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Standard for Hose and Hose Assemblies for Dispensing Flammable and
Combustible Liquids

THe First edition was titled the Standard for Construction of Rubbér/Hose for Conducting Gasoline. The
Sgcond edition was titled the Standard for 3/4-, 1-, and 1-1/4-ineh Hose for Conducting Gasoline. The
THird edition was titled the Standard for Hose for Conducting ‘Gasoline. The Fourth edition was titled
thi Standard for Gasoline Hose. The Fifth edition was titled the Standard for Hose and Hdse
Agsemblies for Dispensing Flammable Liquids.

First Edition —September, 1917
Second Edition — March, 1937
Third, Edition — July, 1950
Fourth Edition — June, 1973
Fifth Edition — August, 1978
Sixth Edition — August, 1996
Seventh Edition — December, 2009
Eighth Edition — June, 2017

Ninth Edition

February 11, 2021

This _ANSI/CAN/UL Safety Standard consists of the Ninth Edition including
revisions through March o6, 2024.

The most recent designation of ANSI/UL 330 as an American National Standard
| (ANSI) occurred on March 6, 2024. ANSI approval for a standard does not include
the Cover Page, Transmittal Pages, Title Page, Preface or SCC Foreword.

This standard has been designated as a National Standard of Canada (NSC) on
| March 6, 2024.

| COPYRIGHT © 2024 ULSE INC.
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Preface

This is the Ninth Edition of ANSI/CAN/UL 330, Standard for Hose and Hose Assemblies for Dispensing
Flammable and Combustible Liquids.

ULSE is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.
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In the event that no revisions are issued for a period of four yeafs)ffrom the date of

btion to revise, reaffirm, or withdraw the standard shall be initiated.

ere are two official languages, English and French. All safety warnings mus
Attention is drawn to the possibility that some Canadian authofities may req
or installation instructions to be in both official languages.

nerican National Standard and National Standard jof Canada is based
he Eighth Edition of UL 330 as well as CAN/ULC-S612:2016.

proposals for revisions on any part of the Standard may be submitted at any ti
mitted via a Proposal Request in the Collaborative Standards Development S
.ul.com.
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For informatign on ULSE Standards, visit http://www.shopulstandards.com;’call toll free 1-888-853-3503

or email us at ClientService@shopULStandards.com.

This Standard|is intended to be used for conformity assessment,

The intended |primary application of this standard is stated in its scope. It is important fo note that it
remains the responsibility of the user of the standard to judge its suitability for this particular gpplication.

CETTE NORME NATIONALE DU CANADA.EST DISPONIBLE EN VERSIONS FRANGAISE ET
ANGLAISE
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INTRODUCTION

1 Scope

1.1

This Standard sets forth minimum requirements for hose and hose assemblies, including vapor

recovery hose and assemblies, for use on dispensing devices for flammable and combustible liquids. A
hose assembly consists of flexible hose and fittings suitable for attachment to flammable and combustible

liquid dispens

ing equipment.

1.2 Hose assemblies are intended for use:

a) In the United States, in accordance with the Automotive and Marine Service Station Code of

Nation

b)Ind

1.3 Theser
and including

1.4 Hose fo
kPa). Hose fo
kPa), includin

These T

1.5
(—40°C) or -6

NOTE: Products
for performance

1.6 Theser
use on disper]

1.7 These r¢
or in confined
Standard for §

1.8 This Sta

2 General

al Fire Protection Association, NFPA 30A; or

anada, in accordance with the National Fire Code of Canada.

bquirements cover hose and hose assemblies (hose with couplingsiattached
1-1/2in (40 mm).

r conveying liquid fuel is intended for use at a maximunmworking pressure

r conveying vapors of fuel is intended for use at a maximum working pressure
g slight negative pressures from vapor assist systems.

equirements cover hose and hose assemblies for use at temperatures d
5°F (-54°C) and up to +125°F (+52°C).

ested for performance at -40°F(-40°C) only are-hot marked for lowest operating temperature. Or]
t -65°F (—54°C) are marked accordingly.

bquirements also cover fuel hose assemblies designated as “low permeation
sing devices for flammable.and combustible liquids.

areas, except forocations inside the housings of dispensing devices com
Power-Operated Dispensing Devices for Petroleum Products, UL 87.

hdard doésnot cover hose or hose assemblies for aircraft refueling service.

in sizes up to

of 50 psi (350
of 0.5 psi (3.5

bwn to —40°F

ly products tested

' intended for

bquirements do not cover hose or hose assemblies, intended for use in automotive vehicles

blying with the

2.1

2.11

Units of measurements

value is the requirement.

2.2 Referenced Publications

2.21

When a value for measurement is followed by a value in other units in parentheses, the first stated

The documents shown below are referenced in the text of this Standard. Unless otherwise stated

elsewhere in this Standard such reference shall be considered to indicate the edition and/or revisions of
the document available at the date on which the Committee approved this UL Standard.

UL Standards
UL 87, Standard for Power-Operated Dispensing Devices for Petroleum Products
UL 157, Standard for Gaskets and Seals
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UL 969, Standard for Marking and Labeling Systems

Other Standards

ANSI/ASME B

1.20.1, Standard for Pipe Threads, General Purpose (Inch)

ASTM D380, Standard Test Methods for Rubber Hose
ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers — Tension
ASTM D413, Standard Test Methods Rubber Property — Adhesion to Flexible Substrate
ASTM D471, Standard Test Method for Rubber Property — Effect of Liquids

ASTM D573, Standard Test Method for Rubber — Deterioration in an Air Oven

ASTM D1149, Standard Test Method for Rubber Deterioration — Cracking in an Ozone Controlled

Environment

ASTM D3183, Standard Practice for Rubber — Preparation of Pieces for Test Purposes from Products

ASTM/ANSI O
Use as Autom
ASTM/ANSI [
Oils
ASTM/ANSI D
ASTM D396, A
ASTM G153,
Nonmetallic M
ASTM G155,
Materials
CSA C22.2 Nd
NFPA 30A, Cg
NRC, Nationa

Abbreviation$

ANSI — Amerig
ASME — Amer
ASTM — Amer|
CSA-CSAG
NFPA — Natior

NRC — Nationgl Research Council of Canada

3 Glossary
3.1 Forthep

3.2 ASTM IR
Test Method fa

4806, Standard Speciiication for Denatured Fuel Ethanol Tor Blending with
btive Spark-Ignition Engine Fuel

Gasolines for

975, Diesel fuel formulated in accordance with the Standard Specifigation for Diesel Fuel

3699, Kerosene formulated in accordance with the Standard Specification for
Fuel oil (heating fuel) formulated in accordance with the Standard Specification
Standard Practice for Operating Enclosed Carbon Arc Light“Apparatus fo
aterials

Standard Practice for Operating Xenon Arc Light Apparatus for Exposure o

. 0.15, Adhesive Labels
de for Motor Fuel Dispensing Facilities and Garages
Fire Code of Canada

an National Standards Institute

can Society of Mechanical Engineers
can Society for Testing and Materials
foup

al Fire Protection Assogiation

urposes afithis standard, the following definitions apply.

M 903/ IRM 903 — A high-swelling petroleum base oil described in ASTM D4
rRubber Property — Effect of Liquids.

Kerosene
for Fuel Oils
Exposure of

[ Non-Metallic

171, Standard

3.3 ASTM REFERENCE FUEL B - 70 % Isooctane +30 % Toluene by volume.

3.4 ASTM REFERENCE FUEL H — 85 % of combined 50 % Isooctane +50 % Toluene by volume; +15 %

Anhydrous De

natured Ethanol by volume.

3.5 AUTHORITY HAVING JURISDICTION — The governmental body responsible for the enforcement of
any part of this Standard or the official or agency designated by that body to exercise such a function.

3.6 ADJUSTED MASS LOSS — The mass loss of the blank (unfilled hose assembly) subtracted from the
mass loss of a filled hose assembly. The purpose of this is to adjust for factors other than fuel permeation
that may affect mass loss.
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3.7 BALANCE VAPOR RECOVERY HOSE ASSEMBLY - A coaxial hose consisting of an inner line for
conveying fuel and an outer line. Fuel vapors are permitted to return to the fuel dispenser in the annular
space between the two lines.

3.8 COUPLED LENGTH OF HOSE - A length cut from a manufactured hose to which couplings have
been attached for testing purposes.

3.9 FLAMMABLE AND COMBUSTIBLE LIQUID — Gasoline, fuel oil, kerosene and diesel fuel, including
gasoline with small amounts of additives such as detergents, solvents for detergents and anti-icing
chemicals; diesel with up to 5 % biodiesel and gasoline with up to 10 % ethanol.

3.10 HOSE ASSEMBLY VOLUME (V) — The total volume in cubic centimeters of a capped hose
assembly, calpulated as follows:

V=D(L+2d)x/4

in which:

D = the¢ inner diameter of the hose in centimeters, as determined.if 14.5.3

L = the length of the hose in centimeters, as determined in 44,5.1

d = the depth of the cap in centimeters, as determined in14.5.2
3.11 LEAST|SQUARES FIT LINE — A best fit line drawii-through a set of data such that the sum of the
squared resiquals has its least value, a residual being“the difference between an observe¢d value (data
point) and the{line.
3.12 PERMEATION — The fuel loss through.the flexible hose, fuel loss at the fittings and {fuel loss at the

connection bg¢tween the hose assembly and the equipment to which it is intended to be gttached in the

dispensing system.

3.13 PERM
inner circumfe
length of the

hose, the leng

3.14 REINF
or spiral wour

EATION SURFACESAREA — The length of the hose as determined in 14.5.1 m
rence of the hose, expressed in square meters. For vacuum-assist vapor recg
nose is multiplied by the inner circumference of the outer hose. For balance

th of the hase is multiplied by the average inner circumference of the outer hos

DRCEMENT — Natural or synthetic fibers or fabric, or metallic wire that is wra
d in‘one or more layers over the tube, intended to provide longitudinal and trar

ultiplied by the
very hose, the
apor recovery
e.

pped, braided
sverse (hoop)

3.15 SAMPLE - A coupled length of hose, or a hose assembly, provided by the manufacturer at the
length required for a specific test.

3.16 SPECIMEN - A test subject cut from a strip.

3.17 STRIP — A rectangle of material cut from the nonmetallic hose component of a sample.

3.18 VACUUM-ASSIST VAPOR RECOVERY HOSE ASSEMBLY — A coaxial hose consisting of an inner
vacuum line for vapor recovery and an outer line. Fuel is dispensed through the annular space between
the two lines.


https://ulnorm.com/api/?name=UL 330 2024.pdf

12

ANSI/CAN/UL 330

MARCH 6, 2024

CONSTRUCTION

4 Tube and Cover

41

411

Single-line hose and double-line vapor recovery hose

The tube shall be made from a material resistant to gasoline and diesel fuel.

4.1.2 The cover shall be made from a material resistant to gasoline, diesel fuel, oils, and ozone.

4.1.3 The tube and cover shall be of uniform thickness, and free from pitting, blisters, or other

imperfections.

This reauiramantis not intandad-tao-exclude-the-usa-of 3 corruaatad-cover
HHS e USR-S HOHERGe8a1t0-BxErHaetHe-t Ha-cOHUgatea-6o0ve

NOTE: This Stan
inner hose and th

4.2 Coaxial

421
diesel fuel.

4.2.2 The tulpe of the outer hose or a homogeneous outer hose'shall be made from materig

gasoline and @

4.2.3 Theco
to gasoline, di

424 The ty
imperfections.
vapor recover

5 Thicknesq of Cover

5.1 The thicK
with 5.2 - 5.6.

Exception: Th
hose of a coaX

The tulbe and cover, if any, of the inner hose shall be made from matéerials resistant tg

ard provides requirements for both coaxial vapor recovery hose types where the liquid iS\cenv
b vapor is recovered from the outer hose, as well as, vice versa.

vapor recovery hose

iesel fuel.

eyed through the

gasoline and

Is resistant to

ver of the outer hose or a homogeneousouter hose shall be made from a material resistant

bsel fuel, oil, and ozone.

be and cover shall be of uniform thickness and free from pitting, blisters, or other

This requirement is not intended to exclude the use of a corrugated tube, G
hose.

ness of the coyershall not be less than 0.047 in (1.19 mm) when measured

s requirement does not apply to the cover of the inner hose and the outer va
ial vapor recovery hose.

over, or outer

n accordance

bor conveying

5.2 For removing irregularities in samples, the buffing machine or skiving machine outlined in the
Standard Practice for Rubber — Preparation of Product Pieces for Test Purposes from Products, ASTM

D3183, shall b

e used.

5.3 The abrasive wheel of the buffing machine shall be No. 30 — 60 grit and the diameter and rotary
velocity of the wheel shall be such that it will have a peripheral speed of 4000 £700 ft/min (20.3 £3.6 m/s).
The machine shall be provided with a slow feed so that very little compound can be removed at one cut to
avoid overheating of the specimen.

5.4 A dial micrometer graduated to 0.001 in (0.03 mm) that exerts a load of 2.82 — 3.00 oz (80 — 85 g) by
means of a weight shall be used to measure thickness. The load shall be applied through a flat contact
foot 0.25 £0.01 in (6.4 £0.3 mm) in diameter.
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5.5 To determine the thickness of the cover, a strip, 6 — 8 in (152.4 — 203.2 mm) long and 1 in (25.4 mm)
wide, or as close to 1 in (25.4 mm) as possible from small diameter hose, shall be cut longitudinally from
the cover, and the part separated from the plies. When the thickness of the part is not uniform around the
circumference of the hose, the strip shall be cut from the thinnest portion of the part.

5.6 The strip specimen shall be buffed or skived to remove the impressions left by the fabric or braid or
other surface irregularities, using the equipment described in 5.2 and 5.3. A series of five thickness
measurements shall be taken within the area from which the impressions have been removed, and the

maximum reading obtained shall be taken as the thickness of the part.

6

Internal Diameter

6.1 The inte
to and includi

6.2 A tapere
variations of

increments n(g
mm) for hose
expanding ba
ball, are requi

6.3 Theend
shall be inse
at the end of
hose. When

rnal diameter of a hose shall be equal to the nominal diameter £1/32 in (0.8 m
g 3/4 in (19.0 mm) and +1/16 in (1.6 mm) for larger sizes.

d plug gauge of wood or metal having a taper of 3/8 in/ft (31.3 mm/m), marl
/64 in (0.4 mm) in diameter, or a set of wood or metal plug gauges, straight
greater than 0.01 in (0.25 mm) for hoses in sizes 1 in (25.4 mm) and less an
5 in sizes greater than 1 in (25.4 mm), shall be used for measuring the interng
| gauge, and a micrometer or other equivalent means to(accurately measure
red in some cases. See 6.3.

of the hose sample shall be cut square. When atapered plug gauge is used,
ed in the hose sample until a close fit is obtained without forcing. The diametg
he sample, to the nearest 1/64 in (0.4 mm);.shall be recorded as the internal g
h set of straight or ball-type plug gauges™is used, the diameter of the gaugg

inserted in th¢ hose sample gives a close fit withoutforcing, shall be recorded as the interr

the hose. Wh
measured 1
expanding ba

7 Electrical

7.1 A hose
length in orde

7.2 A hose

en the end of a wire-braided hose“is constricted or flared, the inside diar
n (25.4 mm) from the end to.be representative of the inside diameter by
| gauge.

Bonding

m) for sizes up

ed to indicate
or ball type, in
d 0.02 in (0.51
| diameter. An
the expanded

he plug gauge
r of the gauge
iameter of the
e, which when
al diameter of
neter shall be
means of an

shall be constructed so as to provide an electrically conductive path continfiously long its

I to dissipate static electricity.

hssembly\shall be constructed so as to provide an electrically conductive pat

along its len
to dissipate

h continuously

atic.electricity. The couplings shall provide a means of electrical bonding

g+h, and-the couplings shall provide an electrically conductive path bonded to th;

hose in order
a grounding

system.

8 Couplings

8.1 All coupling areas exposed while in service shall be made from non-sparking metals such as brass,
copper, aluminum or zinc and shall be constructed with a section for tightening with tools.

8.2 A copper or a copper-alloy part shall not be used where it is in contact with dissimilar metals such as
aluminum, unless one of the parts is coated with chromium or other equivalent metallic coating to preclude
electrolytic action. A coating shall have a thickness of not less than 0.0002 in (0.005 mm).

8.3 When atmospheric corrosion of a ferrous material part interferes with the proper function of a
coupling, the part shall be provided with a corrosion-resistant protective coating.
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8.4 A protective coating shall provide resistance against corrosion to a degree not less than that
provided by the protective coatings specified in 8.5.

8.5 Cadmium plating shall have a thickness of not less than 0.0003 in (0.008 mm) and zinc plating shall
have a thickness of not less than 0.0005 in (0.013 mm), except on parts where threads constitute the
major portion of the area, in which case the thickness of the cadmium or the zinc plating shall not be less
than 0.00015 in (0.0038 mm).

8.6 The coupling provided on single-line hose assemblies shall have male pipe threads complying with
the Standard for Pipe Threads, General Purpose (Inch), ANSI/ASME B1.20.1.

8.7 The couplings provided on coaxial vapor recovery hose assemblies shall have male 1-7/8 — 12 SAE

straight threag
18 SAE Straig
is intended to
connected to {

8.8 When th
are not as sp
indicate the s
with 30.4.

PERFORMAN

9 General

9.1 The perf
that it is applic

9.2 Allpress

s when the inner hose is intended to dispense the liquid fuel into the vehicle
ht, M34 by 1.5 metric thread or 1 in — 11-1/2 NPT threads, as required when {
dispense the liquid fuel into the vehicle. All fittings shall be designed(to fit th
he hose couplings to form a leak tight connection.

b threads of the couplings of a single-line hose assembly or vapor recovery h
ecified in 8.6 or 8.7, the installation instructions which accempany each a
pecific equipment which can be connected to the fitting @p shall be marked i

CE

brmance tests in this standard apply.ioyhose and hose assemblies, unless the
able to hose assemblies only.

Ure readings specified in this'Standard are in gauge pressures.

and 1-1/4in —
he outer hose
B accessories

bse assembly
ssembly shall
h accordance

test indicates

10 Repeated Bending Test (Empty)

10.1 General

10.1.1 vithstand the

hydrostatic pr¢

A sample shall~withstand 3,000 cycles of repeated bending and shall then
ssure-as.specified in the Hydrostatic Strength Test, Section 11.

10.2 Samplg

10.2.1 An approximately 11 ft (3300 mm) coupled length of hose shall be used for this test.

10.3 Apparatus

10.3.1 The bending machine, shown in Figure 10.1 with drums having a radius of 7 +0.06 in (177.8
+1.5 mm), shall be used for this test. The vertical distance between centers of the drums is 17 in (432
mm). The horizontal distance between centers of the drums is 7 in (177.8 mm).

10.4 Method

10.4.1 The position of the sample is shown in Figure 10.1. The sample shall be moved back and forth for
a distance of 4 ft (1200 mm) at a rate of 470 cycles/h. The weight used on the end of the sample shall be
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the minimum required to make the sample conform to the curvature of the drums during the cycling.
During the cycling, the sample shall be empty.
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Figure 10.1
Bending Machine

R
o //@
] 1

A
=
<o
Dy Asaca
—
>

su2390

1 — Block Chain, 2 — Counterweight, 3 — Centreline of Block Chain, 4 — Steel Frame, 5 — Hose Under Test
| A-3.51b(1.59kg),B-17in (432 mm),C—7in (177.8 mm)
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11 Hydrostatic Strength Test
11.1 General

11.1.1  The liquid conveying hose of a sample that was previously subjected to the Repeated Bending
Test (Empty), Section 10, shall withstand a hydrostatic test pressure of 250 psi (1,724 kPa) for 1 min
without leakage, ballooning, or rupture.

11.1.2 The vapor recovery hose of a sample that was previously subjected to the Repeated Bending Test
(Empty), Section 10, shall withstand a hydrostatic test pressure of 2.5 psi (17.2 kPa) for 1 min without
leakage, ballooning, or rupture. A hose assembly shall also withstand the test pressure without slippage or
leakage of the couplings.

11.1.3 Hoseg| assemblies shall withstand a hydrostatic test pressure of 250 psi (1,724 KPa) for 1 min
without slippage or leakage of the couplings or damage to the hose. For vapor recovery hogse assemblies,
the liquid conjveying hose shall be pressurized to 250 psi (1,724 kPa) for 1 mip,»and the Japor recovery
hose shall be |pressurized to 2.5 psi (17.2 kPa) for 1 min.

A4

11.2 Sampl

11.2.1  An approximately 11 ft (3300 mm ) coupled length of hase subjected to the Rep¢ated Bending
Test (Empty),[Section 10, shall be used for this test.

11.2.2 When a hose assembly sample is tested, the hose,shall be marked prior to the test ith a pencil or
other suitable|device at a point immediately adjacent toeach coupling.

11.3 Apparatus

11.3.1 Hydrgstatic pressure shall be applied by means of a hand- or power-operated pump or an
accumulator gystem capable of increasing the pressure in the sample at a uniform rate pf 700 — 1000
psi/min (4825 — 6895 kPa/min) for hose)and hose assemblies intended for conveying quui:ﬂ and no more
than 5.0 psi/min (34.5 kPa/min).for hose and hose assemblies intended for recovering vapors. All
pressures shgll be measured using‘a calibrated pressure gauge.

11.3.2 Adapter fittings, which permit the separate pressurization of the inner and outer hoses, shall be
connected to fhe couplings on coaxial vapor recovery hose samples.

11.4 Method

11.4.1 The hose sample, while lying straight, shall be connected to the pump and filled with water,
leaving the petcock open to allow the air to escape. The petcock is then to be closed and the pressure in
the hose shall be increased at a uniform rate of 700 — 1000 psi/min (4,825 — 6,895 kPa/min) for hose and
hose assemblies intended for conveying liquid and no more than 5.0 psi/min (34.5 kPa/min) for hose and
hose assemblies intended for recovering vapors.

11.4.2 The test pressure shall be held for at least 1 min during which time the sample shall be examined
for leakage, ballooning, and rupture. A hose assembly sample shall show no evidence of slippage or
leakage of the coupling or damage to the hose at the couplings after examination.
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12 Test for Resistance to External Pressure

121

12.11

General

The inner vapor recovery hose of a coaxial vapor recovery hose assembly sample shall convey

air or water at a pressure of 0.5 psi (3.4 kPa) when the outer hose is pressurized to 250 psi, (1724 kPa)
and shall show no evidence of damage when examined after the test.

12.2 Sample

12.2.1

An approximately 3 ft (900 mm) coupled hose assembly shall be used for this test.

12.3 ApparJtus

12.3.1  Hydrg
accumulator 9
kPa)/min for th
inner hose int
gauge.

12.3.2 Adapfer fittings, which permit the flow of air or water throdgh the inner hose while t

is pressurized
12.4 Method

12.4.1 Thed
the petcock of
hose shall be
250 psi (1,724
pressure, air g
outlet of the in
removed and s

13 Repeated Bending Test(Filled)

static pressure shall be applied by means of a hand-or power-gpetated
ystem that increases the pressure at a uniform rate of 700 — 4000 psi (4
e outer hose intended for conveying liquid and no more than 5.0-psi (34.5 kR
ended for recovering vapors. All pressures shall be measured\dsing a calibr

shall be used on each of the end couplings.

uter hose while lying straight, shall be.connected to the pump and filled with

en to allow the air to escape. The petcock is then to be closed and the pressu
increased at a uniform rate of 700 — 1,000 psi (4,825 — 6,895 kPa)/min until
kPa) is reached. After the test pressure has been maintained for 1 min, and wj
r water shall be allowed to flow into the inner hose at a pressure of 0.5 psi (
her hose shall be observed for passage of air or water. After the test, the inner
hall show no evidence of damage after examination.

13.1 Gener:

13.1.1 The

manner descriped’in 10.4.1, for 3,150 cycles/day for 6 days. There shall be no breakdown of

mple; filled with ASTM Reference Fuel H, shall be subjected to repeated b

pump or an
,826 — 6,895
a)/min for the
hAted pressure

ne outer hose

water, leaving
re in the outer
a pressure of
hile still under
3.5 kPa). The
hose shall be

ending, in the

the sample or

any of its parts and the electrical resistance of the hose shall not be greater than 70,000 Q/ft (233,000
Q/m) before and after the test. The total loss of liquid during the bending periods shall not exceed that
specified in Table 13.1. A hose assembly sample shall also comply with the requirements of the Leakage
and Electrical Continuity Test, Section 16, after being subjected to repeated bending described in 13.4.1
and 13.4.2.
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Table 13.1
Allowable Liquid Loss

Nominal hose diameter, Max allowable loss,
inches percentage

1-1/2 20

1-1/4 24

1 30

7/8 34

3/4 40

5/8 48

1/2 60

13.2 Samplp
13.2.1 An approximately 11 ft (3300 mm) coupled length of hose is to shallbe used for this|test.
13.3 Apparatus

13.3.1 The pending machine shown in Figure 10.1 with drums having a radius of 7 +P.06 in (177.8
+1.5 mm), shill be used for this test. The vertical distance_between centers of the drumg is 17 in (432
mm). The hor|zontal distance between centers of the drums is 7 in (177.8 mm).

13.3.2 A low-voltage ohmmeter shall be used forvmeasuring the electrical resistance gf hose having
bonding paths with an electrical resistance of 10002 or less. For a sample having a bondirlg path with an
electrical resigtance greater than 1000 Q, the resistance measurements shall be made by means of a
suitably calibfated ohmmeter having an effective internal resistance of 100,000 Q £10 %. The test circuit
shall have a nominal open-circuit potentialof 500 V d.c., and a short-circuit current of 5 mA.

13.4 Method

are attached [to the couplings, the hose is bent 180° around a 14 +0.25 in (355.6 6.4 [mm) diameter
mandrel at sgveral diffefent locations throughout the length of the hose, and the highest reading obtained
shall be cons|dered. the resistance of the hose. The hose is then to be filled with a measufed amount of,
ASTM Refergnce Fuel H, and subjected to repeated bending as described in 10.4.1 for 3,150 cycles/day
for 6 days. Atjthe\start of the second day, and each subsequent day, the sample shall be re
bending machire; ot ; i
suspended in a vertical or U-shaped position. After the final bending period, the sample shall be removed
from the bending machine and filled to the original level, when needed, with a measured amount of test
liquid. The percent loss of liquid shall be calculated using the amount of liquid required to fill the hose at
the start of the test and the total amount of liquid added at the end of each bending period. After a total of
18,900 cycles of repeated bending, an examination shall be made for any evidence of breakdown of the
sample or any of its parts, and the electrical resistance shall be measured again.

13.4.1 The ¢lectrical resistance shall be measured from coupling to coupling. While the oImmeter leads

13.4.2 When conducting the test described in 13.4.1 on a coaxial vapor recovery hose assembly sample,
the hose component intended to convey liquid shall be filled with the test liquid.
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14 Permeation Test (For Low Permeation Hose)

141

14.11

with 14.2 — 14.

General

8 shall not exceed 3.80/0z/ft?/day (10.0 g/m?/day).

14.2 Test equipment

14.2.1

permeation test:

a) Torq

b) Balg
0.0003

c) Taps
in (0.4

d) Taps

e) Test
control

f) A te
temper
orless

g) 33.8

14.2.2 Additi

a) Fuel

b) Caliper or micrometer.capable of measuring to 0.01 in (0.25 mm).

14.2.3 The't
The test fuel U
Fuel C and 1
Rubber Prope

Lie wrench capable of measuring torque from 50 to 130 ft-Ib (68 to 177 N-m);

b 0z (0.01 g);

mm) in internal diameter, or straight or ball-type plug gauge;

5 that are triggered to respond to a Lower Explosive Limit (LEL) detector;

ature of the test chamber to +3°F

nce with a range of 0 to 17.6 Ib (O to 8 kg) or greater, capable of weighing’to g

red plug gauge having a taper of 3/8 in/ft (31.3 mm/m) marked to-indicate var

measure capable of measuring hose assembly lengthto an accuracy of 0.39

chamber capable of maintaining a temperature of100 +3°F (38 +2°C) with

mperature/relative humidity recording device capable of measuring and
(x2°C) and relative humidity to +1 % at inter|
and

fl oz (1000 ml) graduated cylinder,with 0.34 fl oz (10 ml) gradations.

pnal material required to conduct test are as follows:

can and funnel for transferring fuel; and

bst fuel used for the repeated bending preconditioning shall be ASTM Refe

sed for'the permeation test shall be CE-10, consisting of 90 volumes of AST

) volumes of anhydrous denatured ethanol as specified in the Standard Te
ty- Effect of Liquids, ASTM D471 and the Standard SpeC|f|cat|on for Denatureg

The steady state permeation rate for each of five hose assemblies when tested in accordance

Test equipment meeting or exceeding the following specifications shall be used to conduct the

n accuracy of

ations of 1/64

n (1.0 cm);

safety venting

recording the
vals of 10 min

rence Fuel H.
M Reference
st Method for

Fuel Ethanol

th O acalinac rllca g Atitomatin i Qaople Iamitians Daniaa al ACSTAM NACAE

for Blending w
14.3 Genera

14.3.1

£, it o Q! | Y
t-oasothesStor-oSe-asAttormotve \J'JCAI LAY Iul oo =T Iull LAvan | UUI, T TV oToov0.

| test procedure and instructions

The general test procedure involves filling hose assemblies of known dimensions (length and

internal diameter) with a known quantity of fuel, capping the assemblies with a closure device of known
dimensions, and periodically weighing the assemblies. From these weighings, and the hose assembly
dimensions, a permeation rate is calculated for each hose assembly. The test is terminated for each hose
assembly when it reaches steady state permeation as defined by 14.8.

14.3.2 During the test, no hose assembly shall exceed a fuel loss of more than 5 % of the initial fuel
charge. Before a 5 % fuel loss occurs, the hose assembly shall be removed from the test chamber,
emptied of fuel, and refilled, as described in 14.7.6.
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14.3.3 When storing, handling or transporting hose assemblies care must be taken to assure that
anything that comes in contact with the assembly is clean, so as not to contaminate the hose assembly
and affect the weighings.

14.3.4 Care must be taken to avoid spilling fuel on the hose or fittings during filling and emptying of the
hose assemblies. A vise or similar device shall be used to secure the hose assembly when capping,
uncapping or filling the hose assemblies. In the event of spillage of fuel onto the hose assembly, the hose
and fittings shall be immediately wiped dry with a clean rag. The extent and time of the spillage shall be
recorded.

14.3.5 All masses shall be measured and reported in ounces (grams) to £0.00035 oz (0.01 g).

14.3.6 Durirl]g the permeation test, the hose assembly weighings shall be at the same fime (£30 min)
each day, with at least 48 h between weighings (typically weighing on Monday, Wednesddy and Friday).
The time of each weighing shall be recorded within +1 min.

14.3.7 The following capping procedure shall be followed:

a) When capping hose assemblies with NPT style threaded couplings, a standard NPT cap and a
pipe joint sealing compound or tape certified for flammable and combustible ligliid dispensing
applications shall be used. Alternatively, other methods 0f sealing the threads [on NPT style
couplings that reflect common in-use practice for sealing®hose assemblies of thiq type shall be
used |f so requested and supplied by the submitter., The threaded joint of the|capped hose
assemnbly shall be torqued as specified in Table 14.1¢

b) When sealing vapor recovery hose assembilies, caps representative of the mating|parts to which
the hope assembly is intended to be connected shall be used. The caps shall be tightened to 50 +5
ft-lb (67.79 +6.78 N-m). Alternative capping instructions shall be followed when a submitter
requegts that they be applied in accordance with the installation instructions thaf are routinely
suppli¢d to users with the hose assembly.

Table 14.1
Torque Requirements for Pipe Thread (NPT) Connections
Nominal pipe size Torque
inches Ib-ft (N-m)
1/2 65 88
3/4 85 114
1 100 13
1-1/4 120 163
1-1/2 130 177
14.4 Samples

14.4.1 Six 11 ft (3.35 m) long identical hose assemblies shall be used for this test. Vacuum-assist vapor
recovery hose assemblies shall be provided with the inner tube removed. The samples shall be the same
length +0.39 in (10 mm) and shall be taken from the same production run.

14.5 Pretest procedure

14.5.1 Measure and record the length (L) of each hose assembly to +0.39 in (x10 mm), as measured
from the base of the nut just below the fitting threads or from the O-ring seat for non-NPT fittings. Hose
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that does not lie straight due to its natural curvature shall be straightened by hand using the minimum
necessary tension force or shall be placed in a straight frame.

14.5.2 Measure and record the depth (d) of each style of hose cap +0.197 in (x5 mm) from the start of
the threads, past the end of the threads to the lowest internal depth of the cap.

14.5.3 Measure the internal diameter (D) of the outer hose wall of each hose using a suitable plug gauge
or the equivalent. If the outer hose wall is not cylindrical in geometry, (e.g., corrugated), the internal
diameter shall be determined from dimension drawings submitted with the hose with an average internal
diameter for the outer hose calculated from the maximum and the minimum inner diameter of the outer

hose given in the dimension drawings.

14.5.4 Calcu
as defined in 3

late and record the permeation surface area as defined in 3.12, the hose ass
.10, and the test fuel volume which equals 90 % of the hose assembly volume

14.6 Preconditioning procedure

14.6.1 One
Repeated Ben
number 1. At

bf the six hose assembly samples shall be selected at _random and sub
ding Test (Filled) as specified in Section 13. This hose assembly shall be mark
the completion of this test, the hose assembly shall not'be subjected to the

embly volume

jected to the
ed as sample
Leakage and

Electrical Confinuity test; it shall remain filled and capped until the permeation test is commenced.

14.6.2 Four
(in the same fi
capped as deg

14.6.3 Ther
and shall be m

146.4 Thef
the Repeated
environmental
from the filled

hdditional hose assemblies shall be filled with ASTM Reference Fuel H in the
el containment path) as the assembly subjected to the Repeated Bending Te
cribed in 14.3.7. These assemblies shall besmarked as samples 2 through 5.

bmaining unfilled hose assembly shall’be capped in the same manner as the
arked as sample 6. This sample fuhctions in the test procedure as a blank.

pur filled hose assemblies and-the unfilled assembly shall be placed in the wo
Bending Test (Filled) is €onducted, so that all hose assemblies are subjecte
conditions. The unfilled assembly shall be stored in the work area at a suffi
hssemblies to prevent absorption of evolved fuel vapors.

14.7 Permeation test procedure

same manner
st (Filled) and

filled samples

rk area where
] to the same
cient distance

iner avoiding

14.7.1  Withip 72 h of the completion of the Repeated Bending Test (Filled), the hose assemblies shall be
prepared for the permeation test as follows:

a) Fuel-shall-be—emptiedfromthefilled-hoseassembliesinte—an—appropriate—conts

spilling fuel onto the outside of the hose;

b) The empty assemblies shall be capped with their intended cap and weighed to determine their

unfilled mass.

14.7.2 The five previously filled hose assemblies shall be filled to the test fuel volume (90 % of the hose
assembly volume) £0.34 oz (+10 ml) with CE-10 fuel, and capped as described in 14.3.7.

14.7.3 The five filled assemblies and the capped unfilled assembly shall be configured into a three-coil
configuration and shall, if necessary, be secured in that shape using a means such as a plastic cable ties.
The hose assemblies shall remain in that configuration for the duration of the test, unless the loss of fuel
makes it necessary to refill them, as specified in 14.7.6.
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14.7.4 Each of the six hose assemblies shall be weighed. The mass shall be recorded and the time of
weighing shall be recorded within £1 min.

14.7.5 On each successive weighing day, the coiled hose assemblies shall be removed from the test
chamber, weighed, and returned to the chamber within 15 min. The time of each weighing shall be
recorded and the total mass loss of fuel shall be checked to determine whether it is anticipated that the
fuel loss will exceed 5 % prior to the next weighing.

14.7.6 When, during periodic weighings, it is anticipated that fuel loss will exceed 5 % before the next
weighing, the assembly shall be emptied of fuel, refilled with the test fuel volume of fresh CE-10, capped,
recoiled and weighed. It shall then be returned to the 38°C chamber. The time and date that the refilled
assembly was returned to the chamber, and the mass of the refilled assembly shall be recorded. This

procedure sh
removal.

14.7.7 Whe
assembly sha

bll be accomplished such that the assembly is returned to the test chamber v

 a hose assembly reaches steady state permeation as defined in- 1418, testin
Il be terminated. The permeation test shall be considered completed when all

assemblies have reached steady state permeation.

14.7.8
5.7 oz/ft’/day
chamber tem
assembly sha

14.8 Steady

14.8.1
the procedure

14.8.2 Proc
follows:

a) The
curren
the fug
curren

b) An
assen

If at any time during the permeation test the permeation rate fop a hose assembly

(15.0 g/im?/day) for three consecutive data points,-and all test parameters|
berature are within specifications, the testing of the“a@ssembly shall be termi
Il be considered to not meet the permeation limitset'in 14.1.1.

state criteria

The mass loss rate and the moving average mass loss at each weighing shall be ¢4

in 14.8.2. Steady state permeation-shall be determined using the criteria in 14|

edure for calculating mass, loss rate and 2-datapoint moving average mass Iqg

mass loss at each.weighing shall be calculated for each hose assembly by
t recorded mass from the mass recorded for the immediately previous weighin
| has been refreshed as described in 14.7.6, mass loss shall be calculated by
t recorded mass from the immediately previous refreshed mass;

adjusted_mass loss shall be calculated by subtracting the mass loss for the
bly.(the blank) from the mass loss of each of the filled assemblies;

ithin 1 h of its

g of that hose
five filled hose

s greater than
such as test
nated and the

Iculated using
.8.3.

ss shall be as

subtracting the
g. In the event
subtracting the

unfilled hose

c) ThemasstossTate ozt rday tgimerday) stattbecatcutated by dividing theadjusted mass loss
by the permeation surface area of the hose and by the number of elapsed days since the previous

mass |

oss recording; and

d) After two mass loss rates have been calculated and for each succeeding mass loss rate
datapoint, the 2-datapoint moving average of these mass loss rates shall be calculated by
averaging the current and immediately previous mass loss rates.

14.8.3 Procedure for determining steady state permeation shall be as follows:

a) When mass loss rate data have been obtained for a minimum of 28 days, a least squares fit line
shall be calculated from the current and four most previous 2-datapoint moving averages as
defined in 14.8.2(d). (On a plot of moving average mass loss rate vs. data points, the degree to
which the least squares fit line is horizontal indicates the closeness of the data to steady state
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permeation.) The value of the average (midpoint) and one extreme (end point) of this line, as
plotted over the five datapoints, shall be recorded;

b) The percent variation of the extreme (end point) from the average (midpoint) of the least squares
fit line shall be calculated by subtracting the extreme from the average and then dividing this result
by the average. If the percent variation is within the range of £0.05 (within £5 % of the average),
then the hose assembly has reached its first criteria for steady state;

c) Weight loss data shall continue to be collected and analyzed in accordance with the procedure in
(a) and (b) until the criteria for steady state has been satisfied for two consecutive weighing days;
and

d) The reported steady state permeation rate for the hose shall be the permeation rate at the
average (midpoint) of the least squares fit line calculated in step (a) for the secenfl consecutive
weighing day that the steady state criteria was satisfied.

15 Electrical Resistance Tests for Hose Having Nonmetallic Electrically Conductive Nlaterials
15.1 Generdl

15.1.1 Hose|relying on nonmetallic electrically conductive materials for electrical conductivity shall not
have an elecfrical resistance greater than 70,000 Q/ft (233,000{Q/m) before and after the exposures
specified in 19.4.1 and 15.4.2.

15.2 Samplées

15.2.1 Four samples of coupled hose, each approximately 1 ft (300 mm) in length, measpured between
couplings, shdll be used. A separate sample shalkbé used for each of the exposures specified in 15.4.1.
For samples having an electrically conductive cover, an additional two samples, each approximately 1 ft
(300 mm) in lehgth, capped at both ends, shallbe subjected to the exposures specified in 154.2.

15.3 Apparatus

15.3.1 The qven described in-Standard Test Method for Rubber — Deterioration in an AirlOven, ASTM
D573, a watef bath that maintains a temperature of 189 +3.6°F (87 £2°C), the ohmmetgr specified in
13.3.2, and a ¢old chamberthat maintains a temperature of —40 £3.6°F (-40 £2°C).

15.4 Method

15.4.1 A sepgrate sample shall be subjected to each of the following exposures:

a) 70 £1/2 h in an air oven at 212 +3.6°F (100 £2°C) and then allowed to cool for 1 h at 23 +2°C
(73.4 £3.6°F). The sample shall be open at both ends.

b) A sample capped at one end shall be filled with ASTM Reference Fuel H sealed and conditioned
at 73.4 +3.6°F (23 £2°C) for 168 £1/2 h. The test exposure shall be conducted with the hose
attached to a reservoir filled with the test liquid. After the 168 h exposure the test liquid shall be
drained from the sample and the coupled hose shall be tested immediately.

c) 16 £1/2 h at -40 +3.6°F (-40 £2°C) for hose used down to —40°F (-40°C) or 16 +1/2 h at -65
+3.6°F (-54 1£2°C) for hose marked for use down to -54°C (-65°F). The sample shall be open at
both ends and the electrical resistance, shall be measured from coupling to coupling while the
sample is still in the cold chamber.
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d) 16 £1/2 h in a circulating air oven at 140 £3.6°F (60 £2°C). The sample shall be open at both
ends and the electrical resistance, shall be measured from coupling to coupling while the sample is
still in the oven.

15.4.2 For samples having an electrically conductive cover, a separate sample, empty and capped at
both ends, shall be subjected to each of the following exposures:

a) 168 +1/2 h immersion in distilled or deionized water at a temperature of 189 +3.6°F (87 £2°C)
and then allowed to cool for 1 h at 73.4 £3.6°F (23 £2°C).

b) 168 £1/2 h immersion in IRM 903 Oil at 73.4 £3.6°F (23 £2°C), then blotted to remove oil from
the couplings and tested immediately.

15.4.3 After
electrical resis

the samples have been exposed in accordance with 15.4.1 (a) and (b)\apd 15.4.2, the

stance shall be measured from coupling to coupling.

16 Leakage and Electrical Continuity Test

16.1 General

16.1.1 A hose assembly sample (liquid conveying hose for vapor.fecovery hose assembly sample) shall

not have an
pressurized W
is pressurized

16.1.2 For V
visible signs @

electrical resistance greater than 70,000 Q/ft (233,000 Q/m) before an
ith air, nitrogen or kerosene to 75 psi (518 kPa).for+at least 1 min. While the
, it shall show no visible signs of leakage.

apor recovery hose assembly samples, the hose intended to recover vapors
f leakage after being pressurized with-air, nitrogen, or kerosene to 0.75 psi (5.2

d after being
ose assembly

shall show no
 kPa).

16.2 Sampl

16.2.1 An approximately 24 in (610 mm)-long hose assembly shall be used for this test.

16.3 Apparatus
16.3.1 A sy

kerosene sha
specified in 1]

stem that maintains a pressure in a hose assembly sample filled with a
| be used.~The pressure shall be measured with a calibrated pressure gauge.
.3.2 shallbe used for measuring the electrical resistance of the hose.

r, nitrogen or
The ohmmeter

16.4 Method

16.4.1 The electrical resistance from coupling to coupling shall be measured by means of the
appropriate ohmmeter specified in 13.3.2. When the coupling has a swivel, the swivel shall be rotated
360° while the leads of the ohmmeter are attached to the couplings, and the highest reading obtained shall
be considered the resistance of the hose assembly sample. The hose assembly sample (liquid conveying
hose for vapor recovery hose assemblies) shall then be pressurized to 75 psi (518 kPa) with air, nitrogen
or kerosene and held for at least 1 min. The hose assembly shall be observed for leakage at the test
pressure, and the electrical resistance shall be measured while the hose assembly is at 75 psi (518 kPa).
When testing with air or nitrogen, the sample shall be immersed in water. When leakage occurs using air
or nitrogen, the test shall be repeated with kerosene maintained at 75 psi (518 kPa) for one min. If no
leakage is observed and the electrical resistance is less than that specified in 16.1.1 the hose assembly
sample shall be considered acceptable.
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16.4.2 For a vapor recovery hose assembly sample, the hose intended to recover vapors shall be
separately pressurized to 0.75 psi (5.2 kPa) with air or nitrogen. The hose assembly sample shall be

observed for leakage at the test pressure.

17 Swivel Joint Operation Test

171

17.11

General

An approximately 24 in (610 mm) hose assembly sample having couplings with swivel joints shall

comply with the requirements for leakage and electrical continuity specified in 16.1.1 after being subjected
to 100,000 cycles of operation as described in 17.3.

17.2 Samplé

17.2.1 An af
be used for thi

17.3 Method
17.3.1 Prepd

containing AS
psi (345 kPa).

swivel joint is fotated through an arc of 180° at a rate of not more than 30 cycles/min. If the h

sample is co
simultaneousl
the initial posit

17.3.2 Durin
the plane of ro
be applied at
Swivel Joint G
applied on thg
examples.

proximately 600 mm long hose assembly sample having couplings with swi
5 test.

ratory to the test, the hose assembly sample shall’ be” connected to a t
M Reference Fuel H. For the duration of the test, thie Jiquid shall be under a j
The operating mechanism shall be arranged so_that, during each cycle of of

nstructed with more than one swivel joint, and it is not feasible to ope
, then any one joint may be operated separately. Rotation of the joint 180° an
on shall be considered one cycle of operation.

j the cycling, a force of 20 Ibf (89 N) shall be applied to the swivel at an ang
tation, in a manner such that the-force acts as a bending moment at the joint. T
the point on the swivel farthest from the joint. Depending on the swivel cor
peration Test may need to*be conducted on additional samples of the swivel
opposite side of the plane of rotation. See Figure 17.1, Figure 17.2, and F

el joints shall

pst liquid line
ressure of 50
eration, each
pse assembly
rate all joints
i then back to

e of 45° from
he force shall
struction, the
with the load
gure 17.3 for
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Figure 17.1

Application of Test Force for Axial Swivel

|

90N
su2391

1 — Direction of Rotation
2 — Plane of Rotdtion

Figure 17.2

Application of Tést Force for Compound Swivel
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.
(:) T T _]_ 1 45 <::)
_________ | 1
|
Lo I
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45°
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1 — Direction of Rotation
2 — Plane of Rotation

3 - Side One

4 — Opposite Side
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1 — Direction of R

2 — Plane of Rotat

3— Opposite Side

Figure 17.3

Application of Test Force on Compound Swivel with 45° Outlet
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18 Check Valve Endurance Test

18.1 A checl

valve, whose failure would allow, leakage from the liquid conveying portion

the vapor recgvery portion of the hose of.a vapor recovery hose assembly sample, shall

intended man
and after the
inoperative aft

18.2 The ch
aerostatic pres

18.3 Followi

er the endurance test.

bck valve shall be”operated for 100,000 cycles. One cycle is completed b
sure sufficient.to unseat the valve and then releasing the pressure.

appropriate liguid-or'aerostatic pressure of 1-1/2 times its maximum design pressure.

ner when tested as describéd’in 18.2 and 18.3. There shall be no external |g
endurance test. There shall be no sticking of the valve, nor shall the v

g thescompletion of the endurance test, the sample shall not leak when su

F

pf the hose to
perform in its
akage before
alve become

applying an

bjected to an

19 Pull Test

19.1

19.11

General

conditioning, as described in 19.4.1.

19.2 Sample

19.21

A hose assembly sample shall withstand a 400 Ibf (1.8 kN) pull force, as-received and after

Two hose assembly samples each having a length of approximately 1 ft (300 mm), shall be used.
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19.3 Equipment

19.3.1 A power-operated machine, as described in the Standard Test Methods for Vulcanized Rubber
and Thermoplastic Elastomers — Tension, ASTM D412, shall be used. The rate of travel of the power-
actuated grip shall be 1.0 £0.1 in/min (25.4 £2.5 mm/min).

19.3.2 The oven specified in Standard Test Method for Rubber — Deterioration in an Air Oven, ASTM
D573, shall be used for this test.

19.4 Method
19.4.1 One sample shall be conditioned at 73 4 +3 6°F (23 +2°C) for at least 24 h and one sample shall

be placed in gn oven for 70 £1/2 h at a temperature of 212 +3.6°F (100 £2°C). After the oveh conditioning,
the sample shall be allowed to cool at 73.4 +3.6°F (23 +2°C) for at least 24 h.

19.4.2 The ¢ouplings on each end of the sample are then to be connected to corresponding fittings. The
resulting assembly shall then be placed in the tension testing machine and connected sof that both end
fittings, the cquplings, and the hose element have a straight centerline corresponding to the direction of
the machine gull. The machine grips shall be separated until the specified pull force has beeh reached.

20 Adhesion Test
20.1 General
20.1.1 The adhesion between the cover and the fabric.or wire reinforcement, between th¢ tube and the
fabric reinforcement, and between the plies of fabric_reinforcement shall be such that the rat¢ of separation
of a ring-shaped specimen, 1 in (25.4 mm) in width! is not greater than 1 in/min (25.4 mm/min) — when a

weight of 10 Ip (4.5 kg) is applied.

20.1.2 The adhesion between the tube.@nd wire reinforcements and between wire braidg shall be such
that they adhgre to each other.

20.1.3 Hosg having components.with less adhesion than specified in 20.1.1 and 20.1.2 anfd hose without
reinforcemen{ shall comply withthe requirements of Sections 21 and 22.

20.1.4 The requirements in 20.1.1 and 20.1.2 are not intended for light fabric braids imbedded in or
vulcanized to|the cover or tube for the primary purpose of improving the adhesion between the cover or
tube and the rleinforcements.

20.2 Sample

20.2.1 1 in (25.4 mm) wide ring-shaped specimens cut from a representative sample of hose shall be
used for this test.

20.3 Apparatus

20.3.1 Adhesion tests shall be conducted with the type of apparatus described for the Static-Mass
Method for ring specimens specified in the Standard Test Methods for Rubber Property — Adhesion to
Flexible Substrate, ASTM D413.

20.4 Method

20.4.1 A band saw with a sharp, fine blade has been found acceptable for preparing samples.
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20.4.2 The tests shall be conducted in accordance with the Static-Mass Method test methods for ring
specimens outlined in the Standard Test Methods for Rubber Hose, ASTM D380. The adhesion between
the tube and wire reinforcements and between wire braids cannot be determined by this method. Attempts
shall be made to separate these components by hand.

20.4.3 The adhesion shall be taken as the rate obtained by dividing the total distance separated in
inches (mm), to the nearest 1/32 in (0.8 mm), by the elapsed time in minutes.

21 Deformation Test

21.1  When required by 20.1.3, the hose shall show no visible signs of damage and shall comply with the
requirements of the Hydrostatic Strength Test, Section 11, after having been subjected to the deformation
procedure in 21.2.

21.2 The center portion of an 18 in (457 mm) length of coupled hose shall be subjected tp 50 cycles of
deformation where the sample is compressed and decompressed by a square steel plate npjeasuring 6 in
(152 mm) on [a side, mounted on a compression testing machine moving at arate of 0.% in/min (12.7
mm/min). The[sample shall be compressed to a point where the opposite sides-of the tube jyst touch each
other, and thgn the plate shall be returned to its original position. After 50 cycles the sample shall be
visually examihed for damage and shall be subjected to a hydrostatic pressure of 250 psi (1,23 kPa) for 1
min.

22 Kink Tes
22.1  When required by 20.1.3, the hose shall show nowisible signs of damage and shall comply with the

requirements of the Hydrostatic Strength Test, Section\ 11, after having been subjected to thg procedure in
22.2.

22.2 An approximately 1 ft (305 mm) length*of’coupled hose shall be subjected to 100 cycles of bending
around a 3 £0L.06 in (76.2 £1.5 mm) diameter mandrel. Each cycle shall consist of bending the center of
the hose 1809 around the mandrel incone direction (the natural curvature of the hose) and then in the
opposite direction. The hose shall be bent at a rate of 8 — 12 s for each bend. The sample|shall then be
visually examihed for damage and.subjected to a hydrostatic pressure of 250 psi (1,724 kPa] for 1 min.

23 Tensile §trength andUltimate Elongation Tests
231 Generdl

23.1.1  For hpseycomponents subjected to frequent or continuous exposure to fuel, liquid| or vapor, the

tensile strengthsrmattmotbetessthanm 1,000 psi(6;895 kPa), and the uitimateetongationshall not be less
than 150 %, [from 1 to 2-1/2 in (25.4 to 76.2 mm))].

23.1.2 For hose components subjected to occasional splashing of fuel, the tensile strength shall not be
less than 1,000 psi (6,895 kPa), and the ultimate elongation shall not be less than 200 %, [from 1 to 3 in
(25.4 to 76.2 mm)].

23.1.3 When the component is a multi-layer construction, the layer in direct contact with fuel shall be
subject to these requirements.
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