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Low-Permeation Fuel Fill and Vent Tube

1. Scope—This SAE Standard covers the minimum requirements for a low-permeation tubing (100 g/mz-day or
less) for usg as a low pressure (14.5 kPa) liquid- or vapor-carrying component for use in gasoljne or diesel fuel
filler, vent, and vapor systems. The construction shall be designed to be functional over'a temperature range
of —40 °C to| 100 °C for the T1 designation, or —40 °C to 125 °C for the T2 designation.

1.1 Rationale—Reviewed by SAE Non-Hydraulic Hose Committee and reinstatedwithout changg.

2. Reference

2.1 Applicable Publications—The following publications form a part-efithe specification to the|extent specified
herein. Unlgss otherwise indicated the latest revision of SAE publications shall apply.

2.1.1  SAE PuBlicaTION—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 16096-0001, Tel:
877-606-71323 (inside USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1737—Recommended Practice for Measurement of Permeation Resistance by the Recirculation
Technique

2.1.2 ASTM PUBLICATIONS—AVvailable from ASTIM, 100 Barr Harbor Drive, West Conshohocken, |PA 19428-2959,
Tel: 610-8B2-9585, www.astm.org.

ASTM [ 380—Methods of Testing Rubber Hose

ASTM D) 413—Test Methodsfor Rubber Property: Adhesion to Flexible Substrate

ASTM D) 471—Test for Rubber Property: Effect of Liquids

ASTM D) 1149—Test Method for Rubber Deterioration: Surface Ozone Cracking in 4 Chamber (Flat
Specimens)

2.2 Related Publications—The following publications are provided for information purposes only and are not a
required pavlt of this document.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright © 2007 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org
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SAE PUBLICATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel:
877-606-7323 (inside USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J30—Fuel and QOil Hoses

SAE J1645—Fuel System Electrostatic Charge

SAE J1681—Gasoline/Methanol Mixtures for Material Testing

SAE J2260—Nonmetallic Fuel System Tubing With One or More Layers

ASTM PUBLICATIONS—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM O25+—BGResistance-er-Conductance-oHnsulating-Materals
ASTM 0 412—Test for Rubber Properties in Tension
ASTM 00 573—Test for Rubber: Deterioration in an Air Oven

RMA PuBlicATION—Available from Rubber Manufacturers Association, 1400 K ,Street, NW, Suite 900,
Washingtgn, DC 20005, Tel: 202-682-4800, www.rma.org.

RMA IP{2—Method for Measuring Electrical Resistance of Hose
Constructign—The construction typically consists of a smooth bere or laminated tube |pof one or more
synthetic rupber compound(s) and/or thermoplastic material(s)-resistant to chemical attagk, swelling, and
permeation py gasoline, alcohol extended gasoline, or diesel fuel. It may also be covered wjth a suitable oil,
ozone, and heat-resistant synthetic rubber compound or thermoplastic. The specific construction details are to
be agreed bgtween the supplier and the original purchaser;

Dimensions$

The ends of|the tube shall be square within 3.0-mm for sizes up to but excluding 25.4 mm ID, .4 mm for sizes
25.4 mm thrpugh 50.8 mm ID, and 9.5 mm for'sizes over 50.8 mm ID. Reference Table 1.

When tubing is supplied in specific cut(orlong lengths, the length tolerances shall be as in Tafljle 2.

End squareness shall be measuredas the angle between a plane intersecting the long and short extremes of
the tube end and a plane perpendicular to the tube axis. The allowable maximum out-¢f-squareness is
specified in Table 1.

is supplied,yas a preformed item, the tolerance shall be as follows:

Squarenesg of Ends—The tolerance on squareness of ends of preformed parts shall be a minimum 15% of
the nominal tube'OD on all sizes through 25.4 mm ID, 6.3 mm for sizes over 25.4 mm ID through 50.8 mm ID,
and 9.5 mm i f 41,

Arms Lengths—Measured from end to intersection of nearest centerline. Each end shall be as described in
Section 4. These tolerances apply also to the length of an expanded end.

General Layout—Dimensions locating bend intersections are to establish the theoretical centerline of the
tube. Actual outside contour of the tube must be held within 4.8 mm in all planes with respect to the theoretical
outside contour. To check contour, tube ends should first be placed in nominal position (it may have to be
flexed to correct any distortion caused by handling after vulcanization in the producing plant or in shipment) in
a checking fixture made in accordance with user requirements from which contour deviation can be measured.
Allowance shall be provided in the end-mounting area of the fixture for the arm length tolerances which are
applicable.



https://saenorm.com/api/?name=3284f0697ed97d2ba9cd29885932f55c

SAE J2405 Reaffirmed JUL2007

When the ID of an end of the tube is enlarged, the wall gauge of the enlarged end normally changes.
Allowable change should be +0.8 —-0.5 mm. The wall gauge within bends of a preformed tube may differ from

the gauge in straight portions. The difference shall not exceed 33%.

TABLE 1—DIMENSIONS AND TOLERANCES

Nominal Inside Outside End Out-of
Size Diameter Diameter(! Squareness
mm mm mm Angle, Deg®
4.0 40+04 9.1+0.6 14.5
4.8 48+04 10.3+0.6 14.4
5.6 5.6+04 11.1+0.6 14.3
6.4 6.4+04 12.7 £ 0.6 14.2
7.0 70+04 13.5+0.6 141
7.9 79+04 143+0.6 14.0
8.7 8.7+04 15.1+0.6 14.0
9.5 95+04 159+ 0.6 139
11.1 11.1+0.6 18.3+0.8 13.7
12.7 12.7+ 0.6 19.8+0.8 13.5
15.9 159+0.8 23.8+0.8 13.1
19.1 19.1+0.8 28.6+0.8 12.7
254 254 +0.8 349+1.6 12.0
31.8 31.8+1.0 not specified® 11.2
38.1 38.1+£1.0 not Speciﬁed(S) 10.4
44.5 445+1.0 net specified® 9.7
50.8 50.8+1.0 Aot Speciﬁed(s) 8.9
57.2 57.2+1.0 not specified® 8.1
63.5 63.5 +4/0 not specified® 7.4

1. Concentricity based'on total indicator reading between the inside bore
and the outer surface of the tube shall not exceed the values given as
follows:

Sizes 6:4mm and under:0.762 mm

Sizes ‘over 6.4 mm up to 12.7 mm:1.016 mm

Sizes-over 12.7 mm:1.270 mm

2.\ /Fhese values were determined by the equation:

A =15degrees—-KXD
where:
A = Maximum out-of-squareness angle
K =0.12 degree per mm of diameter (a slope factor derived
from linear best-fit previous squareness requirement)

D = Nominal inside diameter in millimeters
3. The wall gauge for sizes 31.8 mm to 50.8 mm shall be between 4.3 to
5.9 mm, and for sizes 57.2 mm to 63.5 mm, between 4.3 to 6.4 mm.
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TABLE 2—CUT OR LONG LENGTH TOLERANCES

Length Precision Commercial
m mm mm

0-0.3 +3.0 +9.5/-3.0
over 0.3-0.6 +4.8 +9.5/-4.8
over 0.6-0.9 +6.3 +12.7/-6.3
over 0.9-1.2 +9.5 +12.7/-9.5

over 1.2-1.8 +12.7 +19.0/-12.7
over 1.8 +1% +2%/0%

Tests—Proq
otherwise s

Qualification Testing—In order to qualify under this specification, tube or the assembly m

applicable tg
and user. T
thickness c4

Frequency
permeation

Inspection
vacuum col
required).

Frequency
to be agreed

Test Requilements
]'e

Burst Test

edures described by ASTM D 380 are to be followed. All temperature tolerances
ecified.

bre +2 °C unless

ust meet all the

st requirements of Section 7. Tube for testing will be 12.7 mm ID oragréed upon lbetween supplier

he construction must be representative of constructions of all other sizes. The im
nnot be reduced with other sizes.

pf Testing for Qualification—Qualification testing to bg performed once each
esting which only needs to be tested initially.

Festing—ON tube or the assembly, the following’/inspection tests shall apply:
apse, (7.11.1) original adhesion, (7.12) Kink resistance, and (7.6) electrica

bf Testing for Inspection and Quality-Acceptance Standards—Quality accept
upon between supplier and the original purchaser.

nspection Test on all.sizes)—The minimum burst shall be 350 kPa per ASTM [

Vacuum C
assembly s

lapse Test (Inspection Test on all sizes)—For straight tube, a 1 m length
all be held in a\straight line. On preformed parts, the vacuum collapse test shall

permeable layer

year except for

7.1) burst, (7.2)
conductivity (if

ance standards

380.

of tube or the
be performed on

the finished part. No diameter shall decrease by more than 20% during application of vacuuim for a minimum
ot more.than 60 s. Tube sizes as listed in Table 3 shall be subjected to the corres|

of 15 s and
pressure:

ponding vacuum

Tube ID Size Vacuum Pressure
<12.7 mm 81 kPa
12.7 t0 25.4 mm 34 kPa
>25.4 mm to 44.5 mm 14.3 kPa

>44.5 mm limit to be agreed upon between supplier and manufacturer

Low-Temperature Flexibility (Qualification Test)—Fill tube with Reference Fuel C and seal both ends.
Allow it to condition at 23 °C for 168 h. Drain the fuel. Immediately expose the tube along with a mandrel that
is 10 times the nominal OD to a temperature of —40 °C for 24 h. Bend the tube or sample around the mandrel
while keeping both at the prescribed temperature. It shall not fracture and shall not show cracks, checks, or
breaks in any of the layers of construction.
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Original Material Properties (Qualification Test)—The test procedure and apparatus shall be in accordance

with ASTM D 412, where applicable.

Original Tensile Strength of Cover—7 MPa min

Original Tensile Strength of tube or Laminated Tube—7 MPa min
Original Elongation of Cover—150% min

Original Elongation of Tube or Laminated Tube—150% min

coop

Heat Resistance (Qualification Test)—Expose a 300 mm length tube for 1000 h at the
temperature. The test temperature for a T1 construction is 100 °C and 125 °C for the

Remove the tube from the oven and allow to cooI to room temperature for a m|n|mum of 2 h.

tube shall sjow no cracks or breaks.

Electrical Clonductivity (Inspection Test on all sizes)—The purpose is to provideca~econdu
dissipate any static electrical buildup. This test is required only for tube that will be/designat

prescribed test
T2 construction.

Bend it over a
nd outside. The

ctive pathway to
pd as electrically

conductive.

An entire tue (maximum length 610 mm) will be used for this test, unless its/length exceeds 6

10 mm, at which

time the length for test shall be 610 mm. Insert a brass, steel, or copper-plug or fitting into g@ach end. Place

clamps on each end of the tube and firmly tighten. Attach the ohmmeter electrodes to the pl
Measure the resistance between the plugs while applying 550-\/)DC (+50 V). The max
allowable is 10 MQ.

NOTE 1—The diameter of the plug or fitting should be close to the ID of the tube.

NOTE 2—The tube while under test should be placed:on a nonconductive surface.

igs at each end.
mum resistance

NOTE 3—Ophmmeter must have the capability of measuring resistance from 107" to 108 MQ at 550 V DC.

Oil Resista:l:ce (Qualification Test)—After;immersion in IRM 903 oil for 70 h, at 125 °C per A
volume champge of a sample taken from,the outer layer (or tube, in the case of a monolaye
exceed +60%o.

Fuel Resistance (Qualification Test)—After immersion in ASTM Reference Fuel C for 48
ASTM D 47/, the physicakvalues of the specimens taken from the tube or inner tube, wh
laminated tube, shall not-exceed the change in value as follows:

a. Tengile Change: —-45% max
b. Elongation €hange: —-45% max
c. Volyme-Change: 0 to50%

STM D 471, the
r tube) shall not

h, at 23 °C per
en taken from a

NOTE—If a laminated tube is used, the inner tube must be separated and tested alone. If a satisfactory
test specimen cannot be provided from the inner tube, then a lab prepared test slab is acceptable.

Test for Extractables in Tube (Qualification Test)

a. Apparatus and Reagents

ASTM Reference Fuel C (50 Toluene—50 Isooctane percent by volume)
Methanol, 99% minimum purity

Gooch crucible

Glass fiber filter, Grade 934AH

Beaker—100 mL

Heating unit
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Specimens—Tube under test shall be 300 mm long; plugged at both ends with metal (aluminum or
steel) plugs to retain the fluid. Calculate inside surface area based on the actual inside diameter of the
tube for its total effective length. The total effective length of tube with end plugs inserted shall be
274 mm.

Procedure—Record tube actual inside diameter, length, and inside surface area. Preferred method is
with plug gauges to nearest 0.025 mm. Fill tube with ASTM Reference Fuel C. Allow to stand for 24 h

at temperature of 23 °C.

NOTE—Solubility of waxy hydrocarbon is affected by temperature.

Take u

tareq
bea
crug
areg
2.5

7.10 Ozone Resistance—The test procedure and apparatus shall be in accordanee with ASTM

applicable.

San
time
Copj
For
spe
Afte
The
tem
of 2
ratin

a.

NOTE—This

be ignored.

7.11 Adhesion

7.11.1 ORIGINAL 4
direction.
enough to
Machine N
shall be 1,

C methanol.

O

erature 23 °C £ 2 °

er and dry in a 65 to 90 °C oven for 1 h to insure complete evaporation of meth
ible and tared beaker and determine mass of extractables expressed as g/m2 usi
of tlzjbe in contact with Reference Fuel C. Value for total waxy extractables s
g/m=.

ple Preparation—For straight tube, sufficient length shall.be bent around a mand
s the nominal OD of the specimen. The two ends shall be tied at their crossin
per or aluminum wire.

preformed parts, prepare a specimen by cutting.a"strip of tube 12.7 mm x 100
timen (cover out) around a 12.0 mm diameter mandrel.

I mounting, the specimen shall be allowed:{e rest in an ozone-free atmosphere f
mounted specimen shall be placed in a.test chamber containing ozone at 100 m
perature of 40 °C for 70 h. Remove the'specimen from the chamber, allow to cool
B °C. The specimen cover shall be-visually inspected under 7X magnification and
g except for the area immediately adjacent to the wire, which shall be ignored.

test applies to the cover only and cracks in the exposed tube or cut edges of th

ADHESION (INSPECTION TEST ON ALL SIZES)—Cut 25 mm samples out of the tube i

test the-adhesion between all adjacent layers. When tested in accordance wi
lethod;, Strip Specimen—Type A, 180° Peel, the minimum force required to separg
4 N/mm or stock tear.

Filter this solution on the

rucible in tared
nol. Weigh the
g inside surface
all be less than

D 1149, where
el with OD eight
) with enameled
mm long and tie
br 24 h at 23 °C.
Pa + 5 mPa at a

o a temperature
must meet a “0”

b cover shall

h the transverse

The numberof samples to be tested is dependent on the construction of the tulpe but should be

h ASTM D 4183,
te the two layers

7.11.2 AGED ADH

a.

1.

ESION (QUALIFICATION TEST)

Sample conditioning

Use tube from the permeation test (7.13)

2. Alternate method

Plug one end of the tube to be tested. Fill with test fuel CM15.
Plug the other end in such a manner that it can be periodically removed.
Expose the filled tube to a temperature of 40 °C for 1000 h continuously.

Cha

nge the fuel every 168 h.
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