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21 July 1986

M LI TARY SPECI FI CATI ON

BEARINGS, PLAIN, SELF-ALIGNING SELF- LUBRI CATI NG
LOW SPEED OSCI LLATI ON, GENERAL SPECI FI CATION FOR

This specification is approved for use by all Departments and
Agenci es of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers plain spherical bearings which are
self-aligning and self-lubricating by incorporating polytetrafluoroethylene
(PTFE) in a liner between the ball and race (outer ring). PTFE is incorporated
ina fabric or conposite material bonded to the ID of the outer ring, O in a
conposite material molded into a pre-formed cavity between the inner and outer

ring. These bearings are for use in the tenperature range -65°F to +325°F
(-54°C to +163°C.)

2. APPLI CABLE DOCUMENTS

2.1 Governnent docunents.

2.1.1 Specifications, standards and handbooks. The follow ng
specifications, standards and handbooks forma part of this document to the
extent specified herein. Unless otherw se specified, the issues of these
docunents are those listed in the issue of the Departnent of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the
solicitation (see 6.2).

Beneficial comments (recomrendations, additions, deletions) and any pertinent
data which may be of use in inproving this docunent should be addressed to:
Commander, Naval Air Warfare Center Aircraft Division, Code SR3, H ghway 547,
Lakehurst, NJ 08733-5100, by using the Standardization Docunent |nprovenent
Proposal (DD Form 1426) appearing at the end of this document or by letter.

AVEC N A FSC 3120
DI STRI BUTI ON STATEMENT A: Approved for public release; distribution is unlimted.
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SPECI FI CATI ONS
FEDERAL
QQ G320 Chromum Plating (Electrodeposited)
QQP-35 Passivation Treatment for Corrosion Resistant Steel
TT-S- 735 Standard Test Fluids, Hydrocarhbon
M LI TARY
ML-P-116 - Preservation, Methods of
M L- P- 197 - Packaging of Antifriction Bearings, Associated Parts and
Sub- Assenbl i es
M L-H-5606 - Hydraulic Fluid, Petroleum Base; Aircraft, Mssile and
Ordnance
M L-T-5624 Tur bi ne Fuel, Aviation, Gades JP-4, JP-5 and
JP-5/JP-8 ST

ML-L-7808 - Lubricating G|, Aircraft Turbine Engine, Synthetic
Base, NATO Code Number 0-148

M L- A- 8243 Anti-lcing and Deicing-Defrosting Fluids
ML-B-8942 - Bearings, Plain, Polytetrafluoroethylene (PTFE) Lined,
Sel f-Aligning

ML-H 83282 - Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon
Base, Aircraft, Metric, NATO Code Nunber H 537

(See Supplenent 1 for |ist of associated M5 (mlitary standards) and
specification sheets. )

STANDARDS
M LI TARY

M L-STD-105 = Sanpling Procedures and Tables for Inspection by
Attributes
ML-STD-129 - Marking for Shipment and Storage

(Unless otherwi se indicated, copies of federal and mlitary specifications,
standards and handbooks are available fromthe DODSSP - Custoner Service,
St andar di zation Docunents order Desk, 700 Robbins Avenue, Bldg. 4D,
Phil adel phia, PA 19111-5094. )

2.2 Non-Governnent Publications. The follow ng docunent(s) forma part
of this docunent to the extent specified herein. Unless otherw se specified,
the issues of the documents which are DOD adopted are those listed in the
issue of the DODISS cited in the solicitation. Unless otherw se specified,
the issues of documents not listed in the DODISS are the issues of the
documents cited in the solicitation (see 6.2).

UNI FORM CLASSI FI CATI ON COW TTEE
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Uni form Frei ght Cassification Rules

(Application for copies of the above publication should be addressed to the
Uniform O assification Commttee, 202 Chicago Union Station, Chicago,

IL 60606. )
AVERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)
ANSI/ASME B46.1 - Surface Texture (Surface Roughness, \Waviness, and Lay)

(Copi es of the above publication may be obtained fromthe American National
Standards Institute, 11 West 42nd Street, New York, NY 10036.)

AVERI CAN SOCI ETY FOR TESTI NG MATERI ALS (ASTM

ASTM C 794 - Standard Test Method for Adhesion-in-Peel of Elastoneric
Joint Seal ant

ASTM F 25, - Standard Test Method for Sizing' and Counting Airborne
Particulate Contami nation in Cean Roons and O her Dust

Control l ed Areas Designed for Electronic and Sim | ar

Appl i cations

ASTM F 50 - Standard Practice for Continuous Sizing and Counting of
Ai rbourne Particles in Dust Controlled Areas using
Instrunents Based Upon Light Scattering Principles

(Copi es of the above publications nay be obtained fromthe American Society
for Testing Materials, 1916 Race Street, Philadel phia, PA 19103.)

SOCI ETY OF AUTOMOTI VE ENG NEERS ( SAE)
AMVS 2417 - Nickel-Zinc Alloy Plating

(Application for copies should be addressed to SAE, 400 Conmonweal th
Drive, Warrendale, PA 15096.)

(Non- Governnent standards and other publications are nornally avail able
from the organizations that prepare or distribute the documents. These
docunents al so may be available in or through libraries or other informational

services.)

2.3 Oder of Precedence. In the event of a conflict between the text of
this docunent and the references cited herein (except for associated detail
specifications, specification sheets or M5 s), the text of this document takes
precedence. Nothing in this document however, supersedes applicable [aws and
regul ations unless a specific exenption has been obtained.

3. REQU REMENTS

3.1 Qualification. Bearings furnished under this specification shall be
products which are authorized by the qualifying activity for listing on the

3
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applicable Qualified Products List at the tinme of award of contract (see 4.3

and 6. 3). ‘

3.2 Materials. The ball, outer ring and liner shall be in accordance
with the applicable M5 or specification sheets (slash sheets) hereinafter
referred to as “applicable draw ng.”

3.2.1 Plating. Plating of the ball will be permtted, at the option of
the manufacturer, and shall be in accordance with QQ C320. Plating of the
outer race shall be in accordance with AMS-2417, Type 2 and the applicable
drawing (see 6.7).

3.2.2 Passivation, PH13-8 Mosteel balls shall be passivated in
accordance with QQ P-35.

3.2.2.1 440 Steel balls. Passivation of 440C steel balls is optional.

3.3 Design. Bearing design shall conformto that identified in
M L- B-81820, Supplenent 1 docunents.

3.4 Construction. The liner shall be so secured that all relative notion
wi Il be between the unbended surface of the liner and the ball. The bearing
shall not have loading slots. Except as otherw se specified, the details of
the working parts shall be optional.

3.4.1 Dinmensions and tolerances. Dinensions and tol erances shall be
specified on the applicable drawing. Dinmensions not shown shall be at the
option of the manufacturer. .

3.4.2 Surface texture. Al specified surface textures shall be in
accordance with ANSI/ASME B46.1. The sphered surface of the ball shall have a
surface texture of Ra 8 maximum  The ball bore, ball faces and outer ring
periphery shall have a surface texture of Ra 32 maxinum Al other surfaces
shall have a texture of R 125 maxinum  The sphered surface of the ball shall
be honed, polished or simlarly finished subsequent to grinding.

3.4.3 Lubrication. Initial grease or oil lubrication by the manufacturer
shal | not be permtted.

3.4.4 Conformty. For bearings with fabric or fabric conposite type
liners the conformty of the ball and outer ring shall be measured normally.
For bearings with nmolded liners, the conformty of the ball and outer ring
shal | be measured both normally and circunferential]y (see 6.6).

3.4.4.1 Fabric liners. The normal conformty between the ball and outer

ring shall be checked in accordance with 4.6.8.1. For fabric type liners
measurenments shall be taken at a mininmumof five unifornmy spaced positions
across the bearing. Variation between measured val ues shall not exceed 0.003
inch. \When overformng of the outer ring is observed per 4.6.8.1, then the
measured values in the outer ten percent of the ring wdth shall not vary from
t he above measured naxi mum value by nore than 0.005 inch. Underformng is not

control | ed. .
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3.4.4.2 Mlded liners. Normal confornity of bearings with nolded liners
shall be neasured in accordance with 4.6.8.1. The precise shape of the cavity
containing the liner material is not defined. The cavity shall not exhi bit
sharp angul ar changes in curvature across the width of the bearing. Dinension
“t” shall be measured initially at the mdpoint and H 10 positions (see figure
3B). The allowable values at the H 10 positions for the applicable draw ngs
referenced in 3.3 shall be .011 + .003 for all sizes. The permtted variation
within any one bearing shall not exceed .004 inch. The maxinum|iner
t hi ckness shall occur at the mdpoint and the allowable values of “t” at the
m dpoi nt shall be equal to, or greater than, the H 10 values but not greater
than 0,022 inch. In addition to the three initial measurements, the outer ten
percent of the ring width shall be checked for overformng and the nmeasured
values of “t” in these regions shall be not |ess than 0.008 inch

3.4.4.3 Crcunferential conformty. In nolded liner bearings the
circunferential conformty shall be nmeasured in accordance with 4.6.8. 2.
Variation in measured values of “d” shall not exceed 0.003 inch

3.4.5 PTFE liner condition and bond inteqrity.

3.4.5.1 Visual examnation. The visual appearance of the bonded |iner
shal | exhibit a degree of workmanship consistent with proper manufacturing
process controls, as checked per 4.6.9.1. The liner shall be uniformin
texture and shall contain no enbedded contam nants. The |iner set-back shal
meet the applicable drawing requirenents. There shall be no separation or
lifting of the liner at any of the edges. There shall be no unraveling or
excessive fraying of the liner at any of the edges. Ml ded liners shal
conpletely fill the cavity between the ball and outer ring and shall not
contai n enbedded contam nants, cracks or bubbles.

3.4.5.2 Bond integrity and Peel strength. Wen tested in accordance with
4.6.9.2, the liner shall adhere to the netallic substrate at |east 90 percent
of the contact area and shall exhibit an average peel strength of 2.0 pounds
per inch or greater. The adhesive remaining on the netal substrate shall have
no voi d or unbended areas which cannot be included within a circumscribing
circle with a diameter equal to 25 percent of the ring width or 0.25 inch
whi chever is smaller.

3.4.5.2.1 Processing controls. Al fabrication of the PTFE |iner
involving application or mxing of adhesive, and all liner bonding procedures
involving application of adhesive, shall be conducted in a controlled area

3.4.5.2.1.1 Controlled area. The controlled area shall be maintained at
a tenperature of 75° + 10'F (24°C, 29.44°C maximum 18.33°C mininunm with a
maxi mum relative humdity of 75%  The enclosed atnosphere of the work area
shall be well ventilated and naintained so that the particle count is 2500
maxi num 5.0 mcrons or |arger when nmeasured per ASTM F-25 or ASTM F-50. The
particle count measurement shall be performed annually as a mninum There
shall be no eating or smoking in the controlled area and no process which
produces uncontrolled spray, dust, fumes or particulate matter

5
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3.4.5.3 Liner peelability. Each manufacturer shall establish during .
qualification testing whether the liner is peelable or non-peelable. If
peel able, the manufacturer shall determine the mean and standard deviation
peel strength values for the liner based upon a mninum of six peel strength
tests conducted in accordance with 4.6.9.2-. This data shall be-recorded in
the qualification test report. A liner orig nally qualified as peelable shall
remain peel able in production. A liner orig nally qualified as non-peel able
shall remain non-peelable in production.

3.5 Perfornmnce.

3.5.1 Radial static limt load. After the radial load listed on the
appl i cabl e drawi ng has been applied as specified in 4.6.1, the tota
deflection of the bearing and fixture shall be less than 0.010 inch for
bearings with a bore of 3/8 inch or less, 0.015 for 7/16 and 1/2 inch, 0.017
for 9/16 and 5/8 inch, 0.020 for 3/4 inch and up. In all instances the
permanent set shall be less than 0.0030 inch.

3.5.2 Axial static limt load. After the axial load listed on the
app licable drawing has been applied as specified in 4.6.2, the permanent set
sha Il be less than 0.005 inch.

3.5.3 Utimate load. No fracture of the race or ball, or pushout of the
bal | shall occur when 1.5 times the radial or axial limt load is applied, as
specified in 4.6.1 or 4.6.2.

3.5.4 Cscillation under radial load. Wen tested in accordance with .
4.6.3, the bearing shall not exhibit netal-to-netal contact between the bal
and outer ring. The total liner wear of the bearing shall not exceed the
val ues specified in table | and the | oaded rotational breakaway torque shal
not exceed the value specified in table VII. Wen inspected in accordance
with 4.6.9.2, bond integrity shall be as specified in 3.4.5.

3.5.5 Self-alignnent. The bearing shall be self-aligning and shall
permt the angul ar displacenment specified on the applicable draw ng.

3.5.6 No-load rotational breakaway torque. Wen tested in accordance
with 4.6.4, no-load rotational breakaway torque shall be within the limts of
the values specified on the applicable drawing. The letter “K' after the dash
nunmber indicates a bearing supplied with | ow breakaway torque. See 3.5.10 and
3.5.11 for additional requirements for bearings which are identified as being
supplied with low breakaway torque. The absence of the letter “K' indicates
standard breakaway torque. Axial or radial play shall not be pernmitted in
standard breakaway torque bearings

3.5.7 Fluid contam nation. When tested in accordance with 4.6.5, the

liner wear shall not exceed 0.006 inch, and the bearing shall not exhibit
metal -to-metal contact between the ball and the outer ring. No corrosion of
the bearing shall result.
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TABLE |. Maxinmum allowable wear after oscillation under radial | oad.
Width Dash number Maximum Max imum Maximum
size Allowable Allowable Wear Allowable
Wear After After Wear After
1000 cycles 5000 cycles 25000 cycles
Narrow B -4 .0029 .0033 .0037
Wide -4 .0031 .0035 .0039
Any -5 through -16 .0035 .0040 .0045

3.5.8 High tenperature. \When tested in accordance with 4.6.6, the
bearing shall be capable of operating at a tenperature of 325°F (163°C). The
liner wear shall not exceed 0.006 inch, and the bearing shall not exhibit
metal -to-metal contact between the ball and the outer ring.

3.5.9 Sub-zero tenperature. \When tested in accordance with 4.6.7, the
bearing shall be capable of operating at a tenperature of -10°F (-29°C). The
liner wear shall not exceed 0.0080 inch, and the bearing shall not exhibit
metal - to-metal contact between the ball and the outer ring.

3.5.10 Radial play. Bearings which are provided with |ow breakaway
torque shall be neasured to determne internal radial play in accordance with
4.4.2.4 and 4.6.10. Radial play shall not be greater than 0.0007 inch for
sizes -3K through -12K, nor greater than 0.0010 inch for sizes -14K and - 16K
Identification of these parts shall be in accordance with the designation
shown on the applicable draw ng.

3.5.11 Axial play. Bearings which are provided without preload torque
shall be neasured to determne axial play in accordance with 4.6.11. Maxi num
al | owabl e axial play values shall be as identified in table II.

TABLE II. Maxinum axial play.
Wdth Dash number size Maxi mum axi al pl ay
Nar r ow -3K thru -12K . 0028
Nar r ow -14K thru -16K . 0040
W de -3K thru -12K . 0021
W de -14K thru - 16K . 0030

3.6 ldentification of Product. Each bearing shall be permanently and
legibly marked with the manufacturer’s name or trademark, mlitary part nunber
and the manufacturer’s part nunmber. \Were practicable, identification shal
appear on the side face of the outer ring; otherwise identification shall
appear on the periphery of the outer ring. Metal inpression stanping is
prohi bited
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3.7 Wrkmanship. The bearing shall be free fromdefects (i.e.
scratches, pits, burrs) which may affect its durability and serviceability.

4. QUALITY ASSURANCE PROVI SI ONS

4.1 Responsibility for inspection. Unless otherw se specified in the
contract or purchase order, the contractor is responsible for the performance
of all inspection requirenments (exam nations and tests) as specified herein
Except as otherw se specified in the contract or purchase order, the
contractor may use his own or- any other facilities suitable for the
performance of the inspection requirements specified herein, unless
di sapproved by the CGovernnment. The Governnent reserves the right to perform
any of the inspections set forth in this specification where such inspections
are deened necessary to ensure supplies and services conformto prescribed
requirements

4.1.1 Responsibility for conpliance. Al itens shall neet all
requirements of sections 3 and 5. The inspection set forth in this
specification shall becone a part of the contractor’s overall inspection
system or quality program The absence of any inspection requirenents in the
specification shall not relieve the contractor of the responsibility of
ensuring that all products or supplies subnmtted to the Governnent for
acceptance conply with all requirenents of the contract. Sanpling inspection
as part of manufacturing operations, is an acceptable practice to ascertain
conformance to requirenments, however, this does not authorize subm ssion of
known defective material, either indicated or actual, nor does it commit the
CGovernnent to accept of defective material (see 6.4).

4.1.2 Inspection records. The manufacturer shall naintain records
showing quantitative results of all inspections. The record shall be
avai l able to the purchaser and shall be signed by an authorized representative
of the manufacturer or the testing |aboratory, as applicable (see 6.4).

4.2 Cassification of inspections. The inspection requirements specified
herein are classified as follows:

a2 Qualification inspection (see 4.3).
b. Quality conformance inspection (see 4.4).

4.3 Qualification inspection. Qualification inspection shall consist of
all the examnnations and tests of this specification. In addition, the
qual ifying activity reserves the right to require other tests not covered in
this specification when such tests are deenmed necessary to assure the
capability of a newy devel oped bearing nmaterial to performsatisfactorily in
applications for which this specification is intended. Qualification of a
given bearing with a grooved outer ring qualifies the corresponding bearing
with a chanfered outer ring. No bearing may be qualified prior to
qualification of the M14101-8 bearing. The bearings in colum Il of table
111 will not be qualified prior to qualification of the corresponding bearings

8
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in colum |. Lined bore spherical bearings will be approved on the basis of
simlarity to the respective qualified non-l1ined bore spherical bearings. The
l'iner supplied in the lined bore series bearings nust be the sane as the |iner
supplied in the respective non-lined bore spherical bearings which nust have
been previously approved for listing on the QPL for this specification

TABLE I11. Oder of qualifying bearings.
| I

M514101- 5A MBI 4101-3, -4, -6
MS14101- 8 MS14101-7, -9
MS14101- 12 M514101- 10, -14, -16
MS14103- 5 M514103-3, -4 , -6
MS14103- 8 M514103-7, -T7A, -9
M514103- 12 M514103- 10, -14, -16

4.3.1 Retention of qualification. The continued |isting of a product on
the qualified products list is dependent upon a periodic verification of the
manuf acturer’s continued conpliance with the requirements of this
specification and with standardization regulations. As part of that
verification process, each manufacturer nust conplete DD Form 1718 during
Cct ober of each odd nunmbered year. This form supplied by the qualifying
activity, is to be signed by a responsible official of managenent and sent to
the Naval Air Warfare Center Aircraft Division Warmnster, Code 60611
Warm nster, PA 18974.

4.3.1.1 Product change. Any change in product design, description
materials or bonding related operations shall require requalification of the
product to an extent determned by the qualifying activity.

4.3.1.2 Product manufacture. Except for the bonding and swagi ng
operations, the manufacturer is permtted to subcontract manufacturing
operations wthout violating the requirenents of 4.3.1.1. The bonding and
swagi ng operations shall be performed in the plant listed on the QPL.
Manuf acture of the self-lubricating liner material may al so be subcontracted.
Any change in (1) the liner manufacturer, (2) the liner manufacturing
procedures, or (3) the materials used in manufacture of the liner shal
require requalification as determned by the qualifying activity.

4.3.1.3 Periodic retest for retention of qualification. In addition to
the certification requirenment of 4.3.1, each manufacturer shall retest a
sanpl e of bearings fromrecent production at five year intervals beginning in
1988. The tests to be performed shall be as foll ows:

a.  4.6.3 Oscillation Under Radial Load.
4.6.5 Fluid Contamnation, Using ML-H 83282 Hydraulic Fluid.
4.6.6

H gh Tenperature.
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d.
€.

4.6.8 Conformty.

4.6.9 PTFE Liner Condition and Bond Integrity.

The test bearings shall be a single size fromnormal production. The bearings
shall be MS14101-8 or Ms14101-12, at the nmanufacturer’s option. Three sanples
each of tests (a) through (d), and six sanples of test (e) are required. The
test data shall be assenbled in report form certified by the Chief Engineer
or other responsible official of management and forwarded to the qualifying
activity in Cctober of the appropriate year (see 6.4).

4.3.2 Sanpling instruction. Qualification test sanples shall consist of
thirty-seven (37) bearings of M514101-8, eleven (11) each of the sizes in
colum | of table Ill and seven (7) each of the sizes in colum Il of table
Il upon which qualification is desired. Al bearings necessary for tests
shal | be furnished by the manufacturer and shall be representative of his
normal production. Sanples shall be identified as required and forwarded to
the activity designated in the letter of authorization fromthe activity
responsible for qualification (see 6.3).

4,3.3 Certified tests. The manufacturer shall furnish certified test
i nformation showing that the manufacturer’s product satisfactorily conforms to
this specification: The test information shall include as a mninum actua
results of the tests specified herein. \Wen the information is submtted, it
shal | be acconpanied by a dated draw ng which conpletely describes the
manuf acturer’s product by specifying all dimensions and tol erances,
construction, materials, heat treat, finishes, part marking, and contro
specifications. The liner description and bonding process need not be called
out except by reference to the manufacturer’s internally docunented and
mai ntai ned specifications. The manufacturer’s part nunber for each size shall
be included on the drawing (see 6.4).

4.3.4 (Qualification sanpling. Qualification sanmpling shall be in
accordance with table IV.

4.4 Quality conformance inspections. The quality conformance inspections
shall consist of the inspections listed in table V.

4.4.1 Inspection lot. The inspection lot shall consist of finished
bearings, having a single part nunber, manufactured by the procedures
established for the original qualified bearings, swaged on the sane too
setup, produced as one continuous run or order or portion thereof, and with
one or nore liner bonding runs, which can be defined by means of in-house
processing records.

4.4.2 Sanpling.

4.4.2.1 Sanple for quality conformance tests (a) through (d). The sanple
bearings shall be selected fromeach inspection lot in accordance with
M L- STD- 105, single normal inspection (table 11A), AQ 2.5, Inspection Leve
[I. A lot which was rejected shall be reinspected using tightened inspection
(table I1-B, M L- STD-105). \here the original acceptance number was zero, a
sanpl e size represented by the next higher sanple size code letter shall be
selected. When an inspection lot is reinspected, full particulars concerning

10
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the cause of previous rejections and the action taken to correct the defects
found in the inspection |ot shall be furnished by the contractor to the
procuring activity.

4.4.2.2 Sanple for quality conformance test (e). Inspection shall be
100% of the |ot.

4.4.2.3 Sanple for quality conformance tests (f) and (g). The sanple
bearing shall be selected fromeach inspection |ot in accordance with table
VI. The sanple bearing shall be picked at randomfromthe |ot. A lot which
was rejected under Normal Inspection of table VI shall be reinspected under
Ti ghtened Inspection of table VI without the reexamination or retesting
defined in ML-STD-105. A lot which is rejected under Tightened Inspection
shall not be offered for sale or acceptance under this specification or any
other mlitary specification.

4.4.2.4 Sanple for quality conformance test (h). Each lot of bearings
whi ch are provided without preload torque shall be inspected for radial
clearance in accordance with 3.5.10 and 4.6. 10.

TABLE IV. (qualification test sanples.

Exam nation Par agr agh Sanpl es
Nurber to be tested
Test
Exanmi nation of product 4.5.1 5
Preparation for delivery 4.5.2 5
Radial static limt |oad 4.6.1 3
Axial static linit |oad 4.6.2 3
Gscillation under radial |oad 4.6.3 2 3
No-1oad rotational breakaway 4.6.4 3
tor que
Fluid contam nation 4.6.5 1 3
(each fluid)
H gh tenperature 4.6.6 1 3
Sub-zero tenperature 4.6.7 1 3
Confornmity 4.6.8 !
Bond integrity 4.6.9 1 J

1/ MSI4101-8 size only.
2/ -5, -8 and -12 sizes only.

11
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4.4.2.5 Sanple _for Quality conformance test (i). Each lot of bearings
which are provided without preload torque shall be 100% inspected for axia
clearance in accordance with 3.5.11 and 4.6.11.

4.4,3 Quality assurance certification. For each inspection lot the
manuf acturer shall naintain and supply to the purchaser upon demand:

a. Certified copies of all records or quality conformance tests
specified in 4.4 and the purchase order.

b. Certification that the bearings were produced w thout any change in
the product design, description, materials or bonding related
operations fromthose supplied for qualification testing per 4.3.1.1
and 4.3.1.2

These records and certifications shall identify the manufacturer of the
bearings, the address of the plant where they were nanufactured, the purchaser
and the purchase order nunber (see 6.4).

TABLE V.  Quality conformance inspections.

Exam nation or Test Requi rement  Paragr aph Test Paragraph
(a) Dinensions 3.4.1 4.5.1
(b) ldentification of 3.6 4.5.1
product
(¢) Worknmanship 3.7 4.5.1
(d) Preparation for 4.5.2
del i very
(e) No-load rotational 3.5.6 4.6.4
br eakaway torque
(f) Conformty 3.4.4 4.6.8
(9) Liner condition & 3.4.5 4.6.9
bond integrity
(h) Radi al clearance 1/ 3.5.10 4.6.10
(1) Axial clearance 1/ 3.5.11 4.6.11

1/ Applies only to bearings which are provided wthout preload torque (see
3.5.10 and 3.5.11).

4.5 Exam nations.

12
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The bearings shal

be exanmned to

AB EV De u e _npe on ampling plan.
ﬂ
Normal | nspection Ti ght ened | nspection
Lot
sj ze Sanpl e Accept Rej ect Sanpl e Accept Rej ect
2-50 2 0 1 4 0 !
51 - 3 0 1 6 0 1
500
501 - 5 1 2 10 1 2
5000
5001 - 8 1 2 16 1 2
50000 \ \ \

4,5.2 Preparation for delivery. _ Packing and marking shall be inspected
to determine confornance to section 5.

4.6 Test nethods.

conducted at

room tenperature.

Unl ess ot herwi se specified, all tests shal

4.6.3, 4.6.5, and 4.6.6 on nolded |iner bearings, the bearing shal

installed in the test fixture so that the maxinumload is applied at the

l'arger injection hole,.

4.6.1 Radial

static limt

| oad.

fixture as shown in figure 1.

installation wll
static | oad shall
device set at zero.

not

The bearing shal
The use of differential tenperatures for
be al | owed.

When performng the tests specified in 4.6.1,

be installed in a test

A preload of 4 to 6 percent of the radia

be applied to the bearing for 3 mnutes, and the measurement
The | oad shall then be increased at the rate of 1 percent

of the specified | oad per second until it equals the radial static limt [|oad.

The tota

after 2 mnutes.
prel oad val ue
| oad (see 3.5.3) shal

radi a

defl ection shal
The | oad shal

specified |oad per second

4.6.2 Axial
test fixture as shown in figure 2.
be the nom na

static limt

| oad.

cl earance of the ball
the thickness of the |iner

percent of the axia
devi ce shal

l[imt |oad.

the preload val ue.
| oad shal

axi a

shal |

be set at zero.

[t shall

second (see 3.5.3).
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The bearing shal
limt load. After holding for 3 minutes, the neasuring
The | oads shal

percent of the specified | oad per second until
be held for 2 mnutes,

The test bearing shal
The hole in the support fixture for
di ameter of the bal

be the reading at the radial static limt |oad
then be reduced at the same rate to the
The permanent set is the reading at preload. The ultinate
be applied at the rate of 1 percent of the

be installed in a

pl us doubl e

be prel oaded between 4 to 6

be increased at the rate of 1
it equals the axial static

then reduced at the sane rate to
The permanent set is the reading at preload. The ultimte
be applied at the rate of 1 percent of the specified |oad per
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4.6.3 Gscillation under radial load. The bearing shall be installed in a
steel housing, using a slip fit, with a hardened shaft (R50 nminimun) in the
bore using a .0005 to .0015 inch clearance fit. The bearing shall be so
gripped as to place the shaft in double shear with mni mum bending, and to
permt rotation of the ball with respect to the outer ring and torque read-out
while the bearing is under radial load. A dial indicator or electronic pickup
devi ce shall be mounted to permt measurement of any radial novement of the
bal| with respect to the outer ring. The oscillating |oad specified on the
applicable drawing shall be applied and held statically for 15 minutes. At
the end of this time, the indicating device shall be set to zero and the
oscillating test started. The test shall be run in such a manner that the
ball is oscillated + 25 degrees from the zero position (50 degrees included
angle), at 10 cycles per minute (cpm) mnimumfor 25,000 cycles. A cycle
shall consist of rotation fromzero to +25 degrees and return thru zero to -25
degrees and return to zero (100 degrees total). The wear shall be neasured
with the indicating device either continuously or at sufficient intervals as
to produce a plot of wear in thousandths of an inch vs. life in cycles. Upon
conpletion of the test, the |oaded rotational breakaway torque shall be
measured and shall be as specified in table VII. After testing, one bearing
shal| be subjected to the bond integrity test of 4.6.9.2.

4.6.4 No-load rotational breakaway torque. The no-load rotationa
breakaway torque shall be determined by holding the outer ring of the bearing
fixed while rotating the ball about the bearing axis. The outer ring shall be
held in such a manner as to mininize bearing distortion and the resul tant
effect on bearing preload torque. The use of excessive ball clanping forces
to drive the ball shall be avoided. The ball shall be misaligned in two
mut ual 'y perpendicul ar planes and rotated through two to three revol utions
imediately prior to testing. This operation is nandatory and may require
some fixture adjustnent. The test shall then be conducted by gradually
applying torque to the ball; the mninumtorque required to start the bal
noving shall be recorded. The no-load rotational breakaway torque shall be as
specified on the applicable drawing. Individual bearings which are rejected
due to high preload torque values may be reworked by the bearing nanufacturer
and then reinspected 100% Individual bearings which are rejected due to |ow
torque val ues may not be reworked and shall not be accepted.

4.6.5 Fluid contanmination. Eighteen bearings (3 for each fluid) shall be
imersed for 24 hours in each of the following fluids at 160 + 5°F (71 + 3°C),
except for (b) which shall be at 110 + 5°F (43 + 3C):

a. Phosphate Ester Hydraulic Fluid

b. TT-S-735, Type VI1 Standard Test Fluid or ML-T-5624 Turbine Fue
G ades JP-4 or JP-5

c. ML-L-7808 Lubricating Ql

d. ML-H5606 Hydraulic Ql

e. ML-A-8243 Anti-lcing Fluid

f. ML-H 83282 Hydraulic Fluid

14
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Wthin 1/2 hour after removal fromthe test fluid the bearing shall be tested
in accordance with 4.6.3. The test load shall be 75% of the load specified on
the applicable drawing. After testing, six of the tested bearings (one from
each fluid) shall be subjected to the bond integrity test of 4.6.9.2.
Superficial tarnish which can be removed with a danp cloth shall not be cause
for rejection.

4.6.6 H gh tenperature. Three bearings shall be subjected to the test of
4.6.3 except that the bearing shall be heated such that the ball/liner
interface is maintained at a tenperature of 325°F (163°C) nininum  The test
| oad shall be 100% of the |oad specified on the applicable drawi ng. After
testing, one bearing shall be subjected to the bond integrity test of 4.6.9.2.

4.6.7 Sub-zero tenperature. Three bearings shall be subjected to the
test of 4.6.3 except that the bearings shall be cooled during the test. The
test |oad shall be 75% of the |oad specified on the applicable draw ng. The
oscillation rate is optional except that the mninumshall be 5 cpm
Intermttent operation of the test machine is allowable if necessary to
counteract the effects of frictional heating. The first 1000 test cycles
shall be conducted at room tenperature followed by 24,000 cycles at the
specified | ow tenperature below. Upon conpletion of the first 1000
cycles, oscillation shall be stopped and the test bearing cooled such that the
bal I /liner interface tenperature is maintained at or below -10%F, (-23°C) for
the sub-zero tenperature portion of the test. The bearing shall be allowed to
cold soak at this tenperature for one-half hour mnimmafter which tine
oscillation shall be continued until the remaining 24,000 cycles have been
conpleted. In the event that the normal wear neasurenent techniques are
Inaccurate at |ow temperature, then alternative wear nethods may be used
provided the method is fully described in the qualification test report.

After testing, one bearing shall be subjected to the bond integrity test of
4.6.9.2

4.6.8 Conformty.

4.6.8.1 Normal conformty. Encapsulate the bearing in plastic material
as used in metallurgical mounts, to prevent notion of the ball with respect to
the outer ring. Section the bearing on a dianeter and normal to the outer
ring side face to produce a surface as in figure 3(a) or 3(b). Bearings which
have been subjected to wear testing shall be sectioned so that the entire wear
area is exposed when the ball is renoved in 4.6.9.2. Gind and polish the
face to obtain a true view of the edges of the curved portions of the ball and
outer ring. By use of an optical conparator or other accurate technique,
measure dimension “t” radially fromthe ball to the outer ring (see figure 3).
The neasurenents need not be taken closer to the outer ring face than ten
percent of “H (.025 mninmun) except when overformng of the outer ring has
occurred. The normal conformty nust neet the applicable requirenents of
3.4.4.1. Confornity in the ten percent of “H region (see H10 in figure 3(a)
and 3(b)) is not controlled by this specification except when overformng of
the outer ring has occurred. Overformng of the outer ring is defined as the

15
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TABLE VI1. Maximum allowable _after test torque.
Dash
Nurber W de Nar r ow

Si ze (in-1h) (in-1b)
3 65 21
4 65 45
5 90 80
6 150 110
7 230 150
8 325 210
9 455 295
10 540 425
12 820 755
14 1150 1045
16 2670 1750

condition when the side portions of the outer ring are in closer proximty to
the ball surface than the mddle portion of the outer ring. Wen overform ng
I's observed, two additional neasurenents (one in each H 10 region) shall be
taken to determne if the amount of overformng meets the requirenents of
3.4.4.1 or 3.4.4.2 as applicable.

4.6.8.2 CGrcunferential conformty. Bearings with nolded liners shall be
encapsulated in plastic material, as used in netallurgical nounts, to prevent
nmotion of the ball with respect to the outer ring. Section the bearing along
the dianeter described by the centerline of the outer ring width to produce a
surface as shown in figure 4. Gind and polish the surface to obtain a true
view of the exposed l|iner cross section. By use of an optical conparator or
other accurate technique, neasure dinension "d" radially fromthe center of
the bore at a mnimm of eight uniforny spaced positions (see figure 4). The
circunferential conformty shall meet the requirenents of 3.4.4.3

4.6.9 PTEE liner condition and bond integrity. The sectioned hal f
bearing not used in 4.6.8 shall be broken out of the mount and used to
determne liner condition and bond integrity. At the manufacturer’s option,
the bond integrity test nmay be performed on a part which has not been
encapsul ated. In the case where a disagreement exists between a manufacturer
and a user on bond integrity, an unencapsulated bearing shall be used for
final resolution.

4.6.9.1 Visual examnation. Visually exam ne the exposed liner surface
for conformance to the applicable requirenents of 3.4.5.1, 3.7 and the
applicable draw ng.

18
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4.6.9.2 Bond integrity and peel strength. Peel the liner away from the
netal substrate and evaluate the peel strength and adhesive bond appearance
per 3.4.5.2. A blade or scribe may be used to initiate the peel. To
determ ne peel strength, the liner shall be attached to a calibrated spring
scal e or tension testing machine of the type described in ASTM C 794 and the
liner peeled back fromthe substrate at 140° + 40°angle to the bond surface at
a speed of 0.5 to 1.0 inch per mnute (see figure 5). The average pee
strength value shall be recorded and included in the test report. \Were
possi bl e, the peel shall be conducted on the entire width of the bonded |iner
Wien the peel is conducted on the entire width of the outer ring or ball bore,
the width for calculating peel strength in pounds per inch shall be the
machi ned wi dth mnus 0.050 inch to account for chanfers and edge effects. At
the manufacturer’s option or when peeling of the full outer ring width is
inpractical, the liner may be cut through to the netal substrate to forma
peel sanple with a mnimmw dth of 0.500 inch. This peel sanmple may be cut
either parallel to or perpendicular to the outer ring side face. This sanple
shal | be peeled as previously described. The peel strength test shall be
waived for the -3, -4 and -5 size bearings, but the liner shall be peeled by
hand to permt visual exam nation of the bond line for voids. Follow ng |iner
peel, the adhesive bond appearance shall be evaluated to determne the
| ocation and size of any voids or unbended areas as specified in 3.4.5.2. A
void is an area whet-e the actual substrate is snooth and shiny with no visible
adhesive.  An unbended area is where the adhesive remaining on the neta
substrate is smoth and shiny indicating a |lack of bonding pressure. In the
event the liner cannot be renoved w thout enploying chipping, scraping, or
abrasive techniques, the liner shall be considered to be properly bonded and
free of voids, and shall be classed as nonpeel able.

4.6.10 Radial play. Radial play shall be measured with the appropriate
test load, specified in table VIIl, applied to one nenber (ball or outer ring)
perpendicular to the bore axis alternately in opposite directions per
paragraph 3.5.10. The other menber shall be rigidly clanped. The fixture for
applying the load to one menber and reacting the |oad in the other menber
shall be designed so that neither menber will be distorted during the test.
Radial play shall be the full dial movenment |ess shaft clearance. |ndividua
bearings which exhibit preload torque of 0.1 inch-pound or greater need not be
inspected for radial clearance. Each bearing which exhibits less than 0.1
i nch-pound preload torque shall be inspected for radial clearance in
accordance with 3.5.10. Individual bearings which exhibit excessive radia
cl earance shall be rejected; they may not be reworked and shall not be offered
for sale or acceptance under this specification or ML-B-8942.

4.6.11 Axial play. Axial play shall be neasured with the appropriate
test load, specified in table VIII, applied to one nenber (ball or outer ring)
parallel to the bore axis alternately in opposite directions per paragraph
3.5.11.  The other menber shall be rigidly clanped. The fixture for applying
the load to one menmber and reacting the load in the other menber shall be
designed so that neither nmenber will be distorted during the test. Axial play
shall be the full dial movement. Individual bearings which exhibit excessive
axial clearance shall be rejected; they may not be reworked and shall not be
offered for sale or acceptance under this specification or ML-B-8942
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TABLE VII11. Test loads for axial and radial play.
Dash nunber size Test. loads (Ibs)
3K
4K
5K 10
6K
7K
8K 15
9K
10K
12K
14K 25
16K

5. PACKAG NG

5.1 Preservation. Packaging shall be in accordance with Level A or Level
C as specified in paragraph 6.2. These bearings will not tolerate cleaning
solvent, grease or oil. Prior to packaging, bearings shall be cleaned in one
of the follow ng ways:

a. Cean, dry conpressed air per ML-P-116.
b. Wping with soft, clean cloth per ML-P-116.
c. Manufacturer’s established cleaning procedures for the bearing.

5.1.1 Level A Packaging shall be in accordance with Level A of

M L-P-197. The manufacturer’s | ot control nunber shall be marked on each
package.

5.1.2 Level C. Packaging shall be in accordance with the fabricator’s

conmercial practice. The manufacturer’s lot control nunber shall be marked on
each package.

5.2 Packing.
5.2.1 Level A Bearings packaged as specified in 5. 1.1 shall be packed
for overseas shipment and storage in accordance with ML-P-197.

5.2.2 Level B Bearings packaged as specified in 5.1.1 shall be packed

for domestic shipment and storage in accordance with ML-P-197.

5.2.3 Level C.  Bearings packaged as specified in 5.1.2 shall be packed
in a manner to insure carrier acceptance and safe delivery at destination. The
containers shall be in accordance with the Uniform Freight Cassification

Rul es or regulations of other carriers, as applicable to the node of

transportation.
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5.3 Marking. Interior packages and exterior shipping containers shall be
marked in accordance with ML-STD-129. The nonenclature shall include:

BEARI NGS, PLAIN, SELF-ALIGNING SELF- LUBRI CATI NG
LOW SPEED OSCI LLATI ON

6.  NOTES

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

6.1 Intended use. The bearings are intended primarily for use in
airframe applications requiring high loads at low rotational oscillatory
speeds.  For specific design information on the capability of these bearings
under particular |oads and environmental conditions, the user is referred to
M L- STD- 1599, Bearings, Control System Conponents and Associ ated Hardware Used
in the Design and Construction of Aerospace Mechanical Systems and Subsystemns.

6.2 Acquisition requirenents. Acquisition documents nust specify the
fol | ow ng:

a. Title, nunber and date of this specification
b. I'ssue of DODISS to be cited in the solicitation, and if required,
the specific issue of individual documents referenced (see 2.1 and

2.2).
MS (mlitary) part number (see 3.3).
Quantity.
Applicable levels of preservation and packing (see 5.1 and 5.2).
Qual ity Assurance Certification (see 4.4.3).

In the event a MS (mlitary) part is not available for a particular
application, then the appropriate airframe manufacturer’s draw ng shoul d be
substituted for the applicable drawing and the requirenents of the quality
conformance section of this specification should be part of the conditions for
procurenent .

6.3 Qualification. Wth respect to products requiring qualification
awards will be nade only for products which are, at the tine of award of
contract, qualified for inclusion in Qualified Products List (QPL) No. 81820
whet her or not such products have actually been so listed by that date. The
attention of the contractors is called to these requirenents, and
manuf acturers 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. The activity responsible for the QPL is the
Naval Air Systems Conmand, Attention: Naval Air Warfare Center Aircraft
Division Warnminster, Code 6061, Warmnster, PA 18974-5000.

6.3.1 Qualification tests. Qualification tests will be authorized only
upon presentation of drawings and certified test reports that indicate the
bearings conformto this specification
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6.4 Consideration of data requirements. The following data requirenents
shoul d be consi dered when this specification is applied on a contract. The
applicable Data Item Descriptions (DD s) should be reviewed in conjunction
with the specific acquisition to ensure that only essential data are
requested/provided and that the DID s are tailored to reflect the requirements
of the specific acquisition. To ensure correct contractual application of the
data requirenents, a Contract Data Requirenents List (DD Form 1423) nust be
prepared to obtain the data, except where DOD FAR Suppl ement 227.405-70
exenpts the requirenent for a DD Form 1423.

Ref erence Paragr aph DI D Nunber DID Title Suggest ed Tailoring
4.1.1 DI-NDTI-80809A Test/Inspec-  Paragraph 10.2.7
tion Reports
4.1.2 " " None
4.3.1.1 " " #
4.3.3 " " "
4.4.3 " " "

The above DID was cleared as of the date of this specification. The current

i ssue of DOD 5010 12-L, Acquisition Management systens and Data Requirenents
Control List (AVMSDL), must be researched to ensure that only current, cleared
DIDs are cited on the DD Form 1423

6.5 Definitions - conformity. Conformity is the characteristic of a
spherical bearing which describes the relationship between the spherica
surface of the ball and the spherical inner surface of the outer ring.

6.6 Subject term (keyword) |isting

Fabric 1iner

Mol ded |iner
Pol yt et raf | uor oet hyl ene
PTFE

6.7 Cadmium Plated parts. For exi sting inventories, cadm um plated parts
are acceptable

6.8 Changes from Previous issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
extensiveness of the changes

Cust odi ans: Preparing Activity:
Navy - AS Navy - AS
Air Force - 99 (Project No. 3120-0704)
Ay - AV

Review Activities
Air Force - 84
Arny - AR
DLA - IS

User Activities:
Navy - SH
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