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INTRODUCTION

1 Scope

1.1 These requirements cover products described in 1.2 when used with one or more of the fuels

described in 1.3.

1.2 These requirements cover electrically-, hydraulically-, or pneumatically-driven power-operated
pumps for use with petroleum products in the following applications:

a) Self-contained dispensing devices and submerged pumps used in storage tanks that provide the
fuel to remote control dispensing devices. They are intended for operation at discharge pressures

of 50 pounds per square inch (psig) (345 kPa), or the marked maximum discharge-p

when
52°C

b) Dis
contai

with thhe ambient and liquid temperature within the range of minus,'29°C (minus

(125°F

c) Vapor recovery applications for dispensing devices. They are intended to op
M at the inlet and a maximum discharge pressure of 50 psig (345 kPa), or marked discharge

vacuu
pressl

1.3 Pumps

a) Gas
Fuel, 4

b) Ga
consig
Spark
CoNsis
for Us

c) Ga
accor
Stand
Engin

ess, with the ambient and liquid temperature within the range of minus 29°C(|
125°F).

pensing systems to transfer the fuel from a tank or containefto a vehid
her. They are intended for operation at the marked maximum discharge pre

).

re, whichever is less.

covered by these requirements are intended\for use with one or more of the foll

oline formulated in accordance with the*Standard Specification for Automotive
ASTM D4814;

soline/ethanol blends with neminal ethanol concentrations up to 25 percent
ting of gasoline formulated:ih accordance with the Standard Specification f
Ignition Fuel, ASTM D4814, when blended with denatured fuel ethanol for
tent with the Standard Specification for Denatured Fuel Ethanol for Blending
b as Automotive Spark-Ignition Engine Fuel, ASTM D4806; or

soline/ethanolblends with nominal ethanol concentrations above 25 percent
ance with)the Standard Specifications in item (b), or formulated in accord
ard  Specification for Ethanol Fuel Blends for Flexible-Fuel Automotive
bs, ASTM D5798, as applicable.

ressure rating,
minus 20°F) —

le or another
ssure, or less,
PO° F) — 52°C

brate under a

bwing:

Spark-Ignition

ethanol (E25),
or Automotive
mulated to be
vith Gasolines

formulated in
ance with the
Spark-Ignition

1.4 Require

ments Tor the Installation and use of these products are Included In the F

ammable and

Combustible Liquids Code, ANSI/NFPA 30; the Motor Fuel Dispensing Facilities and Repair Garages
Code, ANSI/NFPA 30A; and the National Electrical Code, ANSI/NFPA 70.

1.5 These requirements do not cover:

a) Oil burner pumps, which are evaluated under the Standard for Pumps for Qil-Burning

Applia

nces, UL 343.

b) Pumps for engine-powered automotive equipment.

c) Pumps for marine use which are evaluated under the Standard for Mechanically and Electrically

Opera

ted Fuel Pumps for Marine Use, UL 1130.
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1.6 The pump assembly may be constructed such that it provides for_the installation
flammable liqu

1.7 Products
concentrations:

d) Pumps for use in chemical, petrochemical, or petroleum processing plants; utility power plants;
petroleum production facilities; pipeline pump stations; pipeline or marine terminals; or bulk plant
distribution and related facilities.

e) Pumps used in mobile applications, such as on tank trucks, portable tanks, or portable
containers mounted on vehicles.

f) Pumps rated more than 600 volts.

g) Pump assembilies also provided with a flammable liquid meter or electrically-operated shutoff
valve, which are evaluated in accordance with the Standard for Power-Operated Dispensing
Devices for Gasoline and Gasoline/Ethanol Bends with Nominal Ethanol Concentrations up to 85
Percent (EQ — E85), UL 87A.

h) Pumps intended for use with diesel fuel, biodiesel fuel, diesel/biodiesel blends{ kerpsene, or fuel
oil, which are evaluated in accordance with the Standard for Pumps for Dieselfuel, Biodiesel Fuel,
Diesel/fBiodiesel Blends with Nominal Biodiesel Concentrations up to 20 Percent (B2D), Kerosene,

and Fuel, Oil, UL 79B.

and use of a
id hose and hose nozzle valve.

intended to be rated for use with gasoline or gasgline/ethanol blends with nogminal ethanol

a) Up tp 25 percent (EO — E25) shall be evaluated using the CE25a test fluid as the oply applicable
test flu|d;

b) Up tp 40 percent (EO — E40) shall be evaluated using both the CE25a and CE40a te¢st fluid, or

¢) Up tp 85 percent shall be evaluated*using both the CE25a and the CE85a test fluids.

2 General

21 Comporn

2.1.1 Excep
the requireme

2.1.2 Acom

ents

as indicatedtin.2.1.2, a component of a product covered by this standard sha
hts for that component.

pbonent.is not required to comply with a specific requirement that:

[l comply with

a) Inv

1 £ 4 1 o pai-cnder 4 H (- 41 'H 4 £l
IVES d TEedlurc Ul Ulldi aLleTisut Tt TSQuireyU 1T uic appieauult O uire CUTTI

product covered by this standard, or

b) Is superseded by a requirement in this standard.

onent in the

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.

2.1.5 Electrical components, including motors and wiring, when incorporated by a manufacturer in an
assembly with a pump, and including the means provided in the pump assembly for electrical connections,
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shall comply with the requirements for equipment for use in hazardous locations, Class |, Group D,
National Electrical Code, ANSI/NFPA 70, Articles 500 and 501.

2.2 Units of measurement

2.2.1
approximate i

nformation.

2.3 Undated references

2.31
be interpreted

as rpfnrring to the latest edition of that code our standard

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

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

3 Glossary
3.1 Forthe

3.2 BLEND
fuels into one

a) Fixed blending — Blending at the dispenser level that blefds two specific fuels intg

disper
option
actual

b) Var|
be dis
examy
achiey

3.3 GASOL
component.
blend rating (

3.4 HAZAR
in the air in qU

3.5 INTRIN
normal or ab

purpose of this standard, the following definitions apply.

NG OPTION — Dispensing devices may be provided with an ‘gption that bleng
fuel to be dispensed. This blending occurs at the dispenserilevel and can be in

sed, and that fuel to be dispensed is fixed. Fofexample, fixed blending i
5 where gasoline and denatured fuel ethanol can be blended to achieve E84
dispensed fuel.

able blending — Blending at the dispenser-level that blends two specific fuels
pensed, but the fuel to be dispensed;can be any of a number of previously
le, variable blending includes blend options where gasoline and E85 can
e E40, E60, and E85 as the actual dispensed fuel.

NE/ETHANOL BLENDS-~Blended fuel composed of a gasoline component g
'he numerical value corresponding to the ethanol component percentage d
buch as E85 for 85% ‘ethanol, 15% gasoline).

DOUS LOCATIONS - Locations in which flammable gases or vapors are or nj
antities sufficient to produce explosive or ignitable mixture.

BICALLY"SAFE CIRCUIT — A circuit incapable of releasing sufficient electrica
normal conditions to cause ignition of a specific hazardous atmospheric mixt

conditions in

s two specific
two forms:

one fuel to be
ncludes blend
, which is the

nto the fuel to
bet points. For
be blended to

nd an ethanol
etermines the

ay be present

energy under
ure. Abnormal

clude unintentional damage to any part of the equipment or wiring, insul

htion or other

malfunction of electrical components, application of overvoltage, adjustment and maintenance operations,

and other sim

ilar conditions.

3.6 LINE-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts and having
circuit characteristics in excess of those of a low-voltage circuit.

3.7 LOW-VOLTAGE CIRCUIT - A circuit involving a peak open-circuit potential of not more than 42.2

volts supplied

by:

a) A battery;

b) A Class 2 transformer; or

c)

A combination of a transformer and a fixed impedance that, as a unit, complies with the

performance requirements for Class 2 transformers in accordance with the Standard for Low
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Voltage Transformers — Part 1: General Requirements, UL 5085-1 and the Standard for Low
Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

A circuit derived from a line-voltage circuit by connecting a resistance in series with the supply
circuit as a means of limiting the voltage and current is not a low-voltage circuit.

3.8 RAINPROOF ENCLOSURE - An enclosure that prevents the entrance of a beating rain to the extent
that there is no wetting of electrical parts and no water enters a compartment housing field installed wiring.

3.9 SEALS, DYNAMIC — A seal that is subject to mechanical movement or other applied forces that
result in movement or flexing of the seal under normal use conditions.

i forces other

3.10 SEALS
than compres

CONSTRUCT]
4 Assembly

4.1 The con

being dismantled to the extent needed for replacement of parts or foer,6ther maintenance or s

4.2 Whena

for making comnections, such parts shall be furnished as part'of the pump assembly.

4.3 A produd
abuses to whi
total or partial

a) Res
b) Loo

c) Oth

4.4 A pump

the marking described in/75.9.

5 Materials

STATIC — A seal that is not subject to mechanical movement or other applie
sion forces that are applied during installation and maintained during normaljus

ION

btruction of a pump shall be such that parts can be assembled in the intended

bump requires the use of special pipe flanges, gaskets, bolts, or other special fi

t shall be formed and assembled so that it has the strength and rigidity require
Ch it is subjected without resulting in the risk of fire, electric shock, or injury to p|
collapse with:

ulting reduction of spacings;
sening or displacement of-parts; or

br defects.

motor assembly to be shipped from the manufacturer disassembled shall be

B conditions.

manner after
Brvicing.

ttings or parts

d to resist the
ersons due to

provided with

5.1 Metallic

materials

5.1.1 General

5.1.1.1

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 will result in leakage of the fuel or if it will impair the
function of the device. For all fuel ratings, see Corrosion due to fluid, 5.1.2.1. For products rated for
gasoline/ethanol blends with nominal ethanol concentrations greater than 40 percent, see Metallic
materials — system level, 5.1.3.

5.1.1.2 The exposed surfaces of metallic parts shall be resistant to atmospheric corrosion if this
corrosion will lead to leakage of the fluid or if it will impair the function of the device. The material shall
comply with the requirements in Atmospheric corrosion, 5.1.2.2.
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1

5.1.1.3 Metallic parts in contact with the fuels anticipated by these requirements shall not be constructed
of lead, or materials that are substantially lead. In addition, no coating or plating containing lead shall be
used, such as terne-plated steel.

5.1.2 Metallic materials — material level

5.1.2.1 Corrosion due to fluid

5.1.2.11

All metallic materials used for fluid confining parts shall be resistant to corrosion caused by the

fuels anticipated by these requirements. In addition, metallic materials, used internally in fluid confining
parts, that are required to operate in some manner to address safety, shall be resistant to corrosion
caused by these fuels. This requirement also applies to all tubing, piping. or other interconnection means

between com

51212 A
anticipated by

5.1.2.2 Atmospheric corrosion

51221 M
addition, met

corrosion. Fdrrous materials of the thickness specified in the/following items are acce
preceding when uncoated:

a) A gasting having a wall thickness of not less.than 1/4 inch (6.4 mm) if shown by

to be

b) Stg
Pipe,

ponents. Compliance is verified by the Long Term Exposure Test, Section 41

coating or plating, applied to a base metal, shall be resistant to the, actio
these requirements as determined by the Long Term Exposure Test,Section 4

btallic materials used for fluid confining parts shall be resistant to atmospheri
llic materials that are required to operate to address safety shall be resistant {

ee of leakage;

ndard pipe and fittings conforming to'the Standard for Welded and Seamless
ANSI/ASME B36.10M; and

n of the fuels
1.

C corrosion. In
o atmospheric
ptable for the

roduction test

Wrought Steel

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

51222 A
less than that

51.2.2.3 C4
be less than

the area in which case the cadmium or zinc plating shall not be less than 0.00015 inch (0.0(

Metallic parts

protective coating shall provide resistance against atmospheric corrosion to
provided by the pretective coatings specified in 5.1.2.2.3.

dmium plating.shall not be less than 0.0003 inch (0.008 mm) thick, and zinc p
).0005 in€h-(0.013 mm) thick, except on parts where threads constitute the m

are ‘considered to comply with 5.1.2.2.1 when they are protected agains

a degree not

ating shall not
ajor portion of
38 mm) thick.
t atmospheric

corrosion by:

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

the Specification for Sheet Steel,

Zinc Coated

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

(Galvanized) or Zinc-lron-A

lloy Coated

b) Coatings which have been determined to be equivalent to G90 under the requirements of the
Standard or Organic Coatings for Steel Enclosures for Outdoor Use Electrical Equipment, UL 1332.

5.1.2.2.4 A metallic material other than as described in 5.1.2.2.1 — 5.1.2.2.3 shall be painted or protected
in a manner that has been determined to be equivalent.
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5.1.3 Metallic materials — system level

5.1.3.1 Combinations of metallic materials in products rated for use with gasoline/ethanol blends with
nominal ethanol concentrations greater than 40 percent shall be chosen to reduce degradation due to
galvanic corrosion in accordance with 5.1.3.2 - 5.1.3.4.

5.1.3.2 Table 5.1 shows the galvanic series for metallic materials exposed to a conductive solution of sea
water. The most active material in a given combination will experience increased levels of corrosion, while
the most passive material in the combination will experience reduced levels of corrosion. The greater the
separation of the materials in the galvanic series of Table 5.1, the more pronounced the effects would be.
Table 5.1 serves as a guide in selecting the appropriate test conditions based on manufacturers specified
material combinations.

Table 5.1
Galvanic series of metal materials

Most passive Platinum

Gold

Graphite

Silver

Stainless Steel Type 316 (Passive)
Stainless Steel Type 304 (Passive)
Titanium

13% Chromium Stainless Steel (Passive)
76 Ni— 16 Cr—7 Fe Alloy (Passive)
Nickel (Passive)

Silver Solder

M-Bronze

G-Bronze

70:30 Cupro Nickel

Silicon Bronze

Copper

Red Brass

Aluminum Brass

Admiralty Brass

Yellow Brass
60Ni—30Mo-—6Fe—1Mn

76 Ni— 16 Cr—7 Fe Alloy (Active)
Nickel (Active)

Manganese Bronze

Tin

Stainless Steel Type 316 (Active)
Stainless Steel Type 304 (Active)

13% Chromium Stainless Steel (Active)
Cast Iron

Wrought Iron

Mild Steel

Table 5.1 Continued on Next Page
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Table 5.1 Continued

Most active

Aluminum 2024
Cadmium

Alclad

Aluminum 6053
Aluminum 1100
Galvanized Steel
Zinc

Magnesium Alloys

Magnesium

Corrosion Engi

Note — Reprintdd with permission from NACE. Based on table titled "Galvanic Series of Metals Exposed to Seawa

eer's Reference Book, Third Edition ©NACE International 2002.

er" from NACE

5.1.3.3 Plat

as long as the plating material complies with 5.1.3.2 as the contact metal. If used;’the platin

with the Long

5.1.3.4 Gas
where permi
materials, 5.2

5.2 Nonme
5.21

Gene

5211 Ang
to the action

function of the device.

521.2 Gag
respectively.
and a dynami

52.1.3 Gas
material level

5.2.1.4 Non

ng, such as nickel plating, can be used to reduce or eliminate dissimilar metal

Term Exposure Test, Section 41.

kets or nonmetallic spacers used to reduce or elimindte dissimilar metal
ted, shall be subjected to the applicable requireménts for static seals i
, when they are in contact with the fluid.

allic materials

al

contact areas,
g shall comply

tontact areas,
n Nonmetallic

nmetallic part in contact with the fuels anticipated by these requirements, shall be resistant

bf the fuel if degradation of the material will result in leakage of the fuel, or if it

kets and seals shall ‘he designated as dynamic and/or static seals. See
f the type of seal ¢annot be determined, then the material shall be treated a
C seal.

kets and(Seals shall comply with the requirements as outlined in Nonmetal
5.2.2, and Nonmetallic materials — system level, 5.2.3.

metallic materials in contact with the fuels anticipated by these requirement

will impair the

3.9 and 3.10
5 both a static

ic materials —

s shall not be

constructed o

nhe Tollowing:

a) Polysulfide rubber;

b) Ethylene propylene diene monomer (EPDM) rubber;

c) Methyl-Methacrylate;

d) Polyvinyl Chloride (PVC);

e) Nylon 6/6; or

f) Polyurethane.
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5.2.1.5 The reliability of a nonmetallic, pneumatic pressure confining part shall be determined for each
application. Among the factors to be taken into consideration with the reliability of a nonmetallic material

are:

a) Mechanical strength;

b) Resistance to impact;

c) Resistance to distortion and creeping at temperature and pressures to which the material is
subjected under conditions of intended use; and

d) Dimensional stability.

Compliance W

th this requirement is determined by the tests of Sections 52, 68, 69, and 70

5.2.2 Nonmetallic materials — material level

5.2.2.1 Stati
5.2.2.1.1 St
modified as in
material can b

52212 As
of the Standar

c seals

e considered to be qualified for system testing.

d for Gaskets and Seals, UL 157.

5.2.2.1.3 Static seals shall be subjected to the Volume Change and Extraction Test in ac

the Standard f
a) Thsg
b) The

c) For
or 1%
coated
swell ¢
eviden
coated

or Gaskets and Seals, UL 157, exceptifor the following modifications:
test duration shall be 1000 hours;
applicable test fluids shalkbe as described in Supplement SA; and

all materials, the average volume change shall not exceed 40% swell (increa
shrinkage (decrease’ in volume). In addition, the weight loss shall not exce
fabrics, alternate limits can be used with the average volume change not e
r 5% shrinkage, and the weight loss shall not exceed 20%. There shall
Ce of cracking or other degradation as a result of the exposure for any matg
fabrics!

5.2.2.1.4 Static_seals shall be subjected to the Compression Set Test in accordance with

tic seals shall be evaluated in accordance with the Standafd for Gaskets and S
dicated in 5.2.2.1.2 — 5.2.2.1.4. If a specific material complies with these reqy

tatic seal shall be constructed of a material thatis' acceptable in accordance v

eals, UL 157,
irements, the

ith the scope

tordance with

se in volume)
ed 10%. For
ceeding 60%
be no visual
erial including

the Standard

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

a) The

test durations shall be 1000 hours;

b) The samples shall be immersed, at room temperature, in the test fluids (see item c) while
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 compression device and
immersing it in the applicable test fluid for 30 minutes at room temperature. The sample shall not
be allowed to dry out due to exposure to air. The 30 minute immersion should use the same fluid as
the test fluid for each sample.
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e) For all materials, the average compression set is calculated and shall not exceed 35 percent.
For coated fabrics, alternate limits can be used with the average compression set not exceeding

70%.

Exception: This requirement does not apply to composite gasket materials as defined in accordance with
the Standard for Gaskets and Seals, UL 157.

5.2.2.2 Dynamic seals

5.2.2.21

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

157, modified as indicated in 5.2.2.2.2 — 5.2.2.2 4. If a specific material complies with these requirements,
the material can be considered to be qualified for system testing.

52222 A
scope of the §

52223 D

dynamic seal shall be constructed of a material that is acceptable in acgcorg
btandard for Gaskets and Seals, UL 157.

namic seals shall be subjected to the Volume Change and Extraction Test

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

ance with the

n accordance

a) The test duration shall be 1000 hours;

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

c) Fof all materials, the average volume change shalljnot exceed 40% swell (increase in volume)
or 1%]| shrinkage (decrease in volume). In addition,”the weight loss shall not exceed 10%. For

coateq
swell

evider
coateq

5.2.2.2.4 D

fabrics, alternate limits can be used with.the average volume change not e
pr 5% shrinkage, and the weight loss\ shall not exceed 20%. There shall

xceeding 60%
be no visual

ce of cracking or other degradation‘@s a result of the exposure for any material including

fabrics.

namic seals shall be subjected to the Tensile Strength and Elongation Test

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

a) Th
b) Th
c) Fo

be les
the ay

 test duration shallsbe 1000 hours;
e applicable testfluids shall be as described in Supplement SA; and

all matefials, the average tensile strength and the average elongation of mat
5 than\60% of the as-received values. For coated fabrics, alternate limits car
eragertensile strength and the average elongation not less than 30% of th

valued.

n accordance

erials shall not
be used with
e as-received

5.2.3 Nonmetallic materials — system level

5.2.3.1

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 Term Exposure Test, Section 41. Static seals shall be provided in accordance with 41.2.5.
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5.3 Casting

impregnation materials

5.3.1 Material level

5.3.1.1

Casting impregnation materials shall be evaluated at the material level in accordance with the

requirements in the Standard for Dispensing Devices for Gasoline and Gasoline/Ethanol Blends with
Nominal Ethanol Concentrations up to 85 Percent (EO0 — E85), UL 87A.

5.3.2 System level

5.3.2.1

The casting impregnation material, applied as intended to a casting, shall comply with the Long
Term Exposur Test_Section ﬂ The r‘nqting shall nat show indications of Innrncity Inqkng

at any point

during or after|this test.

5.4 Internalparts

5.4.1 Nonmgtallic parts located internally to a fluid confining part, degradation of which wodld not directly
result in leakgge, is not required to comply with Nonmetallic materials, 5:2:The part shall be tested in
accordance wjth 5.4.2.

5.4.2 Interngl nonmetallic parts shall be tested during the Long_Term Exposure Test, Sectipn 41. During
this test, the pprt shall not degrade to the extent that visible particles can be observed in the fluid.

5.5 Blending Options

5.5.1 Pumpg intended for use with dispensing equipment that provides for a variable blending option, at

gasoline/ethanol blends with nominal ethanol coneéntrations above 25 percent, shall be su

Blending Cycl

5.5.2 Pumps

gasoline/ethanol blends with nominal ethanol concentrations above 25 percent, shall be

accordance w

a) If in
final bl

b) If in
gasolin
7.

ng Test, Section 71.

intended for use with dispensing equipment that provides for a fixed blend
th (a) or (b):

ended to be loeated after the blending option, such that the pump is only su
bnded fuel, thenthe Blending Cycling Test is not required.

fended to,be located at or before the blending option such that it is subjectq
e/ethanol blend levels, the pump shall be subjected to the Blending Cycling

bjected to the

ing option, at
evaluated in

bjected to the

bd to different
Test, Section

5.5.3 Pumps intended for use with dispensing equipment that provides for a variable or fixed blending of
gasoline/ethanol blends with nominal ethanol concentrations below 25 percent are considered acceptable
without further evaluation for the blending option.

6 Bodies, Covers, and Heads

6.1

A pump body assembly shall withstand the Deformation Test, High Pressure Leakage Test, and

Hydrostatic Strength Test requirements specified in Sections 46, 42, and 44, respectively. These
requirements do not apply to body sections of submersible type pumps intended to be immersed in the
liquid.

6.2 Plugs and other parts, other than cap screws and bolts threaded into noncorrosion-resistant ferrous
parts of the pump, shall be of corrosion-resistant metal or provided with a protective coating when they are
required to be removed for adjustment, repair, or other care of the pump.
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6.3 A plug, cap, or other part threaded into or on the pump body shall engage with at least four full

threads.

6.4 A bolt or a screw hole shall not extend through the outer walls of a pump body into a liquid-handling

section.

7 Drive-Shaft Seals

7.1
Section 43.
7.2 An adju

A stuffing box or a seal shall comply with the requirements specified in the Endurance Test — Pumps,

stahle sti |ffing hox _when glmrdpr’l ar not accessible _ar when r‘ln:\rly visible t9 the operator,

shall be provi

7.3 An auto
coated to retd

7.4 The phy
less than one

7.5 The stu
threads.

8 Diaphrag

8.1 A metal
surfaces that

8.2 Apump
shall be cons
construction

provisions for
determined tg

9 Springs

9.1
with its free

ed with a spring-loaded follower gland or the equivalent.

matic spring take-up for a gland shall employ a spring made of corrosion.resist
rd corrosion.

sical characteristics of a take-up spring shall be such that it advances the gla
thalf its possible travel from its initial setting with the spring‘compressed.

ffing-box recess shall be such that packing material does not come into cont

ms

are capable of chafing or abrading the-diaphragm.

in which a flexible diaphragm, bellows, or similar construction constitutes the
tructed such that the atmaospheric side of the diaphragm or bellows is enclos
o reduce external leakage in the event of a diaphragm or bellows rupture,
connection of a vent pipe or tubing intended to be routed to the outdoors or
be equivalent. See'75.8.

An opetating spring shall be guided and arranged to reduce binding, buckling, or othg

ovement. When required, ends of a spring shall be closed and squared.

ant material or

nd through not

hct with screw

part coming in contact with a diaphragm shall have no sharp edges, burrs, projections, and

only fluid seal,
ed in a casing
or shall have
other location

br interference

9.2 A spring employed in a pump to reduce the risk of leakage, shall:

a) Be protected against abrasion and corrosion and

b) Demonstrate no loss in strength after being subjected to a compression force of three times that

exerte

9.3

d by the spring in any position of its intended function.

In reference to 9.2(a), springs that are exposed to the fuels anticipated by these requirements shall

comply with the applicable material requirements from Materials, Section 5. Springs not exposed to fuels,
but exposed to the environment, shall comply with the atmospheric corrosion requirements in 5.1.2.2.
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10 Floats

10.1 A float constructed to actuate a mechanism shall have a buoyancy not less than 50 percent greater
than that required to operate the mechanism. See the Float Buoyancy Test, Section 51.

10.2 A hollow float shall withstand an external crushing pressure of not less than 35 psig (240 kPa). See
the Float Crushing Test, Section 54.

10.3 A cork float shall be provided with a coating that is resistant to the action of the liquid with which it is
in contact. Compliance of the coating is verified by the Long Term Exposure Test, Section 41.

104 Afloat
that prevents the float from becoming detached under its intended conditions of operation.

by a method

10.5 Afloat ¢onstructed of nonmetallic materials shall comply with the requirements of the
a) Float Buoyancy Test, Section 51;
b) Dimensional Stability of Floats Test, Section 52; and

c) Weight Change of Floats Test, Section 53.
11 Air Separators

11.1  Air separators that are provided as an integral part.6f;a pump assembly shall be provided with floats
that comply with the requirements of Floats, Section 10.

11.2 The vdlve mechanism operated by the -float shall be subjected to the Endurancg Test for Air
Separators, Jection 48. When the valve méchanism closes a vent to atmosphere, it ghall also be
subjected to the High Pressure Leakage Test, Section 42.

12 Strainers

12.1 A straiper integral with_or)provided as part of a pump assembly shall comply with the applicable
requirements [in the Standard’ for Strainers for Gasoline and Gasoline/Ethanol Blends with Nominal
Ethanol Concgntrations up:-to 85 Percent (EO — E85), UL 331A. The additional requirements pf 12.2 — 12.6

apply.

12.2 A strairfershall enable the removal of foreign matter (sediment or dirt) without depositing the foreign
matter in the duflet side of the strainer when the screen or filter element is remaved far cleanihg.

12.3 A strainer shall be installed and located so that removal and replacement of the strainer element is
accomplished without breaking liquid lines or disturbing any part of the pump assembly. The location shall
provide for the collection and removal of any spillage.

12.4 When provided, a drain opening shall be closed by a pipe plug not smaller than 1/4 inch pipe size
(ANSI B36.10M). A pet cock or valve shall not be provided for drainage purposes. The materials shall
comply with Materials, Section 5.

12.5 The force necessary to open a strainer shall not permanently distort the assembly or piping to which
the strainer is attached.

12.6 Filter elements do not need to be evaluated for fluid compatibility.
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13 Outlet Pressure Regulation

13.1

A pump assembly for use with or in dispensing devices intended to dispense the fuels anticipated

by this standard shall incorporate means for the prevention of or the relief of pressures developed by the
pump in excess of the maximum discharge pressure of 50 psig (345 kPa) or the marked maximum

discharge pre

ssure rating, whichever is less. See Blocked Outlet Test, Section 49.

13.2 To comply with the requirements in 13.1, a pump assembly may be equipped with:

a) Ab

ypass valve connected between the discharge and suction ports;

b) A relief valve arranged to be connected between the discharge side and the supply tank through

a sepgrateTeturtime When theTetief vatve s ot providedas part of thepump;itshall be marked

asind

c) An
the ou

d) An
exces

13.3 Aftert
requirements

a) Be
b) Be

c) Bs
exces

14 Pressur

141 A pum
standard sha
excess of the
discharge pre

28°C (50°F) ip an ambignttemperature of 24°C (75°F). See the Pressure Relief Test, Sectior

14.2 To coni

cated in 75.6;

neans to effect an automatic reduction in volumetric capacity upon an increase|
tlet; or

energy input incapable, because of power or speed, of developing a dischar
5 of the maximum discharge pressure.

ne valve or other means for pressure regulation has-been adjusted in accorg
in 13.1, it shall:

capable of being sealed to discourage tampering;
located within the pump body and require:ools for access; or

constructed so that the maximum.adjustment obtainable does not result in
5 of the maximum discharge pressure under maximum output conditions.

b Relief
p for use with or intdispensing devices intended to dispense the fuels antig
| incorporate means-for the relief of pressures developed by thermal expansio

maximum dis¢harge pressure of 50 psig (345 kPa), or in excess of the mar
ssure, whicheyer is less. Thermal expansion pressure shall anticipate a temp|

ply.with the requirements in 14.1, a pump assembly may be equipped with:

in pressure at

je pressure in

ance with the

a pressure in

ipated by this
h of the fluid in
ked maximum
erature rise of
50.

1 PR I Y 41 'H ) ! " i !
a) A b]l.)dbb vdive CUTITICULCU UTIWCTTTT UTC UTSUITAaTytT altu SUCLUIT PUTLS dtiu

b) A relief valve arranged to be connected between the discharge side and the supply tank through
a separate return line. When the relief valve is not provided as part of the pump, it shall be marked
as indicated in 75.6.

14.3
requirements

in 14.1, it shall be:

a) Capable of being sealed to discourage tampering;

b) Located within the pump body and require the use of tools for access;, or

After the valve or other means for pressure relief has been adjusted in accordance with the

c) Constructed so that the maximum adjustment obtainable does not result in a pressure in excess

of the

maximum discharge pressure.
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15 Mounting and Base

15.1

A pump shall be provided with supporting and mounting means independent of liquid-handling pipe

connections. A mounting arrangement shall permit anchoring of the pump by bolts or cap screws.

15.2 When a base is furnished as part of a pump assembly, it shall be arranged to permit attachment and
alignment of mounted parts and for anchoring to a mounting surface by cap screws or bolts.

16 Guards

16.1
shall be furnis

hed with an enclosure

A gear, belt, pulley, or other rotating part shall be enclosed in a metal guard or the pump assembly

17 Piping and Fittings

17.1  Pipe th
ANSI/ASME H
17.2 Flange

pipe flanges 4§
flanged fitting
pump:

a) High
b) Hyd
c) Retg
d) Defq
e) 10-0

17.3 An op
threads beyo
opening witho

17.4 A male
Table 17.1, fr
additional turn

1.20.1.

5 of flange-type pumps shall comply with the appropriateAmerican National

Pressure Leakage Test, Section 42;
rostatic Strength Test, Section 44;

ntion Test for Screws and Bolts, Section 45;
rmation Test, Section 46; and

ay Moist Ammonia-Air Stress Cracking Test, Section 55.

ning threaded forlattachment to pipe shall be constructed so that a pipe
d standard construction (for the size in question) is capable of being thre
Lit distorting anypart of the fitting.

thread for attachment to pipe fittings shall have no shoulder within the distang
bm the-beginning of the thread, including any chamfer, nor shall any should
being made within this distance as determined by assembling the part into a

reads shall be in accordance with the Standard for Pipe Threads;)General P

urpose (Inch)

Standard for

nd flanged fittings covering the material from which they are made, or such flanges and
5 shall comply with all of the following tests as complete assemblies formir

g part of the

threaded two
aded into the

e specified in
er prevent an
fitting within a

tolerance of pl

: L !
< UT'TTHTITUS UTIT tl ncdu.

Table 17.1
Minimum shoulder distance from beginning of thread
Shoulder distance,
Pipe size, ANSI B36.10M, nominal

inches inches (mm)

1/8 3/8 9.5
1/4, 3/8 9/16 14.3
1/2, 3/4 3/4 19.1

1 15/16 23.8

Table 17.1 Continued on Next Page
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Table 17.1 Continued

Shoulder distance,
Pipe size, ANSI B36.10M, nominal

inches inches (mm)

1-1/4 31/32 24.6

1-1/2 1 25.4

2 1-1/32 26.2

1-1/2 1-33/64 38.5

3 1-37/64 40.1

17.5 A threaded pipe connection shall be made with litharge and glycerine cement, shellac, shellac and

inert powder f

17.6 ASTM
Materials, S¢g
determined tg

17.7 Tubing
installation lo
Materials, Se

17.8 Tubing
is used.

iller, or a suitable pipe-joint sealing compound that is not alcohol based.

Schedule 40 metallic pipe shall be used, and the metallic materials~sha
ction 5. A union, when used, shall be of the ground-joint type_or~a part {
be equivalent.

may be used where it is protected by its location in the pump assembly or
Cation. Tubing and tube fittings shall be metallic, and all metallic materials shg
ction 5.

shall have a minimum wall thickness in accordance with Table 17.2 in any cor

| comply with
hat has been

y its intended
Il comply with

figuration that

Table17.2
Wall thickhess for tubing
Outside diameter, Minimum wall thickness,
in¢h (mm) inch? (mm)?
1B 317 0.028 g.71
18 6.35 0.028 g.71
5/16 7.94 0.028 g.71
3B 9.53 0.028 g.71
1R 12.7 0.0315 d.80
@ Nominal wall thickness 6f'tubing is required to be greater than the thickness indicated to maintain the minimum wall thickness.

18 Hose Nd

zzle Valve, Hose, and Coupling

18.1

A pump assembly for use with service-station type hose-nozzle valves may be furnished without a

hose-nozzle valve when the assembly is marked as specified in 75.4. If the hose nozzle valve is provided,
the hose nozzle valve shall be in accordance with the Standard for Hose Nozzle Valves for Gasoline and
Gasoline/Ethanol Blends with Nominal Ethanol Concentrations up to 85 Percent (EO — E85), UL 2586A.

18.2 When a hose assembly, consisting of hose and couplings, is supplied with the pump assembly, it
shall comply with the Standard for Hose and Hose Assemblies for Dispensing Gasoline and
Gasoline/Ethanol Blends with Nominal Ethanol Concentrations up to 85 Percent (EO — E85), UL 330A.
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19 Conduit Seals

19.1 A factory-installed conduit seal incorporated as part of the product shall comply with the
requirements of the High Pressure Leakage Test, Section 42; the Leakage of Wire Seal Test, Section 47;
and the Hydrostatic Strength Test, Section 44.

19.2 When a conduit seal is incorporated with the product, the wires or conductors shall be securely held
and tightly sealed where they pass into the enclosure. When a sealing compound or cement is used it
shall:

a) Provide a tight fit;

b) Neiftrersoftemrmor crackunder service comnditiorns;

c) Be|resistant to the solvent action of the liquids and vapors to which it_is\cappble of being
exposqd — see the Tests on Sealing Compounds, Section 56;

d) Be [esistant to moisture and aging; and

e) Haye a depth equal to the inside diameter of the conduit or 5/8_inch (15.9 mm)| whichever is
greatef.

19.3 The sealing compound used in a conduit seal shall not flow)orcreep at the operating t¢mperature of
the device. Sgaling compounds that soften with the application.of heat shall have a softenirlg point of not
less than 93°¢ (200°F) when used adjacent to motors havifg-Class A (Class 105) insulation and not less
than 113°C (236°F) when used adjacent to motors having Class B (Class 130) insulation. [The softening
point is to be Jetermined in accordance with the Standard Test Method for Softening Point|by Ring-and-
Ball Apparatug, ASTM E28.

19.4 When 3 nipple is used to retain the sealing compound for lead wires, the depth of the[seal shall not
be less than the internal diameter of the nipple or 5/8 inch (15.9 mm), whichever is greater. Depending on
the compound, the size of the lead wires; and the construction of the sealing well, a grgater depth of
sealing compgund shall be used as required to form a tight seal. Means shall be provided in the nipple to
anchor the sealing compound.

20 Electrical Equipment

20.1 Electrigal conduitto be immersed in the liquid to be handled shall be of the rigid, seanpless, metallic
type or other materiakthat has been determined to be equivalent.

20.2 Electricalequipment and wiring shall be arranged so that the liquid does not drip or drain on them
during the intended care and usage of the pump assembly.

20.3 Wiring shall be in threaded rigid metal conduit, threaded steel intermediate metal conduit, or Type
MI cable with termination fittings that comply with the requirements for Class I, Group D equipment for use
in hazardous locations specified in the National Electrical Code, ANSI/NFPA 70. All boxes, fittings, and
joints shall be threaded for connection to conduit or cable terminations in compliance with the
requirements in Class |, Group D equipment for use in hazardous locations. At least five full threads shall
engage in each threaded joint.

Exception: The housing may be considered the electrical enclosure for intrinsically safe circuit wiring.

20.4 One end of a wireway between two parts that are factory-attached to an assembly may be secured
to one of the parts by means of straight threads and, where necessary for security, with a locknut when the
other end of the wireway is secured to the other part by tapered threads.
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20.5 A compartment enclosing a switch or other part that is capable of producing arcs shall be sealed
from any adjacent compartment in which field connections are to be made.

20.6 The ends of all conduit lengths, including nipples, shall be chamfered after threading to remove
burrs or sharp edges.

20.7 For a vapor-tight fit, the sheath of shielded or multiconductor cables shall be split to enable the seal

materials to b

e poured around the individual conductors.

Exception: Shielded or multiconductor cables that are evaluated in accordance with the Leakage of Wire
Seal Test, Section 47, for the cable are not required to be split.

20.8 A term
products, or
extraction of
conduit.

20.9 Upper
the area bety
litharge and @
application. S

20.10 Thre
turning during
during installg
coated with |

Threaded joimts in a coupling used to join lengths;of conduit immersed in petroleum pro

prevented fro
by coating all

20.11  Wirin
gasoline-resis
requirements
Thermoplasti

20.12 Grou
with the provi

20.13 An ol

ends of conduit subject to immersion or to entry of water, liquids,-or vapors shg
veen the conduit inside diameter and the enclosed wiring.“Sealing shall be
lycerine, or with a nonmetallic material which has been siiccessfully evaluated
ee Tests on Sealing Compounds, Section 56.

hded joints for conduit shall provide for five full-thread engagement. Threa

tion or use and subject to immersion in the-fluids anticipated by these require
tharge and glycerine or a suitable pipe-joint sealing compound that is not §

M turning by leak-tight welding or brazing at the conduit and outside surfaces
threads with litharge and glycerine.

h for motor or other leads subject to accidental immersion in petroleum produ
tant wiring material. conforming with the construction, performance,
in the Standard fer\Thermoset-Insulated Wires and Cables, UL 44, or thq
C-Insulated Wiresland Cables, UL 83.

hding of metors and other electrical components and wiring shall be provided
sions ofithe National Electrical Code, ANSI/NFPA 70.

tlet.box or enclosure shall have no unplugged openings other than those to w

inal box threaded to conduit enclosing wiring sealed against the entry of water, petroleum
vapor shall not be subject to turning or require removal to accommodate’ replacement or
parts for maintenance, servicing, or to facilitate the connection of field-installed piping or

Il be sealed in
by means of
for use in this

ds subject to

installation or use shall be coated with litharge.and glycerine. Threads not subject to turning

ments shall be
Icohol based.
ducts shall be
bf couplings or

cts shall be of
and marking
Standard for

in accordance

hich conduit is

always conn

tad whan tha humn accamhliv ic inctallad
CtecyWwHeRtHepupasS Y SHStaear

20.14 A pump assembly intended for use with a dispensing device that is to be connected to the branch
circuit shall not be constructed in such a manner that is required that the outlet box of the product be
moved in order to care for the device.

20.15 The size of a junction box in which field installed conductors are to be connected by splicing shall
not be less than that specified in Table 20.1. A conductor passing through the box is counted as one
conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for pump motor circuits shall not be smaller than 14 AWG (2.1 mm?). A field-furnished conductor
for a reset motor, signaling, or other circuit rated less than 5 amperes shall not be smaller than 18 AWG
(0.8 mm?) when the wire size is marked on the installation wiring diagram.
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20.16 The size of a junction box in which field installed conductors are to be connected to factory
installed terminal strips shall be determined by Table 20.1 as the summation of the volumes required for
each field furnished conductor plus the volume utilized by the factory installed wiring and terminal block.

Table 20.1
Size of junction boxes
Free space within box for each conductor
Size of conductor, Box with hubs, Box without hubs,

AWG (mm?) cubic inches (cm?) cubic inches (cm?)

16 or smaller 1.3 orless 1.3 21.3 1.5 24.6
14 2.1 1.8 29.5 2.0 32.8

12 3.3 2.0 328 2.25 36.9

10 5.3 2.2 36.1 25 41.0

8 8.4 2.7 442 3.0 49.2

20.17 Whenl|it is required that supply connections be made directly to a motor, the terminal|compartment

on the motor
Electrical Mac]

21 Supply d

211
accordance w

21.2 Aterm
product are to
inspection afte

21.3 Atermi
product so as

shall comply with the requirements for terminal compartments in the Standar
hines — General Requirements, UL 1004-1.

onnections

A permanently-connected product shall have  provision for connection to a wiri

th the National Electrical Code, ANSI/NFPA 70.

nal box or compartment in which-power-supply connections to a permanen
be made shall be located in suéb a manner that the connections are readily
r the product is installed as intended.

hal box or compartment intended for connection of a supply raceway shall be a
fo be prevented from\turning.

21.4 A permanently-connected product shall be provided with wiring terminals for the

conductors ha

a) Not

ving an ampacity:

less than’125 percent of the full load motor-current rating of horsepower rated

b) Not

less than 100 percent of the ampere ratings of all other loads; or

] for Rotating

ng system in

tly-connected
hccessible for

ktached to the

connection of

motors;

c) Both (a) and (b); or

the product sh

all be provided with leads for such connection. See 21.8.

21.5 A field-wiring terminal is a terminal to which a wire is connected in the field, unless the wire, and a
means of making the connection — a pressure terminal connector, soldering lug, soldered loop, crimped
eyelet, or similar parts — to the terminal, are provided as a part of the product.

21.6 Wiring terminals for the supply conductors — See Grounding, Section 27, for termination of the
grounding conductor — shall be provided with a pressure wire connector securely fastened in place — for
example, firmly bolted or held by a screw.

Exception No.

1: A soldering lug may be used.
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Exception No. 2: A wire binding screw may be employed at a wiring terminal intended to accommodate a
10 AWG (5.3 mm?) or smaller conductor when upturned lugs or parts that have been determined to be
equivalent are provided to hold the wire in place.

21.7 A wiring terminal shall be prevented from turning.

21.8 A lead inside an outlet box or wiring compartment shall not be smaller than 18 AWG (0.82 mm?),
and rated for the maximum operating voltage of the pump assembly. The free length of the lead shall be 6
inches (150 mm) or more when the lead is intended for field connection to an external circuit.

Exception No. 1: A lead that is less than 6 inches long complies with the intent of this requirement when it
is evident that the use of a longer lead is capable of resulting in a risk of fire or electric shock.

Exception Noj G (0.82 mm?)

unless arrang

2: Factory wiring terminating at a terminal strip shall also be minimum 8 AW
ed or guarded to protect from damage during field wiring.

21.9 A wire{binding screw at a wiring terminal shall not be smaller than No. 10!

Exception No onnection of a

14 AWG (2.1

1: A No. 8 screw may be used at a terminal when it is infended only for the ¢
mm?) conductor.
Exception Ng or 0.82 mm?)
conductor. Se

. 2: A No. 6 screw may be used for the connection of a 16 or 18 AWG (1.3
e 21.13.

21.10 The S
branch-circuif
terminal for ¢

mallest conductor that is specified in thesNational Electrical Code, ANSI/NFPA
wiring is 14 AWG (2.1 mm?). Therefére, the smallest conductor that is ar
bnnection of a power-supply wire is 14AWG.

70, for use in
ticipated at a

21.11 A wirg-binding screw shall thread into metal.

21.12 A terminal plate tapped for a‘wire-binding screw shall be of metal not less than 0.050 inch (1.27

mm) thick and

Exception Ng
may be used
the applicatio

Exception Ng

shall not have less than two full threads in the metal.

1: A terminal plate less than 0.050 inch thick but not less than 0.030 inch ((
when the tapped threads result in a secure connection in which the threads do
n of a 20 poeund-inch (2.26 N-m) tightening torque.

. 2:_A terminal plate formed from stock not less than 0.050 inch thick may h

extruded at th

.76 mm) thick
not strip upon

ave the metal

e\tapped hole to provide two full threads.

21.13 A terminal plate shall incorporate upturned lugs or a cupped washer, and shall be capable of
retaining a supply connector of the size specified in 21.4 under the head of the screw or washer.

21.14 A permanently-connected product rated 125 volts or less, or 125/250 volts (3-wire) or less, and
employing a single-pole switch or overcurrent-protective device other than an automatic control without a
marked "off" position shall have one terminal or lead identified for the connection of the grounded
conductor of the supply circuit. The terminal or lead to be connected to the grounded supply conductor
shall be the one to which no switch or overcurrent-protective device of the single-pole type, other than an
automatic control without a marked "off" position, is connected.

21.15 A terminal intended for the connection of a grounded supply conductor (neutral) shall be of or
plated with metal that is substantially white in color and shall be readily distinguishable from the other
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terminals; or proper identification of that terminal shall be clearly shown in some other manner, such as on
an attached wiring diagram.

21.16 Conductors intended for field connection to a grounded supply conductor shall be identified
(finished a white or gray color) or the intended wiring connections shall be clearly indicated in some other
manner, such as on an attached wiring diagram. All other current-carrying conductors shall be finished in
colors other than white, gray, or green with or without one or more yellow stripes.

21.17 Conductors intended for field connection to a 120-volt branch circuit protective device shall be
provided and arranged such that an individual grounded supply conductor is provided for each

ungrounded s

21.18 Suppl
shall be capa
65.

Exception: Th
where the leadls have been subjected to this test during the investigation of the component.

upply conductor.

/ leads that are subject to handling during installation or routine maintenance
ple of withstanding a pulling force as described in the Conductor Secureness

is requirement does not apply to leads that are integral with components sy

pf the product
Test, Section

ch as motors

22 Current-Carrying Parts
22.1 A currept-carrying part shall be made of silver, copper, a copper alloy, or other similar metal.
22.2 Iron or steel shall not be used as a current-carrying part.

Exception No| 1: Iron or steel provided with a corrosion-resistant coating may be used for a current-
carrying part:
a) When it complies with the requirements of Atmospheric corrosion, 5.1.2.2 or

b) Wit
Exception No.

23

uninsulated i

Insulatin

grial thatis used for the direct support of an uninsulated live part shall co

hin @ motor or associated-governor.
2: The requirement does not apply to stainless steel.

lg Material

ing Index

mply with the
(HAI), and
support of an

D

L

G ; actw ! ulated iy en it serves to
physically support or maintain the relative position of the uninsulated live part.

Exception: A generic material provided in the thickness indicated in Table 23.2 complies with 23.1 without
additional evaluation.
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Table 23.1
Minimum material characteristics for the direct support of uninsulated live parts
Maximum performance level category (PLC)

Flame class RTI Electrical HwIP¢ HAI® CcTIfeh
HB a 2 1 3
V-2, VTM-2 a 2 2 3
V-1, VTM-1 a 3 2 3
V-0, VTM-0 a 4 3 3

Relative Thermal Index (RTI)
2 The electrical Relative Thermal Index (RTI) value of a material is to be determined in accordance with the Standard for Polymeric

Materials — Lon
dependent upol
Temperature T4

Hot Wire Igniti
® The Hot Wire

Materials — Sha
which the mate
corresponding {
¢ A material wit
required by Tab
in the Standard

High Current A
4 The HAI valug
Property Evalug
being used. WH

value, the mate|
¢ A material wit

subjected to thg
Evaluations, UL

Comparative T}

The Comparafjve Tracking Index (CTI) PLC value of a material is to be determined by test in accordance with the
Polymeric Matefrials — Short Term Property Evaluationsi\UL 746A. This material characteristic is not dependent up:
thickness at whjch the material is being used. When'the thickness of an insulating material is less than the minimu

st, Section 60.

bn (HWI

gni(tion ()HWI) value of a material is to be determined by test in accordance with the Standard for P
rt Term Property Evaluations, UL 746A. This material characteristic is dependent upon the minimu
ial is being used. When the thickness of an insulating material is less than the minimum specified

o a HWI value, the material is evaluated as in footnote c.

out an HWI Performance Level Category (PLC) value or with a HWI PLC value greater (worse) th
e 23.1 shall be subjected to the end-product Abnormal Overload Test or the Glow Wire End-Produl
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

rc Resistance to Ignition (HAI)
of a material is to be determined by test in accordance with theiStandard for Polymeric Materials -
tions, UL 746A. This material characteristic is dependent upon the minimum thickness at which th
len the thickness of an insulating material is less than the minimum specified thickness correspond
rial is evaluated as in footnote e.

out an HAI PLC value or with an HAI PLC value greater-(worse) than the value required by Table 2
end-product Arc Resistance Test specified in the Standard for Polymeric Materials — Use in Electr|
746C.

acking Index (CTI)

h the minimum thickness at which the material is being used. The RTI shall not be exceeded during

racteristic is
the

blymeric
thickness at
ickness

n the value
ct Test specified

Short Term
P material is
ng to a HAI

13.1 shall be
cal Equipment

Standard for
bn the minimum
m specified

thickness corregponding to a CTl value, the matefiatis evaluated as having the same CTI value found for the greafer thickness.

The CTI value gpplies to insulating materials used in pollution degree 3 environments for voltages of 600 V or less
where pollution|degree 1 or 2 is maintained, ‘an insulating material shall have a CTI PLC of 4 or less. For equipmer]

1500 volts, seeffootnote h.
9 A material without a CTI PLC value ©r'with a CTI PLC value greater (worse) than the value required by Table 23.

proof tracking i
degree1or2e
— Use in Electri
h For equipmen|
time to track mgq
Evaluations, UL

dex of 175 when uSed-in pollution degree 3 environment or a proof tracking index of 100 when usg
hvironment as determined by the end-product Proof Tracking Test specified in the Standard for Pol
al Equipment Evaluations, UL 746C.

rated 601.=4500 volts, the insulating material shall not track beyond one inch in less than 60 min
thod of the Ihclined Plane Tracking Test specified in the Standard for Polymeric Materials — Short
746A<The voltage for the Inclined Plane Tracking Test shall not be less than the rated voltage of t

For equipment
t rated 601 —

| shall have a
d in pollution
meric Materials

tes using the
ferm Property
he equipment.

Table 23.2
Generic materials for direct support of uninsulated live parts
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

Table 23.2 Continued on Next Page
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Table 23.2 Continued
Thickness,

Generic material inch (mm) RTI, °C
Unfilled nylon 0.028 0.71 105
Unfilled polycarbonate 0.028 0.71 105
Urea formaldehyde 0.028 0.71 100
Ceramic, porcelain, and slate No limit No limit
Berylium oxide No limit No limit

NOTE — Each material shall be used within its minimum thickness and its Relative Thermal Index (RTI) value shall not be
exceeded during the Temperature Test, Section 60.

23.2 Vulcani
However, vulc
current leakag

23.3 Insulati
of being subje
use in this apg

23.4 A print

zed fiber is capable of being used for insulating bushings, washers, separators
anized fiber shall not be used as the sole support for uninsulated live.parts whg
e, or warping results in a risk of fire or electric shock.

ng material, including barriers between parts of opposite polarity’and material t
cted to the influence of the arc formed by the operating of-a.switch, shall be in
lication.

pd-wiring board for which loosening of the bond.bétween the conductor and

results in contact between uninsulated primary circuit parts shall comply with the applicable

in the Standar

i for Printed-Wiring Boards, UL 796.

24 Internal Wiring

24.1 Mecha
24.1.1 Wirin
24.1.2 Wire

hical protection
) and connections between parts of a product shall be protected or enclosed.

5 within an enclosure, a compartment, a raceway, or a similar device shall

otherwise profected so that damage to conductor insulation does not result from contact w

sharp, or mov

241.3 Ahol
be provided W
of the insulatig

ng part.

b through.which insulated wires pass in a sheet-metal wall within the overall e
ith a.smooth, rounded bushing or shall have smooth, rounded surfaces to pre
n.

and barriers.
bre shrinkage,

hat is capable
vestigated for

base material
requirements

be routed or
th any rough,

hclosure shall
vent abrasion

24.1.4
enclosure of a

product.

24.2 Types of wire

2421

Insulated wires may be bunched and passed through a single opening in a metal wall within the

Except for intrinsically safe circuits rated not more than 30 volts AC (42.4 volts peak), internal

wiring shall consist of wires of a type or types that are rated for the application when evaluated with
respect to the temperature, ampacity, and voltage to which the wiring is subjected and with respect to

exposure to oi

I, grease, or other conditions of service to which it is subjected.

24.2.2 Thermoplastic-insulated wire employed for internal wiring shall be standard building wire or
appliance wiring material that has been evaluated for the purpose.
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24.2.3 Gasoline-resistant wire may be exposed to gasoline vapor (not liquid gasoline) at temperatures
within the limits of the temperature rating of the wire type.

24.2.4 A conductor having solid neoprene insulation or other material that has been determined to have
equivalent resistance to gasoline vapor may be used for internal wiring and as leads for components, such
as motors, ballasts, solenoid valves, or similar items, when it has a temperature rating consistent with its
use.

24.2.5 Regarding the requirements specified in 24.2.4, appliance wiring material having 90°C (194°F)
solid neoprene insulation may be used for internal wiring not exposed to fluid when the insulation is at
least 3/64 inch (1.2 mm) thick for 12 and 14 AWG (3.3 and 2.1 mm?) sizes and at least 1/32 inch (0.82
mm) thick for 16 and 18 AWG (1.3 and 0.82 mm?) sizes. A braid covering is not required to be provided.
Wire having 1/32 inch thick insulation shall not be used in discharge devices rated in excess [of 300 volts.

24.2.6 When wiring is not routed near heat-producing components such as resistors, cdils ballasts, or
similar items | the wire size shall be as specified in Table 24.1. Wiring is applicable to bdth component
leads and other wiring.

Exception Ng. 1: Leads furnished with a Class I, Group D motor are hot required to camply with the
requirements|of Table 24.1.

Exception No| 2: Wiring may be:
a) Rolyted near heat-producing components or

b) Smaller than the sizes specified in Table 24.1.

when it complies with the requirements of the Teniperature Test, Section 60.

Table 24.1
Wire size for circuit requirements

Circuits not employing
Wire size motors, Circuits for motors,
AWG (mmz) amperes amperes
18 0.82 6 1.8
16 1.3 8 b.5
14 2.1 15 12.0
1P 3.3 20 16.0

24.3 Splices and connections

24.3.1 Splices in wiring shall be located only in junction boxes or areas that have been determined to be
equivalent.

24.3.2 Each splice and connection shall be mechanically secure and shall provide reliable electrical
contact. A soldered connection shall be mechanically secured before being soldered when breaking or
loosening of the connection is capable of resulting in a risk of fire or electric shock.

24.3.3 The requirement in 24.3.2 necessitates the use of a lock washer or other means that has been
determined to be equivalent to reduce the possibility of a wire-binding screw or a nut being loosened.
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24.3.4 A splice shall be provided with insulation that has been determined to be equivalent to that of the
wires involved when permanence of spacing between the splice and other metal parts is not maintained.

24.3.5 Insulated or uninsulated aluminum conductors used as internal wiring, such as for internal
connection between current-carrying parts or as motor windings, shall be terminated by a method that has
been determined to be appropriate for the combination of metals involved at the point of connection.

24.3.6 With reference to the requirements in 24.3.5, a wire-binding screw or a pressure wire connector
used as a terminating device shall be rated for use with aluminum under the conditions involved — for
example, temperature, heat cycling, vibration, and similar conditions.

24.3.7 Insulation consisting of:

a) Twollayers of friction tape;
b) Twollayers of thermoplastic tape; or

c) Onellayer of friction tape on top of one layer of rubber tape

may be used|on a splice when the voltage involved is less than 250 volts. In determining when splice
insulation congisting of coated-fabric, thermoplastic, or other type of tubing complies with th¢ intent of this
requirement, ¢onsideration shall be given to such factors as its dielectric properties, heat- and moisture-
resistant characteristics, and similar features. Thermoplastic tapeds not to be wrapped over g sharp edge.

24.3.8 When stranded internal wire is connected to a wire-binding screw, loose strands of wire shall be
positively preyented from contacting an uninsulated live part that is not always of the same polarity as the
wire and from [contacting a dead metal part. This shalkhe accomplished:

a) By Use of a pressure terminal connector;*soldering lug, or crimped eyelet;
b) By soldering all strands of the wire'together; or

c) By other means that have been determined to be equivalent.

24.3.9 A norpinal 0.110 inch (2.8'mm), 0.125 inch (3.2 mm), 0.187 inch (4.75 mm), 0.205 inch (5.2 mm),
or 0.250 inch [6.35 mm) widé_quick-connect terminal shall comply with the Standard for Elgctrical Quick-
Connect Termjnals, UL 310.Other sizes shall be investigated with respect to:

a) Crimp pullout;

b) Engagement-disengagement forces of the connector and tab; and

c) Temperature rises.
All tests shall be conducted in accordance with UL 310.
25 Separation of Circuits

25.1 Conductors of circuits operating at different potentials shall be reliably separated from each other
unless they are each provided with insulation rated for the highest potential involved.

25.2 An insulated conductor shall be reliably retained so that it is not capable of contacting an
uninsulated live part of a circuit operating at a different potential.
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25.3 In a compartment that is intended for the field installation of conductors and that contains provision
for connection of Class 2 or Class 3 circuit conductors and Class 1 (power or lighting) circuit conductors,
as defined in the National Electrical Code, ANSI/NFPA 70, a barrier shall be provided to separate the
conductors of the different circuits, or the arrangement of the compartment shall be such that a minimum
spacing of 1/4 inch (6.4 mm) is permanently maintained between the conductors of the different circuits,
including the conductors to be field installed.

26 Capacitors

26.1 A capacitor provided as a part of a capacitor motor and a capacitor connected across the line, such
as a capacitor for radio-interference elimination or power-factor correction, shall be housed within an
enclosure or container that protects the plates against mechanical damage and that prevents the emission

of flame or m
be of metal p
steel. Sheet n

Exception: TH
of material ot
parts of the p

26.2 When
product that i
capacitor is ¢

protection shall be provided in the product to reduce the possibility of such a condition occur

26.3 A cap
capacitance 1

26.4 When
of fire, electri

circuited.

26.5 Under

medium morg¢ flammable than| askarel shall not expel the dielectric medium when tested

polten material resulting from malfunction or breakdown of the capacitor. The
roviding strength and protection not less than that of 0.020 inch (0.51 mm)1
netal having a thickness less than 0.026 inch (0.66 mm) shall not be used:

e individual container of a capacitor that is made of sheet metal 1&ss than 0.02
ner than metal may be used when the capacitor is mounted in.an enclosure tha
oduct and when such housing is evaluated for the enclosure aflive parts.

B capacitor that is not a part of a capacitor motor or a-capacitor-start motor is
5 intended to be automatically or remotely controlled so that malfunction or bre
bpable of resulting in a risk of fire, electric shock; or'injury to persons, thermal

acitor connected from one side of the line to the enclosure of a product
pting of not more than 0.10 microfarad:

shock, or injury to persons shall not occur when either the rectifier or the cap,

both normal and<abnormal conditions of use, a capacitor employing a li

tontainer shall
hick uncoated

0 inch thick or
{ houses other

tonnected in a
akdown of the
or overcurrent

ing.

shall have a

B product employs a combinatieh consisting of a rectifier and an electrolytic capacitor, a risk

acitor is short-

quid dielectric
n accordance

with the appli¢able performance requirements in this standard.

26.6 When jp productiis constructed to be controlled by or operated in conjunction with a|capacitor or a
capacitor/transformer unit, such a capacitor or unit shall be supplied with the product. See 75.11.

27 Grounding

27.1 General

27.1.1 A product shall have provision for grounding. This requirement also applies to pneumatically-

powered pump assemblies.

27.1.2 Means shall be provided so that connection to a field-installed equipment grounding conductor is
capable of being made in the same junction box used for field-installed conductors.

27.1.3 Grounding means shall be in accordance with 27.1.4 — 27.1.7. All exposed dead-metal parts and
all dead-metal parts within the enclosure that are exposed to contact during any user servicing operation
and are capable of becoming energized shall be reliably connected to the means for grounding.
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27.1.4 The equipment grounding terminal or lead at the point at which the power-supply wiring system is
connected shall be used for grounding.

27.1.5 When a product is provided with means for separate connection to more than one power supply,
each such connection shall be provided with a means for grounding.

27.1.6 A terminal intended solely for the connection of an equipment-grounding conductor shall be
capable of securing a conductor of the size required for the application. A connection device that depends
on solder alone shall not be provided for connecting the equipment-grounding conductor. A push-in,
screwless connector or quick-connect or similar friction fit connector shall not be used for the grounding
terminal intended for the connection of field supply connections.

2717 A wiﬂe-binding screw or pressure wire connector intended for the connection of.an equipment
grounding conductor shall be located so that it is not capable of being removed during s¢rvicing of the
product.

27.1.8 With [reference to the requirement in 27.1.3, the following dead-metal parts are not capable of
becoming enefrgized:

a) A small metal part, such as an adhesive-attached foil marking;ya screw, a handle,|and a similar
item, that is:

1) On the exterior of the enclosure and separated from all electrical components by
grounding metal or

2) Electrically isolated from all electrical cemponents;

b) A panel, cover, or other metal part that.is;isolated from all electrical components by a barrier of
vulcanjzed fiber, varnished cloth, phenelic composition, or other moisture-resistant insulating
materigl not less than 1/32 inch (0.80 mim) thick and securely mounted in place;

Exception: A barrier or liner made.from other materials or that is less than 1/32 inch| thick may be
used when it complies with the requirements for internal parts in the Standard for Polymeric
Materials — Use in ElectricahkEquipment Evaluations, UL 746C.

¢) A pgnel, cover, or gther metal part that does not enclose uninsulated live parts and is electrically
isolatefl from other électrical components; and

d) Metal parts”such as cores and assembly screws of a relay or a solenoid that jare positively
separdted from wiring and uninsulated live parts.

27.2 Grounu'ing identification

27.21 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so
identified.

27.2.2 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal, or slotted, or both. A pressure wire connector intended for
connection of an equipment-grounding conductor shall be plainly identified, such as by being marked “G,"
"GR," "Ground," "Grounding," or by a similar designation, or by a marking on a wiring diagram provided on
the product. The grounding symbol illustrated in Figure 27.1 used as an identifying means complies with
the intent of this requirement; however, when used alone, the symbol shall be defined in the installation
instructions provided with the product.
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Figure 27.1
Grounding symbol
28 Motors
28.1 Construction
28.1.1 A mator intended for use in a Division 1 classified ‘area shall comply with the requifements in the

Standard for
674. Motors f
General Reqy

28.1.2 A motor shall be successfully evaluated for the application and shall be capable ¢

maximum no
injury to persg

28.1.3 Ama

28.1.4 With
treated to pre
absorptive m
absorption.

Electric Motors and Generators for Use in~Bivision 1 Hazardous (Classified)
br use in unclassified areas shall comply, with the Standard for Rotating Electrig
irements, UL 1004-1.

mal load of the product as described in 60.2 without creating a risk of fire, elg
ns.

tor winding shall resist the absorption of moisture.

reference to.the requirement in 28.1.3, film-coated wire is not required to |
vent absorption of moisture. However, fiber slot liners, cloth coil wrap, and sir
aterials/shall be provided with impregnation or otherwise treated to pre

Locations, UL
al Machines —

f handling the
ictric shock, or

be additionally
nilar moisture-
vent moisture

28.1.5 Mot
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[l comply with

the requirements of the Rain Test, Section 63. Pump assemblies complying with the Rain Test shall be
marked in accordance with 75.7.

28.2 Overload protection

28.2.1

one of the following:

A motor for use in an unclassified area shall be provided with overload protection consisting of

a) Thermal protection complying with the applicable requirements in either the Standard for
Overheating Protection for Motors, UL 2111 or the Standard for Thermally Protected Motors, UL
1004-3.
Exception No. 1: For a product that includes a control as mentioned in 28.2.2, the duration of the
temperature test and the endurance test described in UL 2111 or UL 1004-3, both under locked-
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rotor conditions, may be less than that specified;, however, it shall not be less than the period of
operation of the product intended by the manufacturer.

Exception No. 2: When the time required to operate a manually-reset protective device through 10
cycles of operation is longer than the time that the product is intended to be operated during each
use, the number of operations of the device for the temperature test under locked-rotor conditions
may be less than 10 cycles; however, it shall not be less than four cycles.

b) Impedance protection complying with the applicable requirements in either the Standard for
Overheating Protection for Motors, UL 2111 or Standard for Impedance Protected Motors, UL
1004-2, when the motor is tested as used in the product under locked-rotor conditions.

c¢) Othé

28.2.2 Thed
the length of ti

28.2.3 For g
intended to op

28.2.4 Wher
not rated in hd
gives the reld
universal mot
used when th
—the table ap

28.2.5 Thefi
of fire or injury

28.2.6 Overl
a motor, shall
each ungroun

28.2.7 Fuse€
conductor; an
phases.

r protection that Is shown by test to be equivalent to the protection mentioned |

ontrol specified in Exception No. 1 to 28.2.1(a) is a control that positively-and
me the product can be operated — for example, a timer.

multispeed motor, the requirement in 28.2.1 applies to all speeds at which
erate.

a requirement in this standard refers to the horsepower rating of a motor, an
rsepower, the appropriate table of the National Electrical Code (NEC), ANSI/I
tionships between horsepower and full-load <urrents for motors shall be
br, Table 430-248 of the NEC — the table applying to a single-phase, AC mo

product is marked for use only on alternating current; otherwise, Table 430-24
lying to DC motors — shall be used.

inctioning of a motor-protective device provided as part of a product shall not
to persons.

pad devices employed forunning-overload protection, other than those that g
be located in at least ohe ungrounded conductor of a single-phase supply s
Hed conductor of a 3-phase supply system.

s employed for_motor running-overload protection shall be located in each
 in the case-of a 3-phase, 3-wire, AC motor, the fuses shall be located in eag

h (a).

reliably limits

the motor is

d the motor is
NFPA 70, that
used. For a
tor — shall be
}7 of the NEC

esult in a risk

re inherent in
ystem, and in

ungrounded
h of the three

28.3 Brusheis and brush holders

28.3.1

occurs during the intended use of the product.

A brush cap shall be recessed, enclosed, or otherwise protected from mechanical damage that

28.3.2 A brush cap that is accessible to the user without the removal of a guard or enclosure shall be
provided with a positive means that prevents its disengagement from the brush-holder assembly. The use
of screw threads on the brush cap as the only means of securing the brush cap to the brush-holder
assembly is not a positive means.

28.3.3 A brush-holder assembly shall be constructed so that when a brush is worn out — that is, no longer
capable of performing its function — the brush, spring, and other parts of the assembly are retained to the
degree required to reduce the risk of:

a) Accessible dead metal parts becoming energized and
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b) Live parts becoming accessible.
29 Overload- or Thermal-Protective Devices

29.1 An overload- or thermal-protective device shall have a current and voltage rating not less than the
load that it controls.

29.2 When the current rating of a product is more than 40 amperes, and there are subdivided circuits
within the product feeding two or more power-consuming components — motors or motor-control circuits —
connected in parallel with each other across any pair of main-supply terminals or leads, overcurrent

protection shall be provided as a part of the product for the conductors of each terminal circuit.

Exception: AJlditionaI overcurrent protection is not required as a part of the product for the

the following

a) For
one-th

b) Forn
least
conne

subdivided circuits:

each separate motor circuit supplied by insulated conductors havifig an am
ird that of the protective device in the branch circuit to which the product shall b

each separate motor-control circuit supplied by insulated cenductors having
bne-fifth that of the protective device in the branch cirguit to which the pr
cted

29.3 A protective device such as a fuse, the functioning of which requires renewal or repl

be in a read
product witho

Exception: T}
protector, ang

29.4 Afuse
shell or clips,
type fusehold

30 Switche

30.1 A switd

ly accessible location. A protective device shall be wholly inaccessible fro
ut opening a door or cover.

e operating handle of a circuit breaker;*the operating button of a manually o
similar parts may project outside thé-enclosure.

are exposed to contact by persons removing or replacing fuses. The screw {
er shall be connected toward the load.

b and Controls

conductors of

pacity at least
e connected.

n ampacity at
duct shall be

hcement, shall
M outside the

perable motor

nolder shall be constructed and.installed so that no uninsulated live part, other than the screw

hell of a plug-

h or other_control device shall have a current and voltage rating not less than that of the load
that it controls.

s an inductive

30.2 With r¢ference to the requirement in 30.1, the current rating of a switch that contro
load other thInammmeﬁhMmmmuhﬂamdﬂhm

transformer, unless the switch has been investigated and found capable of handling the load.

| current of the

30.3 A line-connected, manually-operated single-pole switch or an overcurrent (overload) protective
device of the single-pole type, other than an automatic control without a marked "off" position, shall be
connected to a terminal or lead intended for connection to an ungrounded conductor of the supply circuit.

30.4 A switch or other control shall be guarded or located so that it is not capable of being damaged
during the intended use of the product.

30.5 Variable speed motor drives shall be evaluated in accordance with the requirements of the
Standard for Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements —
Electrical, Thermal, and Energy, UL 61800-5-1.
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30.6 Variable-speed motor drives that use electronics that are intended to limit the maximum output
pressure of the pump assembly shall be evaluated in accordance with the requirements of the Standard
for Limit Controls, UL 353.

30.7 A failure in the electronics of the motor drive described in 30.6 during its intended operation is
allowed when there is no loss of protective function of limiting the maximum output pressure of the pump.

30.8 A blocked outlet of a pump which does not usually experience such a condition shall be considered

a fault condition when the product is evaluated in accordance with 30.6.

31

Spacings

31.1  All unin
other as thoud
and shall be e

31.2 The sp
metal that are

31.3 The spacing between a field-wiring terminal and any other uninsutated live or dead me

the same pola

Sulated live parts connected to circuits of different voltage ratings shall be spad
h they were parts of opposite polarity in accordance with the requirements in 3
valuated on the basis of the highest voltage involved.

hcing between uninsulated live parts of opposite polarity, and between such p
capable of being grounded in service is not specified for partsilogated in low-vg

Fity shall not be less than the applicable value specified,in Table 31.1. See 21.5

ed from each
}1.3 and 31.4,

arts and dead
Itage circuits.

tal part not of
and 31.7.

Table 31.1
Spacings at field-wiring terminals

Minimum spacings, inch (mm)

the same polarity?

Between terminals and other uninsulated metal parts not always of

Potential Between wiring terminals,
involved, volts through air or over surface Over surface Through air
250 or less 1/4 6.4 1/4 6.4 1/4 6.4
More than 250 1/2° 12.7° 1/2° 12.7° 3/8 9.5

@ Applies to the

um of the spacings involved where an isolated dead part is interposed.

b A spacing of ngt less than 3/8 inch;thrdugh air and over surface, is capable of being used at wiring terminals in a wiring
compartment orterminal box that.is integral with a motor.
31.4 Other than at\wiring terminals, the spacing between uninsulated live parts of opposite polarity, and

between an u
capable of bei

hg.grounded shall not be less than the value specified in Table 31.2.

hinsulated live part and a dead metal part that is exposed to contact by persons or that is

ZT

Exception: Spacings may be as specified in 31.10.
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Table 31.2
Spacings at other than field-wiring terminals
Diameter of motor used in product
7 inches (178 mm) or less? More than 7 inches (178 mm)?
Potential Over surface, Through air, Over surface, Through air,
involved,
volts inch (mm) inch (mm) inch (mm) inch (mm)
0-125 3/32° 2.4° 3/32 2.4 1/4° 6.4° 1/8° 3.2¢
126 — 250 3/32 2.4 3/32 2.4 1/4° 6.4° 1/4° 6.4°
251 -600 1/2° 12.7° 3/8°¢ 9.5° 1/2° 12.7° 3/8° 9.5°

boxes, and sim
b For a motor r.

¢ Film-coated
through air bety
of this requirem

@ This is the diameter, measured in the plane of the laminations, of the circle circumscribing the stator frame, excluding lugs, fins,

ed 1/3 horsepower (250 watt output) or less, these spacings shall not be less than 1/16 inch (1.6

re is determined to be an uninsulated live part. However, a spacing of not less than 3/32 inch-over
een film-coated wire, rigidly supported and held in place on a coil, and a dead metal part complies
ent.

hm).

surface and
with the intent

31.5 When
surfaces, or V
shall be such

316 Inapr
evaluated on

31.7 The sp
product, such
component.

an uninsulated live part is not rigidly fixed in position by means other than fri
vhen a movable dead metal part is in proximity to an uninsulated live part, th
that the required minimum spacing is maintained.

pduct incorporating two or more motors of different sizes, the spacings in the p
the basis of the size of the largest motor in theiproduct. See 31.8.

acing requirements in 31.3 — 31.6 do nat"apply to the inherent spacings of a ¢
as a snap switch; such spacings shall-be evaluated on the basis of the requir

31.8 The spacings in a motor shall comply with the spacing requirements in the Standa

Motors and G

31.9 At ter
connectors, €
in Table 31.2
opposite pola

31.10 Wher

a) Live

enerators for Use in Division1 Hazardous (Classified) Locations, UL 674.

minal screws and.studs to which connections are made in the field by n
yelets, or similar(parts, as described in 21.5, spacings shall not be less than t
when such connectors, eyelets, or similar parts are in such position that minim
rity and to dead 'metal — exist.

an isolated dead metal part is interposed between or is in close proximity to:

parts of opposite polarity,

ction between
e construction

oduct shall be

bmponent of a
bments for the

rd for Electric

heans of wire
hose specified
Um spacings —

b) A live part and an exposed dead metal part, or

c) A live part and a dead metal part that is capable of being grounded,

the spacing shall not be less than 3/64 inch (1.2 mm) between the isolated dead metal part and any one of
the other parts mentioned in (a) — (c) when the total spacing between the isolated dead metal part and the
two other parts is not less than the value specified in Table 31.2.

31.11

An insulating lining or barrier of vulcanized fiber or similar materials employed where spacing

would otherwise not comply with the requirements of Table 31.2 shall not be less than 1/32 inch (0.8 mm)
thick, and shall be so located or of such material that it is not adversely affected by arcing, except that
vulcanized fiber not less than 1/64 inch (0.4 mm) thick complies with the intent of this requirement when
used in conjunction with an air spacing of not less than 50 percent of the spacing required for air alone.
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Exception: Thinner insulating material complies with the intent of this requirement when it complies with
the requirements for internal barriers in the Standard for Polymeric Materials — Use in Electrical Equipment

Evaluations, UL 746C.

PROTECTION OF PERSONNEL

32 General

32.1

shall be provided to reduce the risk.

32.2 When
reasonably fo

32.3 The ad
required, shal
and the risk of]
include consiq
one compone
investigation {
risk of injury tg

32.4 Specifi
constructions.
Cautionary M4

33 Sharp Ec

33.1  An end
constitute a rig

34 Enclosu

341 A mov

bquacy of a guard, a release, an interlock, and a similar part, and whether su

be determined from an investigation of the complete product, its opéerating c
injury to persons resulting from a cause other than gross negligenceé. The inve
eration of the results of breakdown or malfunction of any one*cemponent, but
nt at a time, unless one breakdown contributes to another malfunctio
hows the breakdown or malfunction of a particular component is capable of
persons, that component is to be investigated for itsreliability.

constructions, tests, markings, guards, and similar features are detailed for s
Specific features and products not covered herein shall be given consi
rkings, Section 75.

ges

losure, a frame, a guard, a handle, or a similar part shall not be of such
k of injury to persons duringithe€ intended maintenance and use of the product.

es and Guards

ng part that is(€apable of causing a risk of injury to persons shall be enclog

located, or otherwise arrariged to reduce the risk of unintentional contact, and such a par

contacted by t

Exception: A

he probe illustrated in Figure 34.1.

art.orportion of a part that is exposed to contact in order to perform a specific

is not requireq

to be enclosed; however, when required, guarding shall be provided. See 34.3

When the operation and maintenance of a product involves the risk of injury to persons, protection

T@uaﬁng.a.p:m@ﬂlhie&pecﬁ&&anequkemem_h&lmhﬂaﬂmshall be given to
eseeable misuse of the product.

ch a device is
haracteristics,
stigation shall
not more than
n. When the
resulting in a

pme common

leration. See

sharpness to

bed, guarded,

t shall not be

work function
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Figure 34.1

Accessibility probe for moving parts

—=—— ANY CONVENIENT LENGTH

1/2 INCH DIA.

3/4 INCH DIA. (12.7mm)
(19.1mm) N I

A

9/16 INCH(14.3mm) \_ 3/16 INCH R

(4.8mm)
4 INCHES
(101.6mm)

PA150A

34.2 A moying part that is capable of resulting in a risk of injury to persons shall be ¢valuated with
respect to:

a) Thg degree of exposure required to perform the intended function;
b) Thg sharpness of the. moving part;
c) Therisk of unintentional contact;

d) The speed of the moving part; and

e) Thae risk*that a part of the body becomes endangered, or that clothing becomes|entangled, by
the movingpart:

These factors are to be evaluated with respect to both the intended operation of the product and its
reasonably foreseeable misuse.

34.3 Some guards are required to be of the self-restoring type. Other features of guards that shall be
evaluated include:

a) The amount of effort required to remove the guard without the use of tools;
b) The amount of effort required to remove the guard for servicing;
c¢) Strength and rigidity;

d) Completeness; and
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e) The creation of additional risk of injury to persons such as pinch points, and the necessity for
additional handling because of the increased need for servicing, such as for cleaning, unjamming,
and similar functions.

34.4 An enclosure or guard located over a rotating part shall retain a part that, because of breakage or
other reasons, is capable of loosening or separating from a rotating part. The enclosure or guard shall also
retain a foreign object that is capable of being struck and propelled by the rotating part.

34.5 When complete guarding of a moving part that obviously causes injury to persons defeats the utility

of a product:

a) A control shall be provided and

b)Am

34.6 During
a part of the ¢
to make an op)

Exception: A

35 Materials

35.1
deterioration d
meet the dem

35.2 The reg
been determin

36 Surface ]

36.1 During
of being contg

Exception: Th
applicable lim|
marked in acc|

The material of a part, such as an enclosure, a frafe) a guard, or similar item, thg

brking shall be provided in accordance with 76.7.

he examination of a product to determine whether it complies with the réquirements in 34.1,

nclosure that is capable of being removed without the use of a tool)(to attach
erating adjustment, or for other reasons) shall be opened or removed.

art is not required to be opened or removed when it is marked in accordance w

f which is capable of resulting in a risk of injury to persons, shall have such pr
and of expected loading conditions.

uirement in 35.1 applies to those portions of a part that is adjacent to a moving
ed to involve a risk of injury to persons.

[emperatures

AN accessory,

ith 76.6.

breakage or
pperties as to

part that has

the Temperature Test'\described in Section 60, the temperature of a surface that is capable

cted by the user shall not be more than the maximum value specified in Table 3

b temperatudre of a pump surface and associated fittings and a motor frame thg
it specified. in Table 36.1 complies with the intent of the requirement when 1
brdance with 76.5.

6.1.

t exceeds the
he product is

Table 36.1
Maximum surface temperatures

Composition of surface?

does not involve

holding, and other surfaces subject to

Metallic, Nonmetallic,
Location °C (°F) °C (°F)
A handle or knob that is grasped for 50 122 60 140
lifting, carrying, or holding
A handle or knob that is contacted but 60 140 85 185

lifting, carrying, or

Table 36.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 79A 2020.pdf

JUNE 3, 2020 UL 79A 41
Table 36.1 Continued
Composition of surface®
Metallic, Nonmetallic,
Location °C (°F) °C (°F)

contact in operation and user

maintenance

A surface subject to casual contact 70 158 95 203

@ A handle, knob, or similar part made of a material other than metal, that is plated or clad with metal that is less than or equal to

0.005 inch (0.13 mm) thick is determined to be a nonmetallic part.
36.2 All vgqlues for temperatures speciiied In_lable 36.1 are based on a 2o C (77° F) ambient
temperature. [Tests that are conducted at any ambient temperature within the range of 20,~30°C (68 — 86°

F) comply wit
37 Locking

37.1 When
effective meg
shall be cong
starting and
the locking m
mm) diamete

38 Control

38.1 When
energized wh

n the intent of this requirement.
Mechanism

a pump assembly has provision for storing a hose-nozzle\valve, it shall be
ns for locking both the motor switch and each hose-nozzle valve. The lockin
tructed so that a simple locking operation for each pump control prevents t
revents the discharging of even small quantities of-gasoline through the pum;

provided with
g mechanism
ne motor from
b outlet. When

eans is based upon the use of a padlock, the padlock [which has a minimunp 1/4 inch (6.4

shackle] is not required to be supplied with the.product.
Application

a pump assembly has provision for storing a hose-nozzle valve, the moto
en the nozzle valve is in the stored position and shall not be able to start simul

the lifting of the hose or its nozzle from its-position on the device. A separate intentional ma

shall be requi
hose is return

38.2 Asanm

red for closing the starting.switch. The motor circuit shall be opened at the timg
ed to its position on the device following operation.

eans of complying'with 38.1, the motor circuit may be opened by the weight o

nozzle upon feplacement in their intended position. Also, interference devices may be provi

replacement

38.3 The dis

a) The

bf the nozzle.until the opening of the motor circuit has been accomplished.

chargeef liquid shall occur only when:

hose-nozzle valve is manually held in the open position or

r shall not be
taneously with
nual operation
e or before the

f the hose and
Hed to prevent

b) The hose-nozzle valve is of the automatic-closing type with latch-open device, when the valve
mechanism is latched to maintain the valve in the open position.

The discharge of liquid shall be stopped immediately upon the release of the hand control by the operator
or the functioning of an automatic-closing mechanism.

39 Secondary Circuits

39.1

39.1.1

General

A secondary circuit shall either comply with the requirements in 39.1.2 — 39.2.2, or it shall comply

with the requirements for a primary circuit. Any circuit that is relied upon to reduce the risk of fire, electric
shock, or injury to persons shall comply with the requirements for a primary circuit.


https://ulnorm.com/api/?name=UL 79A 2020.pdf

42 UL 79A JUNE 3, 2020

39.1.2 A low-voltage circuit as defined in 3.6 and supplied by a single source consisting of a power
transformer or a power supply that includes an isolating transformer is not required to be investigated.

39.1.3 With reference to 39.1.2, a low-voltage circuit that complies with the applicable requirements for
secondary circuits in the Standard for Industrial Control Equipment, UL 508, is determined to be in
compliance with the requirement.

39.1.4 A Class 2 transformer shall comply with the applicable requirements in the Standard for Low
Voltage Transformers — Part 1: General Requirements, UL 5085-1 and the Standard for Low Voltage
Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

2 transformer
50.1.

Exception: The temperature rise measured by the resistance method for coils of a Class
employing Clgss 105 insulation systems shall not exceed 85°C (153°F) as specified in Table

39.1.5 Powgr distribution components, such as bus bars, wiring, connectors, and similar pgrts, up to and

including prin
Internal Wiring
for the applica

39.2 Protec

39.2.1 With
of other circuit
involved.

39.22 Inad

strain relief WI

parts of other
PERFORMAN
40 General

40.1 A repre

ed-wiring receptacles and connectors, shall comply with the applicable re
, Section 24. Printed-wiring boards and insulated wires used in“such circuits
fion. See 23.4.

ion of wiring

5 or shall be provided with insulation that is ratedfer use at the highest voltage

ition to complying with 39.2.1, wiring that is part of a secondary circuit shall be
en stresses on the wiring are capable of resulting in the wiring contacting un
Circuits.

CE

sentative sample-of each size and specific design of pump is to be subjecte

described in these requirements. Additional samples of parts constructed of nonmetallic

required for pH

40.2 All testg
allowed. Whe

ysical and chemical tests.

uirements in
shall be rated

eference to 39.1.5, wiring located in a secondary circuit shall be routed away ffom the wiring

of the circuits

provided with
insulated live

d to the tests
materials are

shall\be performed using the test fluids specified for that test. No substitution ¢f test fluids is

n\the” test indicates that CE25a, CE40a or CE85a are to be used, the test

fluid shall be

prepared as d

€SCribed in Supplement SA.

40.3 Water is to be used for developing the required pressure in the hydrostatic pressure test. All
hydrostatic pressures are to be maintained for at least 10 minutes.

40.4 Clean air or nitrogen is to be used for developing the required pressure in a leakage test of vapor or
pneumatic handling parts of a pump. All joints and body surfaces are to be brushed with soap and water or
other leak detection solution and determined to be free of any bubbles.

40.5 The investigation of a pump is to be limited to the intended end-use conditions of speed and
maximum discharge pressure for which it is recommended.

40.6 All tests on electrically-operated pump assemblies are to be conducted with the product connected
to a supply circuit of rated frequency. The voltage and frequency of the supply circuit is to be:
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a) 120 volts, 60 hertz for a product rated from 110 volts up to and including 120 volts, 60 hertz;

b) 240 volts, 60 hertz for a product rated from 220 volts up to and including 240 volts, 60 hertz; or

¢) The maximum rated voltage for a product rated 60 hertz and other than as specified in (a) or (b).

40.7 A product rated 50/60 hertz is to be tested at the maximum rated voltage for each frequency for the
Input Test. Except for the Dielectric Voltage-Withstand Test, Section 61, all other tests shall use the
voltage-frequency rating at which the highest input wattage was measured during the Input Test.

40.8 A product rated DC/50 hertz is to be tested at the maximum rated voltage and at the rated

frequency.

40.9 Materi
other tests ca

a) Lon
b) Hig
c) End
d) Hig

e) Hyd

40.10 Tore

sequence ouflined in 40.9, each subsequent test shalkbe started within 4 hours of removal

from the prev
test fluid at ro
the sample sH

41 LongTe

411 Gener

41.1.1

up to 25 per
rated for use

percent (EO + E40), then the test shall be performed using both the CE25a and CE40a te

The fest outlined.ih'41.2 — 41.4 is to be performed on one or two samples of the
product is ratgd for uséwith gasoline or a gasoline/ethanol blend with a nominal ethanol cqg

bl compatibility of a pump assembly shall be tested using the following dest
h be performed in any order on any samples.

g Term Exposure Test, Section 41;
N Pressure Leakage Test, Section 42;
urance Test — Pumps, Section 43;
n Pressure Leakage Test, Section 42;

rostatic Strength Test, Section 44.

ous test. If necessary to coordinateit€sting, the sample may be left filled with tf
om temperature until the next test,is initiated. If the previous test used water a
all be filled with kerosene.

Irm Exposure Test

nt (EQ'=/E25), then the test shall be performed using the CE25a test fluid. If
ith_gasoline or a gasoline/ethanol blends with a nominal ethanol concentrati

sequence. All

Huce the effects of seal dry out due to removal of the test fluid after specific tgsts in the test

bf the test fluid
e most recent
5 the test fluid,

device. If the
ncentration of
the product is
on of up to 40

5t fluids. If the

product is rated for use with a gasoline/ethanol blend with a nominal ethanol concentration of up to 85
percent, then the test shall be performed using both the CE25a and CE85a test fluids. See Supplement

SA for the tes
41.2 Sampl

41.2.1

t fluids.

es

sealed in accordance with 41.2.3.

41.2.2
41.4.2.

41.2.3
41.2.1

A sample of a complete pump is to be tested. All inlet and outlet openings of the samples shall be

If a plating or a coating is used internal to the device, additional samples may be used. See

Closures shall be provided to seal off inlet and outlet openings of all samples in accordance with
. These closures shall be fabricated of materials as specified in 41.2.4. The closures shall be
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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.

41.2.4 Material combinations at the product and closure interface will be as specified by the
manufacturer. All closures for pumps rated for gasoline/ethanol blends with nominal ethanol
concentrations up to 25 percent shall be fabricated of suitable materials. All closures for pumps 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 steel closures
representing steel pipe. Table 5.1 shall be used to determine the worst case metal interactions from the
group of possible metals as specified by the manufacturer. Materials that are specified by the
manufacturer but are not included in Table 5.1 shall be tested as necessary to represent worst case

conditions.

4125 Any
manufacturer.
product instal
installation. If
provided in an

41.2.6 For ¢
that the test fly

41.3 Methoq

41.3.1 The s
shall be prepa

4132 Aqui

o-rings, gaskets, or other sealing materials, shall be provided and-”ins
The dynamic sealing devices shall be the same as those that will.be use
ation. Static seals shall be representative of the seals beingiused in the
he sealing device or material is not considered part of the component under te
end product at the time of installation, a representative sealshall be provided f

ubmersible transfer pumps, the electrical conduit shall’be left open to assist
id does not enter the electrical portion of the devicesduring the tests.

ample is to be exposed to the applicable test fluid in accordance with 41.1.1.
red using the instructions in Supplemgnt SA.

Ck connect device is connected:to'the 1/4 inch NPT connection at the inlet, an

fill the sample
draining the s

s with the applicable test fluids. A source of pressure may be used to ass
mples, however, the pressure shall not exceed the rated pressure of the devi

alled by the
d in the final
final product
st, but will be
or the test.

in verification

[he test fluids

d it is used to
st in filling or
ce under test.

Once the samples are filled to exclude'all air, they are closed off and sealed. The samples ar
in the test chamber.

e then placed

41.3.3 The ghamber temperature is increased to 60 + 2°C (140 = 4°F). When the chambef reaches this
temperature, the exposure:period begins. The samples are exposed to the applicable test flujd at 60 + 2°C
for approximagely 168-hours. At the end of this duration, the exposure period is halted and tTe chamber is
allowed to coqdl. The samples are then subjected to a 50 psi (347 kPa) pressure for one minufe. The fluid is
then drained from_the sample, visually observed in accordance with 41.4.2, and then discarded. The
samples are then immediately refilled with new test fluid and the chamber temperature [is allowed to

increase to 60 + 2°C again. The total duration of the test shall equal 2520 hours of exposure at 60 £ 2°C.

41.3.4 At the end of the total exposure duration, the test fluid is left in the samples and the samples are
removed from the test chamber. The samples are then subjected to the appropriate tests as shown in the
test sequence of 40.9 and in accordance with 40.10. Prior to the initiation of the test sequence, the test
fluid is to be drained, visually observed, and discarded.

41.3.5 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 nonmetallic parts,
the plating, coating, impregnation material, or internal parts are test both during and after this exposure.
See 41.4.2 and 41.4.4.
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41.4 Results
41.41 There shall be no leakage during this test. If leakage is observed at any point during this test, the

test is to be stopped.

41.4.2 For a plating or a coating, 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 the fluid. 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 in accordance with 41.2.2.
These samples should be tested the same as the samples that will be used for the-rgst of the test
sequence, however cutting them open will not affect the test sequence in 40.9.

4143 For
during or afte

casting impregnation materials, the sample shall not show evidenee of po
" the fluid exposure duration.

rosity leakage

41.4.4 For internal nonmetallic parts, there shall be no visible evidence of.this material in the drained test
fluid.
41.4.5 For submersible transfer pumps, a dielectric strength t€st'shall also be performed fn accordance

with Dielectri¢ Voltage-Withstand Test, Section 61.

42 High Pressure Leakage Test
f 1.5 times the

42.1  The liguid confining parts of a pump shall withstand an internal hydrostatic pressure 9

maximum dis
air confining
testisto be ¢

42.2 The a
excess of 1.5

42.3 In pre
described in |
type pump is
there shall be
visual examin

Charge or inlet pressure, but not less than 75 psi (520 kPa) without leakage to
barts of the pump, or to wiring eompartments, and without evidence of casting
bnducted as described in 424

r-confining parts of a-pneumatically-powered pump shall not leak externall

baring for this_test, the means provided for the prevention of or the relief of

to be disconnected, withdrawn, and reinserted 10 times. Following the ten
no damage to gaskets, seal rings, or other sealing devices or surfaces, as
ation:

the outside, to
porosity. This

y at a rate in

feet® (42,500 cm?®) perhour when tested with air or nitrogen at the maximum rated pressure.

pressures as

Pressure Relief, Section 14, are to be nullified, and any extractable section of @ submersible-

th withdrawal,
Hetermined by

42.4 The test pump is to be connected to a source of hydrostatic pressure. A positive shutoff valve and a
pressure indicating device are to be installed in the supply piping. The pressure indicating device is to be
installed in the piping between the shutoff valve and the test pump. The pressure indicating device shall
comply with one of the following.

a) An analog gauge having a pressure range such that the test pressure is between 30 and 70
percent of the maximum scale reading of the gauge;

b) A digital pressure transducer, or other digital gauge, that is calibrated over a range of pressure
that includes the test pressure; or

c) Other device that is equivalent to the devices in (a) or (b).
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While the pump is under the applied test pressure, the drive shaft or an operating shaft stuffing box or
seal, and all joints and body casting surfaces are to be examined for evidence of leakage.

42.5 Conduit connections and wiring compartments subject to immersion in or contact with the fuels
anticipated by these requirements, and motors intended to be isolated from such liquids, are to be sealed
to prevent leakage at differential pressures up to the maximum discharge pressure or the pressures
developed at the maximum immersion depth when tested in accordance with 42.8. See Electrical
Equipment, Section 20.

42.6 For pump assemblies subject to pressure, the conditions specified in 42.5 are to be introduced by
applying to the external sections of the conduit, compartment, or motor, for at least 1 minute, an

aerostatics pressure varying from zero up to the value specified.

42.7 For ass
requirement w
specified in 42

42.8 The co
sealing compd

filled with water so that the highest point on the enclosure is at the maximum rated immersio

the surface of|
this depth whe
maintained fo
the air pressu
the product is
the product, a

42.9 A pumy
an untreated \
the following i

maximum ratg¢d discharge pressure. The-leakage rate is one thousand cubic centimeter

water.

42.10 Valve
pressure of 74
in which the d
prepared in th

hen no water has entered the conduit, compartment, or motor at the €onclus
.8.

mplete product is to be mounted in a tank with the conduit cennected using
und. The conduit is to be tightened with the torque specified‘in Table 46.1. Th¢

the water or when installed as intended. The enclosure is not required to be

n an equivalent pressure differential between the interior and the exterior of th
the required period of time. This differential is capable of being achieved eithe
e inside the product or by pressurizing the water surrounding the product. Aftg
to be removed from the tank, the excess watér is to be removed from the exte
nd the product is to be opened.

that shows evidence of leakage under conditions of a ruptured diaphragm or
ent opening, or around any pins{stems, or linkage passing through the housin
bte does not comply with thesintent of the requirements in 8.2 when the pump

mechanisms of (ah“air separator that vents to atmosphere shall withstand
psig (520 kPa) for one minute without displaying any evidence of leakage wi
bvice is located. Prior to the test, the pump in which the valve mechanism is ing
e manner‘described in 42.3 and 42.4.

43 Enduran

l:e Test — Pumps

emblies subject to immersion, the conditions specified in 42.5 comply with|the intent of this

on of the test

A pipe thread
p tank is to be
n depth below
submersed to
b enclosure is
r by reducing
r 30 minutes,
rior surface of

bellows, from
g in excess of
s tested to its
5 per hour of

a hydrostatic
hin the pump
talled is to be

43.1

shall not leak during or after the test described in 43.2.

A sample of a pump assembly previously subjected to the Long Term Exposure Test, Section 41,

43.2 The test is performed using kerosene as the test fluid. The pump is to be operated continuously for
300 hours at the maximum discharge pressure of the pump. The pump shall be observed for indications of
leakage at all joints, or indications of porosity leakage.

44 Hydrostatic Strength Test

441

hydrostatic pressure five times the maximum discharge pressure for ten minutes.

Liquid-handling parts of a pump shall withstand, without rupture or permanent distortion, a
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442 An air separator housing that is vented to atmosphere shall withstand rupture or permanent
distortion a hydrostatic pressure of 100 psig (690 kPa). An air separator housing that is not vented to
atmosphere shall withstand without rupture or distortion a hydrostatic pressure of 250 psig (1720 kPa).

44.3 Pneumatic-handling parts of a pump shall withstand, without rupture, a hydrostatic pressure of five
times the maximum air inlet pressure applied for ten minutes.

44.4 The pump sample is to be connected to a source of hydrostatic pressure. A positive shutoff valve
and a pressure indicating device, are to be installed in the hydrostatic pressure supply piping. The
pressure gauge is to be installed in the piping between the shutoff valve and the pump under test. The

pressure indicating device shall comply with one of the following:

a) An’Lanalog gauge having a pressure range such that the test pressure is beiwden 30 and 70
percemt of the maximum scale reading of the gauge;
b) A digital pressure transducer, or other digital gauge, that is calibrated qvera range of pressure
that includes the test pressure; or
c) Othgr device that is equivalent to the devices in (a) or (b).
445 External leakage observed during this test does not constitute a failure when,| following the
hydrostatic tgst, the pump complies with the requirements specified in the High Pressure L eakage Test,
Section 42.
446 A conduit seal in a factory sealed device shall,withstand for 10 minutes, without rupture or

permanent d
results in the
for a 2-inch (
with a seal ar

required intefnal pressure is reached. Gaskets or other means shall be used when requi

leakage of wg
45 Retentig

451 Screw
shall perform

removal and feplacement:

stortion, a hydrostatic test pressure of 600 psig (4.148 Mpa). When unintg
inability of the test apparatus to maintain the required test pressure during the
50.3 mm outside diameter) or larger drade size conduit with wires sealed in p

ter during application of pressure.
n Test for Screws and Bolts

5 or bolts used to‘attach parts which are detached for maintenance or servicin
their intended function upon the application of the torques indicated in Table 4

Table 45.1

nded leakage
test of a seal
lace, a device

d without wires may be used. The“hydrostatic pressure is to be gradually incr¢ased until the

red to prevent

g of the pump
15.1 after their

Maximum torgue requirements for screws or bolts

1.S.0. screw
American standard screw size, Torque, size, Torque,
No. (mm) Ib-in (N-m) mm N'm (Ib-in)
- - - - 4 1.6 14
8 4.2 18 2.0 4.5 2.6 23
10 4.8 30 3.4 5 4.2 37
inch (mm)
1/4 6.4 100 11.3 6 8.7 77
- - - - 7 15.0 133
5/16 7.9 200 22.6 8 23.5 208

Table 45.1 Continued on Next Page
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Table 45.1 Continued

1.8.0. screw
American standard screw size, Torque, size, Torque,

No. (mm) Ib-in (N-m) mm N'm (Ib-in)

- - - - 9 33.6 297
3/8 9.5 350 39.6 10 45.2 400
716 111 575 65.0 12 81.0 715
1/2 12.7 850 96.0 14 128.0 1130
9/16 14.3 1200 136.0 - - -
5/8 15.9 1600 181.0 16 185.0 1640

46 Deformalion Test

46.1 Joints i
effort exerted

46.2 The sa
Schedule 80

length for wre
pipe thenis to

46.3 After t
subjected to th

n a pump shall not leak, nor shall there be evidence of damage resulting fro
bn pipe-threaded sections that have been tested as described in 46:2 and 46.3

mple pump used in this test is to be rigidly anchored or otherwise supported
bipe whose threads have been lubricated with SAE No(y10 machine oil an
hch engagement is to be connected to a female pipe-threaded section of the
be tightened to the torque specified in Table 46.1.

ne torque force has been applied to each connected pipe or fitting, the p
e High Pressure Leakage Test, Section 42.

Table 46.1
Torque requirements for pipe connections

m the turning

A section of
i of sufficient
pump. Each

ump is to be

. . Outside /diameter, Torque,
Pipe size ANSI|B36.10M,
nominal inches inches (mm) pound-inches (N-m)

1/8 0.405 10.29 150 17

1/4 0.540 13.72 250 28

3/8 0.675 17.15 450 51

12 0.840 21.34 800 90
3/4 1.050 26.67 1000 113
1 1.315 33.40 1200 137
1-1/4 1.660 42.16 1450 164
1-1/2 1.900 48.26 1550 175
2 2.375 60.33 1650 186
2-1/2 2.875 73.03 1750 198
3 3.500 88.90 1800 203
4 4.500 114.30 1900 215

47 Leakage of Wire Seal Test

471
pressure of 6 i

nches (152 mm) of water.

A wire seal shall not enable the passage of more than 0.007 cubic foot (200 cc) of air per hour at a

47.2 The number and sizes of wires that are to be sealed in each wire seal are to be as specified in Table
47 .1, or shall be the maximum number and size of wires and wire insulation used in the product. The ends
of the wires may be sealed during the test.
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Table 47.1
Internal wiring for wire seals

Conduit trade size of fittings, Size of wires,
inches (mm OD) Number of wires (AWG) (mm?)
12 21.3 7 18 0.82
3/4 26.7 10 16 1.3
1 33.4 10 14 21
1-1/4 42.4 13 10 5.3
1-1/2 48.3 10 8 8.4
48 Endurance Test for Air Separators

481
100,000 cycle
as intended b

49 Blocked

491 Witha
valve or to st
pump shall ng

49.2 This te
pressure) to t

50 Pressure Relief Test

50.1
maximum dis
discharge sys

50.2 Compl
provided with
The testis to
A short, valvd
pressure sup
been pressur

The valve mechanism of an air separator constructed as described in 11.2¢shall b

A pump assembly, when de-energized, shall prevent an increase of pressure in

s of operation. At the conclusion of the test, the valve mechanism_shall contir
y the manufacturer.

Outlet Test

N outlet control valve fully closed to direct all of the pump discharge through a b
bp the pumping action by the means provided, the_discharge pressure of a p
t exceed the maximum discharge pressure.

st is to be conducted with normal energy supply (rated voltage, or maximum a
ne pump using kerosene as the test liquid.

charge pressure as the result of thermal expansion of the liquid remainin
tem.

ance with the reguirements in 50.1 shall be demonstrated by test unless thg
a bypass valve; a fixed bypass opening, or a relief valve as described in 14
be conducted with the pump unit de-energized and the inlet connection open {
d pipe §ection is to be connected to the pump discharge opening and conneg
bly. The liquid is to be admitted to the discharge section of the pump until th
zed 1o at least 120 percent of the maximum discharge pressure.

b subjected to
ue to function

ypass or relief
bwer-operated

r or liquid inlet

excess of the
g in a closed

e pump unit is
.2 (a) and (b).
o observation.
ted to a liquid
e section has

50.3

Immediate evidence of liquid being discharged from the inlet connection, the immediate reduction in

pressure in the discharge pipe connection to the maximum discharge pressure or lower, or both, are
determined to be criteria for compliance with the requirements of this test.

51

51.1

Float Buoyancy Test

actuate the mechanism is to be measured by a force gauge.

During this test, the float is to be removed from the actuating mechanism and the force required to

51.2 Each float shall be attached to a weight equal to 1.5 times the force measured in accordance with
51.1. The float and weight for all three samples are to be placed in the test fluid. The top of the float is not
to be beneath the surface of the test fluid.
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51.3 The weight noted in 51.2 is to be equal to 1.23 times the weight when the test fluid is kerosene or
1.47 times the weight when the test fluid is water.

52 Dimensional Stability of Floats Test

52.1 A set of three samples of the float shall be used for this test for each test fluid exposure in
accordance with Supplement SA. Prior to the immersion conditioning described in 52.2, the dimensions
(length and diameter or thickness) of each float are to be determined with appropriate measuring
instruments. Immediately following the immersion conditioning, and after drying in air for 70 +1.2 hours at
23 +2°C (73 1£3.6° F), the dimensions of each sample shall be measured. The percentage change in
dimensions is to be calculated as specified in the following equation for each of the three samples and
then averaged.

[(Mb — Ma) * 100

Mb
in which:
Mb is the dimension of the sample before the immersion conditioning and
Ma is the dimension of the sample after the immersion conditioning.
52.2 For praducts rated for gasoline or gasoline/ethanol blends with a nominal ethanol copcentration of

up to 25 percs
If the produc
concentration
CE40a test fly
of up to 85 p4q
CEB85a test fl

(completely stibmerged) in vessels containing the applicable test fluids for 168 hours at 2

+3.6°F)

52.3 At the
change by mo|

53 Weight C

53.1 A set
accordance w

nt (E0 — E25), the test shall be performed on one set of samples using the CE
of up to 40 percent (EO — E40), then the test shall be performed using both th
ids. If the product is rated for gasoling/ethanol blends with a nominal ethanol

rcent, then the test shall be performed on two sets of samples using both th
uids. See Supplement SA forihe test fluids. Each set of samples shall

conclusion of the 4¢est described in 52.2, the percentage change in dimen
re than 2 percent.

hange of Floats Test

bf three samples of the float shall be used for this test for each test fluid

th 'Supplement SA. Prior to the immersion conditioning described in 53.2, the v

25a test fluid.

is rated for use with gasoline or a  gasoline/ethanol blends with a nominal ethanol

e CE25a and
concentration
e CE25a and
be immersed
3 +2°C (73.4

sion shall not

exposure in
eight of each

sample is to

dat H ol H AN [T H Lbol ] Adigtol £o11 H oo o H
UTLTTTTITICU Wit art dridiyucalr balaricc. mrimcuUuidaicly TUnowilty uirc T otul

conditioning,

and after being dried in air for 70 £1.2 hours at 23 +2°C (73.4 +3.6°F), the weight of each sample is to be
measured. The percentage change in weight is to be calculated as specified in the following equation for
each of the three samples in each set and then averaged.

in which:

[(Mb — Ma) x 100
Mb

Mb is the weight of the sample before the immersion conditioning and

Ma is the weight of the sample after the immersion conditioning.
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53.2 For products rated for gasoline or gasoline/ethanol blends with a nominal ethanol concentration of
up to 25 percent (EO — E25), the test shall be performed on one set of samples using the CE25a test fluid.
If the product is rated for use with gasoline or a gasoline/ethanol blends with a nominal ethanol
concentration of up to 40 percent (EO — E40), then the test shall be performed using both the CE25a and
CE40a test fluids. If the product is rated for gasoline/ethanol blends with a nominal ethanol concentration
of up to 85 percent, then the test shall be performed on two sets of samples using both the CE25a and
CEB85a test fluids. See Supplement SA for the test fluids. Each set of samples shall be immersed
(completely submerged) in vessels containing the applicable test fluids for 168 hours at 23 +2°C (73.4
13.6°F).

53.3 At the conclusion of the test described in 53.2, the percentage change in weight shall not increase
by more than 25 percent or decrease by more than 10 percent.

54 FloatCr

541
freedom from
the boiling po
each float th
container is t
installed in th
The pressure
maintained fo

54.2 Subse
of distortion &
half.

55 Moist Ammonia-Air Stress Cracking Test

55.1 After q
containing m(q

a) Shg

b) Per

55.2 One tdg
within a part

Two samples of a hollow float are to be subjected to this test. Each float.is*to be fir

ushing Test

leakage by being suddenly immersed in water heated to a temperature imm
nt and observed for 3 minutes for the appearance of bubbles.\Vhen no leakag
n is to be placed in a container of a size and strength suitable for its inter
be connected to a source of hydrostatic pressure, and acalibrated pressure
e pressure supply piping. The container is to be completely filled with liquid {
then is to be gradually increased over a period of atleast 1 minute to 35 psig
r 1 minute.

uent to the test, the floats are to be removed from the container and examine)
nd leakage. No distortion or leakage is te>be observable before and after the

eing subjected to the conditions described in 55.2 — 55.4, a pressure confin
re than 15 percent zinc shall:

w no evidence ofrcracking, delamination, or degradation, or

form as intended when tested as described in 55.4.

st sample of each size is to be subjected to the physical stresses normally i
bs thewresult of assembly with other components. Samples with female thread

be used for ir

stalling the product in the field, are to have the threads engaged and tightene

5t checked for
ediately below
e is observed,
ded use. The
gauge is to be
p expel all air.
240 kPa) and

d for evidence
float is cut in

ing brass part

mposed on or
s, intended to
d as specified

in Table 46.1.

Samples with tfemale threads other than tapered pipe threads shall be torque

d as specified

by the manufacturer. Polytetrafluoethylene (PTFE) tape or pipe compound are not to be used on any
threads. Samples with male threads are evaluated as received.

55.3 The samples are then to be tested in accordance with Apparatus, Section 6, Reagents and
Materials, Section 7, Test Media, Section 8, Test Sample Preparation (9.3 — 9.4), Test Procedure (10.1 —
10.4) of the Standard Test Method for Ammonia Vapor Test for Determining Susceptibility to Stress
Corrosion Cracking in Copper Alloys, ASTM B858-06, except the pH level of the test solution shall be High
10.5 £0.1 and the exposure temperature shall be 25 £1°C.

55.4 After the exposure period, the samples are to be examined for cracks or other signs of stress
corrosion using a microscope having a magnification of 25X. Pressure-confining parts exhibiting
degradation as indicated in 55.1 as a result of the test exposure described in 55.2 and 55.3 shall
withstand, without rupture, a hydrostatic test pressure of five times the rated pressure of the valve, for 1
minute.
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56 Tests on Sealing Compounds

56.1 A sealing compound used as a conduit seal as covered in 20.9 shall comply with the requirements
in 56.2 — 56.7, or 56.8, to determine its resistance to the fuels anticipated by these requirements.

56.2 The resistance to crushing of the sealing compound is to be determined on as-received specimens
and specimens exposed to test vapors of test fluids. The crushing force after exposure is to be at least 85
percent of the value determined using as-received samples. In addition, changes in dimensions and
weight after exposure are to be determined. Shrinkage or loss of weight of more than 1 percent or an
increase in weight or swelling that changes the intended properties of the sealing compound does not

comply with th

e intent of this requirement. See 56.8.

56.3 Cylindr
for the tests.
56.4.

56.4 For prg
up to 25 percs
If the produc
concentration
CE40a test fl|
percent, the tq
and the secon
are to be expo

56.5 During
crazing, leach

56.6 After t
immediately a

56.7 The oth
parallel plates
mm) per minu
compressive f

56.8 Asandg
is to be use
requirements.

cal specimens 1/2 inch (12.7 mm) in diameter and 3/4 inch (19.1 mm) long
Bample sets consist of six samples for each test fluid and three for as-recei

is rated for use with gasoline or a gasoline/ethanol (blends with a no
of up to 40 percent (EO — E40), then the test shall be performed using both th

st shall be performed on two sets of samples, with one set exposed to the CH
d set exposed to the CE85a test fluid. See Supplement SA for the test fluids. T
sed for 168 hours (7 days) to saturated vapors:of'the applicable test fluids as s

ng, or dissolving.

e exposure, three specimens ffrom each fluid exposure are to be weighed g
ter removal from the fluid vapor.

er three exposed specimens and the as-received specimens are to be placed
and crushed with a.compression-testing machine having a crosshead speed
te. The load is to be applied perpendicular to the axis of the cylindrical speci
brce required to.crack and break the specimens is to be recorded.

lternatiye\to the requirements of 56.2 — 56.7, the Hydrostatic Strength Test des
| to «determine resistance of the sealing compound to the fuels anticipa
TheHydrostatic Strength Test is to be conducted on two complete samples of

re to be used
d tests. See

ducts rated for gasoline or gasoline/ethanol blends with a nominal €thanol copcentration of
nt (EO — E25), the test shall be performed on one set of samples using the CE25a test fluid.

inal ethanol
e CE25a and

ids. For products rated for gasoline/ethanol blends with ethanol concentrations of up to 85

F25a test fluid
he specimens
bparate tests.

and after the exposure, the specimens-are to be observed for discolorafion, swelling,

nd measured

between two
D.1 inch (2.54
mens and the

cribed in 44.6
ted by these
the pump that

sealing compound after the samples are expased to saturated vapors of

he chemicals

incorporate t

specified in 56.4 for 168 hours at 25°C (77°F) and then dried in air for 24 hours after each exposure. This
constitutes one cycle. One sample is to be subjected to eight cycles and the other sample to sixteen cycles
of exposure and drying for a total of 1536 hours (64 days), and for a total of 3072 hours (128 days). There
shall be no rupture, cracking, breakage, or other damage to the sealing compound. Two samples are to be
used for each fluid exposure.

57 Metallic Coating Thickness Test

57.1 The solution to be used for this test is to be made from distilled water and is to contain 200 grams
per liter of chemically pure chromic acid (CrO3); and 50 grams per liter of chemically pure concentrated
sulfuric acid (H,SO,). The latter is equivalent to 27 milliliters per liter of chemically pure concentrated
sulfuric acid, specific gravity 1.84, containing 96 percent of H,SO,.
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57.2 The test solution is to be contained in a glass vessel such as a separatory funnel with the outlet
equipped with a stopcock and a capillary tube of approximately 0.025 inch (0.64 mm) inside bore and 5.5
inches (140 mm) long. The lower end of the capillary tube is to be tapered to form a tip, the drops from
which are to be approximately 0.025 milliliters. To maintain an effectively constant level, a small glass tube
is to be inserted in the top of the funnel through a rubber stopper and its position is to be adjusted so that
the rate of dropping is 100 +5 drops per minute when the stopcock is open. When desired, an additional
stopcock may be used in place of the glass tube to control the rate of dropping.

57.3 The sample and the test solution are to be kept in the test room long enough to acquire the
temperature of the room maintained at an ambient temperature of 20 — 30°C (70 — 90°F).

57.4 Each sample is to be thoroughly cleaned before testing. All grease, lacquer, paint and other

nonmetallic

o}
thoroughly ricrlused in water and dried. The cleaned surface is not to contact the hands

material.

57.5 The s3
the drops of
approximately

576 The s
dissolve the

base metal is
color at that p

57.7 Each

threaded suri
places on bo
made from p
have thin coa

57.8 The th
thickness fac
thickness fact

lings.

atings are to be removed completely by means of solvents. Samples~th

mple to be tested is to be supported from 0.7 — 1 inch (18 — 25 mMm)-below the
solution strike the point to be tested and run off. The surface.to be tested is
45 degrees from horizontal.

opcock is to be opened and the time, in seconds,réquired for the droppi
protective metallic coating and expose the base metal is to be measured. E
to be considered as the first appearance of thexbase metal recognizable by
oint.

sample of a test lot is to be tested at three or more points, excluding cut,
aces, on the inside surface, and at.an equal number of points on the outsi
h surfaces where the metallic coating may be expected to be the thinnest.
recoated sheets, the external comners that are subjected to the greatest def

ickness of the coating being tested is to be calculated by selecting from 1

or by the time, in§econds, required to expose base metal as noted in 57.6.

en are to be
br any foreign

orifice, so that
to be inclined

hg solution to
posure of the
the change in

stenciled, and
de surface, at
Dn enclosures
ormation may

[able 57.1 the

for appropriate for the temperature at which the test was conducted, and multiplying that

Table 57.1
Thickness of coatings
Temperature, Thickness factors, 0.00001 inches (0.0003 nrm) per second
°F (°C) Cadmium platings Zinc platings
70 211 1.331 0.980
71 21.7 1.340 0.990
72 22.2 1.352 1.000
73 22.8 1.362 1.010
74 233 1.372 1.015
75 23.9 1.383 1.025
76 24.4 1.395 1.033
77 25.0 1.405 1.042
78 25.6 1.416 1.050
79 26.1 1.427 1.060

Table 57.1 Continued on Next Page
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Table 57.1 Continued
Temperature, Thickness factors, 0.00001 inches (0.0003 mm) per second
°F (°C) Cadmium platings Zinc platings
80 26.7 1.438 1.070
81 27.2 1.450 1.080
82 27.8 1.460 1.085
83 28.3 1.470 1.095
84 28.9 1.480 1.100
85 29.4 1.490 1.110
86 30.0 1.501 1.120
87 30.6 1.513 1.130
88 31.1 1.524 1141
89 317 1.534 1.150
90 32.2 1.546 1.160
58 Starting Current Test
58.1 A pump shall start and operate as intended by the manufacturer on a circuit protected by a non-

time-delay fus
intended to bq
fuse opens or

Exception: A
requirements:

a) The
on the

b) The

c) The

58.2 To dete
standstill with
test. Each st
operation, andg
blocked.

connected. The performance does not comply with the intent of this requiren
an overload protector provided as part of the pump trips.

pump that meets all of the following ¢onditions is not required to comp

construction of the pump or the nattire of its use is such that the pump is used
same branch circuit after installation;

lpump starts and operates‘asintended on a circuit protected by a time-delay fu.

oroduct is marked intaccordance with 75.10.

rmine compliance with the requirement in 58.1, the pump is to be started threg
ut the opening’of the fuse. The pump is to be at room temperature at the be
rt of the\motor is to be made under conditions representing the beginni
the motor is to come to rest between successive starts. The outlet of the j

e having a current rating corresponding to that of thé branch circuit to which the pump is

ent when the

ly with these

continuously

be; and

times from a
hinning of the
ng of normal
ump is to be

59

59.1

Input Test

The current or wattage input to a product shall not be more than 110 percent of the rated value

when the product is operated under the condition of maximum normal load as described in 60.2 and when
connected to a supply as specified in 40.6.

60 Temperature Test

60.1

60.1.1

General

not exceed the temperature rises specified in Table 60.1.

A pump, when tested under the conditions of maximum normal load, as described in 60.2.1, shall
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Exception: A maximum temperature measured on a pump that exceeds the temperature rises specified in
Table 60.1 complies with the intent of this requirement when the elevated temperature is determined not to
result in a risk of fire or damage to materials used in the product in which the pump is installed.

60.1.2 A thermal- or overload-protective device shall not open the circuit during the temperature test.

60.1.3 All values of temperature rise in Table 60.1 are based on an assumed ambient temperature of 25°
C (77°F). Tests that are conducted at any ambient temperature within the range of 10 — 40°C (50 — 104°F)
meet the intent of this requirement. The test fluid being pumped is to be maintained at a temperature in the

range of 15— 25°C (59 — 77°F).

Table 60.1
Temperature rises

Materials and components °C (°F)
A. MOTORS
1. Class A isulation systems on a coil windings of an AC motor having a frame diameter.of 7
inches (178|mm) or less, not including a universal motor and on a vibrator coil #°
a) In an ¢pen motor and on vibrator coil:
Thermocouple or resistance method 75 135
b) In a tofally enclosed motor:
Thermocouple or resistance method 80 144
2. Class A isulation systems on coil windings of an AC motor having;a frame diameter of more
than 7 inchds (178 mm), of a DC motor and of a universal motor.®°
a) In an ¢pen motor:
Thermocouple method 65 117
Resigtance method 75 135
b) In a totally enclosed motor:
Therfnocouple method 70 126
Resigtance method 80 144
3. Class B ipsulation systems on ¢oil windings of an AC motor having a frame diameter of 7 inches
(178 mm) of less, not includingza Universal motor 2°
a) In an ¢pen motor:
Therfnocouple or're€sistance method 95 171
b) In a tofally enclesed motor: 100 180
Therfnoceuple or resistance method
4. Class B insufation systems on coit Windings of an AC motor having a frame diameter of more
than 7 inches (178 mm), of a DC motor, and of a universal motor &°
a) In an open motor:
Thermocouple method 85 153
Resistance method 95 171
b) In a totally enclosed motor:
Thermocouple method 90 162
Resistance method 100 180
5. Class F insulation systems on coil windings of an AC motor having a frame diameter of 7 inches
(178 mm) or less, not including a universal motor®
a) In open motor: 120 216

Table 60.1 Continued on Next Page



https://ulnorm.com/api/?name=UL 79A 2020.pdf

56 UL 79A JUNE 3, 2020

Table 60.1 Continued

Materials and components °Cc (°F)
Thermocouple or Resistance Method 125 225
b) In totally enclosed motor:
Thermocouple or Resistance Method 125 225
B. COMPONENTS
1. Capacitors:
a) Electrolytic 40°¢ 72°
b) Other types 65¢ 1174
2. Fuses 652 117¢
3. Relay, sol¢noid, and coils (except motor coil windings and transformers) with
a) Class 105 insulation systems:
Thermocouple method 65 117
Resisfance method 85 153
b) Class 130 insulation systems:
Thernjocouple method 85 153
Resisfance method 95 171
c) Class 155 insulation systems:
Thermocouple method 95 171
Resisfance method 115 207
d) Class 180 insulation systems:
Thernjocouple method 115 207
Resisfance method 135 243
4. Sealing Compound 40 104 less
than
melting
point
5. Synthetic fubber materials 35 63
6. Transformers
a) Class 155 insulation systems:
Thernjocouple method 110 198
Resisfance method 115 207
b) Class 180 insulation systems:
Thernjoceuple method 125 225
Resistaree-method
C. CONDUCTORS 135 243
Rubber- or thermoplastic insulated wires and cords 35 639
D. ELECTRICAL INSULATION — GENERAL
1. Fiber employed as electrical insulation 65 117
2. Phenolic composition employed as electrical insulation or as a part, the deterioration of which
results in a risk of fire or electric shock®
Laminated 100 180
Molded 125 225
3. Varnished-cloth insulation 60 108
E. SURFACES

Table 60.1 Continued on Next Page
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Table 60.1 Continued

These limitatior]
higher tempera

f A synthetic rul
requirement wh
157.

9 A rubber-insu
when entering 4
been investigat
wires or cords.

Materials and components °C (°F)
1. A surface upon which a product may be or mounted in service, and a surface that may be 65 117
adjacent to the product when it is so placed or mounted
2. Any point within a terminal box or wiring compartment of a permanently connected product in 35 63
which power-supply conductors are to be connected, including such conductors themselves,
unless the product is marked in accordance with 75.13.
3. Wood or other combustible material, including the inside surface of the test enclosure and the 65 117
surface supporting the product
@See 60.1.4 and 60.2.
b For a motor rated 1/3 horsepower (250 watts output) or less, these spacings may be less than 1/16 inch (1.6 mm).
¢ For an electrolytic capacitor that is physically integral with or attached to a motor, the maximum temperature rise pn insulating
material integra] with the capacitor enclosure is not to be more than 65°C (117°F).
4 A capacitor thit operates at a temperature rise of more that 65°C (117°F) may be judged on the basis of-its_marked maximum
temperature linit.
¢ A fuse that hap been investigated and successfully evaluated for use at a higher temperature may.be'used at thaf temperature.

s do not apply to compounds and compounds such as fuses that have been successfully investiga)
ure.

ber material that operates at a temperature rise of more than 35°C (63°F).complies with the intent
en investigated for the higher service temperature in accordance with thé Standard for Gaskets an

pted conductor within a motor, a rubber-insulated motor lead, and 'a rubber-insulated conductor of
motor may be subjected to a higher temperature when the conductor is provided with sleeving or
ed and successfully evaluated for use at the higher temperature. This does not apply to thermoplag

ted for use at a

pf this
H Seals, UL

h flexible cord
h braid that has
tic-insulated

60.1.4 Ata
the temperat
specified in T
resistance mg

boint on the surface of a coil where the temperature is affected by an external §
re measured by a means of a thermocouple that is more than the maximur

ble 60.1 meets the intent of thisrequirement when the temperature, as me
thod, is not more than that speeified in Table 60.2.

ource of heat,
n temperature
asured by the

Table 60.2
Maximum coil temperatures
Additional temperature rise,

Yubitem of item:in Table 60.1 °C (1
1. (a) of item A1 5 D
2. (a) of item A3 10 18
3. (a) of item A2 15 47
4. (a) of item A4 20 36

60.1.5 For the temperature test, the voltage shall be as indicated in 40.6.

60.1.6 A product having a single frequency rating is to be tested at that frequency. A product rated
AC/DC or DC or 60 hertz is to be tested on direct current or 60-hertz AC, whichever results in higher
temperatures. A product rated 25 — 60 hertz or 50 — 60 hertz is to be tested at the voltage and frequency
rating at which the highest input wattage was measured during the Input Test, Section 59.

60.1.7 For a product that is obviously not intended for continuous operation, the probable intermittent or
short-time operation of the product is to be taken into consideration when conducting the temperature test.
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60.1.8 With reference to those tests that are to be continued until constant temperatures are attained,
thermal equilibrium exists when three successive readings taken at intervals of 10 percent of the
previously elapsed duration of the test, however, not less than 5-minute intervals, indicate no change.

60.1.9 Coil winding temperatures are to be measured by thermocouples or by using the change-of-
resistance method, whichever is appropriate. For a thermocouple-measured temperature of a coil of an
alternating-current motor having a diameter of 7 inches (178 mm) or less, and a universal motor — see
items 1 and 3 in Table 60.1 — the thermocouple is to be mounted on the integrally applied insulation on the
conductor. For any other motor, the thermocouple is to be applied on the outer surface of a wrap that is not
more than 1/32 inch (0.8 mm) thick and consists of cotton, paper, rayon, or similar materials.

60.1.10 Thermocouples are to consist of wires not larger than 24 AWG (0.21 mm?) and not smaller than
30 AWG (0.06 mm#). Whenever referee temperature measurements by thermocouples |are required,
thermocouple$ consisting of 30 AWG iron and constantan wire and a potentiometer-type insfrument are to
be used. The|thermocouple wire is to conform with the requirements specified in the’Initial Calibration
Tolerances for Thermocouples table in Temperature Measurement ThermocouplesjANSI/ISA MC96.1.

60.1.11  Whgn using the resistance method, the windings are to be at room+{emperature at the start of the
test, and the t¢mperature rise of a winding is to be calculated using the formula:

R
At=—(k+ 1)~ (k+ 1)

in which:
AT is the temperature rise in °C,
R is the resistance of the coil in ohms at the end of the test,
ris the|resistance of the coil in ohmsat the beginning of the test

k is 234.5 for copper and 225.0.for electrical conductor grade (C) aluminum; values of the constant
for other conductors are to be determined,

t, is the temperature in-°C-of the coil at the time resistance “r’ is being measured, and

t, is thg room temperature in °C at the time resistance “R” is being measured.

60.2 Maximum normal load

60.2.1 Maximumrnormattoad-isdetermined-tobe-thetoadthatapproxinatesasclosetyas possible the
most severe conditions of intended use. It is not a deliberate overload except as the conditions of actual
use are somewhat more severe than the maximum load conditions that are specified by the manufacturer
of the product. A product having features not contemplated in these test procedures may be tested as
required to meet the intent of these requirements.

61 Dielectric Voltage-Withstand Test

61.1 A pump shall withstand for 1 minute without breakdown the application of a 60-hertz primarily
sinusoidal potential between:

a) Live parts and dead metal parts;

b) Circuits that operate at different potentials and are not electrically connected; or
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c) Live parts of opposite polarity,

for a test on a capacitor as specified in 61.2(b), with the product at the maximum operating temperature
reached during intended use.

61.2 The potential for the test described in 61.1 is to be:

a) One thousand volts for a pump employing a motor rated 1/2 horsepower (373 watts output) or
less and 250 volts or less;

b) One thousand volts plus twice the rated voltage for a pump employing a motor rated at more
than 1/2 horsepower or more than 250 volts; or

c) OnJa thousand volts plus twice the rated voltage between the terminals of a capiacitor used for

radio-

61.3 Thete

hterference elimination or arc suppression.

5t potential for the secondary circuit of a product employing a transformer shall

a) Ong¢ thousand volts plus twice the operating voltage when the seCondary operate

volts;

b) Ong thousand volts when the secondary operates at 51 =250 volts; or

c) Five

Exception: TH

hundred volts when the secondary operates at 50 volts or less.

is does not apply when the secondary circuitiis supplied from a Class 2 transfo,

61.4 To detg¢rmine whether a product complies with:the requirements in 61.1 — 61.3, the p

tested by me
sinusoidal an
required test
potential is tg
indicated by g

Exception: A
transformer i

61.5 When
removed for t

ans of a 500 volt-ampere or largef transformer, having an output voltage th
d is capable of being varied. The applied potential is to be increased from
value is reached and is to bé_held at that value for 1 minute. The increase
be at a substantially uniform rate and as rapid as consistent with its value
voltmeter.

500 volt-amperé “or larger capacity transformer is not required to be us
provided with a voltmeter to measure directly the applied output potential.

the secendary circuit is grounded at one or more points, the grounding po
he test\Covered in 61.3 and 61.4.

62 Grounding-Continuity Test

62.1

be:

5 at 251 — 600

rmer.

roduct is to be
at is primarily
zero until the
in the applied
eing correctly

bed when the

ints are to be

The resistance between the point of connection of the equipment-grounding means at or within the

product and any other point in the grounding circuit of the product shall not be more than 0.1 ohm.

62.2 Determination of whether the product complies with the requirement in 62.1 is to be made by an
ohmmeter or similar test equipment, except that when results that do not comply with the requirements in
62.1 are observed, an alternating current of 20 amperes or more from a power supply of 12 volts or less is
to be passed from the point of connection of the equipment grounding means to the metal part in the
grounding circuit, and the resulting drop in potential is to be measured between the two points. The
resistance in ohms is to be determined by dividing the drop in potential in volts by the current in amperes
passing between the two points.
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63 Rain Test

63.1 A product intended for outdoor use is to be conditioned as described in 63.3. There shall be no
obvious wetting of any electrical component, and no water shall enter a compartment that houses field-
installed wiring. Following the test, the product shall comply with the requirements of the Dielectric
Voltage-Withstand Test, Section 61, and the Insulation Resistance Test, Section 66.

63.2 The rain test apparatus is to consist of three spray heads mounted in a water supply pipe rack as
illustrated in Figure 63.1. The spray heads are to be constructed in accordance with the details illustrated
in Figure 63.2. The water pressure for all tests is to be maintained at 5 psig (34.5 Pa) at each spray head.
The distance between the center nozzle and the product is to be 5 feet (1.5 m). The product is to be
brought into the focal area of the three spray heads in such a position and under such conditions that
result in the eptrance of water into the enclosure. The spray is to be directed at a 45 degre¢ angle to the
vertical toward the product. The total exposure is to be for 1 hour.

63.3 With reference to the test described in 63.2;
a) The|product may be operated in various positions or under various.modes of operation or

b) More than one sample may be tested

when alternat¢ modes are possible. The product is to be de-energized when such a condition is capable of
leading to more adverse conditions.
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