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Nonmetallic Fuel System Tubing with One or More Layers

1. Scope

This SAE Standard presents the minimum requirements for nonmetallic tubing with one or more layers
manufactured for use as liquid-carrying or vapor-carrying component in fuel systems for gasoline, or
alcohol blends with gasoline. Requirements in this document also apply to monowall tubing (one layer
construction). When the construction has one or more layers of polymer-based compounds in the wall,
the multilayer constructions are primarily for the purpose of improvement in permeation resistance to
hydrocarbons found in various fuels. The tube construction can have a straight-wall configuration, a wall
that is convoluted or corrugated, or a combination of each. It may have an innermost layer with improved
electrical conductivity for use where such a characteristic is desired. The improved electrical conductivity
can apply to the entire wall construction, if the tubing is a monowall. (For elastomeric based MLT
constructions, refer to SAE J30 and SAE J2405).

Unless otherwise agreed to by suppliers and users this document applies to tubing for any portion of the
fuel system that might operate continuously at temperatures above -40 °C and below 90 °C and up to a
maximum working gage pressure of 450kPa. The tubing can be used at the peak intermittent temperature
up to 115 °C.

This document can apply to systems that operate at higher pressures and/or are exposed to higher
temperatures. For higher pressures, the acceptance criteria of section 7.2 must be correspondingly
changed. For higher temperatures, the acceptance criteria of sections 7.2 and 7.14 remain the same, but
apply at the higher temperature. The selection of higher temperatures and pressures that could be used
for this document would be the decision of the end user and supplier of the specific fuel/fuel vapor system
in question.

There are three types of tubing covered by this specification, based on the type of application for which
the tubing is intended to be used:

e High pressure, liquid fuel line is tubing that handles liquid fuel at pressures up to 450 kPa pressure,
and can handle the maximum pressure requirements identified in sections 7.1 and 7.2. These are
typically the smaller diameter tubes identified in Table A1.
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e Low pressure, liquid fuel line is tubing that is regularly exposed to liquid fuel, but is subjected to
pressures that are under 50 kPa (e.g. fuel filler pipes). These are typically the larger diameters
identified in Table A1.

e Fuel vapor tubing is tubing that handles fuel in vapor form or some liquid condensed from vapor, and
operates at a working gauge pressure that does not exceed 20 kPa.

In some cases, a distinction is made in the criteria that apply to tubing used to carry liquid fuel compared
to tubing used to carry fuel vapor. These are identified separately in each section.

2. References
2.1 Applicable Publications

The following publications form a part of this specification to the extent specified herein. Unless
otherwise indicated, the latest issue of SAE publications shall apply.

2.1.1  SAE PUBLICATIONS
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J30—Fuel and Oil Hoses (R11: Low Permeation Fuel Fill and Vent Hose and R12: Low Permeation
Fuel Feed and Return Hose)

SAE J1645—Recommended Practice Covering Electrostatic Charge in Fuel Systems

| SAE J1681—Gasoline, Alcohol and Diesel Surrogates for Material Testing

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

SAE J1960—Accelerated Exposure of Automotive Exterior Materials Using a Controlled Irradiance
Water-Cooled Xenon-Arc Apparatus

SAE J2027—Standard for Protective Covers for Gasoline Fuel Lines

SAE J2044—SAE Quick Connector Specifications for Liquid Fuel Systems

SAE J2045—Tube/Hose Assemblies

SAE J2405—Low Permeation Fuel Fill and Vent Tube (Elastomer Hose)

SAE J2663—Test Procedure to Measure Permeation of Elastomeric Hose by Reservoir Weight Loss
Method

2.1.2 ISO PUBLICATIONS
Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002.
ISO 527—Plastics—Determination of tensile properties

ISO 4639-3—Rubber tubing and hoses for fuel circuits for internal combustion engines specification—
Part 3: Oxidized fuels
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2.2 Related Publications

The following publications are for information purposes only and are not a required part of this document.

2.2.1 ASTM PUBLICATIONS

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM D 412—Test Methods for Rubber Properties in Tension

ASTM D 4000—Classification System for Specifying Plastic Materials

ASTM D 4066—Specification for Nylon Injection and Extrusion Materials

3. Installation, Assembly, and Handling Recommendation

3.1 End Fittings

End fittings can be assembled to the tubing providing that they do not cause mechanical damage to the

tubing that results in decreased performance. Assemblies manufactured with tubing described in this

document and end fittings must meet all of the requirements of SAE J2045.

3.2 Support and Routing

When installed in a vehicle this tubing shall be routed and supported so as to:

a. Prevent chafing, abrasion, kinking, or other mechanical damage.

b. Be protected against road hazards by installation in a protected location or by providing adequate
shielding in vulnerable areas.

c. Be protected from heat by proper clearance or the addition of insulation and/or heat shielding (refer to
SAE J2027), for use in applications where temperatures exceed the upper limits of 115 °C.

3.3 Handling

Tubing ends should be protected during handling and storage to prevent internal contamination.

4. Construction

Tubing shall consist of an extrudate of one or more layers within the body of the wall. The dimensions

and tolerances of the one or various layers shall be expressed in millimeters and the material name

should be called out on the drawing.

41 Materials

The requirements of this document apply to the tubing as a whole and not necessarily to the individual
materials used in the construction of the tubing

For monowall tubing, the material used must meet all applicable exposure criteria described in this
document.
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4.1.1 OUTER LAYER

If the tubing in question must be conductive (as described in section 7.9), the outer layer material should
not be the one that has that characteristic. The only exception would be if the innermost layer were at
least equally conductive and the two layers are bonded as defined in SAE J1645. Refer to 4.3 for
comments on color.

4.1.2 INNER LAYER

If tubing must be conductive as described in section 7.9, the innermost layer must have that
characteristic.

The materials used in the inner layer must be able to withstand contact with road chemicals. The inner
layer of the tubing can be exposed to such an environment at the "ends" that are attached to the various
connection points in a fuel system. It is for this reason that the ends of the tubing are also exposed to the
environmental stress crack resistance test in 7.12.

4.2 Regrind

Tubing may be manufactured using regrind within the limits specified in this section and providing the
tubing produced will meet all the performance requirements of this document.

4.2.1  REGRIND LIMITATIONS
4.2.1.1  Regrind of a specific resin can only be blended with identical virgin resin.

4.2.1.2 Regrind must be free from contamination from other resins or foreign matter except as allowed
in4.2.1.4.

4.2.1.3 Regrind from one layer of a multilayer tube must only be blended and used in the same layer.

4.2.1.4 Regrind created by grinding up a specific multilayer tube construction can only be used as a
separate layer within a specific multilayer construction provided:

4.2.1.4.1  The multi-resin regrind layer is not the outer or inner layer of the tube wall.

4.2.1.4.2 The multi-resin regarding layer thickness does not exceed 10% of the tube wall thickness.

4.2.2 REGRIND QUALIFICATION

4.2.2.1 Tubing whose wall or a layer in the wall is manufactured from regrind blends must meet all the
requirements of this document. Qualification consists of demonstrating and documenting the
capability of such tubing by passing all the test requirements of this document.

4.22.2 A single blend of regrind and virgin resin must be qualified. Once qualified, any blend of

regrind less than the amount qualified may be used. Any blend of regrind greater than the
amount qualified must be fully qualified separately.
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4.2.2.3 A single construction of multilayer tubing in which one layer is regrind must be qualified. Once
qualified, the thickness and position of the regrind layer is fixed but any blend of regrind less
than the amount qualified may be used in the regrind layer.

4.2.2.4 Qualification of a regrind/virgin resin blend applies only to the manufacturer who developed the
regrind blend and tubing construction and obtained the qualification.

4.2.3 REGRIND GUIDELINES

4.2.3.1 If single resin regrind is used to produce monowall tubing or the inner or outer wall of multilayer
constructions the amount of regrind in the blend shall be limited to 10% max.

4.2.3.2 Use of regrind might have an effect on the long term capability of tubing to resist exposure to
long term heat aging or zinc chloride. The end user should be consulted to determine if more
aggressive testing is necessary than listed in this document.

4.3 Color

The outside layer of the tubing constructions is usually black although, alternative colors are permissible,
if necessary, for purposes of color-coding. The following criteria must be met:

a. The tubing color and the label color must be such that there is sufficient contrast to achieve easy
readability.

b. Material used in outside layer of the MLT or as the material of the monowall tubing should be U.V.
stabilized to withstand expected exposure (either with an additive or by the inherent characteristics of
the material). Requirements necessary to adequately resist sunlight exposure will depend strongly
on the application. The end user must be consulted for specific standards to be met. As a general
guideline, also refer to SAE J1960.

4.4 Identification

441 The following minimum information, in the order listed, is required. Additional information and/or
another lay line may be added: SAE J2260 — L-D-Type-XX/YY-P.

L refers to the construction of the tubing: (S for single layer and M for more than one layer)
D refers to the reference size in mm from Tables A1 located in the Appendix.
c. TYPE refers to the type of tube as indicated by two descriptions.
1. The first description (xx) refers to conductivity and has 2 options:
C: This is a tubing that is conductive as defined by Section 7.9
N: This is a tubing that is non-conductive (the requirements of section 7.9 do not have to be
met)
2. The second description is (YY) refers to pressure application and has 3 options:
HPF: This is a type of tubing described in the scope as high-pressure liquid fuel line.
LPF: This is a type of tubing described in the scope as low-pressure liquid fuel line.
V: This is a type of tubing described in the scope as one that handles fuel vapor or
evaporative emissions.
These two descriptions are included by printing them with a “slash” line separating them. Two
examples of this “type” as printed on the tubing would be:
C/HPF and N/V

oo
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d. P refers to the permeation category as determined by the procedures described in 7.10. It shall be a
single digit that is identified from 7.10.5.

If it is not practical to print on the outside of the tubing (convoluted tubing or tubing with an outside
surface that is not smooth, for example), then the labeling will be done by a tag or loop of tape
permanently attached to the outside circumference of the tubing. Such labeling must be repeated
every 500 mm or less along the entire length.

For convoluted or corrugated tubing, the necessary printing can be done by the labeling or tagging
procedure that is described. An acceptable alternative is to print the necessary wording only on each
straight end section.

4,42 EXAMPLES OF IDENTIFICATION
The following are examples of appropriate identification of a tubing

a. SAE J2260 — M-8-C/HPF-2: This is a multilayer tubing construction with an 8mm nominal O.D. It is
conductive and is targeted toward a high pressure liquid fuel application; permeation category is 2.

b. SAE J2260 — M-28-C/LPF-1: This is a multilayer tubing construction with a 28mm nominal O.D. It is
conductive and is targeted toward a low-pressure liquid fuel application; permeation category is 1.

c. SAE J2260 — S-14-N/V-4: This is a monowall tubing with a 14mm nominal O.D. It is non-conductive
and is targeted toward a fuel vapor application; permeation category is 4.

5. Dimensions
5.1 Tubing Sizes and Dimensions
5.1.1 DIAMETERS

Tubing diameters refer to outside diameter (O.D.); standard sizes and their tolerances are listed in Tables
A1 and A2 in the Appendix.

5.1.2 WALL THICKNESS

There are numerous factors that can have an influence on the wall thickness that is selected; for
example:

a. The burst pressure of a given tube construction and diameter is a function of its wall thickness.

b. As walls become thicker, the minimum bend radius increases for a given tube diameter (for a free-
form bend).

c. For MLT constructions with elastomeric covers, the critical dimension is the ID. The wall thickness is
determined by the materials utilized and the requirements of the application

\ d. Tubing wall thickness may differ for convoluted/corrugated wall (refer to Section 6.3)

The result of all these factors is that the end user must be consulted to determine all requirements. The
wall thickness is then determined by those requirements and the materials selected for the various layers
of the multilayer tubing or for the monowall tubing.

Details on available standard wall thicknesses and their tolerances are found in Tables A1 and A2.
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5.2 Minimum Bend Radius

When a tubing is routed as part of a vehicle system, there are occasional "free-state" bends that occur.
Care must be taken to ensure that such bends do not attempt to create radii that are so tight that the
inside dimensions of the tubing distort excessively. Minimum bend radius details for tubing conforming to
this Recommended Practice are described in 7.3.1. Tubing may be qualified to minimum bend radii
smaller than indicated by the appropriate table referenced in 7.3.1, using the procedure of 7.3.2.

If it is known that the tubing under consideration will be used only as a CVT (refer to section 6) or only in
a formed state, then the minimum bend radius requirements of this section do not apply.

5.3 Test Specimen Considerations
5.3.1  MULTILAYER/MONOWALL TUBING TEST SPECIMENS

5.3.1.1  The wall thickness and tubing diameter used for the test specimens needed for the procedures
should correspond to those required for each application (consult the end user). Refer to
tables A1and A2 in the Appendix for standard tubing dimensions.

5.3.1.2 If a set of required tubing dimensions is not known or not specified by the end user, then the
basic tubing size to be used for test specimens is 8mm O.D. and 1Tmm wall thickness (see
Table A1).

5.3.1.3 For some test requirements, results for a single tube diameter can be used to qualify many
diameters (e.g. permeation resistance). Use of a substitute or surrogate diameter for a test
specimen is acceptable only if the layer configuration and thickness of the wall is identical.
(Note: This does not apply to the CVT ... see section 6).

5.3.1.4 Length of tubing specimen shall be a minimum of 200mm unless otherwise specified.
5.3.1.5 Refer to sections 6.3 and 6.4 for details on CVT test specimens.

5.3.1.6 No preformed tubing — All test specimens to be tested will be straight tube (no preforming of
any kind). This applies to both straight wall tubing and CVT.

5.3.1.7 Table 1 shows a complete summary of the number of test specimens needed for each of the
tests called out in J2260. Ten (10) are needed for initial cold impact test of section 7.5. All
other tests require five (5) test specimens.
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EACH TEST REQUIREMENT OF SECTION 7 (SEE NOTES 1 AND 2)

TABLE 1—NUMBER OF TEST SPECIMENS NEEDED FOR

Burst | Burst Cold
Test Test Impact Permeation
Tubing at at Resistance Electrical Resistance Mandrel Layer
Property | 23°C | 115 °C | Ovality at -40 °C Resistance CE10 Insertion | Adhesion
Section 741 7.2 7.3 7.5 7.9 7.10 711 7.13
as extruded (no 5 5 5xL 10 5 5 5 5
preconditioning needed) (see (see
note 3) note 4)
PRECONDITIONING
PROCEDURE
after kinking 7.4 5 5
after cold impact test 7.5 5 5
after fuel exposure 7.6 5 5
preconditioning (CE10, (see
60 °C, 5000h) note 4)
after fuel exposure - See note 5
preconditioning (CE10, 7.6 5 5
60 °C, 5000 h) and cold
impact test
after fuel exposure 7.6 5
preconditioning (Fuel C,
60 °C, 1000 h)
after methanol resistance 7.7 5 5
(CM15, 60 °C, 1000h) (see
note 4)
after methanol resistance - See note 5
(CM15, 60 °C, 1000h) 7.7 5 5
and cold impact test
after auto-oxidized fuel 7.8 5 5
exposure test (base fuel (see
C, 50 millimols/1 of note 4)
TBHP as described in
J1681; 40 °C, 1000h)
after auto-oxidized fuel - See note 5
exposure test (base fuel 7.8 5 5
C, 50 millimols/1 of
TBHP as described in
J1681; 40 °C, 1000h)and
cold impact test
after immersion in 50wt% 712 5
ZnC12 solution, 200h at
RT and 24 hour air dry
@ 23°C
after heat aging - See note 5
(@ 90 °C for 1000 hrs) 7.14 5 5
after heat aging (1000h - See note 5
at90°C +48 hat 115 714 5 5
°C) and cold impact test
NOTE 1—Length of all test specimens is 200mm minimum except where otherwise specified (see 5.3.1.4).
NOTE 2—O0.D. of tubing identified in Section 5.3.1.1 or 5.3.1.2.
NOTE 3—L = length identified for test of Section 7.3 as 1.2 minimum bend radius.
NOTE 4—For layer adhesion, 5 test specimens are needed for each interface.
NOTE 5—This arrow means that the 5 test specimens that have completed the cold impact test are the ones used in the burst test.
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5.3.2 CONNECTORS, PLUGS, MANDRELS

For the various tests that are done, there are a variety of connectors, plugs, and mandrels that are used
for the various exposure testing. The material from which those are made shall be a type 300 stainless
steel or equivalent (as agreed to by end user and producer).

6. Convoluted or Corrugated Tubing (CVT)
6.1 Criteria

Some applications may require tubing with flexibility beyond the capability of straight wall tubing. Tubing
with a wall that has a convoluted or corrugated configuration for all or portions of its length can resolve
this concern. A CVT may not have the same performance level as the equivalent straight-wall tube but
still it must meet the pertinent acceptance criteria for all sections of this specification appropriate to it's
end use.

6.2 Test Considerations

The convoluted or corrugated shape of the wall can effect how the CVT is handled as the tests are
conducted. Some of these are identified in section 6.4; some others are mentioned in the sections that
discuss a particular test. They can have an effect on how specific tests are conducted or results are
reported.

6.3 Dimensional Considerations for CVT

6.3.1  The CVT shall be identified by its nominal ID; this is the same as ID of the straight wall section at
each end (known as the cuff of the CVT), see Table A1). In most cases, the inner diameter of the
straight-wall portion is not exactly the same as the inner diameter of the corrugated area. Due to
the manner in which most CVT is produced (with the so called “over-pressure-technique”), the
diameter of the corrugated area has an inner diameter which is a little bit smaller than the inner
diameter of the cuff ends. If the diameter of the cuff ends and the corrugated area are exactly the
same, the sealing plug can touch the inner surface of the cuff ends and causes scratches and
core “smear-marks” which then can cause leaks (when the connectors are inserted). Therefore,
the inner diameter of the convoluted area typically ends up being about 0.1 mm smaller than the
inner diameter of the cuff ends. When the tubes are produced with the “vacuum-technique” the
inner diameter of the straight-wall can be exactly the same as in the corrugated portion of the
tube.

6.3.2 At each end of the convoluted or corrugated tubing, there will be a straight section (known as the
cuff) used to join the tubing to connectors, nipples, and other attachment elements. The
dimensions of this cuff will correspond to those identified on Tables Aland A2 unless a non
standard size has been specified.

6.3.3 Wall thickness of the convoluted/corrugated portions of the tubing may differ from those indicated
in Table A1 due to the manufacturing process. Performance tests results will be used to
establish that such “routinely occurring” variations in wall thickness are acceptable.

NOTE—For dimensional considerations of sections 6.3 refer to tables A2-1 and A2-3 in Appendix.
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6.4 Test Considerations for CVT

6.4.1 When a test is performed on CVT type tubing, the required procedure can be conducted on either
the convoluted portion of the tube or on the straight sections (cuff, for example). These tests are
identified in each test description where it is appropriate.

6.4.2 Wherever possible, tests should focus on the convoluted sections of the tubing. This can be an
application of the procedure directly to the convoluted or corrugated wall (example is cold impact
and kink test). For layer adhesion, the procedure of 7.13.2 should be followed using the CVT
section for all testing after fuel exposures. For determination of initial layer adhesion, the cuff
section should be used. (Section 7.13.1)

6.5 Consideration for Liquid Fuel Line Applications

Any CVT used in liquid fuel applications must meet the conductivity requirements called for in 7.9. In
addition, the end user must have the final application carefully tested to determine that unacceptable
electrostatic charging is avoided (refer to SAE J1645) during usage and when it’s being tested (such as
during fuel recirculation or during permeation measurements (SAE J1737).

7. Performance Requirements

a. All tests described in this standard are to be performed on the completed product (tubing) that has
not been formed (all tests are done on straight tubing). Differences in performance criteria between
high pressure liquid fuel, low pressure liquid fuel, and fuel vapor applications are indicated in the
procedure or acceptance criteria of each section. If no distinction is made, all types of tubing must
meet the entire requirement as written.

b. The dimensions and configurations of test specimens used must conform to the guidelines of
sections 5.3 and 6.3, unless there are specific length or other criteria identified for a specific test.

c. Tubing shall be allowed to equilibrate at 23 °C and 50% Relative Humidity for a minimum of 24 h after
production before it is subjected to any tests.

d. For all testing in this section, there shall be a quantity of test specimens used as shown in Table 1.
The result of testing each specimen must meet the acceptance criteria. When comparison are made
from one section to another, the numeric value used in those comparisons shall be the average of the
values obtained for the number of specimens of the specific test procedure.

e. All test temperatures specified may vary by + 2 °C, unless otherwise specified. All times are minimum
unless otherwise specified.

f.  For testing that is done involving flowing fuel (fuel exposure-testing and permeation measurements),
there is a possibility of electrostatic charge build up. This is more likely when the wall of the tubing is
corrugated or convoluted and/or the material used in the innermost layer is not conductive. Steps
should be taken to minimize the occurrence of electrostatic charges. These steps can include (but
are not limited to) the following:

o reduce flow of fuel to a very low rate
e substitute weight loss procedures where such alternative test methods are acceptable
¢ use conductive fittings for the testing and bond them to the appropriate ground plane
It is recommended that pertinent sections of the Recommended Practice SAE J1645 be consulted.
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7.1 Room Temperature Burst Test
7.1.1  INITIAL BURST TEST MEASUREMENT

The tubing specimens shall be stabilized for %2 to 3 hrs at 23 °C and tested by increasing pressure of a
suitable liquid fluid inside the tubing at a rate of 7 MPa/min + 1 MPa/min. Continue at that rate until
tubing bursts. Any type of fitting can be used during this burst test as long as it does not effect the burst
capability of the tubing and meets the criteria of 5.3. If the connectors blow out of the tubing before the
required level of burst pressure is reached, the data from that particular sample should be discarded.
Additional clamps over the existing connectors or fittings may be utilized, if necessary, to ensure that the
tubing sample fails by bursting.

The initial value for room temperature burst for 5 test specimens must be recorded. The average of those
test results will be used as the baseline for comparison of burst tests done on tubing that has been
subjected to certain procedures and test fluid exposures (see 7.1.2).

7.1.2 BURST TEST MEASUREMENTS AFTER EXPOSURES

There are 5 sections of the performance requirements that include a subsequent burst test measurement
(7.4, 7.5, 7.7, 7.8, and 7.14). After each of the steps described in each section, the tubing specimen
subjected to the particular procedure/exposure is tested by the room temperature burst procedure
described in section 7.1.1.

NOTE—If the connectors blow out of the “exposed” tubing before the required level of pressure is
reached, the result of that particular test should be discarded. The sample can be used again
(another connector inserted) to avoid having to conduct the exposure test all over again.

7.1.3 ACCEPTANCE CRITERIA

7.1.3.1  For all test specimens that are exposed under the 5 identified sections, the measured burst test
result shall not be less than 75% of the measured initial burst test result on unexposed tubing
(initial value obtained in section 7.1.1.).

7.1.3.2 It is possible for a tube to have a decrease greater than the level indicated in section 7.1.3.1
and still be acceptable. For that to be the case, the following criteria must to met:

a. After the initial drop off of greater than 25%, the performance of the tube can be proven to level off
and to not drop below the minimum burst pressure of section 7.2.1.1 for the expected life of the
application.

b. Acceptance of such a construction shall be by a specific end user and for a specific producer.
(Acceptance by one end user does not imply acceptance by any other end user and acceptance for
one producer does not imply acceptance for any other producer).

7.2 High Temperature Burst Test
7.2.1  The test procedure described in 7.1.1 shall be performed at a temperature of 115 °C. The tubing

shall be stablized at the test temperature for 2 hours prior to conducting the test. A minimum of 5
test specimens are to be used; test results of those 5 will be averaged.
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