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GENERAL MOTORS ENGINEERING STANDARDS

Materlals and Processes - Geheral

NONMETALLIC FUEL FILTERS
GM229M

1 SCOPE. This specification describes the product
requirements for Nylon 12 fuel filters which include test setup,
instrumentation, test procedures, and acceptance criteria to be
used to functionally test Nylon 12 fuel filters.

1.1 Other documents which describe the performance and
dimensional requirements of thesc components and asscmblies
manufactured from these components are GM9060P,
GM9080P, GM6264M, GM213M, and Chart #10093203.

1.2 The material specification defining the requirement for
the raw material used for filters released to this specification is
GMP.PA12.007.

1.3 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). By 1997 start of saleable vehicles, all materials
supplied to this specification must comply with the require-
ments listed in GM1000M, "Restricted and Reportable
Chemicals.”

2 REFERENCED STANDARDS.

GM213M GM9060P SAE J806
GM1000M GM9080P SAE J905A
GM6264M GMP.PA12.007 SAE 11696
GM9032P SAE J400

3 LIMITATIONS. The specification is subject to the fol-
lowing limitations:

3.1 Parts made from these materials should not be exposed to
peak intermittent temperatures greater than 115°C, or continu-
ous use temperatures greater than 90°C.

3.2 Only virgin material is to be used for fuel filters.

3.3 Unless otherwise noted, for all test procedures, all test
temperatures shall be held to within + 2°C, and all test pres-
sures to + 35 kPa.

3.4 Filters released to this specification are not recommended
for use with vehicles designed to operate with fuels having
oxygenate content in excess of that approved for general, pub-
lic use.

3.5 Filters released to this specification are not recommended
for applications in which direct UV exposure is to be expected
during normal vehicle operation or storage.

4 TEST PROCEDURES. Filters shall be tested for con-
formance with the sections in Table 1.

4.1 LEAKAGE.

4.1.1 Test Procedure. Subject the filter assembly to internal
air pressure of 1035 + 35 kPa, and then determine leakage.

4.1.2 Acceptance Determination. Filter assembly leakage
during the test is to be less than 6 standard cc of air/minute.

4.2 FLOW CAPACITY.

4.2.1 Test Procedure. Conduct test per test procedure defined
in 4.3.1, 4.3.2 (a) through (h). When test filter is installed per
4.3.2 (h), install manometer per SAE J905A (January 87) to
measure delta pressure across filter. Circulate fluid at a flow
rate equal to or greater than 2.3 L/minute, and determine the
pressure differential between the inlet and the outlet of the fil-
ter.

4.2.2 Acceptance Determination. The differential pressure
between the inlet and the outlet of the filter shall not exceed
6.5 kPa.

4.3 FILTER EFFICIENCY.

4.3.1 Test Setup. Test fixtures shall be as described in SAE
J806 (June 1983, Chapter 3), with the following additions:

(a) Millipore Filter Size 3 pm
(b) Contaminant .........esssssessece Glass beads, 10-20 pm**
(¢) Test Fluid.....ccooereunner Viscor L-4264V91 (SAE J1696)

2.3 L/minute (min)

(d) Test Flow Rate

NOTE: **Glass beads are defined as Powder Technology Inc.,
S-5000 glass beads.

4.3.2 Test Procedure.

(@) Clean all parts of the test fixture. Fill sump with 19 L
of test fluid. NOTE: If contaminant is presented to
the system by means of swirl chamber just prior to
the test filter, a sump of 8 L may be used.

(b) Assemble the test fixture with a clean Millipore filter
element downstream from where filter to be tested
will be mounted.

(c) Heat the test fluid to 38 + 3°C. Maintain this temper-
ature during the test.

(d) Recirculate the fluid through the system a2 minimum
of 3 times to assure a clean system.

(¢) The Millipore filter shall accumulate no more than 5
mg of contaminant. If more is accumulated, repeat
steps d and e with a clean Millipore filter.

() Drain off a 1 L sample. Pour the sample through a
0.45 pm Millipore filter. If the filter accumulates
more than 0.25 mg of contaminant, repeat steps d and
e,

(g) Assemble the test fixture with a clean Millipore filter
element downstream from where the filter is to be
tested.

(h) Install the filter to be tested.

(i) Add 300 mg of contaminant.

(j) Continue to circulate 10 minutes. After this 10 min-
ute period, stop the test, dry and weigh the 3 pm
Millipore filter.
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(k) Compute the single pass efficiency as follows:

A = Grams of contaminant added.

B = Grams of contaminant accumulated in step f.

C = Grams of contaminant passed by the test filters and
accumulated in the Millipore filter.
Single pass efficiency = (A + B - C)/A x 100%

4.3.3 Acceptance Determination. The single pass efficiency
of the filter shall be equal to or greater than 95%.

4.4 TEMPERATURE, PRESSURE, VIBRATION
CYCLING.

4.4.1 Test Procedure. Fill the filter with SAE 10W motor oil
and mount on a suitable fixture capable of transmitting the
desired motion to the filter assembly. Mount the test fixture
securely to a vibration machine located within a temperature
chamber, so that the filter can be vibrated in 3 mutually per-
pendicular planes, one of which is parallel to its own axis, and
one perpendicular to the filter mounting bracket. The follow-
ing temperature, pressure, and vibration cycles, as described in
4.4.1.1 through 4.4.1.3 below, are to be repeated continuously
for an accumulated total of 300 h.

4.4.1.1 Connect a pressure line to the filter and adjust to 414
1 15 kPa. During the temperature and vibration cycling, the
filter is also to be cycled with 414 + 15 kPa pressure every 5
minutes. This pressure cycle consists of a square wave pres-
sure (as defined in SAE J806, Chapter 9, Section 1) to be off
for 1 minute and on for 4 minutes.

4.4.1.2 A 22 h temperature cycling schedule is to be repeated
continuously throughout the testing. This temperature cycling
schedule is as follows:

(a) Decrease the temperature in the chamber to -40°C
and maintain for 6 h.

(b) Following the 6 h dwell, temperature is to be
increased to 125°C over a period of 5 h.

() Maintain 125°C temperature for a period of 6 h.

(d) Temperature is then decreased back to -40°C within a
period of 5 h.

44.1.3 Apply a sine wave vibration sweep from 6.7 Hz to
66.6 Hz to 6.7 Hz at 1.5 mm total displacement. The duration
of cach vibration sweep is to be 1 minute. The vibration sweep
must be applied to each of 3 mutually perpendicular axes, with
each axis subjected to a total of 100 h of vibration for a total
of 300 h.

4.4.2 Acceptance Determination. Each filter shall be tested
sequentially to the requirements of 4.1, 4.2, and 4.3 subsequent
to the completion of 4.4.1, and must meet all requirements of
these sections.

4.5 CHEMICAL EXPOSURE.
4.5.1 Test Procedure. Filter samples shall be tested to the test

conditions as defined in 4.5.1.1 for each of the test solutions
defined in 4.5.1.2.

© Copyright FEBRUARY 1995 G

4.5.1.1 Test Conditions. Test conditions shall be as follows:

(a) Solution Temperature 38+ 3°C
(b) Flow Rate 48 L/h (min)
(c) Volume 1 L of solution (min)
(d) Exposure Time 48 h at flow

4.5.1.2 Test Solutions. The test solutions for this test proce-
dure are as follows:

Unleaded gasoline with 0.05% thiophene

Unleaded gasoline with 15% (v/v) methanol
Distilled Water (100%)

Stoddard Solvent (100%)

Unleaded gasoline with 10% (v/v) MTBE

Unleaded gasoline with 10% (v/v) ethanol

Unleaded gasoline with 10% (v/v) isopropyl alcohol
Unleaded gasoline (100%)

Indolene ITI with 0.2% T-Butyl hydroperoxide (90%)

4.5.2 Acceptance Determination. Each filter shall be tested
sequentially to the requirements of 4.1, 4.2, and 4.3 subsequent
to the completion of 4.5.1, and must meet all requirements of
these sections.

4.6 DIRT CAPACITY.

4.6.1 Test Procedure. Test fluid is flowed through the sample
test filter under the conditions described in 4.6.2. Contaminant
is added to the fluid at a constant rate, and determinations of
differential pressure between the inlet and outlet of the filter
are made on a continuous basis.

4.6.2 Test Conditions:

(a) Flow Rate 2.3 L/minute (min)
(b) Test Fluid .....corvvernevns Viscor L4264V91, (SAE J1696)
(c) Test Fluid Temperature 3gC
(d) Contaminant AC Fine Test Dust
(c) Contaminant Addition Rate..........c...... 0.5 g/15 minutes
(f) Terminating Differential Pressure

Increase . 14+ 1.4 kPa

4.6.3 Acccptance Determination. Capacity of the filter shall
not be less than 1.5 g (by weight) when tested per 4.6.1, with a
terminating differential pressure increase of no greater than 14
kPa.

4.7 ELEMENT COLLAPSE.

4.7.1 Test Procedurc. The filter clement of the sample filter
shall be tested per SAE J905A to a differential pressure of 689
kPa.

4.7.2 Acceptance Determination. No filter element damage
or media migration shall occur during or at the completion of
47.1.
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4.8 BURST TEST.

4.8.1 Test Procedure. Test apparatus shail consist of a suit-
able source of hydraulic pressure and necessary gauges and
piping. Plug one end of the test specimen. Filter shall be stabil-
ized for 1 h to 3 h @ 23°C. Apply pressure at a constant rate
so as to reach the specified minimum burst pressure within a
period of 10 to 15 s.

4.8.2 Acceptance Determination. The filter must meet a min-
imum burst requirement of 3100 kPa when tested to the
requirements of 4.8.1. Fittings shall not separate from the filter
nor shall the fitting assembly visibly leak at less than the speci-
fied minimum burst pressure requirements.

4.9 HIGH TEMPERATURE BURST TEST.

4.9.1 Test Procedure. Test apparatus consists of a suitable
source of hydraulic pressure and the necessary gauges and pip-
ing. The oil should be @ 125 £ 1°C. Plug one end of the test
specimen and mount in the apparatus. The test sample filter
shall be stabilized for 1 h @ 125°C. Apply pressure, while the
sample is @ 125°C, at a constant rate so as to reach the speci-
fied minimum burst pressure within a time period of 10 to 15
s,

4.9.2 Acceptance Determination. The filter must meet a min-
imum high tempcrature burst requirement of 1380 kPa when
tested to the requirements of 4.9.1. Fittings shall not separate
from the filter nor shall the filter assembly visibly leak at less
than the specified minimum high temperature burst require-
ments.

4,10 RESISTANCE TO ZINC CHLORIDE.

4.10.1 Test Procedure. The fuel filter shall be immersed in a
50% aqueous solution (by weight) of zinc chloride for 200 h
@ 23 1 2°C. The ends of the filter are to remain unplugged.
The filter is removed from the solution and burst tested per
4.8.1. The sample may be rinsed with fresh water to clean the
salt residue from the filter before bursting.

4.10.2 Acceptance Determination. The filter sample must not
exhibit any visible cracks and must meet a minimum burst
requirement of 3100 kPa when tested to the requircments of
4.8.1.

4.11 RESISTANCE TO CALCIUM CHLORIDE.

4.11.1 Test Procedure. The fuel filter shall be immersed in a
50% aqueous solution (by weight) of calcium chloride for 200
h at 60 = 2°C, and 200 h out of solution at 60 + 2°C. The ends
of the filter are to remain unplugged. The filter is removed
from the solution and burst tested per 4.8.1. The sample may
be rinsed with fresh water to clean the salt residue from the fil-
ter before bursting.

4.11.2 Acceptance Determination. The filter sample must not
exhibit any visible cracks and must meet a minimum burst
requirement of 3100 kPa when tested to the requirements of
4.38.1.

4.12 PERMEABILITY.

4.12.1 Test Procedure. Plug one end of sample filter with a
nonpermeating light weight plug. Fill the specimen 75% full
with the test solution to be used for the determination. Plug the
other end of the specimen, and place the specimen in a ther-
mally controlled environment at 41 + 1°C. After 48 h, weigh
the specimen to within 0.010 g (NOTE: The balance to be
used for this determination must have a sensitivity of 0.010 g
(Mettier P-2000-N or equivalent)). Repeat this weighing pro-
cedure each 7 day interval for 180 days. Weight loss over a
weekend may be averaged for the number of days for which
the loss occurred. Calculate the maximum weight loss in grams
per 24 h, from all weight determinations made. This test proce-
dure must be repeated for all test solutions listed in 4.12.2.

4.12.2 Test Solutions. The test procedure defined in 4.12.1
must be repeated for the following test solutions:

ASTM Fuel C

85% Fuel C with 15% Methanol

Howell EEE

85% Howell EEE with 15% Methanol

92.5% Howell EEE with 5% Methanol and 2.5% Ethanol
(TF2)

4.12.3 Acceptance Determination. The filter must not perme-
ate in excess of the required grams by weight (listed below)
per 24 h when tested per 4.12.1.

Required g by

Weight/24 b Test Solutions

0.010 ASTM Fuel C

0.120 85% Fuel C with 15%
Methanol

0.010 Howell EEE

0.120 85% Howell EEE with 15%
Methanol

0.020 92.5% Howell EEE/5%
Methanol/2.5% Ethanol
(TF2)

4.13 GRAVELOMETER TEST.

4.13.1 Test Procedure. Cold soak test filter sample at -40°C
for a minimum of 4 h. With test filter sample maintained at
-40°C, test filter in accordance with SAE J400 procedure, using
10 pints of stones. Allow filter to return to 23°C for 30 min-
utes, then burst test sample per 4.8.1.

4.13.2 Acceptance Determination. Filter must not exhibit
any visible cracks and must meet burst test acceptance deter-
mination of 4.8.2.
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