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DETAIL SPECIFICATION

LUBRICATING OIL, PRECISION ROLLING ELEMENT BEARING,
POLYALPHAOLEFIN BASED

This specification is approved for use by al Departments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. Thisdetail specification covers the requirements for five grades of a synthetic hydrocarbon
lubricating ail for use in the precision bearings of interna guidance gyros, accelerometers and other
suitable instrument bearing applications (see 6.1).

1.2 Classfication. Thelubricating oils are of the following grades as specified (see 6.2).

Grade 4
Grade 6
Grade 9
Grade 14
Grade 40

2. APPLICABLE DOCUMENTS

2.1 Generd. The documents listed in this section are specified in sections 3 and 4 of this specification.
This section does not include documents cited in other sections of this specification or recommended for
additiona information or as examples. While every effort has been made to ensure the compl eteness of
thislist, document users are cautioned that they must meet al specified requirements documents cited in
section 3 and 4 of this specification, whether or not they are listed.

Beneficid comments (recommendations, additions, deletions) and any pertinent data which may be of use
inimproving this document should be addressed to: U.S. Tank-Automotive and Armaments Command,
ATTN: AMSTA-TR-E/BLUE, Warren, M| 48397-500, by using the Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end of this document or by |etter.

AMSC N/A FSC 9150
DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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2.2 Government documents.

2.2.1 Specifications, tandards, and handbooks. The following specifications, sandards, and
handbooks form a part of this document to the extent specified herein. Unless otherwise specified, the
issues of these documents are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DoDISS) and supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS

FEDERAL
TT-T-656 - Tricresyl Phosphate
STANDARDS
FEDERAL
FED-STD-313 - Materid Safety Data, Trangportation Data and Disposa Data for
Hazardous Materials Furnished to Government Activities
FED-STD-791 - Lubricants, Liquid Fuels and Related Products, Methods of Testing

(Unless otherwise indicated, copies of the above specification, and sandards are available from the
Standardization Documents Order Desk, 700 Robbins Avenue, Building 4D,
Philadelphia, PA 19111-5094.)

2.2.2 Other Government documents. The following other Government documents form a part of the
document to the extent specified herein. Unless otherwise specified, the issues are those cited in the
solicitation.

DEPARTMENT OF LABOR (DOL)
OSHA 29 CFR 1910.1200 Hazard Communiceation

2.3 Non-Government publications. The following document(s) form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of the documents which are DoD adopted
arethose listed in the issue of the DoDISS cited in the solicitation. Unless otherwise specified, the issues
of documents not listed in the DoDISS are the issues of the documents cited in the solicitation (see 6.2).

AMERICAN NATIONAL STANDARDS INSTITUTE (ANS))

ANSI/ASQC Z1.4 - Sampling Procedures and Tables for Inspection by Attributes
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ANSI Z400.1 - Hazardous Industrid Chemicads—Materid Safety Data Sheets -

Preparation

(Application for copies should be addressed to the American Nationa Standards Ingtitute,
1430 Broadway, New York, NY 10018.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 240 - Standard Specification for Heat-Res sting Chromium and Chromium-
Nickle Stainless Stedl Plate, Sheet, and Strip for Pressure Vessdls
(DoD Adopted).
ASTM A 666 - Standard Specification for Annedled or Cold-Worked Augtenitic
Stainless Sted Shest, Strip, Plate, and Flat Bar (DoD Adopted).
ASTM A 693 - Standard Specification for Precipitation-Hardening Stainless and
Heat-Resisting Sted Plate, Sheset, and Strip (DoD Adopted).
ASTM D 92 - Hash and Fire Points by Cleveland Open Cup (DoD Adopted).
ASTM D 97 - Pour Point of Petroleum Qils (DoD Adopted).
ASTM D 445 - Kinematic Viscosty of Trangparent and Opague Liquids (and the
Cdculaions of Dynamic Viscosity) (DoD Adopted).
ASTM D 664 - Neutrdization Number by Potentiometric Titration (DoD Adopted).
ASTM D 972 - Evaporation Loss of Lubricating Greases and Oils (DoD Adopted).
ASTM D 974 - Neutrdization Number by Color - Indicator Titration
(DoD Adopted).
ASTM D 4057 - Manua Sampling of Petroleum and Petroleum Products
(DoD Adopted).
ASTM D 4172 - Wear Preventive Characteristics of Lubricating Fluid (Four-Ball
Method) (DoD Adopted).
ASTM D 4177 - Automatic Sampling of Petroleum and Petroleum Products
(DoD Adopted).
ASTM D 4636 - Corrosveness and Oxidation Stability of Hydraulic Qils, Aircraft
Turbine Engine Lubricants, and Other Highly Refined Oils
(DoD Adopted).
ASTM D 4898 - Insoluble Contamination of Hydraulic Fluids by Gravimetric Andyss

(DoD Adopted).

(Application for copies should be addressed to the American Society for Testing and Materidls,

100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.)



Downloaded from http://www.everyspec.com

MIL-DTL-53131A

SOCIETY OF AUTOMOTIVE ENGINEERS, INC. (SAE)
SAE AMS 6440 -Carbon Alloy Stedls: Grouped By ASIS Numbering System Chromium.

(Application for copies should be addressed to the Society of Automotive Engineers, Inc.,
400 Commonwesdlth Drive, Warrendale, PA 15096.)

2.4 Order of precedence. In the event of a conflict between the text of this document and the
references cited herein, the text of this document takes precedence. Nothing in this document, however,
supersedes applicable laws and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Qudification. Lubricating oils furnished under this specification shdl be products which are
authorized by the qudifying activity for listing on the applicable Qualified Products List (QPL) before
contract award (see 4.2 and 6.3).

3.2 Materiel safety data sheet (MSDS). Contractor shall furnish a separate MSDS for each
individual item which is defined as hazardous in FED-STD-313, or which is required by the
contract or order. The MSDS shall meet al requirements of the 29CFR 1910.1200 and should be
in accordance with the 16 part format specified in the ANSI Z400.1 standard and shall include all
information that is pertinent to the product. One copy of the MSDS shall be submitted to the
address indicated in FED-STD-313 for the Service/Agency procuring the item, one copy to the
contracting officer, and at |east one copy per shipment unless otherwise specified in the contract
or order.

3.3 Maerids. The materias used in compounding the lubricant basestock shall consst solely of
polya phaolefin oligomers. Thefluids shal contain additives as specified.

3.3.1 Additives.
3.3.1.1 Oxidation inhibitor. The oxidation inhibitor shal be a hindered bis-phenol. (An example of a

known suitable additive is 4,4-methylenebis (2,6-di-tertiary butyl phenal). A quantity of
0.45 to 0.55 percent by weight shal be used.

3.3.1.2 Antiwear agent. The antiwear agent shal be naturd tricresyl phosphate conforming to
TT-T-656 or synthetic tricresyl phosphate. A quantity of 0.9 to 1.1 percent by weight shdl beused. The
naturd or synthetic tricresyl phosphate shall contain not more than one percent of the ortho-isomer.
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3.3.3 Toxic products and formulations. The material shal have no adverse effect on hedth of

personnel when used for itsintended purpose. Questions pertinent to the effort shall be referred by the
contracting activity to the appropriate departmental medical service who will act as an advisor to the

contracting agency.

3.4 Physicd properties. The physica properties of the lubricating oil shal be in accordance with
physical properties appearing in table |, when tested as specified in 4.5.2 through 4.5.2.2.

TABLE|. Physical properties.

Property Requirements
Grade 4 Grade 6 Grade9 | Gradel14 | Grade40

Acid number, mg KOH/g (max) 0.1 0.1 0.1 0.1 0.1
Viscosity, mm?/s

100 °C (212 °F), min. 35 54 9.0 135 38.0

40 °C (104 °F), max. 185 33.0 75.0 130.0 420.0

-40 °C (-40 °F), max. 3500 7900 30000 -- --
Pour point, °C (°F), min. -62 (-80) -57(-70) | -54(-65) | -40(-40) | -27(-15)
Flash point, °C (°F), min. 227 (440) | 227 (440) | 234 (453) | 245 (473) | 273 (523)
Evaporation % by weight, max. 5.0 3.0 3.0 20 10
22 hrs,, 149 °C (300 °F)

3.5 Corrosiveness and oxidation stability. When the lubricating oil istested as specified in 4.5.1, it

shdl meet the following requirements:

3.5.1 Corroson. Theweight of the sllver and stedl strips shdl not have changed by more than
0.2 milligrams per square centimeter of surface for each strip; the weight change for the duminum shall
be not more than 0.4 milligrams per square centimeter of surface, and the weight change for the copper
shdl be not more than 0.6 milligrams per square centimeter of surface.

3.5.2 Resiganceto oxidation. After the oxidation corrosion test (see 4.5.1) is completed, the
viscosity of the oil at 40 °C (104 °F) and the acid number shdl not have changed by more than the

vauesshownintablell.

TABLE Il. Resistance to oxidation.

Corroson-oxidation Requirement
Grade 4 Grade 6 Grade 9 Grade14 | Grade40
% Viscosty change @ 40 °C +30.0 +10.0 +5.0 +5.0 +5.0
(104 °F), max.
Changein acid No., max. 45 3.0 3.0 3.0 3.0
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3.6 Lubricity. When tested in accordance with 4.5, table V, wear scar values for the lubricating oil
shall not exceed those specified in tablel11.

TABLE Ill. Wear scar values.

Test load, Newtons Wear scar, mm, max.
Grade4 Grade 6 Grade 9 Grade 14 Grade 40
400 0.90 0.90 0.90 0.90 0.90
150 0.35 0.35 0.35 0.35 0.35

3.7 Solid particle contamination. When tested in accordance with 4.5.2, the number of solid
contaminant particles per 100 mL of the fluid shall not exceed the number specified intable V. The
weight of the residue by gravimetric andysis shal not exceed 0.3 mg/100 mL.

TABLE V. Solid contaminant particles.

Particle szerange Allowable number (max)
(largest dimension) micrometers each determination
5-15 150
16-25 45
26-50 23
51-100 10
Over 100 0

3.8 Storage stability. After 12 months of storage in accordance with 4.5 (FED-STD-791,
method 3465), the fully blended product shal show no separation of ingredients nor evidence of
crydalization. The blended product shdl be clear and transparent when examined visudly, and shall
conform to the requirements of section 3, except particul ate contamination.

3.9 Workmanship. Thelubricating oil shal be ahomogenous, clear and bright liquid free from any
vigbleimpurities.

3.10 Containment packaging. The unit of issue quantity of oil shall be packaged in an amber
glass bottle (e.g. shape defined by the Glass Packaging Institute (GPI)). The container stability
must minimize customer-handling problems. A poly seal cap shall be used to insure seals do not
fail under normal handling. The protective containment package must contain the product so that
neither the contents escape; maximize the product shelf-life; and prevent any contamination of the
product.

3.11 Labding: Each containment bottle will contain the following special label markingsin
addition to all markings required by the contract or order.
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PRECISION ROLLING ELEMENT BEARINGS POLYALPHAOLEFIN
BASED SYNTHETIC OIL. IF OIL CONTAINS NATURAL TRICRESYL
PHOSPHATE, THE UNIT CONTAINER SHALL BE MARKED AS
FOLLOWS:

WARNING
THISOIL CONTAINS NATURAL TRICRESYL PHOSPHATE — CAN
PRODUCE PARALY SIS IF TAKEN INTERNALLY. DO NOT ALLOW ON
FOOD MACHINERY OR ON SURFACES THAT MAY CONTACT FOOD OR
USE FOR ANY MEDICINAL PURPOSE. DO NOT ALLOW THE OIL TO
CONTAMINATE FOODSTUFF, ASWELL AS CIGARETTES OR OTHER
TOBACCO PRODUCTS.

AVOID EXTENDED SKIN EXPOSURE. DISPOSAL/WASTE
MANAGEMENT: MANY STATES CLASSIFY WASTE LUBRICANTSAS
“HAZARDOUS’, WHICH MEANS DISPOSAL ONLY BY A LICENSED
FIRM. CONSULT LOCAL, STATE, AND FEDERAL REGULATIONS
APPLICABLE TO YOUR AREA.

4. VERIFICATION

4.1 Classfication of ingpections. The ingpection requirements specified herein are classified asfollows:.

a Quadlification inspection (see 4.2).
b. Conformance inspection (see 4.3).

4.2 Qudification inspections. Qualification ingpections consst of tests for al of the requirements specified in
section 3 and may be conducted in any plant or [aboratory approved by the qualifying activity.

4.3 Conformance ingpections. Conformance ingpections tests shall consist of the tests specified in
4.5 through 4.5.2.2 except the following:

Corrosiveness and oxidation stability (see 4.5.1)
Lubricity (see 4.5, table V)
Storage stability (see 4.5, table V)

4.4 Sampling.

4.4.1 Sampling for the examination of filled containers. Take arandom sample of filled containers
from each lot of lubricating il in accordance with ANSI/ASQC Z1.4.
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4.4.2 Sampling for tests. Take samples from bulk or packaged lots (see 6.4) for tests in accordance
with ASTM D 4057 or D 4177, as appropriate.

4.4.2.1 Inspection. Perform inspection in accordance with FED-STD-791, method 9601.

4.4.2.2 Examination of filled containers. Examine samples taken in accordance with 4.4 with regard to
fill, closure, sedling, leakage, packaging, packing and marking requirements. Reject any container having
one or more defects or under the required fill. A lot shall be accepted when zero defects are found and
rejected when one or more defects are found.

4.5 Test methods. Perform testsin accordance with table V and with 4.5.1 through 4.5.2.2, as
goplicable.

TABLE V. Test methods.

Requirement Test method
Kinemdtic viscosity ASTM D 445
Acid number ASTM D 974 or D 664
Pour point ASTM D 97
Flash point ASTM D 92
Four-ball wear ASTM D 4172
Evaporation ASTM D 972
Storage stahility FED-STD-791, method 3465

4.5.1 Corroson and oxidation stability. The corrosion and oxidation stability shal be performed at
150 °C (302 °F) in accordance with ASTM D 4636 with the modifications specified herein. Thetest shdll
be run for 72 hours. An eectrolytic grade slver test square shal be substituted for the cadmium plated
stedl square The mild, carbon stedl test square shdl be replaced with asted square conforming to
SAE AMS 6440. The magnesium square shdl be replaced with atype 410 stedl conforming to
ASTM A 240, ASTM A 666, and ASTM A 693. Theviscosity at 40 °C (104 °F) shdl be performed
within six hours of the completion of the oxidation test period.

4.5.2 Solid particle contamination.

45.2.1 Paticlesgze. Paticle sze shall be measured by the use of automatic particle counters
(HIAc counter, models PC-202, PC-203, PC-305, PC-320 or equivaent) or the optica procedure
detailed in FED-STD-791, method 3009. Directionsin the manua for the respective insruments shal be
followed.

45.2.2 Gravimetric method. A gravimetric determination shall aso be made in accordance with
ASTM D 4898 using two 0.45 micrometer filter membranes.
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4.6 Tolerances. Thelubricating oil supplied under contract shal be identicd, within permissble
tolerances assgned by the qualifying activity, for the properties listed in 3.4, to the product receiving
qudification. The values resulting after the gpplication of the tolerances shall not exceed the maximum
nor fal below the minimum limits specified herein (seetable | through IV and 3.5.1 through 3.7).

5. PACKAGING

5.1 Packaging. For acquisition purpose, the packaging requirements shall be as specified in the
contract or order (see 3.2 and 3.10). When actua packaging of materid isto be performed by DoD
personnel, these personnel need to contact the responsible packaging activity to ascertain requisite
packaging requirements. Packaging requirements are maintained by the Inventory Control Point's
packaging activity within the Military Department or Defense Agency, or within the Military
Department’ s System Command. Packaging dataretrievd is available from the managing Military
Depatment’s or Defense Agency’ s automated packaging files, CD-ROM products, or by contacting the
respong ble packaging activity.

6. NOTES

(This section contains information of a generd or explanatory nature that may be hel pful, but is not
mandatory.)

6.1 Intended use. The lubricants covered by this specification are military unique. The lubricated oils
areintended for use in the precision bearings of inertid guidance gyros, accelerometers and other suitable
instrument bearing applications. To alow the user the option of using a specified oil with the optimum
viscosity and operation temperatures for the gpplication, the lubricants in this specification are classified
into five different grades of oils according to their viscosity properties. Prior to using these ails, their
performance should be verified in each gpplication. Recommended ambient temperature ranges for the
five grades of ail are shown intable VI. The lubricants covered by this specification were formulated for
usein critica military gpplications, such as aircraft, syslems, and various wegpon systems. Because of its
gpecific gpplications and harsh temperature range, there are no other commercia specifications available
to cover these military applications.
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TABLE VI. Recommended ambient temperature range.

EXPECTED AMBIENT TEMPERATURE

°F | -70-60-50-40-30-20-10 0O 1020 3040 50 60 70 80 90 100>

°C |-57-51-46-40-34-29-23-18-12—-7-1 410162127 32 38>

Grade 4

Grade 6

Grade 9

Grade 14

Grade 40

6.2 Acquistion requirements. Acquisition documents must specify the following:

a Title, number and date of this specification.

b. Grade of lubricating oil required (see 1.2).

c. Issue of DoDISSto be cited in the solicitation, and if required, the specific issue of individua
documents referenced (see 2.2.1 and 2.3).

d. Quantity.

e. Sizeand type of containers (see 3.10 and 5.1).

f. Packaging requirements (see 5.1).

6.3 Quadification. With respect to products requiring qualification, avards will be made only for
products which are, at the time of award of contract, qudified for inclusion in Qualified Product List
QPL NO.53131 whether or not such products have actually been so listed by that date. The attention of
the contractor is caled to these requirements, manufacturers are urged to arrange to have the products
that they propose to offer to the Federal Government tested for qualification in order that they may be
eligible to be awarded contracts or purchase orders for the products covered by this specification.
Information pertaining to qudification of products may obtained from the U.S. Army TACOM,

ATTN: AMSTA-TR-D/210, Warren, M| 48397-5000.
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6.4 Definitions.

6.4.1 Bulk lot. Anindefinite quantity of a homogeneous mixture of lubricating ail, offered for
acceptance in asingle, isolated container; or manufactured in a single plant run (not exceeding 24 hours),
through the same processing equipment, with no change in the ingredient materias.

6.4.2 Packaged lot. Anindefinite number of unit containers of identical size and type, offered for
acceptance, and filled with a homogeneous mixture of lubricating oil from asingle, isolated container; or
filled with a homogeneous mixture of hydraulic fluid, manufactured in asingle plant run (not exceeding
24 hours), through the same processing equipment, which no change in ingredient materias.

6.4.3 Batch. A batchisdefined asthat quantity of materid which has been manufactured by some unit
chemicd process and subjected to some physica mixing operation intended to make the final product
ubgtantiadly uniform.

6.5 Disposa actions.

6.5.1 Background. The product may contain 1.0 percent naturd tricresyl phosphate which may be
absorbed through the skin and produces pardysisif taken internally. Accumulated waste liquids should
have the exterior of the outer pack marked as containing natura tricresyl phosphate to assst disposa
facilities to manage the product according to regulations promulgated by the U.S. Environmental
Protection Agency under Public Law 94-580, Resource Conservation and Recovery Act of 1976.

6.5.2 Handling and safety precautions. Personne handling the product should wear appropriate
impervious clothing to prevent repeated or prolonged skin contact. Loca appraisal isrequired for exact
hedlth and safety implications Sheets (MSDS) information should be used by safety and hedth office of
using activity to prescribe precise application of protective measures. If skin or clothing becomes
moi stened with the product, personnel should promptly wash with sogp or mild detergent and water.
Respirators are not required unless there isthe possibility of an inhalation exposure to midts.

6.5.3 Disposd.

6.5.3.1 Fidd operations. Depending on the size of spills, paper towels or absorbents should be used to
absorb the liquid. Contaminated soil should be removed and placed in abox with absorbents or towels.
This box with spill clean-up wastes should elther be buried dong with ordinary refuse at arate not to
exceed 10 pounds of clean-up waste per spill event or be incinerated in a permitted municipa waste
incinerator. Bulk wastes and contaminated product should be collected centraly for commercid recycling
by acommercid reprocessng firm. Recycling by DoD military field activities, including depot-type
operations, is not authorized at thistime. Liquid products used for heat recovery are regulated by the
Environmenta Protection Agency under Public Law 94-580, Resource Conservation and Recovery Act
of 1976. Heat recovery isrequired to meet the standard in 40 CFR 266, subpart E, Used Oil, burned
energy recovery.

11
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6.5.3.2 Container digposa. Container disposa depends on specific Ste, state and loca laws governing
disposal hazardous materias.

6.6 Subject term (key word) listing.

[ nstrument lubricant
| nstrument oil
Tricersyl Phosphate

6.7 Changesfrom previousissue. Margind notations are not used in thisrevision to identify changes
with respect to the previous issue due to the extent of the changes.

Custodians: Preparing activity:
Army - AT Army - AT
Navy - AS
Air Force-11 (Project 9150-A820)
Review activity:
Air Force— 68

12
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