part| distance
fa

b

NOTES
1 The volt-amp

2 The spacingq
equipment whi

3 The volt-amp]

ere equivalent 6f-a horsepower rating is to be taken as the product of the voltage and the full-load cusgrent.

at an individual component part are to be evaluated on the basis of the total volt-ampere consumptign of the
h it controls.

ere limitation includes the maximum volt-ampere consumption of the valve assembly plus the volt-anppere

consumption o

control dielectri

°In a safety val

| theequipment to be controlled at any one time

2 If reduced spacings indicated in column B are used, all electrical parts of the device are to be subjected to the regular production-

c voltage-withstand test. The applied test potential is to be in accordance with these requirements — with an

additional 20-percent voltage applied for a time of 1 second rather than 1 minute.

® The spacing between wiring terminals of opposite polarity and the spacing between a wiring terminal and a grounded dead metal
part shall not be less than 1/4 inch (6.4 mm), except that if short-circuiting or grounding of such terminals will not result from
projecting strands of wire, the spacing need not be greater than that indicated.

ve and in a valve including components used in a safety-control circuit, the spacing between wiring terminals,

regardless of polarity, and between a wiring terminal and a dead metal part (including the enclosure) which may be grounded when
the device is installed, shall not be less than 1/4 inch (6.4 mm) of a short circuit between the parts may result in risk of fire or electric
shock when the valve or a controlled device is operated.

Table 20.1 Continued on Next Page
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Table 20.1 Continued

Maximum rating of 2000 volt-
General amperes, 300 volts
A B? C
General
purpose valves Safety valves
0-150 volts, | 151 -300 volts, | 301 — 600 volts, 0 - 300 volts, 0-300 volts,
Location inch (mm) [ jnch  (mMm) | jnch  (MM) | jnch  (Mm) inch (mm)

91n a safety valve and in a valve including components used in a safety-control circuit, the spacings between uninsulated live parts
of the same polarity, except at contacts, shall not be less than 1/32 inch (0.8 mm) through air and not less than 1/16 inch (1.6 mm)
over the surface of insulating material, if a short circuit between the parts may result in risk of fire or electric shock when the valve or

a controlled deveets-operatee—The-construction-ofthe-parts-shal-meintainthese-spacirgs-permeanently—Otherwisesthe spacings in
such a valve shall comply with the requirements in Table 20.1.

¢ For the purpode of this requirement, a metal piece attached to the enclosure is considered to be a part of thé enclogure if
deformation of the enclosure is likely to reduce the spacings between the metal piece and uninsulated live parts.

Table 20.2
Generic materials suitable as a barrier
Minimum thickness,

Generic jmaterial Inch (rim) RTI|°C
Aramid Paper 0.010 (0.25) 106
Cambric 0.028 (0.71) 105
Electrical Grad¢ Paper 0.028 (0.71) 105
Epoxy 0.028 (0.71) 105
Mica 0.006 (0.15) 106
Mylar (PETP) 0.007 (0.18) 105
RTV 0.028 (0.71) 106
Silicone 0:028 (0.71) 106
Treated Cloth 0.028 (0.71) 105
Vulcanized Fibgr 0.028 (0.71) 106

NOTE — Each rhaterial shall have at least the minimum thickness specified and its Relative Thermal Index (RTI) valye shall not be
exceeded during the Temperature Test.

20.2.8 Spaging distances may be reduced to a minimum of 0.028 in, (0.71 mm) between printed wiring
board traces joperating at opposite polarity to each other on printed wiring boards when the printed wiring
board is provided with conformal coating complying with the requirements in the Standard for Polymeric
Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed
Wiring Boards, UL 746E. The printed wiring board material and the measured through air and over surface
spacings between traces shall be appropriate for the conformal coating being used.

20.2.9 For coil constructions where the cross-over lead insulation and insulation under coil terminals and
magnet wire splices is provided in order to comply with over surface and through air spacing requirements
and does not comply with the requirements in 20.2.7, the construction is considered to comply with
spacing requirements when there is no indication of breakdown in the system as a result of the Increased
Potential Test, Section 35.

20.2.10 For other than providing isolation between different circuits including ground or in a safety circuit,
spacings between traces of different potential on a printed wiring board are not required to comply with the
spacing requirements of this Standard when:
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a) The printed wiring board has a flammability rating of V-0;

b) The printed wiring board base material has a minimum Comparative Tracking Index (CTI) of 100

volts;

and

¢) The equipment complies with the Printed Wiring Board Abnormal Operation Test, Section 42.

20.3 Low-voltage circuits — and low-voltage safety-control circuits

20.3.1

In a low voltage circuit, a safety valve and in a valve including components employed in a safety-

control circuit, the spacings of low-voltage parts shall be as indicated in 20.3.2 — 20.3.4, if a short circuit
between the parts involved may prevent the valve or controlled device from closing as intended.

20.3.2 The

spacing between an uninsulated live part and the wall of a metal enclosure, |ing

for the conngction of conduit or cable, shall not be less than 1/8 inch (3.2 mm). A greater sp

required if,
maintain the

20.3.3 The

pbecause of its size, shape, or the material used, the enclosure is<not suffic
required spacing.

spacing between wiring terminals, regardless of polarity, and between a wiring t

dead metal part (including the enclosure) that may be grounded whenxthe valve is installed

less than 1/4

20.3.4 The
live part and
shall not be
maintained.

20.4 Other

20.4.1 The
metal that m

21 Alterna

211
20.3 may be

inch (6.4 mm).

spacing between uninsulated live parts, regardless of polarity, and between a
a dead metal part, other than the enclosure, thatmay be grounded when the val
ess than 1/32 inch (0.8 mm), if the construction of the parts is such that the sp

than safety-control circuits

spacing between uninsulated live parts of opposite polarity and between such p
by be grounded in service is ot specified for parts of circuits classified as Class

te Spacing — Clearances and Creepage Distances

As inglicated in 20.14,)an alternative approach to the spacing requirements specifie

used to evaluate clearances and creepage distances as described in 21 — 21.4.

conduit or a
measureme

ored-cable, shall be as noted in Table 20.1. The clearance shall be determine

luding fittings
acing may be
ently rigid to

erminal and a
, shall not be

h uninsulated
ve is installed
acings will be

arts and dead
D

d in 20.2 and

ng fittings for
d by physical

21.2 Cleargance between an uninsulated live part and the walls of a metal enclosure, includ
}tr-‘

21.3 The clearance and creepage distance at field-wiring terminals shall be in accordance with the
requirements in 20.1 — 20.4.

Exception: If the design of the field-wiring terminals is such that it will preclude the possibility of reduced
spacing due to stray strands or improper wiring installation, clearances and creepage distances at the
field-wiring terminal may be evaluated in accordance with the Standard for Insulation Coordination
Including Clearances and Creepage Distances for Electrical Equipment, UL 840.

21.4 When conducting an evaluation in accordance with the requirements in the Standard for Insulation
Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL 840, the
following guidelines shall be used:

a) For clearance:
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1) When in a safety valve or in a valve including components employed in a safety-control
circuit, a short circuit between the parts involved may prevent the valve or controlled device
from operating as intended, the assembly shall be evaluated for Overvoltage Category lll.
Other valves covered under this standard shall be evaluated for Overvoltage Category ll;

2) The phase-to-ground rated system voltage used in the determination of clearances shall
be the equipment rated supply voltage rounded to the next higher value (in the table for
determining clearances for equipment) for all points on the supply side of an isolating
transformer or the entire product when no isolating transformer is provided. The measured
clearance distance used in the evaluation of isolated secondary circuitry shall be
interpolated when the secondary voltage occurs between voltages in the supply voltage
column;

b) For

22 Separat

3) To determine equivalence with current through-air spacing requirements; an
potential having a value as determined in UL 840 shall be applied.

impulse test

creepage:

Standard for
of 100, and
8 CTl of 175;

1) Any printed-wiring board, which complies with the requirements in the
Printed-Wiring Boards, UL 796, provides a Comparative Tracking Index (CTI
when it complies with the requirements for direct support in UL 796, it provides

2) Unless specified elsewhere in this standard, equipment shall be evaluated|for Pollution

Degree 3;

3) Printed-wiring boards are evaluated as Rollution Degree 2 when adjacerjt conductive
material is covered by any coating, such_as‘a solder mask, which provides an {ininterrupted
covering over at least one side and the complete distance up to the other side ¢f conductive
material;

4) Printed-wiring boards shall be.evaluated as Pollution Degree 1 under one of
conditions:

the following

i) A coating, which' complies with the requirements for conformal co
Standard for Polymeric Materials — Use in Electrical Equipment Eve
746C; or

htings in the
luations, UL

a 0.028 inch
I bubbles, in

ii) At a-specific printed-wiring board location by application of at least
(0.748¥mm) thick layer of silicone rubber or through potting, without ai
€epoxy or potting material.

on.of Circuits

221

2211

General

Unless provided with insulation rated 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 separated by barriers or segregated from uninsulated live parts connected to different circuits or
opposite polarity parts of the same circuit.

22.1.2 Segregation of insulated conductors as required in 22.1.1 may be accomplished by clamping,
routing, or equivalent means that maintains separation of the conductors from insulated or uninsulated live
parts of a different circuit.

22.1.3 Field-installation conductors of any circuit shall be segregated or separated by barriers from:
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a) Field-installation and factory-installed conductors connected to any other circui
conductors of both circuits are insulated for the maximum voltage of either circuit.

b) Uninsulated live parts of any other circuit.

t, unless the

c) Any uninsulated live parts whose short-circuiting may result in the risk of fire, electric shock, or
injury to persons, except that a construction in which field-installed conductors may make contact

with wiring terminals may be used, if Type T, TW, or equivalent conductors are or ar
be installed when wired in accordance with the National Electrical Code, NFPA 70.

e intended to

2214 Segregation of field-installation conductors from other field-installation conductors and from
uninsulated live parts of the valve connected to different circuits may be accomplished by arranging the

location of tHe openings n respect 1o the term
uninsulated live parts) so that there is no intermingling of the conductors or parts of different
number of openings in the enclosure does not exceed the minimum required for the~proper
valve and if pach opening is located opposite a set of terminals, it is to be assumedy; for th
determining compliance with 22.1.3, that the conductors entering each opening-will be con
terminals opposite the opening. If more than the minimum number of openings aré provided,
of conductors entering at points other than opposite the terminals to which they are in
connected gnd contacting insulated conductors or uninsulated current-carrying parts co
different circtit is to be investigated. To determine if a device complieswith the requirements
to be wired &s it would be in service. A reasonable amount of slack is’to be left in each condu
enclosure apd no more than average care is to be exercised/in stowing this slack in

iers

22.2.1
parts and fie

A barrier used to provide separation betwgen the wiring of different circuits or betws
d installation conductors shall be of'metal or of insulating material and shall be h

22.2.2 A metal barrier shall have a thickness at least as great as that required by Table

inals or other
circuits. If the
wiring of the
e purpose of
nected to the
the possibility
ended to be
nnected to a
in 22.1.3, itis
ctor within the
to the wiring

ben operating
eld in place.

13.1 or Table

13.2 based ¢
mm) thick, o
Any clearang

n the size of the barrier. A'barrier of insulating material shall not be less than 0.
[ shall be thicker if its deformation may be readily accomplished so as to defeg
e at the edges of a,barrier shall not be more than 1/16 inch (1.6 mm) wide.

22.2.3 Opdgnings in a barrier for the passage of conductors shall not be larger than 1/4 inc
diameter and shall not exeeed in number, on the basis of one opening per conductor, the nu
which will nged to pass through the barrier. The closure for any other opening shall pres
surface whefever.an-insulated wire may be in contact with it; and the area of any such ope
closure remaved, shall not be larger than required for the passage of the necessary wires.

28 inch (0.71
t its purpose.

h (6.4 mm)in
mber of wires
ent @ smooth
ning, with the
bee also 15.7

for additional| requirements.

PERFORMANCE
23 General

23.1 Except as otherwise indicated, representative commercial sample(s) of a valve are to

be subjected

to the applicable tests described herein. The order of tests, as far as applicable, is to be as indicated in
Sections 23 — 40 with the exception of the specific test sequence shown in 23.6. In addition, except as
noted in 23.2 or 23.3, the various tests are to be conducted at rated frequency and at the voltage indicated
in Table 23.1. Additional samples of internal parts, such as diaphragms, seats, and the like, may be
required for separate tests.
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232

If a valve is rated at 50 hertz only, or 50/60 hertz, the input, temperature, overvoltage, undervoltage,

and burnout tests may be conducted, with the concurrence of those concerned, at a frequency of 60 hertz
and at a test voltage calculated as specified in 23.4.

based on the
range, tests sh

°If a coil is dire

Table 23.1
Test voltages
Voltage range®"*
Test 110-120 220 - 240 257 - 277 440 - 480 550 — 600

All tests except operation and 120 240 277 480 600
dielectric voltage-withstand
Operation - - - - -

Overvoltagg, AC or DC 132 264 305 528 660

Undervoltade, AC or DC 102 204 235 408 510
Dielectric voltage-withstand As described in Section 34
2 If a 60-hertz rated coil has a voltage rating that does not fall within any of the indicated voltage ranges, it shall be tdsted at its
rated voltage.
b If coils rated fgr 60 hertz are supplied for various voltage ratings within a specified range.(forexample, 110, 115, or[117 volts),
and if a coil is gvailable for the maximum voltage rating of that range (120 volts), tests may be conducted on representative coils

arked voltage ratings of the coils selected for testing. If a coil is not available for the maximum voltag
Il be conducted on all coils at the test potential indicated in this table}

bt current (DC) or 50 hertz rated, the test voltage shall be based'én the rated voltage. See 23.2 and 2

P rating of that

3.3.

23.3 Ifaval
or equal to
undervoltage

23.4 Withr
coil in accord
test voltage i

in which:

V5ist

ve is rated at 50/60 hertz, and the test voltage calculated in accordance with 23.4
the 60-hertz test voltage specified in Table 23.1, the input, temperature,
and burnout tests are to be conducted-at the higher voltage.

pference to 23.2, the test voltagé.is to be based on increasing the current throu
ance with the ratio of the impeédance at the two frequencies for which the valve
to be calculated from thefolltowing formula:

1.2V, Vi Iy

T =
J (Vyy I,) +0.44P,, 2

hetest voltage;

 is less than
overvoltage,

gh the valve
is rated. The

Vs is the rated voltage at 50 hertz;

V), is the rated voltage at 60 hertz, or 1.091 Vj, if the valve has a frequency rating of 50 hertz only;

1,4 is the input current measured at V), at 60 hertz; and

P, is the input power measured at V), and 60 hertz.

23.5 Alltests shall be performed using the test fluids specified for that test. No substitution of test fluids in
allowed. When the test indicates that FB25a or B100a are to be used, the test fluid shall be prepared as
described in Supplement SA.

23.6 The following test sequence outlines the order in which tests shall be performed. Tests included in
this standard, but not included in the test sequence, can be performed in any order in accordance with
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23.1. The tests in the given sequence are to be performed on samples that were subjected to the Long
Term Exposure Test, Section 26. One sample of the valve is required for each applicable test fluid, and
that sample shall then be subjected to the sequence.

a) Long Term Exposure Test, Section 26;

b) External Leakage Test, Section 29;

c) Op

eration Test, Section 27;

d) Endurance Test, Section 31;

e) Ex

ernal Leakage Test, Section 29;

f) Op
g) Hy

23.7 To req

pration Test, Section 27; and

drostatic Strength Test, Section 33.

uce the effects of seal dry out due to removal of the test fluid after'specific test

the given sg¢quence in 23.6, shall be started within 4 hours of removal _of the previous

necessary {q
temperature
sample shall

23.8 Avalv
that position

coordinate testing, the sample may be left filled with the-most recent test
until the next test is initiated. If the previous test used an @erostatic or hydrostat|
be filled with kerosene.

e that must be mounted in a definite position in otder to function as intended is {
if directions for mounting in the correct position are given on the valve or in

sheet suppli¢d with the valve.

5, the tests in

test fluid. If
fluid at room
c source, the

D be tested in
AN instruction

23.9 Class|2 Valves should be tested in accordance with UL 429, Table 24.3.

24 Input Test

241 The irput to a valve shall not exceed the marked rating of the valve by more than 10 pgrcent when it
is operated Junder the conditions of normal use and with the valve connected to a supply circuit as
indicated in Table 23.1. Input measurements are recorded within 10 seconds of initial energization at an
ambient temperature of 21 —-32°C (70 — 90°F).

25 Tempernature Test

251 An elg
at any point

ctric'valve, when tested under the conditions described below, shall not attain 4
sufficiently high to constitute a risk of fire or to damage any materials employed

temperature
in the device,

nor show ter

perature Tises at specific points greater tham those indicatedim Tabte 25-1;

25.2 All values for temperature rises specified in Table 25.1 apply to a valve intended for use in ambient
temperatures normally prevailing in occupiable spaces, which usually are not higher than 25°C (77°F) but
may be as high as 40°C (104°F) occasionally and for brief periods. Tests of a valve for service with such
ambient temperatures may be conducted and with any ambient temperature in the range of 10 — 40°C (50
—104°F). If a valve is intended specifically for use in a prevailing ambient temperature more than 25°C, the
test is to be conducted at this higher ambient temperature, and the allowable temperature rises specified
in the table are to be reduced by the amount of the difference between that higher ambient temperature

and 25°C.

25.3 The temperature rise attained by the motor of a motor-operated valve, when stalled, and while
connected to a supply circuit as indicated in Table 23.1, shall not exceed the limits specified in Table 25.1,
if stalling the motor is part of the normal operation. If stalling the motor is not part of the normal operation,


https://ulnorm.com/api/?name=UL 428B 2021.pdf

44 UL 428B FEBRUARY 5, 2021

the limits specified in Table 25.1 do not apply; but the motor, when stalled or otherwise operated with a
blocked valve stem, shall not show any manifestation of a risk of fire.

25.4 The temperature rise attained on an electric valve for use with a fluid at a temperature exceeding
25°C (77°F) shall not exceed the limits specified in Table 25.1, with and without the hot fluid flowing
through the valve. In the case of a normally open valve, the valve is to be energized with the hot fluid on
only one side of the valve, and the valve also is to be tested with the hot fluid flowing and the valve de-
energized if the maximum fluid temperature rating is greater than the insulation class rating. A valve that is
rated for handling a fluid at a temperature of 25°C (77°F) or less, or when the maximum ambient and fluid
temperatures are identical, is to be tested at the specified ambient temperature with no flow of fluid
through the valve.

Table 25.1
Maximum temperature rises

Items °C (°F)
1. Terminals?® 50 (90)
2. Points on or Within a wiring compartment on which any conductors may contact® to be connected 35 (63)
to the valve maly rest or on wires intended for supply connection?®
3. Laminated cntacts 50 (90)
4. Solid contacts® 65 (117)
5. Wire, code®
Types FF, RF, RUW 35 (63)
Types FFH,[RFH, RH, RHW, THW, THWN 50 (90)
Types T, TF{ TFF, TW 35 (63)
Type TA 65 (117)
6. Appliance wifing material
75°C rating 50 (90)
80°C rating 55 (99)
90°C rating 65 (117)
105°C rating 80 (144)
200°C rating 175 (315)
250°C rating 225 (405)

7. Other types ¢f insulated Wwires®
8. Flexible cord
Types S, SJ} SJO, SJT, SO, ST 35 (63)

9. Class A insulation systems on coil windings of motors®

A. In open motors

Thermocouple method 65 (117)
Resistance method 75 (135)
B. In totally enclosed motors
Thermocouple method 70 (126)
Resistance method 80 (144)
10. Class 105 insulation systems on coils other than motor coils
Thermocouple method 65 (117)
Resistance method 85 (153)

Table 25.1 Continued on Next Page
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Table 25.1 Continued

Items °C (°F)

11. Class 130 insulation systems on coils other than motors

Thermocouple method 85 (153)

Resistance method 95 171)
12. Class 155 insulation systems on coils other than motor coils

Thermocouple method 95 171)

Resistance method 115 (207)
13. Class 180 insulation systems on coils other than motor coils

Thermofouple method 115 (207)

Resistapce method 135 (243)
14. Class 200 |nsulation systems on coils other than motor coils

Thermofouple method 135 (275)

Resistapce method 150 (302)
15. Class 220 |nsulation systems on coils other than motor coils

Thermofouple method 150 (302)

Resistapce method 170 (338)
16. Class 240 |nsulation systems on coils other than motor coils

Thermofouple method 170 (338)

Resistapce method 190 (374)
17. Varnished-cloth insulation 60 (108)
18. Phenolic cpmposition used as electrical insulation or as a patt'whose failure would result in 125 (225)
unsafe operatipn®
19. Fiber used|as electrical insulation 65 (117)
20. Material uded as electrical insulation® | |
21. Class 2 trapsformer enclosure 60 (108)
22. Power transformer enclosure 65 (117)
23. Sealing compounds see fpotnote f
24. Capacitorg see fpotnote g
25. Polymeric fluid confining parts see fpotnote h
26. Semicondyctors see footnote j
NOTE - The injclusion-of a temperature limit for a material in this table is not indicative of the acceptability of the material if it does
not otherwise ¢onform to these requirements.
@ The temperalu i i a ified, i ordance with 47.8 and
47.9. In no case shall the wiring attain a temperature higher than 90°C (194°F).

b Contacts of silver or a silver alloy in a valve which is constructed to function where a high ambient temperature prevails may be
used without any additional tests if they do not attain a temperature higher than 100°C (212°F) when the valve is tested at the
ambient temperature in question. If the contacts attain a temperature higher than 100°C (212°F) but not higher than 150°C (302°
F), they shall comply with the requirements for use at tests the higher ambient temperature in question, when subjected to
overload and endurance.

¢ The limitation on phenolic composition and on rubber and thermoplastic insulation does not apply to compounds that have been
investigated and determined to comply with the requirements for higher temperatures.

9 For standard insulated conductors other than those mentioned, reference should be made to the National Electrical Code, NFPA
70; and the maximum temperature rise in any case shall not be more than the temperature limit of the wire in question minus 25°C
(77°F).

¢ For a synchronous clock motor, the maximum temperature rise is the same as that specified for insulation systems on “coils
other than motor coils”.

Table 25.1 Continued on Next Page
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Table 25.1 Continued

Items °C

(°F)

fThe maximum temperature, of a sealing compound is 25°C ( 77°F) less than the melting point temperature of the compound.

9 For a capacitor, the maximum temperature rise is the marked temperature limit of the capacitor minus an assumed ambient
(room) temperature of 25°C (77°F).

" The temperature rise shall not exceed the maximum rated Mechanical Impact Relative Thermal Index (RTI Mech) as determined
by the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B minus an assumed ambient (room)
temperature of 25°C (77°F).

I The maximum temperature rise on the case is the maximum case temperature for the applied power dissipation recommended
by the semiconductor manufacturer minus an assumed ambient of 25°C (77°F).

kSee Table 6.2.

' The maximum
temperature of

temperature rise of the material shall not exceed the temperature limit of the material minus an assu
D5 °C (77 °F).

med ambient

25.5 Inlieu
solely on hea

of the procedures described in 25.4, a normally closed, piloted-diaphfagm type
ting appliances may be tested (the main valve being closed):

bted ambient with fluid (air) flowing through the piloted valve and

bom ambient with no air flow.

a)inr

b) Inr
256 In co
handling flui

the inlet and putlet openings of the valve to be tested. Thepipe is to be arranged as a frame
the valve will pbe mounted or suspended away from other. hieat-conducting bodies. In addition,
the connectign of metal-clad cable or rigid conduit are te*be provided with at least 1-foot lengt
or metal-clad|cable through which leads of the valve-are to be carried. If a valve is provided w
box in which supply connections to the valve arg\tc be made, wires not smaller than 18 AW(
are to be connected to the valve and the temperature rise attained by such leads is not to

allowed for T
used for watd
be used if the

25.7 If a vg
described in !
during the ter

258 Ifava
the valve is i

valve for use

ducting the temperature test on a valve intended“for use at room tempergture and for

at room temperature, 1-foot (0.3-m) sections of\pipe of the required size are {

ype R wire. The ends of thesconduit or pipe need not be plugged. Galvanized
r and steam valves; black.pipe is to be used for other valves, except that coppsg
design of the valve so indicates.

P5.6 is to be placed in an enclosure in which the specified ambient temperature i
nperature test:

ve is rated for handling a fluid at a temperature exceeding the ambient temperat
htended, the valve is to be connected into a piping system conveying the teg

o be fitted in
work so that
openings for
hs of conduit
ith a junction
5 (0.82 mm?)
exceed that
pipe is to be
r tubing may

Ive is rated for use“in an ambient temperature exceeding 25°C (77°F), the tgst assembly

5 maintained

ure for which
t fluid at the

specified tem

perature. The test fluid is to be the fluid the valve is intended to handle or 3

similar fluid

having a specific heat approximating that of the intended fluid. If a valve is intended for use with more than
one fluid, the test is to be conducted with the fluid (or a similar fluid) determined to represent maximum
temperature conditions. Otherwise the test arrangement is to be as described in 25.6 and 25.7.

259 Except as noted in 25.10, the valve is to be energized and allowed to remain energized until
equilibrium temperatures are attained.

25.10 A valve intended for intermittent operation is to be energized and de-energized at its rated duty
cycle until equilibrium temperatures are attained. See 43.1(0).

25.11 A modulating valve is to be kept floating also between its maximum and minimum position until
equilibrium temperatures are attained.
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2512 A valve constructed for rapid repeated operation is to be also energized and

de-energized

repeatedly at the maximum intended rate of operation until equilibrium temperatures are attained.

25.13 If a valve includes switching devices or other auxiliary circuits, all such circuits
maximum rated current during the temperature test.

are to carry

25.14 The ambient or room air temperature is to be measured by a thermocouple not larger than 24
AWG (0.21 mm?), or a thermometer shielded from direct radiation and located so as to indicate actual air

temperature in the vicinity of the valve.

25.15 Except at coils, temperature readmgs are to be obtamed by means of thermocouples consisting of

wires not lafge
successive r admgs taken at mtervals of 10 percent of the prewously elapsed duration of th
less than 5-minute intervals, indicate no change. The preferred method of measuring, tem
coils is the thermocouple method; but temperature measurements by either the thermecoup|
in-resistancg method is permitted. Temperature measurements by either methodqis<not to be
a temperature measurement at any point where supplementary heat insulation is emp
thermocouples are used in the determination of temperatures in connection with the heatin
devices, it is standard practice to use thermocouples consisting of<30¥AWG (0.05 m
constantan wires and a potentiometer type of indicating instrument; and such equipment

At when three
b test, but not
peratures on
le or change-
employed for
loyed. When
h of electrical
m?) iron and
s to be used

whenever teperature measurements by thermocouples are required.

26 Long Term Exposure Test

26.1 Genetral

26.1.1 The|test outlined in 26.2 — 26.4 is to be performed on one or two samples of the valve, with one
sample for epch rating. If the product is rated for\use with diesel fuel, diesel/biodiesel blends with biodiesel
concentrations up to 20 percent (B20), kerosene, or fuel oil, then the test shall be performed using the
FB25a test fluid. If the product is rated for_use with a biodiesel fluid (B99.9/B100), then thg test shall be
performed uging the B100a test fluid. See-Supplement SA.

26.2 Samples

26.2.1 A sample of a complete valve is to be tested. All inlet and outlet openings of the samples shall be
sealed in acgordance with\26.2.3.

26.2.2 If platings or’ coatings are used internal to the device, additional samples may be used. See
26.4.2.

26.2.3 Closures shall be provided to seal off inlet and outlet openings of all samples in accordance with
26.2.1. These closures shall be fabricated of suitable materials. The closures shall be provided with a 1/4

inch NPT opening for connection to the test apparatus. All closures shall be installed by the manufacturer
and provided with a torque rating. There will be no other adjustment to connections for the duration of the
test.

26.2.4 Material combinations at the product and closure interface will be as specified by the
manufacturer. All closures for valves rated for gasoline/ethanol blends with nominal ethanol concentrations
up to 25 percent shall be fabricated of suitable materials. All closures for valves rated for gasoline/ethanol
blends with nominal ethanol concentrations above 25 percent shall be fabricated of the materials
representing permitted material to which the device may be connected; such as aluminum closures
representing aluminum tubing. Table 6.2 shall be used to determine the worst case material interactions
based on the materials specified by the manufacturer. Materials specified by the manufacturer but not
included in Table 6.2 shall be tested as necessary to represent worst case conditions.
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26.2.5 Any o-rings, gaskets, or other sealing materials, shall be provided and installed by the
manufacturer. These dynamic sealing devices shall be the same as those that will be used in the final
product installation. Static seals shall be representative of the seals being used in the final product
installation. If the sealing device or material is not considered part of the component under test, but will be
provided in an end product at the time of installation, a representative seal shall be provided for the test.

26.3 Method

26.3.1 The sample is to be exposed to the applicable test fluid in accordance with 26.1.1. The test fluids
shall be prepared using the instructions in Supplement SA.

26.3.2 Aquie device-is-cennested-to-the-H4-irch-NPFeornesction-at-the-ntet—anehis used to fill
the samples yith the applicable test fluids. A source of pressure may be used to assist infilling or draining
the samples, [however, the pressure shall not exceed the rated pressure of the valve under tgst. Once the
samples are filled to exclude all air, they are closed off and sealed. The samples are then placed in the test
chamber.

26.3.3 The|chamber temperature is increased to 60 +2°C (140 +4°F). When the chamber|reaches this
temperature, the exposure period begins. The samples are exposed to the applicable test fluid at 60 +2°C
for approximately 168 hours. At the end of this duration, the exposure period is halted and the chamber is
allowed to copl. The samples are subjected to a 50 psi (347 kPa) pressure for one minute. The fluid is then
drained from|the samples and observed in accordance with 26.4)2. After this observation, the fluid is
discarded. The samples are then immediately refilled with new test fluid and the chamber temperature is
allowed to ingrease to 60 +2°C again. The total duration ofithetest shall equal 1008 hours of exposure at
60 +2°C.

26.3.4 At the end of the total exposure duration, the test fluid is left in the samples and the|samples are
removed from) the chamber. The samples are then‘subjected to the test sequence as outlined in 23.6 and
in accordancé¢ with 23.7. Prior to the initiation of the test sequence, the Long Term Exposure {est fluid is to
be drained and discarded.

26.3.5 If the device contains any parts or surfaces that are plated or coated, if the device uses casting
impregnation|materials to eliminate porosity leakage, or if the device contains internal nonnjetallic parts,
the plating, goating, impregnatien; or internal parts are tested both during and after this eXposure. See
26.4.2 and 26.4.4.

26.4 Resulis

26.4.1 Therne shallbe no leakage during this test. If leakage is observed at any point durind the test, the
test is to be sfopped.

26.4.2 For platings or coatings, there shall be no softening of the plating or coating material. Compliance
is checked by observance of the drained test fluid. There shall be no evidence of visible flaking or material.
In addition, there shall be no substantial discoloration of the test fluid when observing the drained fluid.
Discoloration is an indication of chemical attack on the plating or coating internal to the device. In order to
determine that the base metal is not exposed, visual inspections shall be made. If the visual inspection
requires examination of internal surfaces, the samples shall be cut open to determine compliance. If this is
necessary, additional samples can be used to determine compliance with this requirement, such that the
remaining test sequence will not be disturbed by cutting open samples. However, both the samples to be
cut open and the samples to be used for the test sequence are required to complete the Long Term
Exposure Test.

26.4.3 For casting impregnation materials, the sample shall not show evidence of porosity leakage
during or after the fluid exposure duration.
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26.4.4 For internal nonmetallic parts, there shall be no visible evidence of this material in the drained test
fluid.

27 Operation Test

27.1 A valve shall withstand a continuous voltage 10 percent above its rated voltage and shall operate as
intended at that voltage, at rated voltage, and at 85 percent of rated voltage. For a valve having a voltage
rating within one of the ranges given in Table 23.1, the test voltage specified in that table is to be
employed.

27.2 A valve tested in accordance with 27.1 shall handle a fluid for which the valve is intended at the
maximum operatirg-pressure-differential—Fhe-testisto-berepeated-at-the—minimum—operating pressure

differential if the valve is so rated.

27.3 Aval
temperature
temperature

274 A va
accordance

27.5 For th
voltage until
and then at 1

e rated for use in ambient temperatures greater than 25°C (77°F) or, for’hand
5 greater than 25°C, or both, is to be tested in accordance with 27.1 and27.2, at
5 specified by the manufacturer.

ve rated for an ambient or fluid temperature less than 25° C (77° F) is to
vith 27.1 and 27.2 at the minimum temperature specified.

e operation at 110 percent of rated voltage, the «alve is to be subjected to t
equilibrium temperature is reached and then tested immediately for operation 2
hted voltage.

ling a fluid at
the maximum

be tested in

nat increased
t that voltage

27.6 For tHe operation at 85 percent of rated voltage, the valve is to be subjected to the [rated voltage
until equilibrium temperature is reached and then-tested immediately for operation at 85 pefcent of rated
voltage.

27.7 Avalv

27.8 When

orifice that has the highest forcewvalue determined by multiplying the MOPD by the orifice are

28 Torque

28.1 All valves

28.1.1  Join

e intended for intermittent operation is to be operated at its rated duty cycle.

a valve is constructed with more than one orifice size, the test is to be cond

Test

ts in“a valve shall not leak, nor shall there be evidence of loosening of join

ucted on the
0.

ts, distortion,

external lea

age, or other damage Tesutting from the stresses imposedonm pipe-threaded se

the turning effects exerted by assembling to piping or tubing.

ctions due to

28.1.2 Torque tests shall be conducted under ambient temperature conditions maintained within the
range of 10 —40°C (50 — 104°F).

28.1.3 The sample valve used in this test is to be rigidly anchored or otherwise supported by a tool which
fits snugly about the body of the valve, or to a section of the shank shaped for a wrench, if such section is
provided, adjacent to the end into which the pipe is to be connected. A section of unused Schedule 80 pipe
(as specified in the Specifications for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and
Seamless, ASTM A53/A53M) of sufficient length for wrench engagement is to be connected to the female
pipe threaded section of the body, the male threads having first been lubricated with SAE No. 10 machine
oil (as specified in the Standard for Engine Oil Viscosity Classification, SAE J300). Each pipe section is
then to be tightened to the applicable torque specified in Table 28.1.
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Table 28.1
Torque requirements for pipe connections
Pipe size Torque,
Nominal inches Ib-in (N-m)
1/8 170 (19.2)
1/4 220 (24.2)
3/8 280 (31.6)
12 375 (42.4)
3/4 560 (63.3)
T 750 (8478)
1-1/14 875 (9809)
1-1/12 940 (106)
2 1190 (134)
2-1/2 1310 (148)
3 1310 (148)
28.1.4 Aftenthe torque force has been applied to each connected pipe; the test sample is to pe subjected

to the Extern

bl Leakage Test, Section 29. If leakage is noted at the threaded joint between

the valve bodly, the joint is to be remade using a pipe joint sedling compound and the sar

retested for €|

28.1.5 Upo
body joints.

kternal leakage.

h removal of the pipe from the test samplg, the assembly is to be examined for

28.2 Safety valves

28.2.1
permitted by

28.2.2 Foll
accordance W

29 Externa

29.1
tests.

A valy

A safety valve shall not suffer.deformation sufficient to cause seat leakage in e

hese requirements when tested in accordance with 28.1.1 — 28.1.3.

ith Section 30.
LeakagéTest

e shall be tested for external leakage as specified in the torque, endurance,

the pipe and
nple is to be

loosening of

cess of that

bwing the test described in 28.1.3, a safety valve is to be checked for sedt leakage in

and burnout

29.2 A valve shall not leak externally when tested with hydrostatically at a pressure of one and one-half
times the maximum rated pressure but not less than 1/2 psig (3.5 kPa) with the valve in the open position
and the outlet closed.

29.3 The inlet of the valve is to be connected to a hydrostatic source capable of supplying the specified
test pressure. The outlet of the valve is to be sealed. Any bypass or other openings not essential to the
operation of the valve during this test are to be sealed unless this discharge in the main fluid stream before
the outlet of the valve. The test fluid is to be admitted and maintained at the specified test pressure. In the
case of diaphragm elements which, in intended usage, are subjected to pressure on both sides of the
diaphragm, the test pressure is to be applied to both sides of the diaphragm slowly and without shock.
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30 Seat Leakage Test

30.1 A valve is to be tested for seat leakage before and after the Endurance Test, Section 31. A seat
leakage test for valves intended for handling the fuels anticipated by these requirements shall be made
with water.

30.2 Seat leakage tests are to be conducted at the minimum and maximum ambient and fluid
temperature ratings applicable to the intended use and as designated by the manufacturer. One test is to
be conducted on each sample within the ambient and fluid temperature range of 10 — 40°C (50 — 104°F).
For the minimum test conditions, the test ambient and fluid temperature are to be at the lower of the rated
fluid and ambient temperature. For the maximum test conditions, the test ambient and fluid temperature

are tobe att

he higher of the rated fluid and ambient temperature

30.3 Aval
one-half time
be applied w

30.4 To de
connected tg
normal oper
maximum op
31 Endura
31.1 Aval

100,000 cyc
of the 100,0(

312 Thee
a rate greate
intended to
temperature

31.3 Aval
Term Exposy

314 The a
the endurand

e shall not leak past the seat when the test liquid at any pressure of not more
s maximum operating pressure differential is imposed for a period of 24 heurs. ]
th the valve in its correct normal position of installation.

monstrate compliance with the requirements in 30.3, the inlet of the test v
a suitable hydraulic system. The valve is to be in the closed'position assumed a
btion. The pressure is to be maintained at the inlet to the\valve at one and g
erating pressure differential and the test repeated at a pressure of 1/4 psig (1.7 K

nce Test

e intended for use with the fuels anticipated by these requirements, shall be
es of open and close action at the maximum rated operating pressure differenti
0 cycles, the valve shall operate as intended and shall not leak externally.

hdurance test is to be conducted at a rate not faster than six operations per min

handle the fuels anticipated”by these requirements at ambient temperatures
the fluid is to be at its maximum rated ambient.

e is to be tested(with kerosene as the test fluid. This test is to be performed g
re Test, Section 26, in accordance with 23.6.

ppropriatectests for external leakage and seat leakage are to be conducted be
e testin-accordance with the test sequence shown in 23.6.

32 Vibratic

than one and
I'his test shall

alve is to be
s the result of
ne-half times
Pa).

subjected to
al. At the end

ite. However,

r than six operations per minute may be used if requested by the manufacturgr. For valves

above room

fter the Long

ore and after

n Test — Safety Valves

321 A safety valve intended for use on mobile equipment shall be subjected also to a vibration test as
described in 32.2. While the valve is vibrating, a safety valve shall comply with the requirements for seat
leakage and operation.

32.2 Tests to demonstrate conformance with 32.1 are to be conducted following the endurance test. The
valve is to be attached to the platform of a vibrating machine. Connections to the inlet and outlet of the
valve are to be made with tubing. The test fluid is to be applied to the inlet of the valve at the specified
pressure. With the valve in the closed position, it is to be vibrated for a period of 8 hours at 1000 cycles per
minute with a displacement of 0.15 inch (3.8 mm). The Seat Leakage and operating tests are then to be
conducted while the valve is being vibrated at any convenient ambient and fluid temperature between 10
and 40°C (50 and 104°F).
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33 Hydrostatic Strength Test

33.1 All parts of a valve, except a diaphragm, that are subjected to pressure during intended operation
shall be tested hydrostatically to determine that the strength of the parts is sufficient to withstand, without
rupture, a pressure equivalent to five times the maximum rated pressure of the valve.

33.2 Prior to the beginning of this test, a valve is to comply with the requirements for the Torque Test,
Section 28.

33.3 The valve is to be tested by connecting the inlet to a hydraulic system. With the outlet of the valve
sealed and the vaIve in the open posmon the pressure is to be raised slowly to the requwed test pressure

and held for 3 e applied on
both sides of the diaphragm sIowa and W|thout shock to avoid excesswely stressmg the diaphragm.
33.4 Exterpal leakage observed during this test is acceptable provided the iest’presgure can be
maintained f@r the entire test duration, and if, following the hydrostatic test, thecvalve complies with the
requirements|for external leakage specified in Section 29.
34 Dielectrjc Voltage-Withstand Test
34.1 An elgctrically operated valve shall withstand for 1 minute-without breakdown the application of a
voltage potertial as specified in 34.2:
a) Befween uninsulated high-voltage live parts and)>grounded or exposed metal [parts or the
enclogure with the contacts open and closed;
b) Between high-voltage terminals of opposite-polarity with the contacts closed; and
c) Befween uninsulated metal parts of ohe high-voltage circuit and such parts of gnother high-
voltage circuit, or low-voltage circuit.
34.2 With rgspect to 34.1, the test potential shall be the following values for alternating-current:
a) 50( volts — For equipment rated not more than 30 volts;
b) 1040 volts plus twicethe rated voltage of the equipment — For equipment rated 51 —|600 volts;
c) A 5D Hz sour€e-may be used in lieu of a 60 Hz source;
d) The test"may be conducted with a direct current potential when the test voltage i§ 1.414 times
the st$ted alternating current potential value.

34.3 A Class 2 transformer, included in a valve shall withstand, without breakdown, for a period of 1
minute, the application of an alternating potential of twice the maximum rated primary voltage plus 1000
volts, at rated frequency, between primary and secondary windings and between the primary winding and
the core or enclosure.

34.4 A power transformer included in a valve shall withstand, without breakdown, for a period of 1
minute, the application of an alternating potential of twice the maximum rated primary or secondary
voltage plus 1000 volts, at rated frequency, between primary and secondary windings; and shall withstand
under the same conditions the application of an alternating potential of twice the rated voltage of each
winding plus 1000 volts, at rated frequency, between each winding and the core or enclosure.
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34.5 If a barrier or liner is used to insulate an exposed dead metal part, the valve shall be capable of
withstanding a dielectric voltage-withstand test as indicated in 34.1 between uninsulated live parts and the
exposed dead metal part.

34.6 To determine compliance with the requirements in 34.1 — 34.5, a valve is to be tested in the heated
condition as attained during the temperature test by means of a transformer having a 500 volt-ampere
capacity, the output voltage of which can be varied. The voltage waveform of the transformer should
closely approximate a sine wave. Starting at zero, the applied potential is to be raised gradually until the

required test

value is reached, and is to be held at that value for 1 minute.

35 Increased Potential Test

35.1 A coillassembly that complies with 20.2.8 is to be subjected to the tests describedin 35.2 — 35.4.
There shall not be breakdown of the coil insulation during this test as indicated by de<enerdization of the
coil or coil-byrnout.

35.2 Thresd
constant tem
be removed
twice the tes

353 Ano
portion of th
used for the

354 Theirn
the test valu

being held for 7200 electrical cycles or for 60 séconds, whichever is less, the potential is t

within 5 sec
opened.

peratures have been reached as a result of the conditioning specified in 35.3, ¢
from the chamber and the terminals are to be connected to.an" alternating currn
potential (voltage) specified in Table 23.1 at a frequency 1400 hertz or less.

en shall be used to condition the test samples before conducting the incred
b tests described in 35.2. The maximum temperature rating of the insulation
bven conditioning as indicated in Table 35.1.

creased test potential specified in 35.2 iS\to be obtained by starting at one qua
b specified in Table 23.1 and increasing:to twice the value in not more than 15 g

bnds to one quarter or less of the test value specified in Table 23.1 and the ¢

separate samples of the coil and frame assembly are to be subjected to this test. After

pach coil is to
ent source of

sed potential
tlass is to be

rter or less of
econds. After
b be reduced
ircuit is to be

Table 35.1
Oven conditioning temperatures
Conditioning temperature,
Infulation cldss °C (°F)
105 (A) 110 (230)
130,(B) 120 (248)
455-(Fy 440 {2843
180 (H) 160 (320)
200 (N) 175 (347)
220 (R) 195 (383)
240 (S) 215 (419)

36 Burnout Test

36.1

One sample with AC rms rated coil shall be subjected to this test. When the valve body is polymeric

then three separate samples shall be tested. A coil sourced by the output of a half or full wave rectified AC

inputis not s

ubjected to this test.
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36.2 There shall not be damage to the enclosure, emission of flame or molten metal, or risk of electric
shock of an AC rms voltage operated valve when the valve mechanism has been blocked in the position
assumed when the valve is de-energized and the valve then energized continuously for valve rated for
continuous duty or at its rated duty cycle for intermittent duty cycle rated valves at rated frequency and at
the voltage indicated in Table 23.1, with the valve grounded.

36.3 The circuit to which the valve is to be connected for test is to be protected by fuses rated at least ten
times the current input rating of the valve. Opening of the fuses may occur and the valve need not be
operative following the test.

36.4 All exposed dead metal parts shall be grounded through a 3A fuse having a voltage rated equal to

or greater th

n the maximum circuit vnlfagp The fuse shall not apen dllring the test

36.5 The ¢
cheesecloth
threads/cm.

36.6 Immeq
temperature
35.1 for refer|
two minutes
Section 34.

Exception: [
burnout test v
otherwise ce
winding open

36.7 Valves
Leakage Test
and is to com|

37 Breakdc

37.1 There
the seams arf
or other solid

Exception: TH

il is to be covered with a single layer of cheesecloth. The cheesecloth(shall
running approximately 34 g/m? with a thread count in the range of 10 — 1

iately following the Burnout Test the samples are conditioned in an oven at t
pbermitted based on the class rating of the insulation system employed by the val
ence temperatures, for a minimum of four hours. The samples are then remove
bf removal from the conditioning oven are subjected tolthe Dielectric Voltage-Wi

ielectric Voltage-Withstand Test, Section 34;0may be conducted immediat
Vhile in the hot condition without additional oven conditioning provided the coil di
hse fo operate or the dielectric test was ‘able to be conducted within 30 secon

ing.

employing a polymeric valve _hody (except air valves) shall be subjected to
, Section 29. The External Leakage Test is to be conducted before and after the
ply with the requirements ih.Section 29.

wn of Component Test

shall be no emission of flame or molten metal nor ignition of cheese cloth loosely
d ventilation.openings where provided or totally around the device when capac
state components are short- or open-circuited.

e testis not required for the following:

be bleached
B by 9 — 12

e maximum
e, see Table
d and within
thstand Test,

ply following
il not open or
s of the coil

the External

Burnout Test

placed over
tors, diodes,

a) Wh

en circuit analysis indicates that no other component or portion of the circuit wil

be seriously

overloaded as a result of the assumed open circuiting or short circuiting of another component,

b) For components in Class 2 circuits, or

¢) For components complying with requirements applicable to the component.

The cheesecloth shall be bleached cheesecloth running approximately 34 g/m? with a thread count in the
range of 10 — 13 by 9 — 12 threads/cm.

37.2 The breakdown of the component shall be simulated after the device is fully energized and in
operation. The equipment under test shall be operated in this manner until ultimate conditions are
achieved. Ultimate conditions are defined as when either the equipment under test ceases to function or
attains thermal stabilization.


https://ulnorm.com/api/?name=UL 428B 2021.pdf

FEBRUARY 5, 2021 UL 428B 55

37.3 Components shall be evaluated one at a time. As sufficient number of samples shall be tested in
order to address each component selected for this test and its failure mode. Only one test is necessary for
each component and its particular failure mode. More than one failure mode can be selected for any
component.

37.4 For an open type device, a wire mesh cage that is 1.5 times the size of the device may be provided
to simulate the intended enclosure.

37.5 The outer enclosure or wire mesh cage (if any) and any grounded or exposed dead-metal part are
to be connected through a 30-ampere fuse to the supply circuit pole least likely to arc to ground. The 30-
ampere fuse shall not open.

38 Rain Test

38.1 An enclosure for a valve intended for use in wet locations and designated Rainproof ¢r Raintight is
to be subjected to a rain exposure to determine compliance with the requirementsfor'these designations.

38.2 The cpmplete valve is to be mounted with conduit connections as in.intended service, and a water
spray adjusted to be approximately the equivalent of a beating rain is then’to be applied to if from the top
and sides for 1 hour.

38.3 The tgst sample is to be examined to determine that no€leetrical parts are wetted angd that there is
no accumulation of water within the enclosures of electrical parts prior to rain exposure.

38.4 The rain test apparatus is to consist of three spraydheads mounted in a water supply rack as shown
in Figure 38.1. Spray heads are to be constructed in,accordance with Figure 38.2. The watef pressure for
all tests is to|be maintained at 5 psig (34.5 kPa) at:each spray head. The test sample is to bé brought into
the focal arep of the three spray heads and the.§pray is to be directed toward it at an angle ¢f 45 degrees
to the verticql.

38.5 An enclosure for a valve designated Rainproof shall prevent the entrance of water at p level higher
than the lowgst live part within the enclosure.

38.6 An entlosure for a valve designated Raintight shall prevent the entrance of any water.
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Figure 38.1
Rain-test spray piping
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Figure 38.2
Rain-test spray head
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39 Hosedown Test

39.1

in 39.2. No water shall enter the electrical enclosure.

An enclosure for a valve intended to be watertight (see 3.15) is to be subjected to the test specified

39.2 A solid stream of water from a hose having a 1 inch (25.4 mm) diameter nozzle and a flow rate of at
least 65 gallons per minute (246 I/m) is to be directed for 5 minutes over the entire surface of the enclosure
from a distance of 10 — 12 feet (3.05 — 3.67 m).

40 Metallic

40.1 Them
40.2 The sg
of American

reagent grad

reagent grad¢ concentrated sulfuric acid, specific gravity 1.84, containing 96 pércent of H,SO

40.3 The tg

equipped with a stopcock and a capillary tube having an inside bore,0f(0.025 inch (0.64 mm)

of 5.5 inches
which are ap
is to be inse

when the sto

be used in plgce of the glass tube to control the rate of drdpping.

404 The s
temperature
temperature

40.5 Each
coatings are
cheesecloth.
material.

Coating Thickness Test

lution used for the test is to be made from distilled water and is to contain,200 g
Chemical Society (ACS) reagent grade chromic acid (CrO3) and 50 grams per
p concentrated sulfuric acid (H,SO,). The latter is equivalent to 27_fdilliliters pe

st solution is to be contained in a glass vessel such as a. separatory funnel wj

(140 mm). The lower end of the capillary tube is to bedtapered to form a tip, th
roximately 0.025 milliliters each. To preserve an effectively constant level, a sm
ed in the top of the funnel through a rubber stopper and its position is to be adju
bcock is open, the rate of dropping is 100 £5°drops per minute. An additional s

ample and the test solution are to be kept in the test room long enough tg
bf the room, which is to be noted and recorded. The test is to be conducted a
bf 70 — 90°F (21 — 32°C).

sample is to be cleaned before testing. All grease, lacquer, paint, and othe
to be removed using solvents. Samples are then to be rinsed in water and drie
Care is to be exercised to avoid contact of the cleaned surface with the hands g

ethod-of determimimg-the-thickmessof azincorcadmiumcoating s describedm40.2 — 40.9.

ams per liter
liter of ACS
liter of ACS

-

ith the outlet
and a length
e drops from
Il glass tube
sted so that,
fopcock may

acquire the
[ an ambient

nonmetallic
td with clean
r any foreign

40.6 The sample to bestested is to be supported 0.7 — 1 inch (17.8 — 25.4 mm) below th¢ orifice. The

surface to be

strike the poi

tested is<ta be inclined approximately 45 degrees from horizontal so that the dro

bs of solution

t to hétested and run off quickly.
40.7 The swwwmmg solution

dissolves the protective metallic coating, exposing the base metal. The end point is the first appearance of
the base metal recognizable by the change in color at that point.

40.8 Each sample of a test lot is to be subjected to test at three or more points, excluding cut, stenciled,
and threaded surfaces, on the inside surface and at an equal number of points on the outside surface, at
places where the metallic coating may be expected to be the thinnest. For an enclosure made from
precoated sheets, the external corners that are subjected to the greatest deformation are likely to have
thin coatings.

40.9 To calculate the thickness of the coating being tested, select from Table 40.1 the thickness factor
appropriate for the temperature at which the test was conducted and multiply by the time in seconds
required to expose base metal as described in 40.7.
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