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Ship Systems and Equipment—General Specification for Filter
Elements—Hydraulic and Lube Oil Service

1. Scope—This SAE Standard covers disposable hydraulic and lube oil filter elements. This document is a
general performance specification for filter elements and identifies performance criteria and test methods.
Associated specification sheets (SAE J2321-1, J2321-2, and J2321-3, etc.) define configuration and
performance requirements for specific elements.

1.1 Classification—Sizes, configurations, and part identifying numbers for filter elements shall be as specified in
the applicable specification sheets.

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 version of the applicable publication shall apply.

2.1.1 SAE PUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
Telephone: (724) 776-4970, Web Address: http://www.sae.org.

SAE J1778—Ship Systems and Equipment—Hydraulic Fluids—Recommended Practice for Hydraulic
Fluid Selection

SAE J2321-1—Disposable Hydraulic Filter Element—115 L/min Flow, 1.0 MPa Collapse Pressure,
Filtration Ratio = 75 at 6 and 10 µm

SAE J2321-2—Disposable Hydraulic Filter Element—190 L/min Flow, 21 MPa Collapse Pressure,
Filtration Ratio = 75 at 7 µm

SAE J2321-3—Disposable Hydraulic Filter Elements—21 MPa Collapse Pressure, Filtration Ratio = 75 at
10 µm, 75 - 175 L/min

2.1.2 NFPA P UBLICATIONS—Available from National Fluid Power Association, 3333 North Mayfair Road,
Milwaukee, WI 53222. Telephone: (414) 778-3344, Web address: http://www.nfpa.com. Also available from
ANSI (see 2.1.4).

NFPA T3.10.8.5—Hydraulic Fluid Power—Filter Elements—Verification of Collapse/Burst Resistance
NFPA T3.10.8.7—Hydraulic Fluid Power—Filter Elements—Method for Verifying Flow Fatigue

Characteristics
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2.1.3 ASTM P UBLICATION—Available from the American Society for Testing and Materials, 100 Barr Harbor Drive,
West Conshohocken, PA 19428-2959. Telephone: (610) 832-4585, Web address: http://www.astm.org.

ASTM A 342—Standard Test Methods for Permeability of Feebly Magnetic Materials

2.1.4 ISO P UBLICATIONS—Available from the American National Standards Institute, 25 West 43rd Street, New
York, NY 10036. Web address: http://www.ansi.org. Also available from NFPA (see 2.1.2).

ISO 2942—Hydraulic fluid power—Filter elements—Verification of fabrication integrity and determination
of
the first bubble point

ISO 2943—Hydraulic fluid power—Filter elements—Verification of material compatibility with fluids
ISO 3448—Industrial liquid lubricants—ISO viscosity classification
ISO 3968—Hydraulic fluid power—Filters—Evaluation of pressure drop versus flow characteristics
ISO 12103-1—Road vehicles—Test dust for filter evaluation—Part 1: Arizona Test Dust
ISO 16889—Hydraulic fluid power—Multi-pass method for evaluating filtration performance of a filter

element

2.1.5 ASQC PUBLICATION—Available from the American Society for Quality Control, 611 East Wisconsin Avenue,
Milwaukee, WI 53202. Telephone: (414) 272-8575.

ASQC Z1.4—Sampling Procedures and Tables for Inspection by Attributes

3. Definitions—The following definitions apply throughout this specification.

3.1 Filtration Ratio—Filtration ratio is the ratio of number of particles greater than a given size (x) in the fluid
entering the filter element to the number of particles greater than the same size in the fluid leaving the filter
element. The minimum filtration ratio is the lowest filtration ratio reported for any one of the ten time intervals
included in the multi-pass method for evaluating filter performance per ISO 16889, as modified  in 5.6.2. (The
filtration ratio reported for each time interval is determined by averaging the particle counts for the time
interval.) The filtration ratio as used herein applies to the use of medium test dust in accordance with ISO
12103-1 A-3.

3.2 Dirt Holding Capacity—The apparent dirt holding capacity is the actual weight (grams) of the contaminant
injected into the filter test system before the terminal pressure drop is reached. The retained dirt holding
capacity is the mass of specific particulate contaminants effectively retained by the filter elements when
terminal pressure drop is reached.

3.3 Rated Flow—The rated flow is the flow at which the element is tested for efficiency and dirt capacity. Unless
otherwise indicated, the rated flow specified in the applicable specification sheet is the maximum
recommended flow rate when using a fluid of the specified viscosity.

3.4 Terminal Pressure Drop—Terminal pressure drop is the maximum specified pressure drop permitted across
the filter element to achieve the apparent dirt holding capacity of the element under test condition.

3.5 Pressure Drop—Pressure drop is the differential pressure across a filter element as measured under
specified conditions.

4. Technical Requirements

4.1 Specification Sheets—The requirements for individual elements shall be as specified herein and in
accordance with the applicable specification sheet. In the event of any conflict between the requirements of
this specification and the specification sheet, the latter shall govern.
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4.2 First Article Testing—Filter elements furnished under this specification shall be products which have been
subjected to and successfully passed the First Article tests specified in Section 5 (see 5.1).

4.3 Materials—Unless otherwise specified in the specification sheet, the filter elements and seals shall be
constructed of materials that are compatible with phosphate ester; water glycol; and petroleum base fluids
used in ship systems. (See SAE J1778 for specifications and properties of fluids used in ship systems; aircraft
phosphate ester fluid is not used in ship systems).

4.3.1 FLUID COMPATIBILITY—Filter element materials shall be compatible with fluids containing up to 2% water.
Such contaminated fluid shall not cause degradation of element performance.

4.3.2 MAGNETIC MATERIALS—When specified in the applicable specification sheet, filter elements containing
magnetic materials shall have a relative magnetic permeability of less than 2.0 when tested in accordance
with ASTM A 342. (See 6.4)

4.4 Construction

4.4.1 FILTER ELEMENT CONFIGURATION—The filter element configuration shall be as specified in the applicable
specification sheet. Unless otherwise specified, the element shall be designed for flow from outside in. The
element shall consist of a filter medium that shall be supported to withstand the side and end loads imposed
during testing.

4.4.2 DIMENSIONS—The filter elements and associated components supplied to this document shall comply with
the dimensions specified in the applicable specification sheet.

4.4.3 ELEMENT COVERING—The element shall be constructed with a screen or perforated outer wrap to protect the
filter media pack from damage during handling.

4.5 Performance

4.5.1 FABRICATION INTEGRITY  (BUBBLE  POINT)—The elements selected for filtration performance and clean
pressure drop tests shall be based on bubble point values as identified in 5.3.3. The change in bubble point
values before and after testing shall not exceed the amount identified in specific tests.

4.5.2 FILTRATION PERFORMANCE—The filter elements when tested as specified in 5.6.2 shall exhibit the following
performance values:

4.5.2.1 Filtration Ratio—Filter elements when subjected to a multi-pass test in accordance with ISO 16889 as
modified in 5.6.2 shall exhibit a minimum filtration ratio not less than that specified in the applicable
specification sheet for particles of the size indicated in the specification sheet. See 3.1 for definition of
minimum filtration ratio.

4.5.2.2 Dirt Holding Capacity—Apparent or retained capacity, as applicable, shall be equal to or greater than the
value specified in the applicable specification sheet at a terminal pressure drop of a value specified in the
applicable specification sheet when the element is subjected to a multi-pass test in accordance with ISO
16889 as modified in 5.6.2.

4.5.3 CLEAN ELEMENT PRESSURE DROP AT RATED FLOW—Pressure drop across the element shall be measured at
the kinematic viscosity and rated flow identified in the applicable specification sheet and shall not exceed the
maximum pressure drop specified. Pressure drop shall also be measured at a kinematic viscosity at least
twice that identified in the specification sheet and again at a kinematic viscosity less than 50% of that
identified in the specification sheet. Test measurements shall be made at standard ISO viscosity grades as
identified in ISO 3448 so that suitability of the element can be easily determined for various ISO viscosity
grade fluids.
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4.5.3.1 Clean element pressure drop for production elements. For quality conformance inspection, the clean
pressure drop need only be conducted at the viscosity in the applicable specification sheet.

4.5.4 FLOW FATIGUE—The filter element shall withstand, without damage, the number of flow fatigue pressure
cycles specified in the applicable specification sheet when tested as specified in 5.6.4.

4.5.5 COLLAPSE PRESSURE—The filter element shall withstand a collapse pressure equal to or greater than the
value specified in the applicable specification sheet when tested as specified in 5.6.5.

4.5.6 REVERSE FLOW—The filter element shall withstand, without visible structural damage or significant reduction
of bubble point, reverse differential pressure surges and flow of a value specified in the applicable
specification sheet when tested as specified in 5.6.6.

4.5.7 MEDIA M IGRATION UNDER VIBRATION CONDITIONS—Media migration and contaminants from the filter element
shall not exceed value specified in the specification sheet when tested as specified in 5.6.7.

4.5.8 PULL TEST (MATERIAL COMPATIBILITY) REQUIREMENTS—The element shall withstand an axial pull test end
load as specified in the applicable specification sheet without loss of fabrication integrity. The pull test end
load values in Table 1 shall apply if the specification sheet does not identify a specific value:

4.6 Identification Marking—Each filter element shall be clearly, permanently, and correctly marked on the end
cap and the following information shall be provided:

a. Filter element part number (as identified on the specification sheet)
b. Manufacturer's part or drawing number
c. Manufacturer's name or trademark
d. Identify as “Non-Cleanable”
e. Manufacturing date or Traceable Lot Number

4.7 Workmanship—The filter elements shall conform to this document and be free of sharp edges or defects that
may affect their suitability for the service intended. Dimensions and tolerances shall be as identified in the
specification sheet for individual element configurations.

5. Quality Assurance

5.1 First Article Inspection—Unless otherwise specified in the contract or purchase order, the manufacturer is
responsible for the performance of all tests and inspection requirements as specified herein. Except as
otherwise specified, the manufacturer may use its own or any other commercial facilities acceptable to the
purchaser. The purchaser has the right to perform any inspection set forth in the specification whenever it is
deemed necessary to assure that the item conforms to prescribed requirements. First article inspection shall
consist of the examination and tests specified in Table 2 and shall be performed on the first article shipment of
the product to a purchaser. For a given element, the test sequence shall be as shown in Table 2. The order of
testing of the filter elements is not important. Six elements are recommended for first article testing. However,
four elements may be used if two of the elements subjected to fluid compatibility are subsequently subjected to
the filtration test prior to subjecting the elements to collapse tests.

TABLE 1—AXIAL PULL TEST END LOAD

Maximum Element Diameter

Minimum Axial
Pull Test
Values

N

Minimum Axial
Pull Test
Values

kgf

Minimum Axial
Pull Test
Values

lbf

<25 mm   49 N   5 kgf 11 lbf

25 to 100 mm   98 N 10 kgf 22 lbf

>100 mm 147 N 15 kgf 33 lbf
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