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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

PERMEABILITY TEST FOR LOW PERMEATION FUEL FILLER HOSE
GM9665P

1 SCOPE. This specification describes a method for
determination of the permeability of low permeation fuel filler
hose.

1.1 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). All materials supplied to this specification must
comply with the requirements listed in GM1000M, 'Restricted
and Reportable Chemicals."

2 REFERENCED STANDARDS.

GM1000M
GM6416M

ASTM D4806
SAE J30

SAE J1527

3 APPARATUS AND REAGENTS.

3.1 The apparatus to be used to conduct the test shall be as
indicated in SAE J1527, Section 16.2, "Rate of Fuel
Permeation," with modifications for the dimensions of hose,
reservoir, and fuel volume as listed in Table 1. Selection of
dimensions for hose length, fuel volume, and reservoir volume
is dependent on the ID of the hose being measured. For hoses
for which the ID is not listed in Table 1, the closest smaller
hose ID shall be selected from the table for the determination
of these test sample and apparatus dimensions. Fuel to be used
for all preconditioning of materials, and all permeation mea-
surements, is to be "TF1 Winter," as defined in GM6416M.
Fuel temperature is to be maintained @ 40 + 2°C during the
equilibrium proconditioning of the hose and during the perme-
ation testing of the hose. Permeation test sample and fixture
must be sealed before temperature of fuel is increased to avoid
significant loss of volatiles prior to permeation measurements.
Proper hot fuel handling safety procedures must be utilized.

4 SPECIMENS. Test specimens shall be prepared as
indicated in SAE J1527, with the dimensions as indicated in
Table 1.

5 PROCEDURE.

5.1 LIQUID PHASE PERMEATION. Conduct permeation
test per SAE J1527, Section 16.2, continuing the test until an
equilibrium value of permeation is reached. Per SAE J1527,
Section 16.2.6.8, the test sample and apparatus are to be
rotated 90° every 24 h. During this rotation of the hose sample
and apparatus, the fuel is to be gently mixed, per SAE J30,
Section 9.2, Item 1. If a permeation measurement is to be
made during this 24 h period, the manipulation of the hose test
sample and apparatus is to be performed immediately after the
permeation weight loss value has been measured. Data sup-
porting the establishment of an equilibrium rate of permeation
must be generated per the protocol contained in Section 6, and
must be supplied to the GM Materials Engineer issuing the
hose approval to the permeation requirements for review. The
equilibrium rate of permeation will be deemed to have been
obtained when the coefficient of variation for the last 3 mea-
surements of permeation is < 0.05.

5.1.1 If three consecutive permeability determinations have a
coefficient of variation of < 0.05, equilibrium will be consid-
ered to have been attained. The last permeability value
measured will then be the value reported for the liquid fuel
permeation rate of the hose. Units of reporting are to be g/m ¥
24 h, similar to SAE J1527.

5.1.2 At the conclusion of the liquid fuel permeation rate
determination for the hose, the fuel is changed again, and the
Vapor Phase Permeation determination is conducted per 5.2.

5.2 VAPOR PHASE PERMEATION. Conduct permeation
testing per SAE J1527 and Table 1, except that the apparatus is
to be positioned as indicated in SAE J1527, Section 16.2.6.8,
with the hose vertical and above the reservoir, to measure
vapor phase permeation through the hose. The test is to be
continued until an equilibrium value of permeation is reached.
Similar to the SAE J1527 test procedure, once per 24 h period,
the test sample and apparatus are to be rotated 90° from the
test position, so that the hose is horizontal, to wet the ID of the
hose with liquid fuel, and the fuel gently mixed in the con-
tainer after the apparatus is returned to the original position,
with the hose vertical. If a permeation measurement is to be
made during this 24 h period, the manipulation of the hose test
sample and apparatus is to be performed immediately after the
permeation weight loss value has been measured. Data sup-
porting the establishment of an equilibrium rate of permeation
must be generated per the protocol contained in Section 6, and
must be supplied to the GM Materials Engineer issuing the
hose approval to the permeation requirements for review. The
equilibrium rate of permeation will be deemed to have been
obtained when the coefficient of variation for the last 3 mea-
surements of permeation is < 0.05.

5.2.1 If three consecutive permeability determinations have a
coefficient of variation of < 0.05, equilibrium will be consid-
ered to have been attained. The last permeability value
measured will then be the value reported for the vapor phase
permeation rate of the hose. Units of reporting are to be g/m ¥
24 h, similar to SAE 11527.

TABLE 1
Dimension
Hose ID (mm) 8 16 25 32 38
Hose Length (mm) | 1200 | 600 | 450 | 300 | 250
Fuel Volume (ml) 300 | 300 | 600 | 600 | 600
Reserw()lilr11 ;Iolume 500 | 500 | 1000 | 1000 | 1000

6 DETERMINATION OF FUEL PERMEATION
EQUILIBRIUM.

6.1 LIQUID PHASE EQUILIBRIUM DETERMINATION.

6.1.1 Expose the test hose to fuel per the conditions defined
in 3.1 and 5.1 for the period of time thought necessary to
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achieve an equilibrium state for fuel permeation. This period
of time will vary dependent on the materials comprising the
hose and the permeation rate of these materials. Typically, the
lower the rate of fuel permeation of the materials, the longer
the period of time necessary to reach a state of equilibrium.
For a hose or material permeating fuel at a low rate, a sug-
gested minimum period of time necessary to reach equilibrium
is 3 weeks of fuel exposure. During this period, the fuel is
changed weekly.

6.1.2 When the estimated period of time for fuel exposure to
reach equilibrium has elapsed, the fuel is changed, and liquid
phase permeation testing begun per 5.1. Four days after chang-
ing the fuel, measure the test hose/fuel reservoir weight as per
SAE J1527. Continue the hose test sample fuel exposure per
5.1 for 10 days, then repeat the weight determination per SAE
J1527. Divide the difference in weights between the two mea-
surements by 10. This value is taken as the daily weight loss
measurement for the 10 day period and constitutes the first
permeation measurement.

6.1.3 Change the fuel and expose the test hose to the fuel per
6.1.1, changing the fuel weekly, for a period of time equal to
the square root, in weeks, for the entire period of fuel exposure
for the sample since testing to 6.1.1 was initiated. At the end
of this period, repeat the test hose/fuel reservoir weight deter-
mination process per 6.1.2 to generate the second permeation
measurement for the sample.

6.1.4 Repeat 6.1.3 for a third permeation measurement. For
the three permeation measurements, calculate the Average and
Variance per the formulae in Appendix A. From the values of
average and variance for the three measurements, calculate the
Coefficient of Variation per Appendix A.

6.1.5 If the value for the Coefficient of Variance is < 0.03,
then the test sample is considered to be at equilibrium, and the
value of permeation reported for the sample is the last perme-
ation measurement taken. If the value is > 0.05, then repeat
6.1.3 to generate a fourth permeation measurement. Repeat the

calculations per 6.1.4 on the last 3 permeation measurement
values generated (discarding the first value calculated), to cal-
culate the Coefficient of Variance for these 3 measurements. If
the Coefficient of Variance is now < 0.05, report the last per-
meation measurement taken as the value of permeation of the
sample. If the Coefficient of Variance is still > 0.05, continue
the fuel exposure/weight determination process of 6.1.3 and
the calculations of 6.1.4 until the Coefficient of Variance is <
0.05 and the value of permeation for the sample confirmed,
always using the last three permeation measurements made as
the basis for the Coefficient of Variance calculation.

6.2 VAPOR PHASE EQUILIBRIUM DETERMINATION.

6.2.1 Using the same hose test specimen and apparatus used
for the liquid fuel permeation determination, repeat the fuel
exposure method as described in 6.1.1, substituting the method
described in 5.2 for the fuel exposure, rather than using S.1.
The length of time necessary to reach an equilibrium state of
fuel vapor equilibrium may be < 500 h.

6.2.2 Repeat the testing as described in 6.1.2 through 6.1.5,
continuing to substitute the fuel vapor exposure method per
5.2 for the liquid fuel exposure method described in 5.1.

6.2.3 When the fuel vapor permeation rate has been con-
firmed as having reach equilibrium (COV < 0.05), report the
last permeation measurement as the fuel vapor permeation
value for the sample.

7 SAFETY. This method may involve hazardous materi-
als, operations and equipment. This method does not propose
to address all the safety problems associated with its use. It is
the responsibility of the user of this method to establish appro-
priate safety and health practices and determine the
applicability of regulatory limitations prior to use.

8 GENERAL INFORMATION. This standard was origi-
nated by the Hose Specialist Team of the Rubber TDG in July
1995.
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