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MILITARY SPECIFICATION

BEARINGS, BALL, AIRFRAME, ANTIFRICTION

This specification is approved for use by all
Departments and Agencie$ of the Department of Cefense.

1. SCOPE

1.1 -. This specification covers antitiiction bearings in the -65°F to
3500F t~Perature range as specified on the applicable military standard.

.?. APPLICABLE DOCUt12WfS

2.1 hsues of docu-. ‘lhefollowing docunents, of the issue in effect m
date of invitation for bids or request for preFosal, form a part of this
spmification to the extent specified herein.

SPECIFICATIONS

FEDERAL

Q-P-416 Plating, Cedmium (Slectroderosited)

MILITARY

MIL-B-197 Bearings, Anti-Friction, Associated Farts and Sub-Assemblies,
Preparation for Delivery of

MIL-D-1OOO Drawinge, Engineering and Associated Lists
● MIL4-23827 Greaas, AircraFt and Inc!trmnent,Gear and Actuator
MIL-C-81322 Grease , Aircraft, General ?urpse Wide Temperature

STANDARDS

MILITARY

Screw
Range

MIL4TD-105 Sampling procedures and Tables for Tnspsctfon by Attributes
MIL-STD-81O Environmental Test ?iethods
MIL-STD-S31 Test Reports, Pre@ration of

(See supplement 1 for list of associated military standatis (MS’s).)

(Copies of specifications, standards, drawings, and publications required by
suppliers in connection with specific procurement functions should be obtained
from the procuring activity or a3 directed by the contracting officer.)

Beneficial ccmments (recaumendations, additiong, deletkma) and any
pertinent data which may be of use in impoving this docunent should
be addresaed to: ASD/ENESS, Wright-Patterson AFB, OH 45U33 by US1!UJ
the aelf-addressed Standardi=tion Document Improvement FroFosal
(DD Form 1426) aopeariw at the end of this docunent or by letter.

e!-lSGOVERNMEW FWtNTINGOFWI !LW1-703.023/23(,6 FSC 3110
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2.2 Qther Dublicationz. The following document forms a part of this
specification to the extent apecified herein. Unless otherwise indicated, the
issue in effect on date of invitation for bids or request Cor pro~ssl shsll
apply.

.@rican National Stan4arc18Institute

ANSI B46.1 Surface Texture, Surface Roughness, Waviness and by

(APP1ication for copies should be addressed to the American National Standards
Institute, 1430 Broadway Street, New York, New York 10018.)

3. liEQUIREMEtJTS

3.1 !?Ualification. The beaPing8 furnighed under this Swciflcation shall be
preducts which are qualified for ligting on the applicable qualified prcduct
list at the time set for owning of bids,

3.3.1 ~oduct de8iRn chan~e. Any change in prcduct design, de8cripti0n,
❑aterials or fabrication procedures till require requalification of the product
to an extent determined by the qualifying act~vlty.

3.2 ~ 1.?. The materials used shall be such that the finished bearlnge
will conform to the requirements specified herein The manufacturer shall use
due care in subjecting metal to suitable check analysig and physical tests to
satisfy the purchaser aa to the uniformity of the material used .

3.2.1 Einxs and balls. Alloy steels used shall conform to the applicable
❑ilitary standard.

3.3 D2Q. The bearings shall be in accordance with
aPPlicable military standards and shall be designed and constructed as
specified Except as otheruiae 8pSCified, the detailg of the working parts
shall be optional. Only faotory-new bearings shall be furnishad.

3.3.1 m9. Each outer and inner ring shall be
construction

3.3.2 &.&@. Ssals shall be provided to prevent
retain the lUkPiCant 2nd shall be tested and ❑eet
4.5.7.

NOTE: Eonded pop-in typa seals are not pemoitted
types.

Of a single-piece

the entrance of dust and tO
the requirements specified in

on internal self-aland

3.3.2.1 &rformance teSt. ‘he seals shall be ca~ble of withstanding the test
requirement as!specifiad in 11.5.7.1 withnut failure .

I
3.3.2.2 $eal retention. The seals shall be capsble of withstanding the torque
requirements as SpeCified in 4.5.7.2 without failure.

3.4 ~ terchan bilit . All parta having the same menufacturar!s part nuober
and MS dash number ❑arked in accordance with 3.13 shall be functionally and

I .
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dlmenslonally interchangeable. The item identification and pert number
requirements of MIL-D-1OOO ehall govern the manufacturers part nunberg and
changes thereto.

3.5 DIYakiL~ ties

3.5.1 J!4dia1 .’~

3.5.1.1 LiLuit load. hhen tested as specified in 4.5.3.1, the limit-load
redial strength of the bearing shall be not lees than the values specified on
the appllcable military standard.

3.5.1.2 Fracture stre~. Hhen teated aa specified in 4.5.3.2, the ❑inimum
static fracture radial etrength shall be not less than 1-1/2 times the radial
limit-load value specified on the applicable ❑ilitary standard.

3.5.1.3 dvnamic load ratinq. Uhen tested as specified in 4.5.3.3, the
bearing shall have a radial dynamic load rating of not less than the velues
epecified on the .applicable military standard.

3.5.2 &ial atrm

3.5.2.1 Limit load. fien tested as speoifled in 4.5.4.1, the limit-load axial
stre~th of the bearing shall be not less than the values specified on the
aPPlicable military standard.

3.5.2.2 Frac ure stremkb.t ~e;l tegted as epeoified in Q.5.U.2, the minimua
static fracture axial strength shall be not less thao 1-1/2 times the axial
load values specified on the applicable ❑ilitary standard.

3.6 ~. Radial or axial clearanoe shall be meaaured in
accordance with 4.5.5 limits as specified on the applicable ❑ilitary etandard.

3.7 S.@ace rOURhneeg. Surface roughnegs shall be as epecified on the
applicable military standard.

3.a Hardnesa. me rings and balle ehall be tested in accordance with ~.5.9.
The limite shall be in accordance with valuea on the applicable military
standard.

3.9 ~. Except when fabricated of corrosion-re.~istantsteel, all
external steel surfaces, including metal seala or shields, except the inner
ring bore, shall be cadmium plated in accordance with type I, class 2, Of
QQ-P-416. The plating thickness ehall not exceed 0.0005 inch me .imun.

3.10 Eadial and la eral eocentt ricity. The nonself-aligning bearLnge shall be
teeted as epecified in ti.5.2. Values shell not exceed the ltiitg specified on
the applicable military standard.

3
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*3.11 ~u~. Tne bearings shall be packed with grease conforming to
MIL-O-81322 (-65°F to 350°F) or MIL-G-238Z7 (-65°F to 250°F), filled 80 percent
minimum. The bearings shall be thoroughly cleaned before the lubricant is
injected Into the bearings. Bearin&s shall not have been lubricated more than
2U ❑onths prior to the date of delivery of the bearings under contract or
order. The bore of all bearings and the outside diameter of the outer ring and
the inside diameter of the self-aligning ring of the externally se]f-aligning
bearing shall be coated with MIL-G-81322 or MIL-G-23827 grease. The bearing
shall be coated with the same grease that is packed in che bearing.

The bearings shall be tested in accordance with 4.5.10 for
;&ns?%iY%%ility.

3.13 Identification of Dro~. The bearings shall be parmanently and
legibly markad with the manufacturer’s name or trademark and part nunber. The
individual bearing package shall be ❑arked with the complete MS part number,
the manufacturer’s name and part number, and the date of lubrication.

3.14 jiorkmaflshlQ. me workmanship shall be in accordance with high-grade
aircraft bearing manufacturing practice Bearings shall be free from defects
‘wfltchmay affect their durability and serviceability.

4. QUALITY ASSURANCE PROVISIONS

4.1 Rl! nsibi r ins~ecti~. Unless otherwlae specified in the contract
or purchase order , the supplier is responsible for the pet’fonnance of all
inspection requirements as specified berein, ExceDt as otherwise specified in
the contract or order, the supplier may use hia own or any other facilltiea
suitable for the performance of the inspection requirements specified herein ,
unless disapproved by tha Govermaent. The Government reserves the right to
perform any of the inspections set forth in the specification where such
inspections ~re deemed necessary to assure supplies and services cm form to
prescribed requirements.

4.1.1 ~ect rscordR. lhe manufacturer shall maintain a record ghowlng
quantitati$.?resultg of sll teata perfofmed to the requirement of this
spaclfication ‘he record shall be available to the purchaser and shall be
signed by ?fizuthorlzed repreaent&tive of the manufacturer or the tegting
laboratory, GZ applicable.

4.2 J?lllssification of -ctionQ. lhe inspection and testing of the bearings
shall be clai=sifiedas follows:

a.

b.

4.3

4,2

Qualification inspection (4.3)

Quality confonaance inspection (4.4)

SIQti.i-@2at10n te9ta.

1 Test weerts. me contractor shall prepare a test report in accordance
with r.iIL-sTD-831and furnish 3 caaplete copies of the report to the ProcuriM
activity (see 6.2). 7be report shall be accom~nied by a dated drawing which
shall describe in detail the ❑anufacturer’s product by specifying all
dfmenzions and tolerances,material selected, lubricant, plating, and beat
treatment.
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U.3.2 W. The qualification tests shall include all of the examinations
and tests specified under U.5. The tests shall be conducted as specified in
table I.

Q.~ ~. ‘me quality conformance testa shall consist of
sampling teets epecified in 4.4.3 on each lot of beari~s .

4.4.1 J&. 4 lot shall consist of bearings of one type and elZC offered fOr
delivery at ore time .

4.4.2 for Oualitv conformance in9Dectioq. A randcm sample of bearings
shall be selected in accordance with MIL-STD-105, in.9pactionlevel II.

4.Q.3 fieuection for re1iabilitv DroviaiQQ@. .%mpleo, as apecifled in 4.4.2
shall be examined for the following:

a. Dimenaiona (4.5.1)

b. Identification of prcduct (4.5.1)

c. Ramlnation of product (4.5.1)

d. U0rlmmn9hip (4.5.1)

e. Ftedialor axial play (4.5.5.1 or 4.5.5.2)

In addition, laboratory verification of all other tests shall be performed on
random aamplea from periodic Iota as specified by the procuring activity (see
6.2) to determina continued perfomnance with tbe requirements of this
specification.

4.5 l@ ❑ e hodst

U.5.1 hmination of Drc.duC!~. Wch bearing shall be carefully examined to

determine conformance with all requirements of this specification as to
dimensions, lubrication, identification, and worlanenehip. In addition, all
bearings.shall be inspected by manual rotation and may be rejected if there is
frequent and regular catching or binding as might be cauaed in interference of
balla with loading slots or filling notches. Due regard shall be given to the
fact that bearinga without retainera or aeparatora are likely not to have
absolute freedom of rotation becauae of adjacent balla rubbing each other.

4.5.2 EQial and lateral eccentricity. Ten nonself-alIgning bearings shall be
checked . Each bearing shall be mounted on a vertical axi9. The radial
eccentricity of the bearing inner race shall be measured by rotating the inner
race , while preventing rotation of the outer race and meaeuring variation on a
dial indicator placed radian y against the outer race. For lateral
eccentricity, the dial indicator shall be placed axially aa shown on figure 1.
The outer rata radial and lateral eocentriclty shall be determined by holding
the inner race in a fixed position and rotating the outer race .

I‘!

4.5.2,1 Dut-of-roundnes~. The out-of-roundness shall be within the
out-.of-roundneaa tolerances specified for dimensions B and D on the applicable
❑ilitary standard. Ten ❑ ilitary standard bearinge shall be tested.

5
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4.5.3 Radial strength

4.5.3.1 Limit load. Three bearings shall be tested in a rigid support as
shown on figure 2. Each bearing shall be rotated by hand to determine
smoothness of operation before testing. The Pertinent radial limit load
specified on the applicable military standard shall be applied for ! minute.
The load shall then be removed and the bearing shall be inspected for evidence
of failure. 13 inspection by manual rotation after the radial load test, the
bearing shall be subjected tn a 5-1/2 pound radial load. If the smoothness of
operation of the bearing has been lessened perceptibly, it shall be considered
to have failed.

FOSITION OF DIAL FOR
MEASUREMENT OF LATERAL
WCENTRICITT

i !
I I

I I

Lz&mEDmBEARING RIGIDLY

ROTATING SNA?Y

Figure 1. =2Q!.!KL.

4.5.3.2 ~al static fracture loads. The minimum static fracture radial load
of 1-1/2 times the pertinent rated limit load specified on the applicable
❑ilitary standard shall be applied to the bearings for 1 minute. After removal
from the load, the bearings shal1 be examined. Bearings not capable of being
turned by hand or having parts broken c.rcracked shall be considered ?0 have
failed. Three military standard bearings shall be te9ted.

I
I —
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~R BOLT
w

UNDER TSST

t
RADIAL w

Figure 2. I@hLUui.
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I
4.5.3.3 Radial dynamic load. Ten bearings ~hall be mounted on a teat fixture
having suitable support bearings and drive linkages to cause oscillation of the
inner ring. The radial dynamic load specified on the applicable military
standard shall be applied and maintained within *1 percent. The bearings shall
be oscillated through an arc of 90 degrees and back to the starting position
for 15,000 cycles. The bearings shall be removed and examined for excessive
roughness and looseness. Any bearing that does noc operate smoothly because of
ball or raceway defects shall be considered to have failed. hy bearing that
does not operate smoothly because of ball or raceway defects shall be considered
to have failed. Five bearinga shall be disassembled and inspected for ball and
raceway defects. No more than 5 bearings shall have failed this test.

0.5.4 Axial 9trenuth

ti.5.k.l Limit load. Three bearings shall be lndiVldUelly gubjected to the
pertinent sxial limit load speciFied on the applicable military standard,
aPPlied for 1 ❑inute as indicated on figure 3. The load shall then be removed
and the bearings shall be inspectad for evidence of Failure. The bearinga
ehall then be turned over and the test repeated. In inspection by menual
rotation after the exial load test, the bearings shall be sub~ected to 5-1/2
pound sxial load . If the smoothness of operation of the bearings has been
lessened perceptibly, they shall be considered to have failed.

4.5.ti.2 Axial static fracture 1oad. l%e ❑inimwn etatic fracture axial load of
I-1/.zJtimes the pertinent rated ltmit load epecified on the applicable ❑ilitary
standard shall be applied to the bearinge for 1 minute , as indicated on figure
3. The bearings shall then be turned over and the teet repasted. BeariMs nOt
capable Of being turned by hand after the test, or having psrta brokan or
cracked shall be Considered to have failed. Three ❑ilitary standard bearir!ga
shall be tested.

TEST

Figure 3. Jxial loafj.

9
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*

4.5,5 Internal Dlay

4.5.5.1 w. Ten bearing9 shall be tested at normal room
radial Dlav. The radial Dlav shall be ❑easured bv meana of a

temperature for
dial indicator—. . . . .

with the bearinga subjected to a 5-1/2 pound radi;l load applied alternate y in
opposite directions .

Q.5<5.2 Ax&Q, Ten bearings shall be tested at no!?aslroom temperature for
axial play. The axial displacement shall be ❑easured by means of a dial
indicator with the bearings subjected to a 5-1/2 pouod axial load applled
alternately in opposite directions

4.5.6 Plating. Tests to determine the thickness of plating shall be made on
two military standard bearings to determine conformance to QQ-P-416.

fI.5.7 Seal qualification

4.5.7.1 Performance test. At least 1 bearing of each MS size shall be held at
_650F for 100 hours, then at 3000F for 100 hours while being operated in the

teat chamber at 3 revOlutiona per minute (RPM). The bearings shall be subjected
to the sand and dust teet, procedure I, of MIL-STD-81O. Seal deterioration or
ingress of dust that ia detrimental to the bearing performance shall be considered
seal failure. At least 50 percent of the lubricant by weight shall be retained in
the bearing at the end of this test. l!earinga shall be qualified with MIL-C-81322
grease only.

4.5.7.2 Seal retentioq. The seal retention tegt shall be performed in both
directions on three bearings of each MS size shown in table 11. The test shall
be conducted by insertl% a bolt through the bore of the bearing and applying a
tOrqUe as shohn in table II in the direction which would tend to cause the seal
to be dislodged. The inner race shall then be ratated 90 degrees with respect
to the other ring and the above test repeated. Pigure 4 shows the test fixture
to be employed in the teet. Any seals that becane loose, damaged or dislodged
shall be considered failures and the complete lot rejected.

NOTE: Bolt head diameter must be leas than diameter A specified for the
applicable MS bearing.

4.5.8 ~ Surface roughness shall be meaeured in accordance
with AtiSlE46.1. AIIyfailure to canply with the applicable MS shall be cause
for rejection Use the same bearinga apacified in 4.5.9.

a.5.q &@oQ&i. One bearing of each MS size shall be disassembled and tested
for hardness of the inner ring, outer ring, and of three balls. Tne test shall
be made on ground and polished flat cross sectional areas of the inner and
outer ring adjacent to the racehay (as near as poseible). Readtng for the
balls shall be taken on a flat surface. Hardneas ltiits ehall be as Specifiad
on the applicable K.. A standard Rockwell hardness tester shall be used for
this test

10
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*TABLE 11. Test toraue for seal ❑lSalinnment.

KS No.
27645

-3A
-M
-5A
-6A
-3
-Q
-5

::

Min Torque
to dislodge
seal In/Lbs

:
10
8
6
5
16
18
20

MS NO.

2.zQ!3-

-3
-4
-5

::
-10

flinTorque
to dislodge
Seal In/Lbs

8
12
28

::
78

4.5.10 Stabiliza iQn (~t tionl. Three bearings of each MS eize
sutmitted for qualification s:lallbe tested at 250C 210°F for 300 hours,
allowed to return to room temperature, then measured . Any bearings that show a
dtiengional change of more than .0001 inch per inch of diameter shall be
considered to have failed. ltiebearings shall then be cold soaked at -65 fIoOF
for 4 hours, allowed to return to rocm temperature, then measured . AnY
bearings that show a dimensional change of more than .0001 inch per inch of
diameter frcm the last reeding shall be considered ta have faflad. fil
measurements shall be made at room temperature and shall be made at a eingle
reference position on the bearing outside diameter .

*4.5.11 Ldhricant. The lubricant shall conform to MIL-O-81322 or MXL-C-23627,
and shall be inspected for quality and cleanliness.

5. PACNAGING

5.1 Preservation a ~ ua kasiun c Preservation and rackaging of the bearinga
shall be in accordance with lavel A or C of MIL-B-197 , aa specified (see 6..2)

5.2 me bearings shall be pecked in accordance with
level A, B, or C, aa specified, and marked in accordance with FIIL-B-19?(SCe
6.2).

6. NOTES

*6.1 ~tended ua~. lhe sealed antlfriction bearlnga covered in this
specification are intendad for uae in aircraft control gystams. These bearirga
are not intended for applIcations involving higkmtat ive speeds. I%ese
bearings are not Intended to be relubricated.

11
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p--- ~mw ARM -----,

i
I
I

r. .— -
TEST

BF.4RING

CALIBRATED SPRING
OR D3LAlMfEIGIfT

Figure 4. Jest U.Xt.ureused to deter~r
0 .910~B n n~.p“ ear-.

I 6.2 ~. Procurement documente should specify the following:

1 a. Title, number , and date of thie specification

b. Complete MS part nunber (see supplement 1)

c. Quentity

d. Teet repJrt (eee 4.3.1)

e. Laboratory verification (see 4.4.3)

f. Selection of applicable levels of packaging end packing required (See 5.1
and 5.2).

6.3 ficatia. Uith respect to producte requiring qualification, awards
will be made only for prcducta which are at the time set for opening of bids ,
qualified for inclueion in the applicable qualified products 11st whether or
not such products have actually been so listed by that date. The attention of
the suppliers is called to this requirement, and manufacturers are urged to
arrange to have the products that they propoee to offer the Federal Goverrnent
teated for qualification in order that they ❑ay be eligible to be awarded

12
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contracta or orders for the product covered by this Specification. The
activity responsible for the Qualified Products List is the Aeronautical
Systeme Division, Attn: ENFL, Wright-Patterson Air Force Base, Ohio 45433,
and tnfonnation pertaining to qualification of prcducts may be obtained fran

that activity.
I

6.4 ~ternational atandardlzation aKreement. Certain provislona of this
specification are the subject of International Standardization Pgreement ASCC
17/37. When amendment, revision, or cancellation of this specification 19
propos&i which will affect or violate the international agreement concerned,
the preparing activity will take appropriate reconciliation action through
international standardization channel9 including departmental standardiZation
offices, if required.

● 6.5 Changes from Drevious issue. The margine of this specification are marked
with an asterisk to indicate where changes fras the previous issue were made .
This was done as a convenience only and the Government aasumes no liability
uhateoever for any inaccuracies in these notations. Bidders and contractors
are cautioned to evaJuate the requirements of this docunent based on the entire
COntent irrespective of the marginal notatione and relationships to the last
previous issue.

Custodians:
Amny-P.V
Navy-AS
Air Force - 11

Review activities:
Army - AV
Navy - SH
Air Force - 99

“DLA -IS

Preparing activity:
Air Force - ?1

Project No . 3110-0590

User activity:
Army - AT

I
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STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

INSTRUCTIONS: ~i. form i.provided mmliciL beneficial commenu which mtyimpm.e thhd@umentand
●nhnnceilaute kDcont.stto.., go+.mm*nt a~ritim, mnufaclurmm, vendnm, orothermmmctive usemof
the document we invited to.. bn!it comnm”tsta the government. Fold o“ Iitwson reverteside, staple in mrner.

I .ndmndto pmpgri.g.ctiyity. Attaehany parti.enldn8w hkhnuybeoI Ui. improvingth bdoc.ment. 11
there .m.dditimml papcm, attr,ch to form and pl.wboth i” bnenmlo~.ddmd toprepsring .ctidty. A

I
response will beprcwided ;othesubmitw< wh~nn.mt andaddrem hprovidd, titiin 30daysindicsttng that
the 1426was m~ived.nd when ."ymppmmiaW nctionon itwillbe-mpleti.
NOTE; This form .h.11 not be used to .ubmit rtaueti for wc.ivers.de.iatioru or clari[lcntion of mecifkation
requirements on current con k.cts. &rnm.nU su”bmitti on this form do “ot constitute or im”ply”authorization
to wc.i.e .ny portion of the rcfmenced document(s) or to amend contr.cm.l r6quiremenlz.

XUL4ENT 10 ENTo FIE~ lNumtu,J AND IT

~

hME OF OFiGANIZAT,ON k?40 &ODRESS OF SUBW\TTER

J vENvOn o us, R D MANuFACTUREII

D m- ANY PART of THE DOCUMENT CREA7E0 pR00LEM5 on REOUIRED ,N7ERFFIETATt0N IN PROCUREMENT

;E? ❑ IS ANY PART OF IT TOO R1CJ1O.nES7$llCT1VE, LOOSE Oil AM811SUOUS? PLEASE EXPL41N UCLOW.

& OIVE ●ARAQRW’M NUMOER AND WORDING

8. ftEc014MEh10E0 wOeOt Nb CHANGE

c, 14EA50N FOm REc0w4EN0E0 CUANQEISI

~MITT E0 OV (W. (.d c., lYP.6 “onw ..4 “.idr-! - ‘>.tio..l, r’~NO1.

t’-
1

t),~, 1426‘aEvlOuS~OtTIOwWILLaEU=EO.
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