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1. Scope—This SAE Standard includes performance requirements for protective covers for flexible, non-metallic
fuel tubing. Ultimate performance of the protective cover may be dependent on the interaction of the fuel
tubing and protective cover. Therefore, it is recommended that tubing and cover combinations be tested as an
assembly, where appropriate, to qualify to this document.

1.1 This document is intended to provide guidance in regard to key performance parameters for protective covers
for fuel tubing. This document is designed to allow selection of predetermined performance levels for these
parameters.

1.2 The engineer may select a specification by the use of a line call-out designation, which will denote the
pertinent characteristics of the cover material and/or the tube/cover assembly and their corresponding
performange criteria. The engineer is not required to select every characteristic, but enly those deemed
important tp the application. Characteristics not covered by this document and deemed |important to the
engineer should be added using "Z" suffixes, with a detailed description for each “Z" on the pprt drawing.

1.3 This document may involve hazardous materials, operations, and equipment. “This doqument does not
address the safety problems associated with its use. It is the responsibilityrof\the user of this document to
consult angd establish appropriate safety and health practices, and determine the applicabjlity of regulatory
limitations prior to use.

2. References$

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

2.1.1 SAE PuslicaTiONS—Available from SAE, 400 Commohwealth Drive, Warrendale, PA 15096-0001.

SAE J400—Test for Chip Resistance of Surface Coatings

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

SAE JJ236—Standard Method for.Continuous Upper Temperature Resistance

SAE J2260—Non-Metallic Fuel System Tubing with One or More Layers
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2.1.2 ASTM PuBLIcATIONS—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

213

3.

3.1

3.11

3.2

ASTM D 412—Test Methods for Rubber Properties in Tension
ASTM D 471—Test Method for Rubber Property—Effect of Liquids
ASTM D 635—Test Method for Rate of Burning and/or Extent and Time of Bumning of Self-Supporting

Plastics in a Horizontal Position

ASTM D 638—Test Method for Tensile Properties of Plastics
ASTM D 1149—Test Method for Rubber Deterioration—Surface Ozone Cracking in a Chamber (Flat

Specimens)

ASTM D 1171—Test Method for Rubber Deterioration—Surface Ozone Cracking Outdoors or Chamber

(Triangular Specimens)

ASTM D 3182—Recommended Practice for Rubber—Materials, Equipment, and Procedures for Mixing

ASTM [l

ISO PusL

ISO 64¢

Classification

Type—Prot
are difficult

SAE J203
continuou
exhibits e

SAE J207

such as f{iberglass, but may be formed fram organic fibers.

distinguis
to form th

NoTE—If
shall be b

Line Call-Quts—A line call-out, which is a specification, shall contain: the document desig

type, the pqg
line call-out

Standard Compounds and Preparing standard vulcanized Sneets
D 3183—Practice for Rubber—Preparation of Pieces for Test Purposes from Prod

CATION—-Available from ANSI, 11 West 42nd Street, New York, NY 10036;8002.

D5—Rubber hoses—Determination of abrasion resistance of the outer cover

Ective covers will be classified as either elastomeric or-n@nelastomeric. Rigid cla
o establish, but classification of most covers will be gbvious.

7a—ELASTOMERIC COVERS—Normally, covers ‘fermed from an organic mater
S structure. An example would be a cover consisting of an extruded tube of rubbe
astic characteristics.

ucts

Esification criteria

al with a single
r or plastic which

7b—NONELASTOMERIC CovERS—Normélly, covers formed from nonelastic, ingrganic materials

In general, nonelastomeri
ned based on a construction of a number of filaments which have been matted, v
e cover. An example would-be-a braided fiberglass sleeve.

there are both elastomeric and nonelastomeric elements in the cover construct|
psed on the dominant'element in the construction.

rformance Characteristics, and the performance requirements. The following is

SAE J2027a 1B 2C 4B 5D 6E 8A

C covers can be
oven, or braided

on, classification

hation, the cover
an example of a

where:

SAE J2027 = document designation

a = Elastomeric cover

1B = Thermal Resistance, 121 °C minimum continuous service temperature
2C = Resistance to Combustion, 10 s maximum burn time

4B = Stone Impingement Resistance, 6 cycles, minimum, to wear through
5D = Cold Temperature Impact, —34 °C maximum

6E = Burn-Through Resistance, 5 min, minimum, to pressure loss

8A = Ultraviolet Resistance, 1250 kJ/m? exposure
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3.3 See Table 1 for performance and classification requirements.

TABLE 1—SAE J2027a/b PERFORMANCE REQUIREMENTS

ELASTOMERIC AND NONELASTOMERIC COVERS

A B c D E

1 Thermal Resistance
(Maximum Continuous Exposure Temperature)
Nonelastomeric 121 °C 135°C 149 °C 177 °C 204 °C
Elastomeric 93 °C 121 °C 135°C 149 °C 176 °C

2 Resistance to Combustion 60 s A0 s 10 s does not does not
(Maximpm Burn Time) support ignite

combustien

3 Abrasign Resistance 100 500 1000 2500 5000
(Minimym cycles to Wear-Through)

4 Stone [mpingement Resistance 2 6
(Minimym Cycles to Wear-Through)

5 Cold T¢mperature Impact -18 °C -23 °C -29 °C -34 °C —40°C
(Minimym Temperature With Retention of Impact)

6 Burn-Through Resistance 1 min 2 min 3 min 4 min 5 min
(Minimym Time to Pressure Loss)

7 Chemigal Resistance
Cold Tgmperature Impact
Fluid (GQoncentration Time, Temperature)
1 Agdgressive Water") (100% 70 h 40 °C) -13°C -18°C -23°C -29°C -34°C
2  Cdlcium Chloride (10% 70 h 40 °C) -13°C -18°C -23°C -29°C -34°C
3 Sodium Chloride (10% 70 h 40 °C) -13°C -18 °C -23°C -29°C -34°C
4 Zinc Chloride (50% 168 h 24 °C), -13°C -18 °C -23°C -29°C -34°C
5  Brgke Fluid (100%, 1 h 100 °C; air dry) -13°C -18 °C -23°C -29°C -34°C
6  Etlhylene Glycol (50% 1th 100 °C, air dry) -13°C -18 °C -23°C -29°C -34°C
7 Fupl C (100% 1 h 40.3G, air dry) -13°C -18 °C -23°C -29°C -34°C
8 IRM 903 Qil (100%+h, 100 °C, air dry) -13°C -18 °C -23°C -29°C -34°C
9  Transmission\@il(100% 1 h, 100 °C, air dry) -13°C -18 °C -23°C -29°C -34°C

8 UItraviJIet Resistance

(Resist

nceto Outdoor Weathering)

1250 kJ/m? 2500 kJ/m?

9 Ozone

Resistance

S50 h

168 h

1. Aggressive Water is 1.0 L of distilled water with 0.990 g NaCl (600 ppm CL™), 0.888 g Na,SO,~ (600 ppm SO47),
and 0.828 g NaHCO4™ (600 ppm HCO37).
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4. Sample Preparation—The preparation of specimens for testing under this document shall conform to the
expected procedures for full-scale manufacturing of the fuel line/cover assembly. A sample size of eight is
required for each test. Except where otherwise noted, fuel line tubing/cover samples are required for testing.

4.1 Where different methods of manufacture exist (such as co-extrusion versus assembly of individual
components), the method of manufacture shall be identified in the specification.

4.2 In testing where the cover is tested separately from the assembly, covers which are crosshead extruded onto
the tubing shall be removed from the tubing to provide test specimens. Where this is not possible, or with co-
extruded products, an extruded tube of similar size and composition may be utilized as a test specimen.

5. Performance Requirements—The finished tubing/cover assemblies shall satisfactorily meet the performance
requirementp Of the specification based on the Tollowing performance tests. Use of standard fandom sampling
techniques is encouraged, where assemblies are in current production. Developmentaliasgemblies shall be
prepared based on anticipated production manufacturing techniques. A minimum number of samples shall be
examined upder each test to meet criteria defined in 5.1, with samples from mulfiple manpufacturing runs
encouraged| Refer to Table 1 for details on performance requirements.

5.1 Individual sgecifiers may request the use of particular statistical methods in,sampling and testipg, which should
be listed urjder the "Z" section of the specification. Specifiers and testérs are encouraged to note any
significant factors not covered by this document; an example being the' change in properties with humidity
exposure of|nylon covers.

5.2 Conditioning and test environments are to be 23 °C and 50%. relative humidity, unless othgrwise specified.
Precision of|settings and measurements shall conform to normal expectations for that particular procedure.

5.2.1 THERMAL RESISTANCE [REFERENCE SAE J2236]—The"cover shall withstand 1008 h of expopure at the rated
temperature without significant loss of properties, asdefined as follows. Testing shall be pefformed on cover
materials, |not tubing/cover assemblies. Thermal exposure shall be accomplished by placing specimens in
an air-circplating oven for 1008 h at specifiedytemperature, followed by 72 h conditioning af RT. Reference
ASTM D 3182/3183 for specimen preparation procedures.

Elastomerjc materials shall be tested_for tensile properties under ASTM D 638 or ASTM D|412 both before
and after thermal exposure.

a. Acceptance Criteria:

1. Tensile Loss: 50% maximum
2. Elpngation koss: 50% maximum
3. Dimensiopal Change: 5% maximum

Nonelastomeric material shall be tested for tensile properties both before and after thermal|exposure by the

accepted tensile testing methods for the particular material or con ion involved

a. Acceptance Criteria:

1. Tensile Loss: 20% maximum
2. Dimensional Change: 5% maximum

5.2.2 RESISTANCE TO COMBUSTION [REFERENCE ASTM D 635]—The cover is to be tested separately from the tube.
The cover, when placed horizontally, with one end exposed to flame for 15 s, shall not continue to burn in
excess of the specified burn time.
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The cover is to be placed in an appropriate draft-free burn chamber, and secured at one end to the top of a
ring stand. The specimen length is to be 460 mm. Adjust height so that approximately 13 mm of the cover is
exposed to the burner flame. A Bunsen burner shall then be placed under the cover for 15 s. The timer is
started as the burner is removed. Record burn time. Burn time shall be calculated as the time between
burner removal and the end of any visible flame, glowing or dripping of the specimen. A specimen, which
does not exhibit visible flame when the burner is removed, but which does exhibit glowing, shall be termed
"does not support combustion." A specimen which does not exhibit any visible glow or significant material
erosion upon burner removal shall be termed "does not ignite."

Elastomeric and nonelastomeric covers are tested in the same manner.

a. Acceptance Criteria: Minimum burn time, per Table 1.

523 ABRASlONlQESlSTANCE [REFERENCE ISO 6945]—Cover/tube assemblies shall resist_weartthrough of the
cover, when abraded with a 25 N force, per ISO 6945. This test is a comparative analysis|and intended to
distinguish relative abrasion characteristics of various materials, as opposed to replicating a infinite number
of vehicle ponditions. Additionally, some material could tear or melt, or tools wear 'during th¢ test procedure.
Therefore| prudent judgement should be exercised to mitigate such conditions: Furthermofe, many covers,
especially| nonelastomeric covers, may generate harmful dust during~testing. The ude of a vacuum

attachment is strongly advised.

524

5.2.5

Sample cq
through tu|
sample to
wall is rea

Elastomer

nfiguration: 230 mm long x 7.9 OD tube, and 230 mmléng cover. Insert 230 m
pe ID, such that the sample is maintained in a straight“and rigid position during
abrasion with a 25 N force, per ISO 6945. Abrade.sample until 100% wear thro
Ched. Record the number of cycles.

¢ and nonelastomeric covers are tested in the same manner.

a. Accgptance Criteria: Minimum cycles, pef Table 1.

STONE-IMAINGEMENT RESISTANCE [REFERENCE SAE J400]—The cover/tubing assembly sh

through or

A gravel-g
0.575in) v
the center
be consid

cracking of the cover for the:specified number of gravelometer cycles.

rojecting machine as‘specified in SAE J400, along with the specified 9.53/15
ater-eroded alluvialroad gravel shall be employed. The specimen shall be mour

m long steel rod
testing. Expose
ugh of the cover

all resist wear-

.86 mm (0.375/
ted to place it at

of the gravel stream. The impingement of one pint of gravel at 483 kPa (70 psi) gir pressure shall

pred one cyclel\ Failure is defined as wearing or cracking of the cover in such

expose theg tubing substrate.

The graveJometérapparatus is to be maintained and testing performed in the conditioning

temperatu

e, \Where this is not possible, impingement is to begin within 15 s of sample r

a manner as to

chamber at test
emoval from the

conditionirn

g-chamber. Separate tests shall be performed at =29 °C and 82 °C, and th

e lowest results

reported.

Elastomeric and nonelastomeric covers are tested in the same manner.

a. Acceptance Criteria: Minimum Cycles, per Table 1.

CoLD TEMPERATURE IMPACT—Covers/tube assemblies shall not exhibit cracking when assemblies are
subjected to a 2.71 N-m (2.0 ft-Ib). impact at the specified temperature, per Table 1, utilizing the cold impact
test fixture, per SAE J2260.
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Cover/tubing assemblies are to be conditioned for 24 h at the specified temperature. Impact tester is to be
maintained and testing performed within the conditioning chamber at test temperature, per Table 1. If the
impact test cannot be performed inside the cold chamber, utilize SAE J2260, 7.6.2 (cold temperature impact-
optional procedure).

Elastomeric and nonelastomeric covers are tested in the same manner.

a. Acceptance Criteria: No cracks through cover (deformation of the cover/tube assemblies is
considered acceptable.)

5.2.6 BURN-THROUGH RESISTANCE—Cover/tubing assemblies shall maintain internal pressure during flame
impingement for the time period specified, to assess the fire resistance characteristics of non-metallic tubing
covers. This test generates time to rupture data, which can provide a comparison between troducts using a
standardizgd fire. It is not intended to provide quantitative information regarding howyan actual tube or
assembly yill perform in an actual fire.

The test is|to be conducted in the Fire Test Chamber (see Figures 1A, 1B, 1C, 1Dy and 1E)(which has been
placed intq a fireproof chemistry fume hood. During the test, the fume hooddoor’is to be Igft approximately
20% open| and the draught airflow adjusted to 0.5 m/s. If the Fire Test.Chamber has & damper on its
chimney, the damper is to be set to the fully open position.

The coverftubing assembly test specimen shall be mounted intothé test chamber (see Figuyres 1A, 1B, 1C,
1D, and 1E). An aluminum support rod of approximately 1/2{of\the tubing ID shall be inderted inside the
tubing. The assembly should then be checked for pressure leaks using 35 kPa (5 psig) air pressure.
Pressurizel the assembly to 35 kPa (5 psig) air pressure. The'fuel pan is filled with sufficient amount of CM85
to sustain fire for 5 min. Adjust the height of the test sample to 50 mm above the fuel in the|pan. The timing
device is gctivate simultaneously with ignition of the methanol. Close the door on the chamber, and close
the fume hood door to 20% of its open point. ~The timing device is stopped and extinguish the fire if
necessary|when the pressure in the tubing drops; indicating burn-through of the assembly, pr the fuel in the
chamber i3 consumed or the fire has burned for 5 min.

Elastomeric and nonelastomeric covers are tested in the same manner.

Acceptanck Criteria: Duration to pressure loss, minimum, per Table 1
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Door

Fuel Ran

ANVAVZ:

Fuel Coolant Pan

FIGURE 1A—FUEL LINE—FLAME TEST BOOTH
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FIGURE 1B—FUEL LINE—FLAME TEST BOOTH
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FIGURE 1C—FUEL LINE—FLAME TEST BOOTH
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