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FOREWORD

The purpose of this standard is to establish requirements for the selection and
use of bearings, control system conponents, and associated hardware. The

exi sting docunmentation on these conponents covers a great variety of configu-
rations, stress, internal structure, performance variations, nmaterials, and
finishes. O these varieties, many duplicate the fulfillment of design and
construction needs for a given application in an aerospace nechanical system
but none has application interchangeability or substitutability. This leads to
proliferation of parts. Mnufacturers, designers, engineers, and project
officers often have problens in the selection of fasteners because of |ack of
know edge of existing specifications or standards, or application, or where to
locate themif they do exist. Additionally, the nethods of installation and
use of these conponents vary because of |ack of standardized usage criteria and
as a result, associated conmponents nust vary. The basic objectives of this

standard can be summarized as:

"To select from available standards and standardized nethods

of usage those bearings, control system conponents and associ ated
hardware which will optimize performance and reliability of future
aerospace mechanical systems while minimzing the logistic
consideration of such things as cost, inventory, procurenent, and
mai nt enance. "

It is also the purpose of this docunent to linit the selection of itens and

net hodol ogy to that specified herein; however, provisions are covered in
Section 100. Requirement 101 is for release for use of conponents not listed in
Section 100, Requirement 102 is for approval of methodol ogy not specifically

al lowed herein, when required for new design and construction or when naintain-
ability or life cycle cost benefits justify their use.

Sel ections and procedures. are linited to those listed herein.
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BEARI NGS, CONTRCL SYSTEM COVPONENTS, AND ASSOCI ATED
HARDWARE USED | N THE DESI GN AND CONSTRUCTI ON OF
AEROSPACE MECHANI CAL SYSTEMS AND SUBSYSTEMS

1. SCOPE

1.1 Requirenents. This standard covers bearings, control system conponents,
and associated hardware, required methods of using these conponents, and
materials, finishes, and test nethods of these conponents for use in design and
construction of’ aerospace nechanical systens, and covers the conprehensive
presentation of approved engineering practices, procedures, and characteristics
for the interface of these components.

1.2 Nunbering system This standard is divided into sections with nunbered
requi renents applicable to each section.

1.3 Revision of requirements. This standard is issued in loose leaf formto
permt the insertion or renoval of new or revised requirements. Users should
keep this document up to date by inserting revised or new sections as issued
and renoving superseded or cancelled pages. Revisions to individual paces
shall be indicated by a revision date at the bottom right side of the page.
Revision to a conplete section shall be denoted by a letter follow ng the
requi renent designation. For exanmple: Requirement |QOA followed by the date.

1.4 Changes. Requests for changes to this document shall be subnitted to
Aeronautical Systems Division, ATTN. ENESS, Wight-Patterson AFB, OH 45433.

2. APPLI CABLE DOCUMENTS

2.1 Issues of documents. See each individual requirement for reference to any
applicabl e docunents contained therein. The applicable issues shall be those
in effect on the date of invitation for bids or request for proposal.

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

2.2 Acquisition of non-government docunments referenced herein. Addresses for
docurments not obtainable from the governnment which are referenced herein are as

fol | ows:

ANSI American National Standards Institute

1430 Broadway
New York, NY 10018

NAS National Standards Association
1321 Fourteenth St., NW
Washi ngton, DC 20005

AMS5, AS, ARP, Society of Autonotive Engineers
AIR AMD 400 Commmonweal th Drive
Warrendal e, PA 15096

ASTM Arerican Society of Testing and Materials
1916 Race Street
Phi | adel phia, PA 19103
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3. DEFINITIONS

3.1 Airframe bearing. A bearing especially designed for use in the control
systems and surfaces of the aircraft.

3.2 Aligning thrust bearing, ball or roller. A thrust ball or roller bearing
which by virtue of the shape of the seat washer is capable of considerable

m sal i gnment .

3.3 Annular bearing. An antifriction bearing primarily designed to support
| oad perpendicular to shaft axis.

3.4 Ball bearing. An antifriction bearing using balls as rolling elenent.

3.5Cam follower ball bearing. Special service ball bearing with extra heavy
outer ring.

3.6 Cutch release ball bearing. A line of bearings designed for this special
pur pose.

3.7 Qylindrical roller bearing. Roller surface parallel to bearing axis.

3.8 Double row bearing. ball or roller. A bearing with two rows of rolling
el ement s.

3.9 Duplex ball bearings. Two single row angular contact bearings selected
dimensionally to be a matched pair or set.

3.10 Dupl ex ball bearings, back-to-back. A duplex pair of angular contact
ball bearings with outer ring thrust faces adjacent and with ball load lines
intersecting outside the pitch circle.

3.11 Duplex ball bearings face-to-face. A duplex pair of angular contact ball
bearings with outer ring narrow faces adjacent and with ball load lines inter-
secting inside the pitch circle.

3.12 Duplex ball bearing, tandem Assenbly of two or nore ball bearings so
mounted as to divide the thrust load with ball load lines parallel.

3.13 Flanged bearing. Generally descriptive of antifriction bearings wth
outer ring or cup flanged on outside dianmeter.

3.14 Floating bearing. A floating bearing is one so designed or mounted as to
permt axial displacement between shaft and housing.

3.15 Journal roller bearing. A cylindrical roller bearing (solid or wound
rollers) with relatively high ratio roller length to diameter, separable rings
and unit type roller assenbly.

3.16 Maximum type roller bearing Cageless roller bearing wth maxi mum nunber
of rollers.

3.17 Metric bearing. A bearing designed to netric dinensions.

3.18 Mniature ball bearing. Ball bearings whose outside dianmeter dinensions
are below and not including 3/8" or 9mm

2
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3.19 Multi-row bearing., ball or roller. A bearing with more than two rows of
rolling elenents.

3.20 Needl e roller bearing. A radial needle roller bearing is a radial
cylindrical roller bearing having a large ratio of pitch diameter to roller
diameter and a large ratio of roller length to roller diameter.

3.21 Non-filling slot bearing. See roller bearing.

3.22 qutside cylindrical surface run-out with reference side. A bearing
measurenent defined in Anti-Friction Bearing Manufacturers Association (AFBMA)

Standard Section No. 4.

3.23 Prel oad. Prel oad commonly refers to an internal |oading characteristic
in a bearing which is dependent of any external radial or axial load carried by
the bearing.

3.24 Prelubricated bearing. A bearing originally lubricated by the
manuf act urer.

3.25 Ppure radical |oad. Pure radial load is that |oad which results from a
single source acting through the center of the bearing at right angles to the
bearing axis.

3.26 Pure thrust load, Pure thrust load is that |oad which results froma
single force applied in the direction coaxial with the bearing axis.

3.27 Races. The inner ring or outer ring of a cylindrical or needle roller
beari ng.

3.28 Raceway, inner ring. The path of the roller element on either ring of a
ball or roller bearing.

3.29 Raceway dept h. In a ball bearing, the vertical distance from bottom of
raceway to inner ring outside diameter, or outer ring inside dianeter.

3.30 Raceway, parallel wth side. A bearing nmeasurenent defined in AFBVA
Standard Section No. 4, as "Goove Runout with Reference Side.”

3.31 Radial bearing. An antifriction bearing primarily designed to support
| oad perpendicular to shaft axis.

3.32 Radial internal clearance. The radial internal clearance of a single row
radial contact ball bearing is the average outer ring raceway dianeter, mnus
the average inner ring raceway diameter, minus twice the ball dianeter. The
raceway dianeters are taken at the bottom of the raceway.

3.33 Radial load. Radial load is that load which may result from a single
force or the “resultant” of several forces acting in a direction at right
angles to the bearing axis.

3.34 Radial play. See radial internal clearance.
3.35 Rating life. This term defined in AFBMA Standard section no. 9.

3.36 Roller bearing. A bearing using rollers as roller elenents.

3
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3.37 seals: lip, felt type, labyrinth type. A seal in sliding contact with a
rotating ring. Closure elenments consisting of a circular part or parts affixed
to one bearing ring and disposed radially toward the other bearing ring (or
another nenmber affixed to that ring), to run in close proxinity thereto, and
shaped to form a labyrinth of appreciable |ength.

3.38 Sealed bearing. A ball or roller bearing protected against |oss of
lubricant and from outside contamnation.

3.39 Seal ed and shielded bearing. Sealed on one side, shielded on other side.

3.40 Self-aligning radial pearing, ball or roller. A ball or roller bearing
which by virtue of the raceway or outer ring construction, is capable of
consi derabl e misalignnent.

3.41 Self-contained bearing. A unit bearing assenbly (non-separable).

3.42 Separable bearing, or roller. A bearing assembly that may be
separated conpletely or partially into its conponent parts.

3.43 Shielded and sealed bearing. Shi el ded on one side, sealed on other side.

3.44 Single row bearing, ball or roller. A bearing having only one row of
rolling elenents.

3.45 Single sealed bearing. Sealed on one side.

3.46 Single shielded bearing. Shielded on one side.

3.47 Special bearing. A bearing not neeting the requirenents of Standard or
Establ i shed Line Bearings.

3.48 Spherical roller bearing (radial). See Self-aligning radial bearing.

3.49 Spherical roller thrust bearing. See Self-aligning radial bearing.

3.50 Split bearing. single or doublefracture. A bearing having either or
both rings split across the raceway so as to facilitate assenbly in certain
appl i cations.

3.51 Stand out. tapered roller bearing. The distance from the back face of
the cone to the front face of the cup.

3.52 Straight roller bearing. A roller bearing of the radial type having
cylindrical rollers.

4. GENERAL REQUI REMENTS

4.1 Application. The sections and requirenents contained herein are intended
to provide uniform requirenents applicable to bearings, control system
conponents, and associated hardware for use on aerospace mechanical systens and
shal | be incorporated by reference in general and detail weapon systens and

equi prent specifications. If a requirenment contained herein conflicts with a
requirenment in the general or detail weapon system or equi pment specification,
the weapon system or equi pment specification shall take precedence. If the
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requirement listed in the Table of Contents has not been published but is
referenced herein, it is not applicable, and the requirenents of the general or
detail weapon system or equi pnent specification shall apply.

5. DETAIL REQU REMENTS

5.1 Individual requirenments. Individual requirements for each section follow

6. NOTES

6.1 Marginal indicia. The margins of this standard will be nmarked to indicate
where changes, deletions, or additions to the previous issue have been made.
This is done as a convenience only and the Covernnent assumes no liability

what soever for any inaccuracies in these notations. Bidders and contractors
are cautioned to evaluate the requirenments of this docunent based on the entire
content as witten, irrespective of the marginal notations and relationship to
the previous issue.

Cust odi ans: Preparing activity:
Ay - AV Air Force - 11
Navy - AS
Air Force - 11

Review activities: Project 31GP-0008
DLA - IS
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APPROVAL AND RELEASE FOR USE: PARTS

1. Scope. Parts identified and listed in the applicable requirements of this
standard are approved parts and shall be given selection priority in new
airfranme and airborne mechanical and functional systems design. Parts not
listed as approved for use herein require a release for use by the procuring
activity prior to incorporation into design during engineering devel opment and
use in assenbly during production. This requirement establishes uniformty in
the preparation and submission procedures for justification and engineering
docunentation necessary for the evaluation and release for use of unapproved
parts and references established procedures which may be contractual for a
specific aircraft program  This requirenent also establishes the point of
contact for release requests.

2. Docunments applicable to Requirement 101

M L- STD- 143 Standards arid Specifications, Oder of Precedence
for the Selection of
M L- STD- 965 Parts Control Program

3. Release for use procedures

3.1 Parts selection

3.1.1 Approved parts. Parts listed in the applicable requirements in this
docunent are considered approved parts. These parts shall be given priority in
design or nmodification prograns.

3.1.2 Unapproved parts. Any part not listed in the applicable requirements
herein shall be considered an unapproved part. \Wen required, parts shall be
selected in the order of precedence specified in ML-STD 143.

3.2 Deternmination of approved and receiving approval for unapproved parts

3.2.1 Contract specifies ML-STD-965. \Wen the program contract specifies
M L- STD-965, the procedure for determnation of approved parts and receiving
approval for use in unapproved parts shall follow the procedures contractually
selected from and listed in ML-STD-965 and any specific contract deviations.

3.2.2 Contract details Procedures. \Wen the program contract details specific
procedures for deternmination of approved parts and approvals of non-approved
parts, applicable procedures shall be followed.

3.2.3 Contract does not specify ML-STD-965 or detail procedure.  Approved
parts listed herein shall be utilized insofar as practicable. Unapproved parts
which are required shall be selected in accordance with the precedence
specified in ML-STD- 143 arid shall be submtted to the procuring activity for
rel ease for use on the program The procedure shall be as coordinated with the
procuring activity.

4, Engieering data requirenents. Data shall be submitted to the procuring
activity as required by ML-STD- 965, or deviations thereto, or by contract
agreement with the procuring activity.

101.1
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APPROVAL AND RELEASE FOR USE: METHODOLOGY

1. Scope. Procedures and methods specified in applicable requirements herein
shalT be considered required unless options are specifically allowed. Wen the
contractor desires to use procedures or nethods other than those specified or
cannot use specified procedures or methods for specific applications, the
procedure for approval shall be as detailed in this requirenent.

2. Documents applicable to Requirenent 102

U S Ar Force Design Handbook 2-1 Airframe

3. Release for use procedure

3.1 Procedure or nethod selection

3. 1.1 Approved nethodology. Al nethodology listed in the applicable
requirenents herein are considered approved for use with noted restrictions or
al l owances.  Methodol ogy refers to bearing retention nethods or |oad

cal cul ati on procedures.

3.1.2 Ootional nethodol ogy. Wen more than one procedure or nethod is
specifically identified as optional herein, either procedure or method is
consi dered approved .

3. 1.3 Unapproved nethodol ogy. Wien procedures or nethods are specifically

di sapproved herein, use is prohibited. Specific approval by the procuring
activity is required for use of the procedure or nethod.

3.1.4 Non-specified nethodology. Wen a procedure or method for acconplishing

a required installation or design is neither approved nor disapproved or is not
addressed, the contractor shall use the best known design practice from

experience or testing .

4,  Engineering data required. Wen procedures or nethods not approved herein
are required , the contractor shall furnish the data requested by the procuring
activity.

5 Approval docunmentation. The contractor shall maintain a record of

procuring activity approvals of nethods or procedures used which require
procuring activity approval

6. Notes. ML-STD 1599 takes precedence over applicable document specified in
paragraph 2 of this requirement

102.1
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EXCHANGEABI LI TY

1. Scope. This requirement shall govern the selection and use of exchangeable

parts in the design and construction of aerospace mechanical systems and
rel ated subsystens.

2. Docunments applicable to Requirenment 103_

M L- STD- 100 Engi neering Drawing Practices
M L- STD- 280 Definitions of Item Levels, Item Exchangeability,
Mdels , and Related Itens

3. Definitions of elements. Refer to ML-STD-100 and M L-STD-280 for
definitions of appropriate elements.

4, Design tolerances. During design selection and application, provisions
shal| be made for dinmensional , physical , and functional proEerties’,th erances,
so that parts having dimensional,” physical and functional characteristics
permtted by the part specification or drawing nay be used wi thout selection or
Departure from the specified equipment performance.

. Use of approved parts. Approved parts as defined in paragraph
M L-STD- 1599 shall be used to the maximum extent practicable. If existing

approved parts are not available, the procuring activity may grant authority to
substitute a non-approved part. The equipment shall be designed so that the
approved part can be used. VWen provision ismade for the use of a substitute
non-approved part, the approved part shall be identified on the applicable
docunentation .

6. Choice of parts. The part having the broadest characteristics and physical
and functional tolerances that will fulfill the equipment performance
requirements shall be used. However, if delays in devel opnent or production
are caused by the procurenent tinme required for such parts, approved or

rel eased substitute parts may be used if the originally selected, approved, or
rel eased part is identified on the applicable docunentation.

103.1
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MATERI ALS

This requirement delineates the materials approved for use in the
construction of
restrictions of heat treats or applications,
approved or are approved with specific conditions.

new y designed parts for approval to ML-STD 1599, specifies
and notes materials which are not

This is the general

materials requirement for new design and may contain statements which defer
material selections and approvals to other specific requirements wherein the
materials are nore suitably covered in the requirenent. This requirenent does
not address the materials approved on existing mlitary standard (MS) draw ngs.

2. Documents applicable to Requirement 104

L- P- 410

L-P-523
QQ G- 390
QQ G- 450

QQ G530
QQ G533
Q S 763
7Z-R- 765
M L- M 14
M L- P- 997

M L- R- 6855
ML-1-6868
M L- H 6875
M L-T- 8504
M L- S- 8844
M L- S- 8949
M L- T- 9046
M L-T- 9047
M L- P- 15035
M L- S- 25043
M L- R- 25988

M L-H 81200
M L-T- 81556

Plastic, Polyanmide (Nylon), Rigid, Rods, Tubes, Flats, Mol ded
and Cast Parts

Plastic Sheet and Film FEP-Fl uorocarbon, Extruded

Copper Alloy Castings (lIncluding Cast Bar)

Copper - Al umi num Alloy (A unminum Bronze) Plate, Sheet Strip and
Bar (Copper Alloy Nunbers 606, 612, 613, 614 and 628
Copper-Beryllium Alloy Bar, Rod and Wre

Copper-Beryllium Alloy Strip (Copper Alloy Numbers 170 and 172)
Steel Bars, Shapes and Forgings - Corrosion Resisting

Rubber, Silicone

Ml ding Plastics and Mlded Plastic Parts, Thernosetting

Plastic Material, Laminated, Thernosetting, Electric Insulation,
Sheets, Gass Coth, Silicone Resin

Steel, Chrone- N ckel - Mol ybdenum (E4340) Bars and Reforging Stock
Castings, Cassification and I|nspection of

Heat Treatment of Al um num Alloys

Tubing Chrone-nol ybdenum (4130) Steel, Seam ess and Wl ded,
Aircraft Quality

Steel , Chrome- ol ybdenum
(Aircraft Quality)
Rubber, Synthetic, sheets, Strips, Mlded or Extruded Shapes
I nspection Process, Magnetic Particle

Heat Treatnent of Steels, (Aircraft Practice), Process for
Tubing Steel Corrosion-Resistant (304) Aerospace Vehicle
Hydraulic Systems, Anneal ed, Seam ess and Wl ded

Steel Bar, Reforging Stock, and Mechanical Tubing, Low Alloy,
Prem um Quality

Steel Bars, Plates, Sheets,
D6AC

Titanium and Titantium Al loy, Sheet, Strip and Plate

Titanium and Titantium Alloy - Bars, Forging and Forging Stock
Pl astic Sheet, Laminated, Thermosetting, Cotton-fabric-base,
Phenolic Resin

Steel Plate, Sheet, and Strip, 17-7 PH.
Precipitation Hardening

Rubber, Fluorosilicone Elastoner, G| and Fuel Resistant,
Sheets, Strips, Mlded Parts and Extruded Shapes

Heat Treatment of Titanium and Titanium Al loys

Titanium and Titanium A loys, Bars, Rod and Special Shaped
Section, Extruded

(4130) bars and Reforging Stock

Billets and Reforging Stock Type

Corrosion Resistant,

104.1
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M L-T-81915 Titanium and Titanium Alloy Castings, |nvestnent
M L- R- 83248 Rubber, Fluorocarbon Elastoner, H gh Tenperature, Fluid and
Conpression Set Resistant

M L- STD-1 43 Standards and Specifications, Oder of Precedence for the
Sel ection of

M L- STD- 810 Environnental Test Methods
M L- HDBK- 5 Metallic Materials and Elements for Aerospace Vehicle Structures
AMS 2300 Premium Aircraft Quality Ceanliness - Magnetic Particle
I nspection Procedure
AMS 2301 Aircraft Quality Steel Oeanliness - Magnetic Particle
I nspection Procedure

AMS 3651 Pol yt et raf | ouroet hyl ene, (Teflon)

AMS 4890 Copper-Beryllium Alloy Castings, Investment 2 Be - 0.4 Co - 0.3
Si

AVS 5343 Steel Castings, |nvestment, Corrosion Resistant 16 O - 4.0 N

3.1 Cu Solution and Precipitation Heat Treated, 150,000 PSI
(1034 MPA) Tensile Strength

AMB 5520 Sheet, Strip, and Plate - 15 O - 7.1 N - 2.5 M- 1.1 Al

AV 5625 Bars High Expansion - 5.5 M - 9.5 N (0.55 - 0.65 C) Cold Drawn

AMS 5626 Bars and Forgings - Tool, High Speed, 18 W- 4 C - 1V

AMS 5629 Steel Bars, Forging, Tubi ngl and Rings, Corrosion Resistant - 13
o - 8N - 2.3 M- 1.1 Vacuum I nduction + Consumabl e

El ectrode Melted

AMB 5639 bars, Forgings, Tubing and Rings - 19 & 10 Ni

AVS 5643 Steel Bars, Forgings, Tubing, and Rings Corrosion Resistant 16.5
G - 40N - 40 Cu

AMS 5659 Bars, Forgings and Rings 15 & - 5 N - 0.30 (Cb + Ta) 4 Qu
Consumabl e El ectrode Melted

AMS 5673 Steel Wre. Corrosion Resistant 17CR-7. IN 1-1 . 1Al Precipitation
Har denabl e, Spring Tenper

AMS 6304 Bars, Forgings and Mech. Tubing - 0.95 Cr - 0.55 M - 0.30 V
(0.40 - 0.50 c)

ANMS 6440 Bars and Forgings - 1.45 C(.98-1.10C) Bearing Quality

AMS 6441 Tubing, Mechanical - 1.45 C(.98-1.10C) Bearing Quality

AVS 6442 Bars and Forgings - .50 C( .98-1.10C) Bearing Quality

AVS 6444 Bars, Forgings and Tubing - 1.45 C(.98-1.10C) Prenmium Quality

Consumabl e El ectrode Vacuum Melt
AMS 6487 Bars and Forgings - 5.0 O - 1.3 M- 0.50 V.  Premium Quality ,
Consumabl e El ectrode Vacuum Melted (0.38 - 0.43 O

3. Ceneral requirements

3.1 General selection criteria . The selection of materials to be used in the

design and construction of bearings and control system conponents for aerospace
systens shal 1 be made by the manufacturer and subnitted to the prime contractor

for approval. Particular attention shall be paid to the selection of standard
materials to facilitate Interchangeability, stocking and replacement in
service.  The number of different types, sizes, strengths and consumable bul k
materials shall be kept to a mininum  Operational requirenents to be
considered include , but are not linited to, load distribution and magnitudes |,
tenperature range, environnents, reliability requirements and life expectancy.
Since rate of deterioration in service is highly significant to the life
expectancy of parts, special consideration shall be given to those
deterioration nodes which largely contribute to service failure. The nodes
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include pitting corrosion, galvanic corrosion, exfoliation corrosion, stress
corrosion cracking, corrosion fatigue , thermal enbrittlenment, creep, fretting
fatigue , oxidation, hydrogen enbrittlenent, weat hering and fungus growth .
Precautionary nmeasures should be considered which include limitations of design
operating stress levels, shot peening, heat treatments which reduce corrosion
susceptibility and protective coatings and finishes. Special considerate ion
shall also be given to cost , reliability, repairability, inspectability and

mai ntai nability. The requirenments specified herein shall apply only for new
design and shall not apply.to conponents covered by existing Mlitary Standard
(MS) drawings. The requirenents which apply to exenpted conponents shall be as
specified in the prime contract or as subsequent y negotiated with the prine
contractor.

3.2 Material specifications. Al end item materials shall be procured to
specifications. Procurement of materials to trade nanmes and nunbers is
prohibited except where such materials are specifically called out in
procurement specifications by trade nanme. The order of precedence for material
specifications shall be in accordance with M L-STD 143.

3.2.1 Seller specifications. For materials for which there are no preferred
Federal, Mlitary, AMS or prinme Contractor material specification counterparts,
seller specifications may be used subject to obtaining witten approval of the
prime contractor. Unique seller specifications may also require approval of
the procuring activity. In those cases where the material is proprietary it
may be exenpted from this requirement if the procurement specification for the
conmponent part wutilizing the proprietary product contains adequate technical
requi rements, quality assurance requirenents and application limtations.

3.3 Design data and allowable materials properties. Design data and
properties of materials shall be obtained from ML-HDBK-5 or alternately from
other sources subject to the approval of the prinme contractor. Allowable
properties based on static and fatigue test data may be used subject to the
approval of the prime contractor. Properties other than those contained in
M L-HDBK-5 shall be substantiated and analyzed in accordance with procedures
used for corresponding data in M L-HDBK- 5.

3.4 Metallic material requirenents

3.4.1 Aloy steel

3.4.1.1 Aloy steel selection criteria

3.4.1.1.1 Quality. Aloy steels heat treated above 200 KSI FTU shall be
procured as vacuum rmelt grade and shall neet the cleanliness requirenments of
avs 2300. Alloy steels heat treated below 200 KSI FTU may be air nelt grades.
meeting the cleanliness requirements of AMS 3201.  Exception: Rolling element
braking steels which are primarily used in thin sections |oaded in conpression
may be air nmelt material, but finished parts nust neet the requirements of
ML-1-6868.
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3.4 1.1.2 Alloy limtation. Wthin their hardenability range, the follow ng
steels shall not be heat treated higher than the below listed ultimate tensile
strength range or |evel.

41XX 1/, 43XX, 87XX Alloy Steels . . . . . . . . . . . . . . <200 KSI
H9 NN - 4C - .2007%. . . . . . . . . . . . . . . . .190 - 200 KSI
H-11, AMS 6304 . . . . . . . . . . . . . . . . . . <240 KS
HPO9 N - 4C - .30C*"D6AC. . . . . . . . . . . . . . .220- 240 KSI
0M .. P 280 - 300 kS|

1/ 41XX, when used as rod end body in rolling element rod ends, may have
outer raceway case hardened. The affective case depth shall be from a
m ni num of 25 percent to a maxi num of 50 percent of the ring thickness.

2/ Critical conponents requiring fracture toughness capability.

3.4. 1.1.3 Procurenent limtations. Aloy steel shall be selected such that
the expected service tenperature of the part does not violate the follow ng
consi derati ons:

a. The ductile to brittle transition tenperature of the steel shall be bel ow
any tenperature likely to be experienced in service.

b. The maxi num service tenperature shall be at |east 50°F bel ow the tenpering
or aging tenperature.

¢* The operating temperature of the part shall not be within the tenper
brittle range for the alloy.

3.4. 1.1.4 Hardenahility. The hardenability of quench and tenper grades shall
be sufficient to ensure transformation of quenching to not less than 90%
martensite at the center of maxinmum cross section. Use of conpositions that
result in excessive harden ability shall be avoided.

3.4, 1.2 Recommended alloy steels. Alloy steel hat-treat conbinations
considered as having demonstrated satisfactory performance in service are
listed in table |. Heat treatnent shall be in accordance with M L-H 6875.

3.4.2 Corrosion resistant steel (CRES)

3.4.2.1 CRES selection criteria

3.4.2. 1.1 Quality. Heat treated CRES alloys for critical load carrying
structures shall be procured as vacuum nelted grades; e .g., PH 15-5 shall be
procured to AMS 5659, 17-4PH to AMS 5643 (w ought products) or MAS 5343
(castings), and PH 13-8 M to AMS 5629. For magnetic particle inspection

capability, PH 15-5 is preferred over 17-4PH for critical conponents.
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TABLE 104-1. Recommended alloy steels.
Al oy Specification Usage
4130 1/ ML-S-6758 or equiv 2/
4140 1/ ML-S-5626 or equiv General (<200 KSI)
4340 1/ M L-S-5000 or equiv
4340 ML-S-8844, CL1
HP9 Ni -4 Co-.20 AMVS 6525 H gh Toughness
H 11 AMS 6487
AVS 6304 H gh Strength
D6AC M L- S-8949
HP9 Ni -4 Co-.30 AMS 6526 H gh Strength, H gh Toughness

300 M M L-S-8844, CL3 Utra Hgh Strength
50100 AVS 6442

52100 AVS 6440, 6441 H gh Hardness

CEVM 52100 AVS 6444

1/ Alternately equival ent 86XX, 87XX alloy steel grades may be substituted.
2/ ML-T-6736 for tubing applications.

3.4.2. 1.2 Prohibited CRES alloYs/ conditions. The use of CRES alloys 431 and
19-9DL is specifically prohibited. The precipitation hardening or maraging
CRES alloys (PH series, Almar series, Custom series, etc.) shall not be heat
treated to their high range of strength conditions, i.e., aged bel ow 1000°F.

As exanples, this heat treatment restriction prohibits aging the following CRES
alloys to the listed conditions: 17-4PH to Condition HI00/HI25, 17-7PH to
Condition H RH 950, Custom 455 to Condition HI00/H950, 15-5PH to HI00 and
PH13-8 M to Condition H950. Martensitic 400 series CRES grades shall not be
used in the 150-180 ksi strength range. Precipitation hardening or maraging
CRES alloys shall not be used in Condition A (solution treated or anneal ed).

3.4.2. 1.3 Service tenperature considerations. CRES alloys shall be selected
such that the expected service tenperature of the part will not violate the
foll owing considerations:

a. Maxinum service tenperature of precipitation hardening stainless steels
shall be 750°F for extended periods of tine.

b.  Maxi mum service tenperature of cold worked CRES shall be 400°F.
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c. Mxinmum service tenperature of restabilized austenitic stainless steel
shal | be 700°F.

d. Operating temperature during design life ( tine) shall not soften, as
detectabl e by hardness test, CRES strengthened by cold work.

3.4.2.2 Recommended CRES Alloys. CRES alloy-heat treat. combinations
considered as having denonstrated satisfactory performance in service are
listed in table I1. \ile CRES selection is not linited to this list, choice
of other alloys and heat treatments shall require justification.

TABLE 104-11. Recommended CRES all oys.

Cl ass CRES All oy Speci fication Recomrended Condi tion
Austenitic 301 1/4 Hard and 1/2 Hard
(Unstabilized) |302 Cond. A and 1 /4 Hard

304 1/
304L
310 QS 763 Cond. A & Cond. B
316
316L
304 5 | ML-T-8504 Cond. A
Austenitic 321
(Stabilized) 347 QQ S-763 Cond . Q
Sem - 17-7PH 4/ M L- S- 25043 CHI00
Austenitic PH 15-7 M AMS 5673 CH900
AMS 5520 TH1050
Precipitation |17-4PH 2/ | AMS 5643 H1025 thru HL1150
Har deni ng 15-5PH 3/ | AMS 5659 H1025 thru H1150
PH13-8 M | AMS 5629 H1000
12 O 410 120 KS | Ftu Mn & 180 KSI Ftu Mn

Martensitic (420 QQ S 763 120 KSI Ftu Mn & 200 KSI Ftu Mn

440C R. 556 Mn & Up

1/ 304 CRES per QQ S-763 or AMS 5639 preferred when 302 not available .
2/ Except castings, Cond. HLOOO is acceptable.
3/ Preferred material for critical applications over 17-4 PH

4/ Spring Applications. ML-S-25043 shall be used for leaf spring
applications and AMS 5673 shall be used for coil spring applications .

5/ Tubing Applications.
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3. 43 Aunmnum_alloys

3.4.3.1 Auninum alloy selection criteria. Maxinum corrosion resistance of
alum num all oy conponents is required. The linmted general and stress
corrosion resistance of high strength alum num alloys (see paragraph 3.6,
Definitions) require careful selection of composition, heat treatnent,
processing and mill product form Stress corrosion resistant alloy/tenpers
shall be used for all parts fabricated fromthick (0.5 and over) section mll
products. Wile the use of special heat treatnments and tenpers (T611, T651,
T652, polyal kal ene glycol quench, etc.) may be desirable to reduce distortion
or residual stresses, in no case shall it be considered to inpart stress
corrosion resistance to the base alloy.

3. 4.3.2 Recommended al umi num alloys. Al unminum alloy/tenper conbinations
considered as having denonstrated satisfactory performance in service are
listed in table I'll. Wile alumnum alloy selection is not linted to this
list, choice of other alloys/tenpers shall require justification. Heat
treatment of aluminum alloys shall be in accordance with M L-H 6088.

TABLE 104-111. Reconmended aluminum alloys .
MII
Product Al | oy Tenper
Hand & Die 7075 T73, T735X (<3.0")
For gi ngs 7175 T736, T736532 (<3.0")
7049 T73, T735X ( » 3.0")
7050 T736. T7355X
6061 T6, T652
2219 T6, T852
Tube 2024 T62
6061 T4, T6, T62
Extrusions & 7075 T76, T7651X (<0.5")
Bar Stock 7075 T73, T7351X (>Q 5")
7049 T73, T7351X
6061 T6, T651X
2024 T62, T851x
2219
Plate 7075 T7351
7475 T7351 1/
2024 T851
2124 T851 (>1.5)

1/ High Fracture Toughness
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3.4.4 Titanium alloys

3.4.4.1 Titanium selection criteria. The use of titanium shall be linited to
applications where cost and weight effectiveness can be denonstrated.

anneal ed Ti-6Al -4V shall be the primary alloy considered. For fracture
critical applications, consider mll or beta annealed Ti-6A1-4V ELI; for higher
strength applications, consider mill annealed Ti-6Al-6V-2Sn .

3.4.4.2 Recommended titanium alloys, Titanium alloy/nill product conbinations
considered as having denonstrated satisfactory performance in service are
listed in table IV. Wile titanium alloy selection is not linited to this
list, choice of other alloys shall require justification. The specifications
listed shall be used for procurement of the materials listed. Heat treatnent
of titanium alloys shall be In accordance with M L-H 81200.

TABLE 104-1V. Recommended titanium alloys.

Al oy M Il Product Condi ti on Speci fi cation
Ti - 6A1- 4V Sheet, Plate I/ Anneal ed M L- T- 9046
Bar, Forging 1/ Anneal ed M L- T- 9047
Ti - 6A1- 4V Ext rusi on Anneal ed M L-T- 81556
Casting Anneal ed M L-T-81915
Ti - 6A1- 6V-2Sn Sheet, Plate Anneal ed M L- T- 9046
Bar , Forgings Anneal ed M L-T- 9047
Commercial |y Sheet Anneal ed M L-T- 9046
Pur e Tube Anneal ed 2/

1/ Beta Anneal ed Ti-6A1-4V ELI - Noknown ML, Fed, AMS Fed, AMS Spec. use
Conpany Speci ficati on.

2/ CP. 40 Tubing per ASTM B-338 (GR2)

3.4.5 Copper base alloys

3.4.5.1 Beryllium copper. For high bearing load applications, critical wear
applications, and wear applications where good structural load capability is
required , the use of beryllium copper is reconmended. The preferred alloy is
CA172.  Wought beryllium copper shall be procured to QQ G530 or QQ C533.
Beryl lium copper castings shall be procured to AMS 4890, classified (class and
grade) per ML-C6021. Beryllium copper alloys are corrosion resistant and
generally do not require a corrosion protection surface treatment. Beryllium
copper will forma dark natural oxide ( tarnish) which is generally considered
to be beneficial to wear performance.
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3.4.5.2 Alunminium bronze, bearing alloys. For noderate bearing |oads,

wrought CA630 al umi num nickel bronze per QQC450 is the preferred alloy. For
lighter duty, the other wought alum num bronze alloys per QQC450 will be
acceptable.  Alunminum bronze (alloys 952-958) and manganese bronze (alloys
861-868) castings are acceptable and, where used, shall be classified (class
and grade) per ML-C- 6021, and procured per Q@ C-390. The use of bronze alloys
other than those discussed above shall require justification.

3.4.6 Oher alloys,

3.4.6.1 Nickel & cobalt base (superalloy) alloys. The use of nickel and
cobalt base superalloys is acceptable. Castings shall be classified (class and
grade) per ML-C6021. N ckel and cobalt base alloys do not require corrosion
protection surface treatments.

3.5 Non-netallic mmterials.

3.5.1 General selection criteria.

3.5.1.1 Selection considerations. Organic materials shall have maxi mum
practicable resistance to degradation and aging. This resistance shall include
resistance to ozone, polymer reversion, hydrolysis, aircraft and GSE fluids and
[ubricants, fuel, heat aging, low and high tenperature and weapons systens
propel lants. Organic materials shall also be selected so as to mininize the
dangers resulting from smoke or fire hazards. The organic materials used shall
be conpatible with other materials they contact and, in particular, shall not

i nduce or accelerate corrosion of metal structure they contact. Deconposition
and other products, including volatile and |eachable constituents, released by
organic materials under normal operating conditions or curing shall not be
injurious or otherwise objectionable with respect to materials, conponents, or
personnel with which they come in contact. The aircraft parts and equi pnent
shall be designed so that the materials are not nutrients for fungi except when
used in permanent, hernetically sealed assenblies and other accepted and
qualified parts such as paper capacitors and treated transfornmers. Cther
necessary fungi nutrient material applications require treatment by a method
which will render the resulting exposed surface fungi resistant. Misture

resi stance shall be considered as no permanent degradation of properties. The
criteria for the determination of fungi and noisture resistance shall be that
contained in ML-STD 810.

3,5.1.2 Selection linmtations. The use of polyester polyurethane elastoners
for nolded conmponents, potting or sealing is prohibited. Al organic materials
having ester linkages shall be tested for hydrolytic stability. The use of
natural |eather and wood is prohibited.

3.5.2 Seals and mlded el ast oners.

3.5.2.1 Silicone. Mlded silicone rubber products shall be procured to
ZZ-R-765 class I11B.  Silicone rubber may be used to 500°F and shall not be
used where contact with fuel or lubrication oil is likely. The long term
weat herability of silicone rubber is excellent and its use is preferred over
Neopr ene.
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3.5.2.2 Neoprene. \ere used, Neoprene shall be procured to ML-R-6855, class
[, type A. Neoprene shall not be used above 220°F or for applications
i nvol ving exposure to fuel or oil . Silicone rubber is preferred over Neoprene.

3. 5.2.3 Fluorocarbon. Fl uorocarbon (Viton) products shall be procured to
M L- R-83248. Fl uorocarbon may be used within the tenperate range -40°F to
+450°F. Fl uorocarbons are fuel and oil resistant

3.5.2.4 Fluorosilicone. Fl uorosilicone products shall be procured to
M L- R-25988. Fl uorosilicone may be used in the tenperature range -70°F to
400°F. Fluorosilicone is resistant to aircraft fuels and oils.

3.5.2.5 Buna-N. Buns-N rubber products shall be procured to ML-R-6855, class
|.  Buns-N rubber is resistant to aircraft oils and fuels. The maxi num
continuous service temperature for Buns-N shall be 220°F.  Buna-N el astoners
may be subjected to intermttent exposures in the 220° to 275°F range when
specific mlitary specifications or standards define service tenperatures above
220°F.  For exanple, the M5 (Buna-N) "0" rings may be used for exposures up to
275°F and are acceptable for use in hydraulic systens. Buna-N elastomers per
M L-R- 6855, class | or ML-P-25732 are acceptable for |ow tenperature service
to -65°F.

3.5.3 Plastics

3.5.3.1 Fluorocarbon.  Fluorocarbon, tetrafluoroethylene (fTFE) ~and fluorinated
ethyl ene propyl ene (FEP) plastics are recommended for low friction and chenical
inertness requirenents. TFE shall be procured to AMS 3651 and FEP shall be
procured to L-P-523. Bonding of TFE and FEP products shall require etching of
the TFE and FEP surface to be bonded.

3.5.3.2 Polyamide. Polyanide plastic is reconmended for seals, bushings,
guides and similar parts. The preferred material is Nylon 6/6 per L-P-410 in
weat her or wear grade for use up to 200°F. For applications up to 300°F use
the heat resistant grade of Nylon 6/6. For electrical applications the |ow
strength, |ow water absorption Nylon 6/10 grade per L-P-410 is recomended .

3.5.3*3 Reinforced plastic lanminates. Reinforced plastic lamnates may be
used for guides, wear blocks, and sinilar parts. For exposures up to 200°F
phenolic cotton lanmnates per ML-P-15035 shall be used. For higher
teréperatures, up to 450°F, silicone fiberglass lamnates per ML-P-997 shall be
used .

3.5.4 Lubricants. See requirenment 203.
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COATINGS, PLATINGS, AND FI NI SHES

This requirement establishes engineering criteria and requirenents

ection and application of optimum corrosion resistant procedures or
or bearings and control system conponents for aerospace systens.

2. Docunments applicable to Requirement 105

QQ N-290 Nickel Plating (Electrodesposited)

QQ P-416 Plating, Cadnium (Electrodeposited)

TT-P- 1757 Primer Coating, Zinc Chromate, Low Misture Sensitivity

M L- S- 5002 Surface Treatments and Inorganic Coatings for Metal Surfaces of
Weapons Syst ens

M L- C- 5541 Chemical Conversion Coatings on Al umnum and Al uninum Alloys

M L- T- 5544 Thread Conpound, Antisieze, Gaphite-Petrolatum

ML-F-7179 Finishes and Coatings: Protection of Aerospace \eapons
Systens, Structures and Parts; GCeneral Specification for

M L- B- 7949 Bearing, Ball, Airframe, Antifriction

M L- A- 8625 Anodi ¢ Coatings, for Aumnum and A umnum Alloys

M L- C- 8837 Coating, Cadm um (Vacuum Deposited)

M L-T-10727 Tin Plating, Electrodeposited or Hot Dipped, for Ferrous and
Nonferrous Metals

ML-C 11796 Corrosion Preventative Conpound, Petrolatum Hot Application

ML-C 16173 Corrosion Preventative Conpound, Solvent Cutback, Cold
Application?

M L- P- 16232 Phosphate Coatings, Heavy, Manganese or Zinc Base (for Ferrous
Metal s

M L-C 23217 Coat i n)g, Al umi num  Vaccuum Deposi ted

M L- P- 23377 Primer Coatings, Epoxy Polyam de, Chenical and Sol vent
Resi st ant

M L-C 26074 Coating, Nickel-Phosphorous, El ectroless N ckel, Requirements
for

ML-S- 81733 Sealing and Coating Conpound, Corrosion |nhibitive

ML-C 81751 Coating, Metallic-Ceramc

M L- C- 83488 Coating, Aluminum lon Vapor Deposited

M L- STD- 870 Cadm um Plating, Lou Enbrittlenent, E ectrodeposition

M L- STD- 1568 Materials and Processes for Corrosion Prevention and Control in
Aerospace WWapons Systens

AVS 2419 Cadm um Titanium Alloy Plating

3. Requirenents

3.1 CGeneral. Al new weapon system contracts require the subnittal of a

finishing corrosion control document of the conplete system for approval by the

procuring activity. In general, the corrosion control document as required by

M L- STD- 1568 nust
with some exceptions as nodified by each individual

functi onal
M L-F-7179
obt ai ned.
modi fy the
conponent s.

conform to the requirements of ML-S-5002 and ML-F-7179 but
contract. Wth sone

conponents such as bearings, the requirements of ML-S-5002 and

cannot be met or are not practical and specific deviations nust be
The following specific requirenments are intended to clarify or
corrosion control procedures for bearings and other control system
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3.2 FEinished bearings or other conponents. In those cases where the bearings
(or other conponents) are covered by a nilitary specification, the specified
finish shall be acceptable even though it does not meet all of the requirenents
of ML-S-5002 and ML-F-7179. For bearings (or other conponents) not covered
by a mlitary specification, the followi ng deviations shall be considered on a
case- by-case basis.

3.2l Rolling elenment bearings

3.2.1.1 Cadmium pl ate per QQ P-416, type |, class 2 is acceptable for use in
place of type Il, class 2 plating in those cases where subsequent machining and
handling will result in damage to the dicromate conversion coating and lead to
rejections due to appearance characteristics. Exanples of such conponents are
ball. roller, and needle bearing races and ball and roller bearing rod end

bodi es.

3.2.1.2 Gease or oil lubricated bearings fabricated of AlSI 440C steel
require no suppl emental corrosion protection and no supplemental corrosion

protection isrequired on the raceways, balls, rollers, or needles of |ow alloy
steel bearings when grease or oil |ubricated.

3.2.2 Plain and plain spherical bearings

3.2.2.1 Gease lubricated bearings shall require no supplemental corrosion
protection on the functional wear surface. The nonfunctional surfaces shall be
cadm um plated per QQ P-416, type Il, class 2, except when in contact with
titanium in which case the nonfunctional surfaces shall be tin-plated per

M L-T-10727.  For plain spherical bearings where the inner race (ball) is
either beryllium copper or alumnum bronze , no supplenental corrosion
protection shall be required on any surface of the inner race .

3.2.2.2 For TFE lined plain spherical bearings where the inner race (ball) is

Al S| 440C steel, no supplemental corrosion protection shall be required on any
surface of the inner race.

3.2. 2. 3 Dy filmcoated bearings shall require no supplenmental corrosion
protection on the functional wear surfaces where these surfaces are AISI 440C
steel , beryllium copper , or alumnum bronze.

3.3 Installation of bearings/bushings in housing. The interface between the
bearing/ bushing O and housing ID involves a nunber of different metal and
coating/ plating conbinations and all nust be adequately treated for corrosion
resistance in order to prevent corrosion of the housing . The bearing/bushing
O will be either a corrosion resistant material or will be plated/coated with
an appropriate material at the time of fabrication. The housing material can
be any of the structural nmetals presently used for aerospace applications and
if not properly protected will result in unacceptable dissimlar netal
conbinations. Table | is a listing of dissimlar netals and table Il is a
corrosion rating sheet for materials used in aerospace system The required
corrosion protection for the various conbinations of netals are described in
the follow ng paragraphs. In all cases except where adhesive bonding is used,
or where the bearing OD has lubrication grooves and holes , both the bearing OD
and housing ID shall be coated with zinc chromate priner per TT-P-1757, epoxy
primer per ML-P-23377, or sealant per ML-S-81733 and the bearing installed
wet. The remmining surfaces of the parts shall be finished in accordance with
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the applicable finish docunments and enginering requirements. For bearings
with lubrication grooves, the housing I1) and bearing CD shall be coated with
the grease specified for the bearing . The requirenments for adhesively bonded
bearings are controlled by other specifications.

3.3.1 Titanium versus titanium No additional corrosion protection required .

NOTE:  Coating, plating, or other surface treatment to produce adequate
anti fretting characteristics shall be considered for each application and
provi ded when deened necessary.

3.3.2 Titanium versus Corrosion resistant alloys. No additional corrosion
protection required other than passivation of the CR ES.

3.3.3 Titanium versus alumnum alloys. The aluninum alloy shall be anodized
per ML-A-8625 type | or type Il, or coated per ML-C 5541, class IA

depending upon the surface treatment required by the finish document for the
alloy in question. The edges shall be touched up after installation with the

M L- P-23377 epoxy primer or other equivalent primer or sealant so that all
nonfunctional surfaces of the alumnum are prinmed or sealed.

3.3.4 Titanium versus low alloy steels . \here practical, the low alley steel
shal | be electroless nickel plated per ML-C26074 , grade C, class | or
el ectroplated nickel per Q@ N-290, class II. \Were plating is not practical,

the low alloy steel shall be phosphate coated per M L-P-16232.

3. 3.5 Magnesium  Magnesi um and nagnesium all oys are prohibited from general

use in these applications. Approval by the procuring activity is required for
each application for which use of these materials is proposed . Approval of the

appropriate corrosion protection for the application is also required.

3. 3.6 Aluminum versus alumnum Both the bearing OD and the housing ID shall
be anodized per ML-A-8625, type | or type Il; or coated per ML-C 5541, class
I A, depending upon the surface treatnent required by the finish document for
the alloy in question. The edges shall be touched Up after installation with
the M L-P-23377 epoxy prinmer or other approved primer or sealant so that all

nonfunctional surfaces of the alumnum are primed or sealed.

3.3.7 Aluminum versus corrosion resistant alloys. The aluninum alloy shall be

anodi zed per ML-A-8625, type | or type Il; or coated per ML-C 5541 , class IA
depending upon the surface treatment, required by the finish document for the

alloy in question. The edges shall be touched up after installation with the
M L- P-23377 epoxy primer or other approved primer or sealant so that all
nonfunctional surfaces of the alumnum are primed or seal ed.
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TABLE |. Dissimlar netals.
Goup 1 Goup 2 Goup 3 Goup 4 Goup 5
3000, 5000 and Al umi num
6000 series alloys (all)
al um num al | oys
Tin Tin Tin
Zinc
Cadmi um
Tin-1 ead
(sol der)
Beryllium
Low al | oy
steel
CRES CRES
Lead
Ni ckel alloys Ni ckel alloys
Ti tanium Titani um
Chromi um
Copper Copper
Brass Silver
Bronze G aphite
Beryllium Col d
Copper Pal | adi um
Al lum num Bronze
NOTES:

1. O the metals |isted,

those appearing in different groups only are dissinilar.
the identity of the plate determ nes

cadm um plated steel

simlar;

2. In the case of plated netal,
simlarity; for exanple,

plated steel is not.

105. 4
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TABLE 1. Corrosion rating sheet.
Poor gir Good Excellent
Al um num Al um num PH Steels 300 Series CRES
Bare 2000 Series Bare 1100 17- 4PH
Bare 7000 Series Bare 3003 17-7PH A286
Bare 5000 15- 7PH
Bare 6000 13- 8PH
C ad 2000
Low Alloy Steel Cad 7000 Ni ckel I nconel
PH 9-4-20
PH 9-4-30 400 Series CRES Rene 41
AM 355
Al'Sl 4340 Ti tani um
Al'SI 4130
Al SI 52100

3.3.8 Aluminum versus low alloy steels. The alumnum alloy shall be anodized
per ML-A-8625 type | or type Il; or coated per ML-C5541, class IA

dependi ng upon the surface treatment required on the finish document for the
alloy in question. The low alloy steel shall be plated (coated) with one of
the follow ng:

a. cadmum plate per QQ P-416, type Il, class 2 where tensile strength is |ess
than 180, 000 psi

b.  Vacuum deposition cadmum plate per ML-C- 8837, type Il, class 2 where
tensile strength is over 1809 000 psi

c. Ti-cad plate per AVBS 2419-3

d.  Metallic ceramc coat per ML-C81751, type 1, class 4

e. lon vapor deposited alum num per M L-C 83488

f.  Low enbrittlenent cadmium plate per M L-STD 870.

The edges shall be touched up after installation with the ML-P-23377 epoxy

prinmer or other equivalent priner or sealant so that all nonfunctional surfaces
of the alumnum are prinmed or sealed.

3.3.9 Corrosion resistant alloy versus corrosion resistant alloy. No
additional corrosion protection required other than passivation.

3.3.10 Corrosion resistant alloy versus low alloy steel. The low alloy steel
shall be plated (coated) with one of the follow ng:

a. FElectroplated nickel per QQ N 290, class 2, grade A
b. Metalalic-ceramic coat per ML-C 81751, type |, class 4

¢c. FElectroless nickelplate per ML-C 26074, grade C, class I.
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The edges shall be touched up after installation with the ML-P-23377 epoxy
priner.

3.3.11 Low alloy steel versus low alloy steel. Both bearing OD and housing |ID
shall be plated (coated) with one of the follow ng:

a. Cadmium plate per QQP-416, type Il, class 2 where tensile strength is less
than 180, 000 psi

b.  Vacuum deposition cadmium plate per ML-C 8837, type Il, class 2 where
tensile strength is over 180,000 psi,

C. Ti-Cad plate per AMS 2419-3

d. Metallic ceramic coat per ML-C 81751, type I, class 4,

e. FElectroless nickel plate per ML-C 26074, grade C, class 1,
f.  Electroplated nickel per QQ N290, class 2, grade A

g. lon vapor deposted alumnum per M L-C-83488

h. Lowenbrittlenent cadm um plate per M L-STD 870

The edges shall be touched up after installation with the ML-P-23377 epoxy
priner.

NOTE: The conbination of cadmium plate versus nickel plate shall be avoided.

3.4 |Installation of shafts (pins) into bearing bores. The shafts (pins) that
are installed through the bearing bores will be either standard nilitary or
Industry type fasteners; or special conpany designs because of specific design
requirements. In all cases where corrosion protection is required because of
the specific shaft (pin) material, the appropriate plating (coating) wll be
specified by the military or industry standard; or the individual conpany
print.  No additional corrosion protection is required on the bearing bores
regardless of the metal involved. For exanple, airframe control ball bearing
fabricated in accordance with specification ML-B-7949 are supplied with bare
(unplated) low alloy steel (AI'SI 52100) inner race bores but no added corrosion
protection is required. |n some cases, certain requirements may necessitate
the use of added corrosion protection at the tinme of shaft installation. This
will be called out as a specific requirenent on the assenbly drawing.

3.5 _Adjustable parts. Threads of adjustable parts such as tie rods, cable
termnals, rod end clevis’, turn buckles, and cam followers shall be protected
both before and after assenbly with antisieze conmpound conforning to

M L-T-5544; or protected with corrosion-preventative conpound conformng to
ML-C 16173, grade 2 or grade 4, or ML-C 11796, class 3 unless otherw se
called out on the applicable draw ng.
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BEARI NG USACGE

1. Scope. This requirenment establishes criteria and information relative to
selection of bearings in aerospace vehicle applications. Only those bearings
used in the aerospace vehicle proper are covered. Bearings used in specific

equi pment such as engines, generators, gear boxes, and |anding gear wheels are
excluded from coverage in this requirenent.

1.1 Approved bearings of various types shall be as listed in the appropriate
section 300 requirement of this docunent. Until publication of the specific
requirements, there are no approved or disapproved bearings. Bearings of all
types covered herein shall be selected in accordance with the criteria and
guidelines of this requirement. Submittal of such selections per requirenment
101 is not required until such time as appropriate section 300 requirenents are
publ i shed.

2. Docunents applicable to requirenent 201

QQ C- 465 Copper - Al umi num Al loys (Al uninum Bronze)(Copper Alloy Nunbers
606, 614, 630, and 642) Rod, Flat Products with Finished Edges
(Flatwi se, Strip, and Bar), Shapes, and Forgings

Q@ C-530C Copper-Berryllium Alloy Bar, Rod, and Wre (copper alloy
nunbers 172 and 173)

M L- B- 3990 Bearings, Roller, Needle, Airframe, Anti-Friction

M L- B- 6039 Bearing, Double Row, Ball, Sealed Rod End, Anti-Friction,
Sel f- Ali gning

M L- B- 7949 Bearings, Ball, Airframe, Anti-Friction

M L- B- 8914 Bearing, Roller, Self-Aligning, Arframe, Anti-Friction

M L- B- 8952 Bearing, Roller, Rod End, Anti-Friction, Self-Aligning

M L-B- 8976 Bearings, Plain, Self-Aligning, Al-Mtal

M L- G 23827 G ease, Aircraft and Instruments, Gear and Actuator Screw

ML-G 81322 Gease, Arcraft, General Purpose, Wde Tenperature Range

M L-B- 81819 Bearings, Plain, Self-Lubricating, Self-Aligning, H gh Speed
Gscillation

M L- B- 81820 Bearings, Plain, Self-Aigning, Self-Lubricating, Low Speed
Gscillation

M L- B-81934 Bearings, Sleeve, Plain and Flanged, Self-Lubricating

M L-B-81934/1 Bearing, Sleeve, Plain, Self-Lubricating, 325°F

M L- B- 81934/ 2 Bearing, Sleeve, Flanged, Self-Lubricating, 325°F

M L- B- 81935 Bearing, Plain, Rod End, Self-Aigning, Self-Lubricating

M L-B-81935/1 Bearing, Plain, Rod End, Self-Aligning, Self-Lubricating,
External |y Threaded, -65°F to +325°F

M L- B- 81935/ 2 Bearing, Plain, Rod End, Self-Aligning, Self-Lubricating,
Internally Threaded, -65°F to +325°F

M L- B-81936 Bearing, Plain, Self-Aligning (BeCu CRES Race), GCeneral
Speci fication for

M L- B-81936/ 1 Bearings, Plain, Self-Aligning, BeCu Ball, CRES Race, (Wth
Staking Groove), -65°F to +350°F

M L- B- 81936/ 2 Bearings, Plain, Self-Aligning, BeCu Ball, CRES Race, -65°F to

+350°F

MS14101 Bearing, Plain, Self-Lubricating, Self-Aigning, Low Speed,
-65°F to 325°F, Narrow, Gooved Quter Ring

M5101Q2 ~ Bearing, Plain, Self-Lubricating, Self-Aligning, Low Speed,

Wde, Chanfered Quter Ring, -650 to 325°F -65°F to 325°F, Wde,
G ooved Quter Ring
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MS10103 Bearing, Plain, Self-Lubricating, Self-Aigning, Low Speed,
Wde, Gooved Quter Ring, -65°F to 325°F

M510104 Bearing, Plain, Self-Lubricating, Self-Aligning, Low Speed,
Narrow, Chanfered Quter Ring, -65°F to 325°F

M521150 Bearing, Double Row, ball, Rod End, Precision, Solid Shank,
Sel f-Aligning, Anti-Friction, Airframe, Type |, -65°F to 350°F

M521151 Bearing, Double Row, Ball, Rod End, Precision, External Thread,
Self-Aligning, Anti-Friction, Airframe, Type Il, -65°F to 350°F

M521152 Bearing, Double Row, Ball, Rod End, Precision, Hollow Shank,
Self-Aligning, Anti-Friction, Airfrane, Type Ill, -65°F to
350°F

M521153 Bearing, Ball, Rod End, Precision, Internal Thread,
Sel f-Aligning, Anti-Friction, Airframe, Type IV, -65°F to 350°F

M521154 Bearing, Plain, Self-Aigning, Gooved Quter Ring

M521155 Bearing, Plain, Self-Aligning

M521220 Bearing, Roller, Rod End, Internal Thread, Self-Aligning,
Anti-Friction, Airframe, Heavy Duty, Type Il, -67°F to 350°F,
Seal ed

M521221 Bearing, Roller, Rod End, External Thread, Self-Aligning,
Anti-Friction, Airframe, Heavy Duty, Type I, -67°F to 350°F,
Seal ed

M521223 Bearing, Roller, Rod End, External Thread, Self-Aligning,
Anti-Friction, Arframe, Heavy Duty, Type Il, -67°F to 350°F,
Seal ed

M521428 Bearing, Ball, Airframe, Anti-Friction, Extra Light Duty, -65°F
to 350°F, Precision

M521432 Bearing, Roller, Needle, Track Roller, Integral Stud, Type VII,
Anti-Friction, Inch

V524461 Bearing, Roller, Needle, Single Row, Heavy Duty, Type I,
Anti-Friction, Inch

V824462 bearing, Roller, Needle, Single Row, Thin Shell, Type II,
Anti-Friction

V524463 bearing, Roller, Needle, Single Roy Heavy Duty, Self-Aligning
Type 111, Anti-Friction, Inch

MS24464 Bearing, Roller, Needle, Double Row, Heavy Duty, Self-Aligning,
Type |V, Anti-Friction, Inch

NB24465 bearing, Roller, Needle, Single Row, Heavy Duty, Track Roller,
Type V, Anti-Friction, Inch

V524466 Bearing, Roller, Needle, Double Row, Heavy Duty, Track Roller,
Type VI, Anti-Friction, Inch

M527640 Bearing, Ball, Airframe, Anti-Friction, Heavy Duty, -65°F to
350°F

MS27641 Bearing, Ball, Airframe, Anti-Friction, Intermediate Duty,
-65°F to 350°F

MB27642 Bearing, Ball, Airframe, Extra Light Duty, -65°F to 350°

MS27643 Bearing, Ball, Airframe, Anti-Friction, Self-Aligning, Double
Row, Heavy Duty, -65°F to 350°F

MS27644 Bearing, Ball, Airframe, Anti-Friction, Double Row, Heavy Duty,
-65°F to 350°F

V827645 Bearing, Ball, Airframe, Anti-Friction, Self-Aligning, Light
and Heavy Duty, -65°F to 350°F

M527646 Bearing, Ball, Airframe, Anti-Friction, Extra Light Duty, -65°F
to 350 °F

MS27647 Bearing, Ball, Airframe, Anti-Friction, Extra Wde, Double Row,

Internediate Duty, -65°F to 350°F

201.2



Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 201
31 January 1980

M527648 Bearing, Ball, Airframe, Anti-Friction, Externally
Self-Aligning, Extra Light Duty, -65°F to 350°F

M527649 Bearing, Ball, Airframe, Anti-Friction, Internediate Duty,
-65°F to 350°F

M528913 Bearing, Roller, Self-Aligning, Double Row, Airfrane,
Anti-Friction, Sealed, Type Il, -67°F to 350°F

M528914 Bearing, Roller, Self-Aligning, Double Row, Wde Inner Ring,
Airframe, Anti-Friction, Sealed, Type Ill, -67°F to 350°F

M528915 Bearing, Roller, Self-Aigning, Double Row, Torque Tube,
Airframe, Anti-Friction, Sealed, Type IV, -67°F to 350°F

MS81934/ 1 Bearing, Sleeve, Plain, Self-Lubricating, 325°F

M581934/ 2 Bearing, Sleeve, Flanged, Self-Lubricating, 325°F

MS81935/ 1 Bearing, Plain, Rod End, Self-Aligning, Self-Lubricating,
External |y Threaded, -65°F to +325°F

M581935/ 2 Bearing, Plain, Rod End, Self-Aligning, Self-Lubricating,
Internally Threaded, -65°F to +325°F

M581936/ 1 Bearings, Plain, Self-Aligning, BeCu Ball, CRES Race, (Wth
Staking Goove), -65°F to +350°F

M581936/ 2 Bearings, Plain, Self-Aigning, BeCu Ball, CRES Race, -65°F to
+350°F

AMS 4640 Rods , Bars, and Forgings, Al uminum Bronze, 81.5 Cu, 10.3 A, 5
N, 2.8 Fe

AMS 4880 Castings, Centrifugal Al umnum Bronze, 81.5 Cu, 10.3 A, 5 N,
2.8 Fe

AMS 5630 Bars and Forgings 17 Cr, 0.5 M (0.95-1.20 O

AMS 5643 Bars, Forging, Tubing and Rings, 16 C, 4.0 Ni, 0.30 (Cb + Ta)
4. Cu

NAS 72 Bushing, Canp-up, Steel, Chrone-Plated

NAS 73 Bushing, O anp-up, Steel, Cadnmium Plated

NAS 74 Bushi ng, O amp-up, Bronze

NAS 75 Bushing, Plain, Press-Fit, Steel

NAS 76 Bushing, Plain, Press-Fit, Bronze

NAS 77 Bushing, Flanged, Press-Fit, Steel and Bronze

NAS 537 Bushing, Sleeve, Press-Fit, Undersize Inside D anmeter

NAS 538 Bushing, Flanged, Press-Fit, Undersize Inside Dianeter

AFBMA standards, section no. 1, “Terninology and Definitions for Anti-Friction
Ball and Roller Bearings and Parts".

3. Bearing definitions, termnology and descriptions. Aerospace vehicle
bearings as used herein, is a termwhich applies to all types of bearings used
in the design of the actual aerospace vehicle excluding those bearings used in
equi pment and nmachinery of a specialized nature such as engines, generators
gear boxes and |anding gear wheels.

3.1 Definitions and ternminology. Definitions and terminology, as used herein,
shal | be based on AFBMA section no. 1, "Terninology and definitions for
Anti-Friction Ball and Roller Bearings and Parts". This base will be nodified
and augnented by those definitions and that ternminology generally accepted
currently by the Bearing Munufacturing and Airframe Mnufacturing Industries
and the using U S. Governnent Services.

3.2 Bearing type descriptions. Bearings are generally classified into several

"Types" based on details of geonetry and construction and on the nature of
usage. The following types are common in aerospace vehicle design.
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3.2.1 Anti-friction bearings. These bearings are commonly termed “rolling
element bearings" andtheterns are used interchangeably. They utilize a
conplenent of balls, rollers, or needles separating an outer ring and an inner
ring. The outer ring is usually mounted in the housing and the inner ring on a
shaft. OQher elements of these bearings may be rolling elenment separators,
shields or seals, and seal retainers.

3.2.1.1 Ball bearings. The ball bearings used in aerospace vehicles are
primarily annular ball bearings. Linear notion ball bearings are used in a
few special applications. Annular ball bearings are intended for use in
rotational or oscillatory applications, under radial, axial, or conbination
loading. Linear notion ball bearings (or bushings) are intended for |inear or
axial motion between the shaft and housing and have no axial or thrust |oad
capability. Annular ball bearings are available, within a given configuration,
with varying numbers of balls in the rolling elenment conplenent. The three
commn configurations are illustrated in figure 201-2. Several configurations
of ball bearings have been standardized and devel oped specifically for airframe
use. They generally have rugged construction, full ball conplenents, seals,
and corrosion resistant plating. They aeintended for heavy, oscillatory

| oads and have no relubrication capacity.

3.2.1 .1.1 Ball conplement. Mst types of ball bearings are available in three
configurations, each containing a different conplenment of balls (see figure

201.2) as follows:

a. Full conplement (filling slot type). This bearing configuration contains
the maxinum quantity of balls, with no cage or retainer separating the balls.
It is best suited to nobst airfrane applications as it will withstand the

highest loads and is nost satisfactory for oscillating or |ow speed |oads not
exceeding 500 rpm

h.  Maxi num conpl ement (filling slot type. This bearing configuration
contains the maximum quantity of balls, with a cage or retainer separating the
balls, and is for heavy radial |oads at speeds not exceeding 5000 rpm €
thrust load capability is sonewhat |ess than half the static load linit.

¢c. Conrad. This bearing configuration contains a cage or retainer to separate
the balls, has no filling slot and is for relatively light radial |oads but

hi gh speed applications not to exceed 15,000 rpm  Thrust and radial capacity
are approxi mately equal and about one-third the static limt capacity of the
full conplement type. The Conrad bearing has the |owest |oad capacity of the
three types of ball bearings because it contains fewer balls. The nunber of
balls is limted by the method of assenbly.

3.2.1.1.2 Typical airframe ball bearings. Bearings of various configurations
and capacities are available for airframe use where radial loads are |large,
thrust loads relatively small, and misalignment is less than 15 minutes of arc.
They are given a letter type designation and an M5 number and include:

MB27640( KP), MS27641(KP-A), M527642(KP-B), and MS27644(DPP). Were the
alignment exceeds 15 ninutes of arc, bearings of simlar geometry to the above
are available with aligning capability but with some sacrifice in |oad
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capacity. They include M527645(KSP & KSP-A) and M527643(DSP). These typical
airframe bearings are listed in table 201-1. CQher characteristics and
applications of ball bearings include:

a.  Low torque

b. For oscillating motion or slow internittent rotation (below 500 revol utions
per mnute (rpm) for general airfrane use)

c. Designed to carry radial and thrust |oads
d. Low static load capacity
e. Good radial and axial position accuracy

f. Prelubricated for rated life of bearing but no provisions for
relubrication. (See requirements 301 and 304 for specific approved bearings. )

3.2.1 .1.3 Airframe torque tube bearings. Extra light duty ball bearings of
the MS27642(KP-B) and Ms527646(B500DD) series are used in relatively large
diameter torque tube applications where radial loads are large, thrust |oads
are small, and nmisalignment is less than 15 nminutes of arc. For torque tube
applications where initial installation nisalignnent occurs, and thrust |oads
are small and unidirectional, Ms27648(KP-BS) self-aligning bearings may be
used. They are not dinmensionally interchangeable with the MS27642( KP-B)
bearings. Bearings with self-aligning outer rings shall not be used for
operational nisalignnment as they are designed to acconmodate only initial
installation msalignnment.

3.2.1.2 Needl e bearings

3.2.1.2.1 Typical airframe needle bearings. Needle bearings carry higher
radial loads, within a particular envelope, than other types of antifriction
bearings.  For optimum perfornmance, installation alignnent nust be good, shaft
deflection limted, and thrust |oads avoided. Type MS24462(NCC) bearings nust
be supported in rigid housings because of their thin outer race. Type
M524463(NBE) and Ms24464(NBK) may be used where limited initial installation
alignment occurs. (Typical needle bearings are listed in table 201-11.
Specification approved bearings are listed in requirenent 303.)
Characteristics arid applications of needle bearings include:

a.  Low torque
b. For oscillating motion and slow internittent rotation (below 100 rpm
c. Designed to carry radial |oads

d. Can be relubricated

e. Aignnent of needle bearings other than self-aligning types is critical;
msalignment will result in limted life

f.  Adequate lubrication and occasional rotation through an angle greater than
150 is necessary to nininize fretting.
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NOTE:  For the purposes of this discussion, an airfrane needle bearing contains
a full conplenment of needle rollers; there are no separators or retainers in
airfrane needl e bearings.

3.2.1.2.2 Track rollers, yoke type and stud type. Special needle bearings
are available for use in rolling applications on tracks such as in wng

flap applications. Single row MS24465(NBF) and double row MS24466( NBL) track
track rollers are available for clevis mounting in a yoke. MS21432(HRS)
cam followers have an integral stud for cantilever mounting. These bearings
are illustrated in table 201-11. The crowned rollers are not intended

for deliberate nisalignment in applications, but wll conpensate for

smal | amounts of adverse dinensional tolerance and deflection induced

m sal i gnnent

3.2.1.3 Roller bearings. Typical roller bearings are listed in table 201-111.
See requirenent 302 for specifically approved bearings.

3.2.1.3.1 Typical airframe roller bearings. Roller bearings are useful for
applications where loading is beyond the capability of conparable size ball
bearings and where a conbination of the following characteristics is desirable
in the design application:

a. Al types are self-aligning.
b. Accept slowrotation (below 100 rpn) in addition to oscillation.

¢. Al types are pre-lubricated and have provision for relubrication, except
M528912 beari ngs.

d.  Low torque.

e. Carry radial, thrust, and conbined |oads.

f.  Equipped with seals.

g. Corrosion-resistant plating.

3.2.1 .3.2 Airframe torque tube bearings. Light duty roller bearings of the

M528915 series are used in relatively large dianmeter torque tube applications
where radial loads are large and thrust |oads mnimal.

3.2.2 Plain bearings. This class of bearings is frequently referred to as
“sliding surface bearings” and Includes all types of bearings in which surfaces
slide relative to one another, whether separated by a lubricant or in intimte
contact. Included are cylindrical sleeves or bushings as used in so-called
“static joint“ applications. Plain bearings are divided into spherical,
cylindrical, rod ends, and special bearings based on the design geometry and
application.
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3.2.2.1 Spherical bearings. The term spherical bearing as used herein refers
to a bearing conposed of a spherical shaped piece with a hole for a shaft and
enployed as an inner race and spherically concave single piece outer nember
conformng to the shape of the inner race. A grease lubricant, dry film
lubricant, or TFE type liner may be enployed between the races for lubrication.
The outer menber may be permanently swaged around the outer portion of the
inner or slotted to accept the inner nenber. The two types of spherical
bearings are therefore identified as the netal-to-netal type and the Iined
type. Both typed are included in table 201-1V.

3.2.2.1.1 Metal-to-metal type. These bearings can be used in basically all
airframe applications with lubricant provisions per requirement 203. Dry film
lubrication may be used in certain applications where there is limted bearing
motion under |oad or where elevated tenperatures are beyond the grease
capability. Wen these bearings are used in the pilot-feel portion of primry
control systens, it is essential to determine that friction levels and radial
play are acceptable. Table 201-1V shows typical bearings of this type and
approved bearings are specified in requirement 306.

3.2.2. 1.2 Lined type bearings. These bearings are used in sinilar
applications to the metal-to-metal type where relubrication is inpossible or
undesirable . The liners are sacrificial and normal wear rates can be
accelerated by liquid contamnants, tenperature extremes, and inpact |oading.
The designer nust size these bearings so that adequate life is attained under
the service loading and environment. Table 201-1V shows typical bearings of
this type and approved bearings are specified in requirenent 307. As with
metal -to-metal bearings, it is essential to determine that friction levels and
radial play due to wear are acceptable when these bearings are used in the
pilot-feel portion of primary control systens.

3.2.2.2 Journal bearings. Journal bearings are used in aerospace vehicle
applications simlar to those in which plane spherical bearings are used.
However, they have no misaligning capability. They are of sinple construction
with a flanged or unflanged "sleeve" or "bushing" acting as the outer nenber
and rotation occurring between the sleeve and a structure-connecting shaft or
pin. These bearings are available with the same |ubrication options as is
afforded on the inside dianeter (I1D) of spherical bearing outer races.

Material choices are also sinilar, as are load capability and application
limtations. Journal bearings may be used without lubrication provisions in
static joints to protect structure and provide an econonical, easily replaced
design element. Table 201-V shows typical standard journal bearings and
bushings.  Approved journal bearing standards are specified in requirenents 309
and 310. Al others require specific approval in accordance wth requirement
101.

3.2.3 Rod end bearings. These bearings are intended for use on push-pull rods
as end fittings to permt functional attachnent to nechanisns and structure.
They consist of a self-aligning bearing in housing with an integral shank for
attachment to the rod. They are available with antifriction ball or roller
bearings and with netal-to-metal or lined plain spherical bearings. Shanks nay
be solid or hollow and may be either internally or externally threaded as
appropriate for the designed attachment. Linmitations on applications are
governed by the insert or "cartridge” bearings and on fatigue considerations of
the housing. Typical rod end bearings are illustrated and described in table
201-VI.  Requirement 308 specifies approved rod end bearings.

201.7



Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 201
31 January 1980

3.2.4 Mscellaneous bearings. Several other types of bearings are

occasional ly used in aerospace vehicle design. These consist of linear notion
bal | bearings (ball bushings), pillow block bearings, instrument bearings,

| oader slot spherical bearings, and snap assenbly spherical bearings.

3.2.4.1 Linear notion ball bearings. These bearings are used in applications
where slow axial travel, with or without linted rotation, |Is a design
requirenent.  (Typical linear notion ball bearings are illustrated in figure
201-1.) Their use should be Iimted to those standards specified in

requi rement 311 and within the follow ng:

a. Rotary notion less than 360° and not to exceed 10 rpm
b. Shaft hardness of at least Rc 50
¢c. Shaft surface 125 RHR or better

3.2.4.2 Pillow block bearing. Pillow block bearings are sometines used for
nmounting equi pnent and mechanisms.  They consist of a bolt-down housing with a
variety of types of cartridge bearings. They are not included in the scope of
M L- STD- 1599 and nust be individually selected or designed and approved Per
requi rement 101.

3.2.4.3 lnstrument bearings. These bearings are included in the design of
many types of equipnent used on aerospace vehicles. As such they are not
presently within the scope of ML-STD1599. If used in aerospace vehicle-
proper design they require approval in accordance with requirement 101.

3.2.4.4 Loader slot spherical bearings. There are nunmerous designs that fall
into the general category of |oader slot (Messerschmidt) bearings. Each has
its own advantages and disadvantages. The follow ng discussion applies to

| oader slot bearings as a group.

a. A mgjor advantage of |oader slot bearings is the close tolerance that can
be achieved by grinding the inside spherical dianmeter of the outer ring.

Excel lent confornmity between ball and outer race can be acconplished. This
also neans that a close tolerance on radial and axial play can be acconplished.
This advantage is not so pronounced on small dianeter bearings since conformty
is fairly easy to achieve on small parts by swaging.

h. Very high strength steels or specialty materials can be Used in the outer
race for better wear characteristics, high static |oad capacity, high
tenperature capability, corrosion resistance, or other special requirenments. In
a swaged bearing the race is usually relatively soft and ductile to prevent
race cracking during swaging and to get good conformity. It should be noted
here that it is possible to make a swaged bearing with a relatively hard outer
race by using maraging steel conponents which can be heat treated after the
swagi ng process. In some applications it is also possible to gain the
advantages of a hard outer race without the disadvantages of a |oader slot
bearing by using the fractured outer race technique.

¢c. It is possible to replace the ball in the field without replacing the
entire bearing.
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d. The requirenent to properly orient the slot with respect to the load is a
maj or di sadvantage of |oader slot bearings. In sone applications where |oad
varies in direction over 60° to 90°, it is inpossible. If reverse |oader slot
bearings are used (ball has the reduced section instead of the race) proper
orientation is inpossible.

e. A loader slot can significantly reduce the bearing area. Selection should be
limted to bearings with fairly narrow balls to prevent this loss from being
excessive.

f. It is difficult to retain grease and keep dirt and contaninates out unless
the loading slot is sealed. It is possible to seal the loading slot, but this
can reduce the effective bearing area and makes the bearing nore expensive.

3.2.4.5 Snap assenbly spherical bearing. These bearings are not covered by M
standards. They are of a torque tube bearing configuration with large
diameter-to-width ratios. The races are sufficiently thin as to permt
assembly of the ball within the race by elastic deformation. As non-standard
bearings, they require approval in accordance with requirenment 101 for use in

aerospace vehicle design.

4, Bearing selection. In selecting a bearing for a specific aerospace vehicle
application, the functional characteristics of the bearing nust be optimally
mat ched against the application requirenments. The bearing type nust be
determned through an evaluated of envelope dinensions, unique geonetry, and
load and life characteristics.

4.1 Selection within types. The two types of bearings considered are
anti-friction or “rolling elenment” bearings and plain or “sliding surface”
bearings.

4,11 Anti-friction bearings. This type of bearing includes ball, roller, and
needl e bearings. Each of these sub-types enphasizes certain envel ope and
operational characteristics. Table 201-VIl highlights a nunber of paraneters
to be used in selecting between anti-friction and plain bearings and in
selecting the optinum anti-friction bearing. Figure 201-3 is a guide which
aids in selection of a specific standard anti-friction bearing. See also
tables 201-1, 201-11, and 201-111.

4.1.2 Plain bearings. Figure 201-4 is matrix of the available standard plain
journal bearings and plain spherical bearings. It is intended for use in
meking a selection of a plain bearing for a specific application in conjunction
with tables 201-1V and 201-V.

4.2 Selection for systems application. Optinum selection of a bearing for a
system application is often dictated by the unique set of requirenments inposed
on the bearing by the specific system function.
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FI GURE 201-1. Linear notion ball bearings.

FULL COMPLEMENT MAXIMUM COMPLEMENT
(FILLING SLOT TYPE) (FILLING SLOT TYPE)

FIGURE 201-2. Annular ball bearings.
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TABLE 201-1. Typical ball bearings.
TYPCAL BORE SIZE MILITARY
ILLUSTRATION SERVICE MNGE | SEMES [sTanDARD
0.1900-
K
Heavy Duty 0.6250 4 MS27640
0.1900-
i -A
Light Duty T 2500 KP MS$27641
. 1.313-
Light Duty 3 063 KPB | MS27642
316
;",‘;”_1,9“'.’ theu DsP | ms27642
] igning 5/8
Extra-Heavy 0.1900- PP "
Duty 0.6250 D $27644
Light ond 0.1900- | yop | ms27645
Heavy Duty 0.6250 KSP-A
Self-Aligning
EXTRA-LIGHT | 5 g250. | 550000 | M527646
ouTY 2.3125  lyaco000 | Ms21428
EXTRA-L IGHT @ 0000
DUTY -0000- | (o gs | ms27648
sef-ALtoninG [ 3-06%°
| | J ) INTERMEDIATE
NTE
P . ouTY 0.2500- O | ws27647
] ', EXTRA WIDE . GOW
T 7y s 2
U
BUQWOURL IO A
7772
[lﬁ;‘ﬂ INTERMEDIATE | 0.1900- |  awax | ms27649
NN\ DUTY 1.2500
] 1}
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TABLE 201-11. Typical needle bearings.

TYPICAL BORE SIZE MILITARY
ILLUSTRATION SERVICE RANGE | SEMES | sranparD
7YV 7 7 Heovy Duty 0.1900 N8C MS 24441
RS ey
N 5.0000
I ]
Extra<light 0.1900 NCC | MS24462
Duty thry
Oscillation 1.2500
Heovy Duty 0.1900 NBE
Celf- thry MS24463
Aligning 0.3125
Single Row
Heavy Duty 0.3750 N8K )
Self- thry MS 24464
Aligning 3.5000
Double Row
Trock Roller 0.1900 NBF
.’////‘%/‘: Single Row thru MS 24455
Track Roller 0.3750 NBL
e Double Row thry MS 24466
- ] 2.000
Stud
///////; Imck Roller Diometer HRS MS21432
o0 T Singie Row 0.1500
= thry
0.500
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TABLE 201-111. Typical roller bearings
TYPICAL BORE SIZE MILITARY
ILLUSTRATION SERVICE RANGE SERIES STANDARD
ALY Extra light 1.0000 - DAT MS28915
duty, self- 3.0630
aligning
@ torque tube
| ' t
]
m Self-aligning, | 0.1900 - SA MS21431
! intermediate 0.5000
duty
|
Self-aligning, | 0.2500 - DAS MS28913
} heavy duty, 0.7500
2 SN - high thrust
AR
Self-aligning, | 0.2500 - DAS MS28914
53 2 4{ extra h?avy 0.8750
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TABLE 201-1V. Typical spherical type bearings.
TYPICAL BORE SIZE SERIES & MILITARY
ILLUSTRATION SERVICE RANGE MATERIALS STANDARD
m Infrequent oscillation Narrow series
o misclignment, steel ball &race ;| uicariss
m heavy loads 0.1900 grecaee Iuhlc«oﬂ
b AACAYIR A
Intermittent oscilla- 1.0000 |Narrow series, w4
m tion or misalignment, ool boll, bronze (Grooved
rrmxnnnxmﬂ light to medium loods. race, grecss lub- :""'H"'“
ricated. staking)
Narrow series
& CRES boll & race, | MS14104
Teflon lined.
%\ @ \@ Intermittent to steady | 0.1900 Wide series
N oxcillation ar mis- | o CRES boli & race. | #5102
aligning, medium to 1.0000 Teflon lined.
¥ ' heavy loods.
Narrow series MS14100
grooved ring.
CRES ball & roce
il TFE Lined
| Spyrsoogy Wide """ MS14103
* grooved ring.
" “ TFE Lined
m Narrow series | mg1936/1
grooved ring.
BeCu ball
0.2500 | CRES race
i I Y tc
1.5000
Narrow series | M81936/2

8eCu ball
CRES race
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TABLE 201-V. Journal bearing and bushings.
TYPICAL BORE SIZE SERIES & MILITARY
ILLUSTRATION SERVICE RANGE MATERIALS STANDARD
Clamp up on shaft 0.190 Steel 4130 chrome]| NAS 72
heavy static loads, to plated on O.D.
little movement. 1.000
- TV Clamp up on shaft | 0.190 Steel, 4130 cad- | NAS 73
heavy static loads, to mium plated aofl
~ little movement. 1.000 over
Clamp up on shaft 0.196 Bronze, Al NAS 74
medium static lood, to
movement on O.D. | 1.000
Press fit, heavy 0 190 Steel, codmium NAS 75
static loads, fittle to plated
_____________ ] movement. 1.250
Press fit, medium 0.190 Bronze, Al NAS 76
stotic loads, move- to (Cd plated)
ment on |.D. of 1.250
bushing :
Press fit,heavy 0. 19¢C Steel (Cd plated ! NAS 77
static loods, to or
(steel) medium 1.250 Bronze (Cd
static loods & med- plated)
ium oscillating
loods (bronze)
Press fit, inside 0.179¢C Steel (4130) NAS 538
undersize for to Cd plated
_____________ ] reaming. 1.2190
- Heavy static loads
(steel) Bronze, Al
Medium static and (Cd plated)
medium oscillating
(bronze)
Press fit, inside 0.179¢C Steel (4130) NAS 538
undersize for to Cd plated
reaming. 1.2190
Heavy static louds
(steel) Bronze, Al
Medium static and (Cd plated)
medium oscillating
(bronze)
Movement between { 0.2515 Aluminum or MS B1934/1
bearing bore and to CRES shell
shaft. Can hondle 2.0015 Teflon lining
fretting conditions.
Radicl lood onty.
Movement between 0.2515 Atuminum or MS 81934/2
mzz:mJ bearing bore and to CRES shell
shaft. Con handie 2.0015 Teflon lining
fretting conditions.
Rodial load and thrust
load in one direction

201. 15




Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 201
31 January 1980

TABLE 201-VI.

Rod end bearings.

Ball Bearing Rod Ends

thrust loods

shonk

TYPICAL BORE SI1ZE MILITARY
ILLUSTRATION SERVICE RANGE TYPE STANDARD
77 b Jiow to medivm . 1900 Self aligning MS 21150
HE 3 — . — _E’. static loods, medium to ba!l beoring,
BB = | |dynomic rodiol and [O. 2500 solid shank
thrust lood
Low to medium D. 1500 Seif aligning MS 27151
static loads, medium to boll beorings,
dynamic radial and  [0.6250 externally thrcaded
thrust lood shonk
"]
L ;L [flow to medium 0. 1900 Self oligning MS 21152
] ic | i ball beari
- ______L' static loads, medium to all bearing,
) S dynamic radial ond  1Q.2500 hollow shank
' thrust load
Low 1o medium 0. 1900 Self aligning MS 21153
static loods, medium to bal!l beoring,
dynamic radial ond {13125 internal thread
thrust loads
Roller Bearing Rod Ends
Medium stotic loods, J0.2500 Roller beoring, MS 21223
YD light thrust ond to self aligning, (MIL-B-8952)
s radial dynamic foads [0.3750 externally threaded
7 shonk
Medium static 0.2500 Roller bearing, MS 21220
loods, medium to self aligning, (MiL-B-8952)
dynomic rodial end  |0.3750 intemally threoded
thrust loods shank
Medium static 0. 2500 Roller bearing, MS 21221
_ JRU— [ ) N L ros PN I QU L S faan B _ancal
4 r—-—?(j A 1000s, meagtum 70 3¢ Qrigning, {mMiL-D-BYuc )
%:A dynomic radiol ond  ]0.6250 externally threaded

Plain Spherical Bearing Rod Ends

High static loods, 0. 1900 Plain bearing H/81935/2
ﬂf w gt medium dynomic to TFE lined, (M1L-B-21935)
SR — A= ¥ | ;nd thrust loods 1.0000 externally threaded

shank
— H High static loads, 0. 1900 Plain beoring TFE %/81938/1
3 ‘ medium dynomic to lined, intemally (MI1L-3-819)5)
= ond thrust loods 1.0000 threaded shonk
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TABLE 201-VII. Beari ng selection paraneters.

RILLTHC ELFVMENT PEARINGS INING FLEMENT BEARIMGS
DEERATING FprRame FALL BEARINGS NEFPLE RERFINGT ROLLER FERPIAGS TFE LINED PEAFINGS METAL ON METAL BEARINGS
Loa? Cayacity
(For a Given
Envelcpe Size!
Radial (Static! Low Medium Medium High
Axtal (Static) Low Cannot Tolerate Medium HBigh
Moment Lew Fxtremeliy Limitec Low Hier
Shock Low Mecium Medium High
(Prelcadira
Relrs)
Vibration Fapid Fretting Moz, Fretting Rarid Frettira Melium RFieh
(Preloading
Helps)
Type of lperation
Smail Os lation Possidle Fretting Fest of Folling Possible Hancle well Reversec Loading
Elemen® Rec'd
Oscillaticn Cood Good Good Geed Reversec Loading
Slow Fetaticr tood Sood Sooed Lirited by | meqrs
Surface Spees } Excellen®
Speed
High Speed usc:illatior Eycellient Excellent Exceller® Excellent at Poor
Irmtinuous: witr Cages With Cages With Cages Small Anrles
Eigt Cpeed Excellent Exceller® Excellent Feguires keverse
Intermittert ! Lcazing
| Eigr Spees Fotaticr llert Not Irrercec Excellert o Not Use fTED!
(Continuous: Cares With Caces
Highr Fpeed nctaticn ,  Excellert Naot Irrerced Excellent Corsult Standarde {TED:
(Intermittert wWith Cages Witk Cages
Fier trzelerat:con | Feasires Trelca® ! Net Irverded Pecuires Prelaa* Cocz acor
Toty Tyele Effect Ne Effect Ne Effen~t May Tsuse Fear May Causc Feat
Termperaturc
Cont tnucus Leperen cn Tependent o Degendert cr ~EECT to 32¢0F Leperdent or
Greate “eal: Jrease feals Grease Seals Mat'l and Lute
| ant Mar'l  oFeCF and Mat 'l
! ts to 2EACF |
| Stardards standards
Maximar | 37E0F leperdent or
“at'l Expansion
Mirimum Higr Increase Geed
ir Frietion
Misalignrer’ Tecrease ir Gond Socd Sood
Cara~itv
Ccefficient nole .rne Lerencment or .
Lea? an? Te~p
t2 . "
r B -
ition Aecuracy lependrert on Cerentert on Tepenjert andes witr Wear Pppraox W In
Interna’ Interral Interna” Thanges with Wear
Clearan:ce Clearanze Clearance
Ervircnmertal '
Cond:tions [irt, Fermarent feales (TED Sealed and Increase FPurges with Lute
water, Contazinates No Protlems With WS {TED Purzes Wear Fa'e Nz Effec
Fhorsrhate Ester Cuteas of Lube Duteas cf Lute Cutgas of Lute Increase? Jutaas of Lute
Fluids Vacuum Wear Rate .
No Effect
Fequiren Life
Shelfl leperder® -~n Lere~ser: on lFeperder* o- Excellient Leperder: or
Service Lube Lir:ted dv Lure Limited by Lute Limjited bv Limited by Wear Lube and _cad
Wear, Galling, Wear, Gallire, Wear, Gallline,
Seizing and Seizine and Setzing ard
Fretting Fretting Fretting
Ketention Metrczs Stake Fousing Stawe Housine Stake Housine Staxe Housing Stake Housing
or ER3 cr BRG
Mainterance Fermarent]y Felubricaticr Felure fcr Self Lutricatira Felubricate Cften
Packed Feq'a Hier Lea7ts
Pressure D:ifferential Mav Furee May Purge May Purce Mo Problem Ne Fred
St:ffness Low Med:n Mediym tTET Hieh
NCTE: Manv of the ahcve parameters are highlv dependent on tre apnlicaticn. Therefore the irnformaticn should be used cnly as a guide toward

the initial bezr:ng select
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(4a-SIH) 8YTTISH
(IV-MV) 6%9LZSKH
(MO % MA)L®ILTSKH
(Qa-8)S%9LTSK
(dda)%%9LTSK

(4-dA)T%9LISKH (S9-dA)8Y9LISKH

(V-dA) TY9LISKH (dSA)SH9LTSH

(dA)0%9LTSKH (dSA)E9%LISKH

9NINIITV-ATISNON ININOITV-4THS
|

(6%6L-9~TIK)
SONINVAE T11Vd

|

CENTISH
99%ZSN
ST68CSH S9Y7wISH
7168TSKH (OON) T9%%ZSH
£168TSK (JEN) T9Y7ISH

ONINOITY-4TdS ONINOI'TV-4TASNON

(HEN) Y99 T SK
(29N) €99 Y TSKH

ONINDITV-4TdS

ALTOVdVD LSMYHL

| ]
(7168-9-TTW) (066€-9-TIW)
SONTYVAE ¥YIT110¥ SONTYVAL dTadAN
ALIOVdVD LSAYHLI-ON

ALITIAVdAVD TVIAVY Ol NOILIAAV NI

ALITIEVdVD AVOT-L1SOYHL

P

SONIYVAE NOILDTYd-TLNV

Standard anti-friction bearing selection matrix.
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ELAIN BEARINGS
NON-SELF ALIGNING SELF ALIGNING
{
SLEEVE BEARINGS SPHER}CAL
OR BUSHINGS BEARINGS
i 1
1 ] ] 1
SELF GREASE SELF GREASE
LUBRICATED LUBRIiATED LUBRICATED LUBRICATED
TFE-LINED BRONZE & STEEL TFE-LINED BRONZE OR STEEL RACE
M 81934/1 NAS 72 MS 14101 MS 21154
M 81934/2 NAS 73 MS 14102 MS 21155
NAS T4 MS 14103
NAS 75 MS 14104 BE-CU BALL, CRES RACE
NAS 76 M 81936/1
NAS 77 M 81936/2
NAS 538

FIGURE 201-4. Plain bearing standard selection matrix
(see requirements 306, 307, 309 and 310).

4.2.1 Primary control systems. These systens utilize numerous bearings in the
control surface positioning nechanisms. Due to the possibility of friction
buil d-up, enphasis should be placed on anti-friction bearings per requirenent
206. Primary control surface hinge and support bearings do not have such
critical friction requirements. Accordingly, plain bearings should be
considered to mnimze weight and envelope penalties. The unit dynanic |oading
on these bearings nust be kept sufficiently low to obtain design life. Rod end
bearings used in control rods shall be neet this requirement and requirenent
207.

4.2.2 Secondary and auxiliary control systems. Bearings used in these systens
shall be subject to the linitations of this requirenent and requirement 207.

4.2.3 Landing gear. Bearings used in aerospace vehicle landing gear can be
functional |y categorized into:

a. Structural bearings to transfer major |oads between the gear and the
vehicle structure, such as trunnion bearings.

b. Bearings, other than mjor |oad-carrying bearings, which maintain the gear
in the appropriate deployed position. These include end attach bearings on
side struts and drag struts.

¢. Landing gear actuation mechani sm bearings.
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4.2.3.1 The above first two categories of bearings normally carry very high
loads while in an essentially “static” situation. Bearing rotation is that due
to structural deflection but l|oads are high, of an inpact nature, and often
reversing. The same bearings must pernmit sufficient rotation to permt gear
extension and retraction. Loads during actuation are due primarily to only the
gear weight plus air loads and are commonly about ten percent of the “static”
loads. Plain bearings function well in these applications and, where
sufficient space is available, anti-friction roller bearings may also be used.

4.2.3.2 Landing gear actuation mechani sm bearings should be isolated fromthe
primary load paths in the gear. This pernits bearing selection and sizing
based only on the actuation loads. Bearing selection is based on the sane
considerations as in other actuation systems. Plain bearings and anti-friction
roller bearings are both suitable.

4.2.4 Flaps and spoilers. Bearing loading in these applications differs from
I anding gear bearing loading in that maxi num | oading occurs while these
surfaces are deployed into the slip stream Accordingly, the static and
dynam ¢ loading of the bearings is quite close and bearing selection is based
on bearing life under dynamc |oading. Hnge, support, and actuation

mechani sns use bearings of the plain or, on occasion, anti-friction roller
bearings for these applications. Mst flap systenms use structural tracks to
deploy the flaps with the flaps attached to the tracks with a flap carriage.
Flap carriage bearings require high load capacity, mnimm envelope, and |ow
friction. Track roller bearings should be used for such applications.

4.3 Selection based on bearing characteristics. Selection of the proper
bearing for an aerospace vehicle application requires consideration of a nunber
of specific bearing functional characteristics. These include friction,

torque, tenperature capabilities, static and dynamic load capabilities, and
rotational and alignnent capabilities.

4.3.1 Friction. Airframe anti-friction full type bearings may be considered
to have a running coefficient of friction of 0.0025. A conservative value for
caged ball bearings is 0.0015. Use a value of 0.0025 for needle conplement
track rollers and 0.002 for roller bearings. Table 201-VII includes
representative friction coefficient values. Properly lubricated metal-to-netal
plain bearings, both spherical and journal, operate with a friction coefficient
varying between 0.10 and 0.30. The low figure relates to reverse |oading and
considerable notion, while the higher value occurs with heavy, unidirectional
loading and relatively slow nmotion. A coefficient of 0.20 is a reasonably
conservative value for nost design work. TFE fabric lined plain bearings may
be considered to have a friction coefficient of .03-.10. The coefficient
decreases for TFE with increases in tenperature and load. The increase at |ow
temperatures is considerable and adequate allowances nust be made in design.

If a design requires lower friction than is indicated above for proper
functioning, it may be necessary to use special bearings with variations in
materials, lubricants, internal geonetry, or sealing techniques. Such special
bearings require approval per requirenent 101.

4.3.2 Torque. The coefficient of friction of a bearing is an indirect measure
of the bearing s resistance to rotation. As such, the designer needs certain
informati on on bearing internal geonetry to make the necessary cal culations. A
more direct approach is to work with torsional resistance or torque.
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4.3.2.1 Anti-friction bearings. At nornal tenperatures, these bearings
introduce relatively little frictional torque into control system nmechanisns.
The running torque of a grease lubricated anti -friction bearing under |oad at
moderate tenperature can be estimated from the formula

T= W RF, where
T = torque, inch pounds
W= friction coefficient (see 4.3.1 and table 201-VII)
R= 1/2 bearing bore, inches
F. = radial |oad, pounds
At low tenperature and light load, a large portion of the torque generated by

the bearing is due to the resistance of the grease. Another large portion of

the torque is due to seal drag. Figure 201-6 and 201-7 show the no-load

starting and running torque of a number of standard bearings. Values are shown
for a tenperature range of -65°F to 70°F

Tr= T+ Tn, where

T, torque at desired tenperature, inch pounds

T

torque at 70°F, inch pounds

T. = no load torque at desired temperature, inch pounds, (from figure
201- 6)

The torque values shown in figures 201-5 and 201-6 are average values from
limted test data. Values for individual bearings in specific applications
wi Il show significant scatter based on the grease used, the anount and
distribution of the grease, effect of seals, bearing source, and the
installation fit and retention nethod. A conparison of the | owtenperature
properties and characteristics of several greases can be found in requirement
203. The values fromthe figures will give realistic frictional torque values
for a conplete system  For those instances where only one or two bearings are
involved, the torque values in the figures should be multiplied by the factors
listed with the figures. These factors represent the maxinum scatter
experienced in testing. For operating speeds significantly higher than the
bearing peripheral speed of one inch per second, the frictional torque values
comput ed should be nultiplied by a speed factor obtained from figure 201-7
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4,3.2.2 Plain bearings

4 .3.2.2.1 The torque of plain bearings varies more than that of rolling

el ement bearings. Friction coefficients of the sliding surface in these
bearings vary with speed and load, and in the case of TFE-lined and
grease-lubricated bearings vary nmarkedly with tenperature. It is possible to
estimate average torque for these bearings at various |oads at room tenperature
by the follow ng formla,

T + Y RF,

wher e

—
1]

torque, in.-1b.

uf friction coefficient from paragraph 4.3.1

F, = radial load, Ibs.

R = one-half of diameter in inches (use ball dianeter for spherical
bearings turning on ball; use bore diameter for plain bearings
and spherical bearings turning on bore).

4.3.2.2.2 Friction coefficients for TFE-lined plain bearings at various
tenperatures and stress levels are shown in figure 201-8, which is based on
average values obtained in tests of journal bearings.

4.3.2.2.3 The frictional torque in standard beryllium copper ball/stainless
steel race bearings varies significantly with the type and anount of grease in
the bearing. Wth no lubrication the friction coefficient can be as high as
0.54 and varies linearly with applied load. Cean, well-lubricated bearings
show friction coefficients between 0.01 and 0.10. For these bearings
lubricated with ML-G 81322 or ML-13-23827 grease, between -65°F and 300°F, and
operating within the established |oad ratings, a Conservative friction
coefficient value of 0.20 should be used.

4.3.3 Tenperature capability Al bearings used in an aerospace vehicle
design shall be capable of functioning within the appropriate ambient
tenperature range specified in the design contract. \Were variations exist
from the specified anbient temperature range in specific applications, other
factors nust be considered. These include the maxinmum tenperature exposure,
duration of exposure, percent of bearing load rating while exposed, and anount
of bearing notion during the extrene tenperature exposure. If it is apparent
that the standard bearing cannot function properly in an extreme situation, a
special bearing is required. The following ground rules shall be applied in
establishing the design of the special bearing:

a. It is desirable to continue with M5 envel ope and basic design if
practicabl e.

h. Special bearings nust be approved to requirenment 101.

c. Mterials recommended for bearings intended for extreme tenperature use are
shown in requirenent 104.
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Speed Factor - S

4.3.4 Load capacity
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8
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Speed of Bearing at Periphery - Inches/Second

FI GURE 201-7.

Two primary load conditions must
properly select a bearing for an aerospace vehicle application.

Bearing friction speed factor.

be considered to
“Static”

loading is concerned with the strength of the bearing and its ability to resist
“Dynanmic” loading is concerned with the
oscillation or rotation of the bearing while under fixed or changing load and

significant

is limted

4,3.4.1 Anti-friction bearings

4.3.4.1.1

deformation and fracture.

by fatigue and wear.

Bal | Dbearings

4.3.4.1 1.1 Static capacity.
approved standards included in requirenent 301. The radial static limt

ngs for ball bearings are based On the fornula

(SLR) rati

wher e

SLR= KND

=
|

= design factor

nurber of balls

O =

bal |l dianeter, in.

Static linmt
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FI GURE 201-8. Effect of tenperature and unit load on friction
coefficient of TFE |iner.

Figures 201-9 and 201-9 can be used in conparing standard ball bearings
capacities on the basis of bore and outside dianeter dinensions to aid in
bearing selection. Alowable K factors are 10,000 for deep groove bearings,
4800 for single-row self-aligning bearings, 3800 for double-row self-aligning
bearings, and 3200 for rod-end bearings, 3800 for double-row self-aligning
bearings, and 3200 for rod-end bearings. The static linmt |oad can be applied
to the bearing for a short period of time wthout affecting the smooth
operation or endurance under the normal |oads and oscillatory motion
encountered in airframe applications. The nininum static fracture |oad (where
an actual breakage of the bearing occurs) is not less than 1.5 tines the static
limt load. Axial static capacity varies from approxi mately 50% to 60% of

radi al capacity for nonself-aligning ball bearings and 13% to 20% for self-
aligning types. These bearings cannot take full rated radial and thrust limt
| oads sinultaneously. The conbined loading situation iscovered later in this
requirement.
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4 .3.4.1.1.2 Dynanic capacity. The basic dynamic capacity of an airfrane ball
bearing is the constant radial load at which 90% of a group of identical
bearings running at the same speed, tenperature and angle of oscillation will
meet or exceed a fatigue life of 2000 revolutions. An oscillatory cycle,
through an angle of at least the ball spacing, is considered equivalent to a
revol ution. If a bearing life of nobre than 2000 cycles or revolutions is
required, the applied constant radial |oad nust be reduced to a value below the
basic dynamic capacity of the bearing. The dynamic capacity of an airfrane
ball bearing is related to the cyclic life by the follow ng formla.

c= G,

L
wher e
C = dynanmic capacity desired

C, = basic dynamc capacity at L,= 2000 revs. (equals average life
of 10,000 cycl es)

L= 1life factor from figure 201-11, which is based on the fornula
NG
- '(2000 3.6

w h e r e
n = desired bearing life

The basic dynamic capacity is based on the inner race moving and the outer race
stationary. If the reverse is true, reduce the basic dynamc capacity by
dividing by a factor of 1.20.

4,3.4.1 .1.3 Equivalent loading. If the magnitude of the load applied to the
bearings varies greatly, a constant mean |oad which has the sane influence on
bearing life nust be conputed to permit proper sizing of the bearing. In this
instance, the following rules apply:

a. If load magnitude varies less than 30% use the high |oad val ue.

b. If greater variation in |oad magnitude occurs, use an estinmated |oad
somewhat higher than the arithmetic average, taking into account the relative
percentage of total life at each significant [oad |evel.
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c. |If a nore exact load figure is desired, the variable dynanic |oad

magni t udes may be stepped off to a number of incremental |oad val ues associated
with a finite proportion of total bearing life and used in the equation:

P = N1(P1)3-6 + Na(P2)3.6 4 ... Nn(Pn)3-6]h

, where

N

P = equivalent dynanmic load to result in the same life as the
variabl e | oads

N= N+n+...N,=total cycles or revolutions
P,= load acting during Nrevolutions
P, = load acting during Nrevolutions
P,= load acting during N,revolutions
4.3.4.1.1.4 Mnent loading. In some cases a nonment or overturning load is
presented in an airframe bearing application. This nonent |oading should not
exceed the linmit noment rating given for each non-aligning bearing in the MS

Sel f-aligning bearings are not designed to carry any nonent | oading.
See table 201-VIII for linit noment ratings.

4.3.4.1.1.4 Conbined loading. An airframe control bearing frequently is
applied such that it nust carry |oads conposed of axial as well as radial
conponent s. It is then necessary toconvert these loads into a so-called
equivalent |oad. An approximation for combining radial and thrust |oads for
either static or dynanic conditions can be obtained from the formula

P= F + YF, where

P = the equivalent |oad

F, = the applied radial |oad

F, = the applied thrust |oad

radial load rating
thrust |oad rating

—<
I

a thrust factor =

201. 30



REQUI REMENT 201
31 January 1980

M L- STD- 1599

Downloaded from http://www.everyspec.com

(S11DAD 40 "ON) N

000¢  000lL,.
e

000 ‘600 ‘01 000 ‘0001

3o

—-—aONO N € 0

1T

yu
sl Bi

T

JOLOvd 341

Adidididid

e
T
1

3191

kbbbl

s
f
—-a®~® 0 w

H
Y

"

el

OO~V N w ™

[4 1609 S ¥ ¢ [ 16829 § ¥ ¢ 14 [}

bearings.

bal |

201.31

Life factors for

FI GURE 201-11.



Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 201
31 January 1980

TABLE 201-VIIl. M ball bearings limt nonent ratings
Limit Load Moment
Moment Rating Constant
Eearing Inch-Lbs Kn(1/Inch)
MS27640~3A 58.0 12.10
MS27640-3 88.7 10.10
MS27640-4 136.0 8.85
MS27640-5 370.0 6.76
MS27640-6 64l .0 5.44
MS27640-8 1170.0 4 .46
MS27640-10 1520.0 4.09
MS27641-3 49.6 12.10
MS27641-4 88.6 10.20
MS2764 1=-5 114.0 8.75
MS27641-6 143.0 7.68
MS27647-8 227.0 6.15
MS27641-10 598.0 5.02
MS27641-12 945.0 4.13
MS27641-16 1600.0 3.25
MS2764 1-20 2170.0 2.8%
MS276U42-16 “uuy 3.60
MS27642-21 1480 2.96
MS27642-23 1700 2.76
MS27642-25 1930 2.60
MS27642-29 2420 2.31
MS27642-33 3150 2.03
MS27642-37 3780 1.85
MS27642-47 6880 1.5
MS27642-49 8520 .42
MS27642-52 TED TBD
MS27642-56 TED TBD
MS27642-60 TBD TBD
MS27642-64 TED TBD
MS27642-68 TED TBD
MS27642-72 TBD TBD
MS27642-76 TBD TBD
MS27642-80 TBD TED
MS27642-84 TBD TBD
MS27642-88 TBD TBED
MS27642-92 TBD TBD
MS27642-96 TBD TBD
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TABLE 201-VII1. NS ball bearings linit noment ratings. - Continued
Limit Load Moment
Moment Rating Constant
Bearing Inch-Lbs Kn(1/Inch)
MS27644-3 38.3 uy y
MS27644-4 90.9 19.8
MS27644-5 56.3 71.0
MS27644-6 278.0 19.0
MS27644-8 590.0 13.2
MS27644-10 1600.0 5.88
MS27646-38 255 5.89
MS27646-39 329 5.16
MS27646-40 414 4.59
MS27646-41 567 3.88
MS27646-42 825 3.27
MS27646-43 1130 2.83
MS27646-44 1470 2.44
MS27646-45 1890 2.12
MS27646-46 2290 1.92
MS276UT-4A 129 3.88
MS27647-4 392 2.30
MS27647-5 882 1.81
MS27647-6 2010 1.29
MS27647-8 4860 .§67
MS27649-3 28.3 10.6
MS27649-4 41.2 9.72
MS27649-5 72.3 8.29
MS27649-6 80.5 7.45
MS27649-8 170.0 5.85
MS27649-10 286 .0 4.89
MS27649-12 456.0 3.94
MS27649-16 706.0 3.12
MS27649-20 995.0 2.71

The equivalent load should be equal to the applied radial load if the applied
thrust load does not exceed 10% of F. The equivalent load calculated shal
never be greater than the bearing rating in either the static or dynamc
condition. A nore general and accurate formula for conputing the equival ent
load is

P= XVFi + YFt, where
the notation is as above, and

a radial factor

X

v

a rotation factor, 1.0 for inner ring rotation and 1.2 for outer
ring rotation

201. 33



Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 201
31 January 1980

For standard M5 airframe control bearings, X and Y factors are as follows:

MS standard X Y

MS27640 1.00 3.00
MS27641 1.00 3.00
Ms27642 1.00 3.00
MS27643 0.65 3.70
MS27644 0.50 1.69
MS27645 0.40 4.57

NOTE: In no instance shall the calculated equivalent load be greater than the

bearing rating.

4.3.4.1.2 Roller bearings. This section is concerned with aircraft control
roller bearings using either concave or convex rollers. Such bearings are
covered by requirement 302. Commerical and tapered roller bearings are not
within the scope of this requirenent. The several |oad ratings shown on the
mlitary standards, and covered herein, include limt [oad, dynanic |oad, and
ultimate |oad ratings. They are applicable to loading in either the radial or
axial directions. The load ratings essentially represent demonstrated bearing
capacities, factored to provide appropriate safety margins.

4.3.4.1 .2.1 Static capacity. The basic static load capacity of a roller
bearing is termed the limt load rating. This is the maxinum load which the
bearing can carry without subsequently affecting performance to the rated life
at the dynanic load rating. If the linit load rating is exceeded, the life of
the bearing is no longer predictable. The static linit load rating of both
single-row and doubl e-row concave and convex roller bearings is given by the
formil a:

SLR = 12000NDL cos a where,

SLR = static linit load rating, Ib.

N = the nunber of rollers

D= the nean roller dianeter, in.

L= the roller contact length, in.

a = the roller inclination angle to the bearing bore axis, degrees
The above fornula provides the radial rating for the bearing. The axial
capacity ranges from 10% of the radial capacity for single rowbearings to 72%
for certain of the wide series double row bearings. The ultimate load rating,
also a function of the limt load rating, is defined as the |load which can be
applied and held for three minutes without structural failure of the bearing.
Actual fracture usually occurs at a load level substantially higher than the
ultimate load rating. The ultimate load rating is calculated as the linmt |oad
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rating multiplied by a factor of 1.5. In application, brinelling will occur on
the race surface if subjected to a load equal to the ultimate load rating. The
bearing will still be operative even though the races may be brinelled, but the

bearing should be replaced.

4.3.4.1 .2.2 Dynamc capacity. The basic dynam c capacity of a roller bearing
is termed the dynanmic load rating. The dynamic load rating is defined on the
basis of a unidirectional load that will result in an average bearing life
(Lso) of 10,000 cycles at 90° oscillation before evidence of contact fatigue
(spalling) occurs. The angle of oscillation is defined at 180" of angul ar
travel within an included arc of 90°. The load/life relationship for roller
bearings is shown in figure 201-11. The dynamic load rating for roller
bearings is that |load which results in an average life (Lso) of 10,000 cycles
at 90° oscillation. In nobst aerospace operations, the dynanmic (applied)
operating load is much less that the rated load for the bearing. It is then
necessary to determne bearing life based on the applied load. The load/life
equation listed below can be used to calculate bearing life at any load (P,).
Average bearing life (L,) signifies that 50$% of a given group of bearings wll
survive 10,000 cycles, at the rated dynamic load. In cases where higher
performance reliability is required, Liwois often used. The Liolife neans
that of a given group of bearings, 90% are expected to survive. The
relationship between Lso and Liolife is approximately 5 to 1. Therefore, if
the Lso life is 10,000 cylces, the Lwolife would be 2,000 cycles, at the rated
dynamic load. The load/life relationship can be expressed:

Lso = (D.L./Pe)3.67 for 10000 cycle life
Lio = (D.L./Pe)3.67 for 2000 cycle life
wher e

D.L. = the dynanic load rating

Pe the dynam ¢ operating |oad

The bearing life, based on race surface contact fatigue which is the assuned
mode of failure, is a function of the nunber and magnitude of contact stresses
at any given point on the race surface. Since the internal design of the
bearing and the angle of oscillation determne the nunber of contact stresses,
it becomes necessary to evaluate the effects of the degree of oscillatory

not i on l_JEJOI’I the rated bearing life. Basically, the evaluation of the effect of
the oscillation angle can be separated Into two categories:

a.  Angle oscillation above 25° included angle. The failure mode is usually
contact fatigue, in which case the life of the bearing is predictable.

Ceneral |y speaking, the bearing life expectancy will increase as the angle of
oscillation approaches 250, from the rated oscillation of 90° included angle.

b. Angles of oscillation below 25° included angle. ordinarily the failure
mode is fretting, in which event the bearing life is not predictable. At these
| ower angles of oscillation the adjacent roller paths do not overlap.

Therefore, there is no opportunity for adequate redistribution of the grease
and eventually the oil filmwll break down, resulting in metal-to-netal

contact between the roller and the raceways.

201. 35



Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 201
31 January 1980

It is advantageous to relubricate the bearing frequently to avoid possible
fretting. Also, the circulation of grease in the bearing can be greatly
assisted if the oscillation angles under 25° are interspersed with angles of

motion above 25°. If the angle of oscillation is other than an Included angle
of 900, the bearing life can be estimated by dividing the life at 90° by a

factor from figure 201-12.

4341 .2.3 Equivalent and conbined |oads. Aerospace vehicle bearing
applications rarely involve a constant, unidirectional |oad which is either
purely radial or axial. If |oad magnitude is varying, an equivalent nmean |oad

can be conputed to aid in bearing selection and sizing. Simlarly, If both
radial and axial components are present, they can be conbined into radial |oad
which has equal effect on the bearing life. The followi ng procedure should be
used in determning equivalent |oads when applied |oads are of varying

magni tude and direction.

a. Synbols:

P. = equivalent radial dynamic |oad-lbs. (combining axial and radial

dynam ¢ | oads)
P= equivalent radial dynamc |oad at 90° osc. - |bs.

Pt = individual equivalent radial dynanic |oad representing one condition
in the spectruml bs.

P.= equivalent radial dynamc load representing the various loads in the

spectrum bs. ‘

F. = applied maxi num radial dynanic |oad-|bs.

F, = applied maxi num axial dynamic |oads-|bs.

f, = nunber of cycles, at one condition, divided by the total spectrum
cycles.

Ke = oscillation factor-see figure 201-12

oy = total cycles required

D.L., = radial dynanmic load rating-Ibs
L.L., = axial linit load rating-Ibs.
L.L., =radial linit load rating-Ibs.

b. Procedure:
STEP 1. Determine the equivalent radial dynanmic |oad.

Pc= F + 2.5 F,
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This equation conbines the thrust and radial |oads. The single row bearings

carry nmonentary or internmittent thrust loads, but are not for continuous

thrust . Therefore, for single row bearings, P.is equal to F. NOTE |If

multiple operating conditions exist, they should be considered separately under

steps (1) and (2), and then summarized in step (3). F,nust not exceed 30% of

F.
STEP 2. Deternine equivalent radial dynanic |oad at 90° oscillation.

P= Ko Po

\Wen oscillation is restricted to less than 250 included angle, |ubrication may
becone a liniting factor, in which case, fretting damage terninates the useful
bearing life. The Ko values, on the low oscillation range of figure 201-12
are, intended for initial selection. (Actual performance in this range of
smal|l notions may vary considerably with each application. )

STEP 3. Deternine equivalent radial dynanmic |oad representing spectrum
loading (if applicable).

P,= f1(P1) 3.67 + f(P) .67+ fn(P) 3.67] .273

e

This equation is used only when various load levels exist. If only one dynamc
| oad level occurs, then P becomes P,and step (4) can be conpl eted.

STEP 4. Determine the required radial dynamic |oad rating.

D.L.p_z[Pe cy 1273
1o,ooo|

Average life (L,) is assumed in this equation. |f a 90% (L,) survival is
desired, then substitute 2,000 for 10,000 in the equation.

STEP 5. Select a bearing neeting the dynamic load rating requirement from
requi rement 302.

STEP 6. Check static load ratings or bearing selected.
The limt load rating on the selected bearing must be equal to or larger than
the maximum applied static loads. Both radial and axial limt load ratings
(L.L,and L.L.,) must be considered.

The ultimte load ratings is calculated as 1.5 tines the linmt |oad rating
(L.L.,or L.L.).
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FI GURE 201-12. Oscillation angle factors for roller bearings.
4.3.4 .1.3 Needle bearings

4.3.4.1.3.1 Static capacity. The “limt load” is the maxinum static radial

| oad which can be applied to a bearing without inpairing its subsequent
function in aerospace vehicle applications. The “ultimte |oad” or static
fracture load is not less than 1.5 times the limt load rating. By definition
the aircraft static capacity load rating is a load which does permanent damage
to raceway and roller such that it should not be expected to performin
aerospace vehicle applications. In short, a load equal to the aircraft static
capacity is a load that damages the bearing. Needle bearings can be separated
into two general groups. The first group, which includes M24461, MN524462,
M524463 and M524464, are designed to be installed in the users’ housing and
woul d receive massive support from this housing. This differentiates this
group from the second group (MS24465, MS24466 and MS21432) which are track
rollers. This second group has heavy cross-sectioned outer rings and the
bearings roll on these outer rings. The “linit load rating” for the first
group with the exception of MS24462 series is equal to 2/3 of the aircraft
static capacity and the “ultimate load rating" for the Ms24462 series is equal
to 1/2 the aircraft static capacity while the “ultimate load rating” is 3/4
ASC. The "linit load rating" for the MS24465 and MS24466 series of track
rollers is 4/9 of ASC and the “ultimate load rating” is 2/3 of ASC. Extensive
testing has shown that the “limt load rating” of the MS21432 is 2/3 of ASC and
the “ultimate load rating” is equal to the ASC. To fully realize this rating,
conpensation must be provided for stud deflection to insure full track contact
under load. Table 201-1XA, B and C list the linit load ratings and ultimate
load ratings for the referenced M5 series of needle bearings. The aircraft
static capacity for needl e bearings expressed in pounds with the exception of
the M524462 (drawn cup) series is based on the fornmula:

ASC = 12000 i (Z-3) % eff D where

the nunber of rows of rollers

i
z = the nunber of rollers per row
geff = the nininumroller contact length in inches

D= the mnimumroller diameter in inches
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TABLE 201-1XA.  Capacity ratings of MS series needle bearings (housed typed)

Limit loads Ultimate Loads Basic dynamic load
(1bs) (1bs) Rating Cp (1lbs)
MS2446 1~ 3 1800 2700 805
-4 2870 4300 1120
-5 4070 6100 1430
-6 6330 9500 1980
-7 8000 12000 2310
-8 11600 7400 3690
-9 15000 22500 4ys50
-10 18900 28300 5220
-12 23900 35800 6060
-1b 30500 45800 8540
- 16 33900 50900 9030
=20 37900 56800 9420
-24 44200 66300 10200
-28 50500 75700 10900
-32 56800 85200 11600
-36 | 63100 94600 12400
=40 69400 1041700 12900
=44 75800 113500 13500
- 48 82000 123000 14100
-52 88300 132500 14600
-56 96700 145100 15300
-60 103000 154500 15800
-64 109000 169000 16300
-80 134000 201000 18100
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TABLE 201-1XB. Capacity ratings of M5 series needle bearings (housed type)

Limit loads Ultimate load Basic dynamic load
(1bs) (1bs) Rating Cp (1bs)
MS24462- 3 1150 1725 1280
-4 1365 2050 1300
-5 1535 2300 1400
-6 2945 4420 2270
-7 3235 4850 2900
-8 3785 £680 3180
-10 L350 6525 3460
~-12 7050 10600 ug20
-14 7900 11850 : 5250
=16 8700 13050 5540
-20 13100 19650 8980
MS24463- 3 1800 2700 805
-4 2870 4300 1120
-5 4070 6100 1430
MS24464~ 6 4530 6800 1760
-7 5870 8800 2110
-8 8670 13000 3420
-9 17800 » 17700 4300
-10 15500 23200 5190
-12 20000 30000 6160
~-14 25800 38700 8730
-16 28700 439C0 9230
-20 31400 47100 9490
=24 36600 54900 10200
-32 47100 70600 11700
-40 57500 86200 13000
-48 67300 10190 14200
-56 80100 12020 15300
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Capacity ratings for track roller bearings

Limit loads Ultimate loads Basic dynamic load
(1bs) (1bs) Rating C, (1bs)
MS24465- 3 1150 1725 1280
-4 1910 2860 1430
-6 3600 5400 2700
-8 5780 8600 4300
-10 8530 12800 6400
-12 14200 21400 10700
-4 19300 28800 14400
=20 25300 37800 18900
Mséuués- 6 7130 10740 5370
-8 12500 18740 9370
-10 19900 30000 15000
=12 28500 42800 21400
L 38500 57800 28900
-1i6 44900 67200 33600
-20 59500 89200 44600
=27 71300 107000 53600
-28 92000 138000 69000
-32 102000 153000 76600
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The ASC for the M524462 series is based on the fornul a:

ASC in pounds = 15800 dm ieff where

dm

pitch dianeter of the roller conplement in inches
geff = mnimmroller contact length in inches

4.3.4 .1.3.2 Dynanmic rating. housed needle bearings. Wen adequate |ubrication
for needle bearings exists, the node of failure is considered to be surface
fatigue. Basic dynanic rating, G, for a housed needled bearing (i.e.,

M524461, MS24462, MS24463, and MS24464) is that calculated, constant, radial

| oad which a group of apparently identical bearings with a stationary outer
ring can theoretically endure for a rating |ife of one million revolutions
rating of the inner ring. The basic dynanic load rating is a reference val ue
only, the base value of one nillion revolutions rating life having been chosen
for ease of calculation. Since applied |oading as great as the basic dynanic
load rating tends to cause local plastic deformation of the rolling surfaces,
it is not anticipated that such heavy |oading would normally be applied.

Values for G can be found in tables 201-9A and 201-9B. The life of a housed
needl e bearing is expressed as the oscillations or cycles that a bearing will
conplete before failure. Life will vary from one bearing to another, but
stabilizes into a predictable pattern when considering a large group of the
same size and type of bearings. The “L-10" or “rating life” of a group of such
bearings is defined as the nunber of revolutions (or hours at a given constant
speed) that 90% of the tested bearings will conplete or exceed before the first
evidence of fatigue develops. Thus it can be predicted with 90% reliability
that a bearing will meet or exceed the calculated "L- 10" life providing nornal
fatigue is the failure node. Sonme critical applications, however, require
definition of Iife at reliabilities greater than 90% To determine bearing
life with reliabilities greater than 90% the “L-10" life as calculated nust be

adjusted by a factor al so that L1 = al,0. The life adjustnent factors shown
bel ow are recomrended.

a

L, life adjustment
Reliability % rating life reliability factor
90 L., !
95 L, 0.62
96 L, 0.53
97 L, 0.44
98 L, 0.33
99 L, 0.21

Enpirical calculations and experimental data point to a predictable

rel ationship between bearing load and life. This relationship may be expressed
by a formula. In this enpirical fornula, the bearing life is found to vary
inversely as the applied load to an exponential power. The life of a housed
bearing when failure is due to surface fatigue can be determned from the basic
dynamic load rating and the equivalent |oad, This can be expressed by the

rel ationship.
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Ly = Sr where
P
e

Cp = basic dynanmic |oad rating
Po = equivalent |oad
L, = factor from figure 201-13
'ooo:
z
o
- 100
g 3 n (310
W E LU (IO‘) "
3
~ ‘05
3 E

o7 10® 10® ot0 100!
n{NO OF CYCLES) .

FI GURE 201-13. Life factors for housed needle bearings

The above relationship holds for the usual aerospace vehicle application and

the M5 series of housed needle bearings. |If the race hardness is |ess than
Rc58 the above relationship nust be nodified to
___Cr
LL B Pe X HF

where Hris a hardness factor taken fromthe following data

raceway hardness  hardness factor

HRC HF
58 1.00
57 1.02
56 1.04
55 1.07
54 1,12
53 1.19
52 1.28
51 1.41
50 1.59
49 1.78
48 2.00
47 2.24
45 2.50
45 2.76
44 3.06
43 3.39
42 3.77
41 4,16
40 4.55
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For convenience basic load |life curves for the M5 series of housed needle
bearings are shown in figures 201-30 through 201-33.

4.3.4.1.3.3 Equival ent | oading. housed needle bearings. It is sometines
necessary to deternine an equivalent load if the bearing is subject to various
load levels during a duty cycle. This can be done by using the follow ng

rel ationship:

P.= [Z:f (F)10/3] 3/10, where

P, = equivalent load, Ib.
f = proportion of total life at a particular |oad
F = radial load |evel, Ib.
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The equivalent radial load should then be used in the load-life calculations.
In no case may the equivalent |oad exceed the indicated linit [oad for the
beari ng.

4.3.4.1 .3.4 pDynamic rating, track rollers. The dynanmic rating of the second
group of needle bearings. The track rollers, is shown on figures 201-34,
201-35, and 201-36. Use the curves on these figures or charts to deternmine the
load/life relationship. A liniting value is shown on the figures. Bearing
“capacity as a track roller” data for these three series are shown on table
201-9C.  This is defined as the load which will result in 20,000 revolutions
L-10 of the track roller bearing. For loads less than the CTR, life is based
upon a 10/3rds relationship. Thus:

10/3
L = (—f,T—R) X 20,000 (cTR>p.)

e

For loads in excess of the capacity of a track roller life values as a 6th
power function.  Thus:

6
CIRy" x 20,000 (CTR<Pe)
e

L~ (

Figures 207-14 thru -16 are a graphic representation of this data.

4.3.4.1.3.5 Equivalent loading. track rollers. To calculate the L-10 life in
revolutions of a track roller bearing, use the information contained in
paragraph 4.3.4.1 .3.3 above. This fornula is correct as long as the individual
| oads are less than the capacity as a track roller. If a significant portion
of the bearing life occurs at loads in excess of the CTR the following formla
must be used:

L = 20, 000
1 Pe [ Pe 1073
T T (CTﬁ‘) +Iti (‘CTE‘)
wher e:

L. = life in revolutions L-10
Pe, = loads greater than CIR
Pep = loads |ess than CIR
Ti = fraction of the total revolutions at |oad Pea
ti = fraction of the total revolutions at |oad Py

CTR = bearing capacity as track roller
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4,3.4.1.3.6 Track strength. Another factor in the use of track rollers is the
strength of the supporting track to resist permanent deformation by the track
roller bearing. The strength of the track is often considerably lessthan the
load that the bearing can support. Wen using a 180,000 psi or lower strength
track, the strength of the track is the determining factor rather than any
characteristic of the bearing. The strength of the track can be Increased by
selecting a track material which can be hardened to higher strength |evels.

The relationship between track hardness and track strength is shown in figure
201-14. Note that this relationship applies to steel tracks only and does not
apply to track surfaces of other materials, such as titanium

4.3.4.2 Plain bearings

4.3.4.2.1 Spherical, TFE lined. Radial and axial static limt |oads are
tabulated on the nmilitary standards for bearings approved in requirenent 307.
The | oads defined in ML-B-81820 are as follows:

i The radial static limt load is that |oad (when applied for two mnutes to
the bearing) which will not cause a permanent set of nore than 0.003 in.

b. The axial static limt load is that |oad (when applied for two g inutes to
the bearing) which will not cause a permanent set of nore than 0.005 in.

c. The ultimate load is 1.5 tines the radial or axial linit load. Wen this

load is applied to the bearing, ball or race fracture or ball push-out will not
occur.

4.3.4.2.1.2 Dynanic capacity. The mlitary standards list a qualification
dynamic load rating for these bearings. The qualification test per M L-B-81820
is conducted under various sets of stated conditions which fall within the
range of aerospace vehicle applications. For exanple, under |oading at the
dynamic load rating, + 25° oscillation, @ testing rate of 10 CPM and room
temperature, the bearing nust perform for 25000 cycles with no nore than 0.0045
inch wear. A nunber of other factors, when combined with those stated above,
affect the wear rate of the bearing. These include: (1) type of |oading
(unidirectional or reversing), (2) angle of oscillation, (3) oscillation rate,
(4) tenperature, and (5) contamination. Bearing manufacturers, as well as
aerospace Vvehicle designers, have produced considerable test data resulting i
nmodi fying factors or curves which may be used to aid in bearing selection. |
should also be noted that the controlling ML-B-81820 for these bearings
pernits adjustnents downward in load and upward in allowable wear for certain
conditions of tenperature and contanination. Since the effects of the
variables on the life of a TFE-lined bearing are relatively intangible, both
previous experience and perfornmance-denonstrating functional testing play an
inportant part in the selection process. An exanple of a method for TFE-lined
bearing selection for an application follows.

n
t
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Procedure to select a bearing for L,cycles of oscillatory life at an
oscillation angle, @, and load, P:

(1) Deternine an equivalent life, L, fromthe expression,

Ly Fa F
LE:——‘—IKA—C , Where
)
F = application factor (factors additive, if nore than one condition

appl i es)
F.= contanination factor
Kg= angle factor from figure 201-15
(2) Using L, fromfigure 201-16

(3) The required rated dynam c capacity, P, of the bearing is deternmined from
the relationship,

P.= 2
FL

(4) Select a bearing with a dynanmic load rating equal to or geaethan P.

(5) Check bearing static rating against the design static |oads.

Condi tion F.
St eady | oad

Reversing | oad 2
Vibration 3
I npact | oad 4
-65°F to 0 and 175°F to 350°F 2
Cont i nuous i sal i gnnent 2
Degree of contanination F.
none !
occasi onal 2
cont i nuous 6

NOTE. A bearing size factor is included in the M5 ratings. Oscillation rate
factors are not significant in aerospace vehicle applications where the rate is
low and internittent.
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Taor Fr 1t TAO is not
T : track capacity for o specific bearing,Ib T
Ta0 © coPocity of Re: 40 track (stondord MS sheets),Ib where T
Fy = 1trock streng!h factor from graph o]

L
K

known -

: Dl x K

* track capocity for a specific bearing, Ib

= OD of track rolter in.

= contact length of track roller,in

= constant, psi, from graoph

TRACK STRENGTH FACTOR (Fy) FOR STEEL TRACKS
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FIGURE 201-14. Strength factors for tracks of different hardness.
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FIGURE 201-15. (scillation angle factor. K for
TFE-lined plain spherical bearings
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FI GURE 201-16. Load/life characteristics of TFE-lined
plain spherical bearings.
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4,3.4.2.1.3 Equivalent |oad. \ere the design loading varies during the
bearing duty cycle, compute an equivalent load, P, fromthe follow ng
relationship and use it in the life calculations.

1
P.= [ZK(P) 3-613% , where

E

N*

P = applied load levels; p p P, .... P

K = proportion of the duty cycle at which the various |load |evels
are applied.

4,3.4.2.2 Spherical bearings, grease or dry film [ubricated

4,3.4.2.2.1 Static capacity. The controlling specifications define the static
limt load capacity as a load at which a specified ambunt of permanent set is
not exceeded. The values selected are such that subsequent operation of the
bearing is not adversely affected. Utimte [oad capacity is not |ess than

1 1/2 times the limt load capacity. At ultimate capacity no fracture of the
ball or race or ball pushout will occur.

4.3.4.2.2.2 Dynamic capacity. Dry-film lubricated bearings have high dynamc
capacity up to 50,000 psi unit loading, but life is difficult to predict due to
wear through the thin coating. Accordingly, they are best used in joints which
are relatively static under load with only incidental rotation or misalignment
motion. Bronze race bearings will provide essentially unlinmted service life
when | oaded Up to 13000 psi, properly lubricated and operated at 10CPM maxi num
For shorter, finite life at higher loads, stress values from figure 201-14 can
be used with the bearing race projected area. Bearings using beryllium copper
balls are rated at 30,000 psi to 40,000 psi, depending on whether rotation is
at the spherical surface or in the bore, and whether ball is clanped or free to
rotate on the pin. ‘

4.3.4.2.3 TFE-lined journal bearings

4,3.4.2.3.1 Static capacitv. The static limt |oad capacity of these bearings
is defined by ML-B-81934 as

SL = 50,000 B (L-.1) for alum num bearings, and
SL = 78,500 B (L-.1) for CRES bearings,

wher e

SL = static linmt |oad capacity, |bs.

E

bearing bore, in.

L

bearing length, in.
Due to pin bending and edge loading, static capacity is not significantly

inproved by increasing bearing |ength beyond a dinension equal to the bore
dianmeter.
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LOAD-LIFE
a b c e f LIFE (CYCLES
INCL. ANGLE ‘LOAD BEARING AREA TO 0.005 IN
(DEGREES) _,isg’ PROJECTED WEAR)
(IN2)L=1.D. 10,000
<200
< 20,000
- 90
4 <4 .05 1/
P 500
- 70 11,000 <+ .10 < 50,000
- 60
—— pu .
20 2,000 20 ‘/ 4 100,000
L a0 ——— /
OOO‘ T .50 < 200,000
- 30 d ,
<-10,000 4100
L 20 20,000 45 00 - 500,000
-<+50,000 L ann -1 1,000,000
< s UUV
- 10 —1100, 000
=1 2,000,000
-1 5,000,000
< 10,000,000
1/ EXAMPLE: A PLAIN BEARING WITH 0.3 IN2

PROJECTED AREA, OPERATING AT *25° OSCILLATION
AND 5,000 LBS LOAD WILL GIVE 26,000 CYCLES OF
LIFE BEFORE 0.005 IN. WEAR OCCURS.

FIGURE 201-17. Load/ |ife characteristics for TFR-lined journal bearings
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4.3.4.2.3.2 Dynanmi c capacity. The dynanic |oad capacity, under the
specification qualification conditions, is defined as
DL = 37,500 B (L-1), where

DL = dynamic |oad capacity, |b.

B = bearing bore, in.

L = bearing length, in.
Figure 201-17 is a nonograph which relates bearing life, applied load, angle of
oscillation, and the projected area of the bushing. It is intended as an aid
in sizing a bearing for a specific application. In addition, the procedures

outlined for considering variables in selecting a TFE-lined spherical apply to
journal bearings. The performance indicated in figure 201-17 will be obtained
only with a properly designed pin, shaft, or bolt as a mating menber. Such a
design includes a blended lead-in to avoid installation damage, a mininmm
hardness of R 40, and a surface finish of at least RHR 8. This finish should
be obtained by a final operation other than grinding, such as honing,
polishing, or |apping.

4.3.4.2.4 Metallic journal bearings

4.3.4.2.4.1.1 Static capacity. Metal journal bearings are used primarily to
handl e static |oads and can be loaded to values that are approximately one-half
of the conpressive yield strength of the material. Using the projected area of
the bearing (length x diameter) with the stress values in figure 201-18, the

| oad capacity can be determ ned.

4.3.4.2.4.2 Dynanic capacity. Al though steel bushings (if lubricated) can be
used for a few cycles of |ow speed oscillation without galling or excessive
wear taking place, bronze bushings should be enployed if an appreciable anount
of notion is expected between the shaft and the bushing. Under dynanic
conditions, excessive wear of the bronze bushing is the node of failure.
Figure 201-19 is a plot of life versus unit |oad under well-Iubricated

(ML-G 81322 grease) conditions.

5. Installation and retention. Design requirements and recommendations for
bearing installation and retention are covered in requirement 202.

Satisfactory bearing performance is obtained by proper installation practice
and appropriate retention techniques as much as by optimm bearing selection.

6. Mscellaneous design consideration

6.1 Lubrication provisions. Requirement 203 specifies nethods required for
provision of lubrication facilities where applicable including |ocation of
fittings relative to access for relubrication.

6.2 Bearing safetying. Requirenent 204 specifies requirements for and nethods
of safetying bearings.
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YIELD STRESS, MAX IMUM

MATERIAL KSI TEMPERATURE*
(OF)

4130 Steel 115 350

(180 KSI UTS)

17-4 Steel 90 500

(AMS 5643)

Beryllium Copper 90 350

(Fed Spec QQ-C-530)

A1-Ni-Bronze 60 350

(AMS 4640 and 488)

A1-Bronze 40 350

(Fed Spec QQ-C-465)

* Maxi mum tenperature at which bushing can be used without |oss of static
capacity.

FIGURE 201-18. Stress Capability of nmetal journal bearings.

RADIAL LOAD, KSi

T IIIIHI

TEMP: 60°-120°F

BORE: 0.25-1.50 IN.

CLEARANCE: 0.5-1.5x 10 IN.

LENGTH-TO-DIAMETER RATIO:
0.25-1.20

LUBE: MIL-G-81322 GREASE APPLIED 500

TO 7000 CYCLES
MAX WEAR: 0.006 IN.
BRONZE: AMS 4640 8 4880

ALTERNATING LOAD

STEADY-STATE LOAD

lllJHLl ] llllllll 1 lllllll[ 1 llllllll I

100

1,000 10,000 100,000 1,000,000
CYCLES (21° TO *45°, 8-12FPM)

FIGURE 201-19. Load/life characteristics for grease
lubricated journal bearings.
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7. Quality assurance Provisions in desire

7.1 Proof loading for retention. Where retention nethods are used which
require proof |oading, engineering drawings specifying the bearings shall also
specify the requirement for proofloading and proof |oad value and direction.

7.2 Safetying. \Were safetying is required, the engineering draw ng
specifying the bearing shall also specify the requirement for and nethod of
safetying. The engineering drawing may reference a DOD or contractor docunent
whi ch delineates safetying of nethods and procedures.

7.3 Starting torque. \ere starting torque is critical to functioning of an
assenbly, the installation drawing specifying the bearing shall include a
notation that starting torque shall be within a specified range or a maxi num
range after bearing is installed.
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SAFETYI NG PRACTI CES

. Scope. This requirenment states general methodology for safetying practices
to be used In flight control systems. This requirenent specifically delineates
approved safetying methods and devices and specifies the application of these
met hods and devices. This requirement covers only those devices whose prinary
function is safetying, and excludes those devices which have integral |ocking
features incorporated into the item being locked. Since safetying and
retention occasionally become coincident functions, a fine distinction nust be
made between the two. Refer to requirements 202, 206, 207, 208, 401, 402, 601
and 604 for additional nethods and devices which may provide a safetying
function coincident with a retention function. Special applications involving
conditions not covered by the basic principles described herein shall be shown
on the assenbly drawing, and where contradiction occurs between a draw ng and
these instructions, the drawing shall take precedence.

2. Docunents applicable to requirenent 204

M L-T- 8878 Turnbuckl e, Positive Safetying

M5 20995 Wre, Safety or Lock

M5 21251 Turnbuckl e Body, Cip Locking

M5 21252 Cevis, Rod End; Turnbuckle, dip Locking

M5 21253 Cevis End, Turnbuckle, dip Locking (For bearing)
M5 21254 Eye End, Turnbuckle, Cip Locking (For pin)

M5 21255 Eye End, Turnbuckle, Cip Locking (For wire rope)
M5 21256 Cip, Locking, Turnbuckle

M5 24665 Pin, Cotter, (split)

M5 33540 Safety Wring and Cotter Pinning, General Practices for
M5 33736 Turnbuckl e Assenblies, Cdip Locking of

3. Usage and design

3.1 Preferred usage. The preferred nethods of preventing rotation and |oss of
nuts, bolts, or screws are:

Use of self-locking bolts, screws, nuts, and inserts. (See requirenent
402)
b. Use of cotter pins with castellated nuts.
c. Use of safety wire and drilled head bolts or screws.

In assenblies that may require periodic renoval, where possible use either

sel f-locking nuts or castellated nuts to be |ocked with cotter pins.

Turnbuckl e clips shall be used for positive safetying or turnbuckle components.
Rod end bearings used in control rods shall be safetied as noted in requirement
207.  Safetying of push-pull controls shall be as specified in requirenent 208
and safetying of control cable components such as quick disconnects, cable
take-up links and termnals shall be as specified in requirements 206 or 601.
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3.2 Cotter pins

3.21 Cotter pin usage Cotter pins are generally used to restrain relative
motion between two parts by inserting the cotter pin through a hole in one part
and slots in the other part and spreading the exposed ends. Their use is
tf)avora(kj)le because they can be installed and renoved quickly. Cotter pins shall
e used:

a. Wth castellated nuts and drilled bolts and screws to insure nut retention.

b. Wth self-locking castellated nuts and drilled bolts and screws to provide
a dual locking feature .

¢c. As a retaining device on pins or shafts.

3.2.2 Applicable cotter pin design standard. Design standard MS33540 shall be
used for design practices, functional limtations and installation procedures .
The selection of materials shall be made from M524665 and shall be in
accordance with tenperature, atmpsphere and service 1 inmitations given in
MS33540.

3.3 Safety wiring

3.3.1 Safety wiring usage. Safety (lock) wiring is the securing together of
two or nmore parts with safety wire which shall be installed in such a manner
that any tendency for a part to loosen will be counteracted by additional
tightening of the wire. Safety wire (lock wire) shall be used:

a. To prevent the loosening of threaded parts in applications where other
| ocking neans such as cotter pins, key (bent tab) washers, self-1ocking

fasteners, etc. would not be feasible.

b. In the case of single attachment bolts used head-down where |oss of the
bolt would affect safety of flight the bolt shall be safety wired through the
head of the bolt to retain it in place following loss of the nut; unless
otherwi se restrained in position by means that are independent of the attaching

nut .
¢c. To prevent the loss of disconnected items such as caps, plugs, etc.

d. To secure valve handles and external snap rings.

CAUTI ON

Safety wire should not be used to retain parts or linmt the
amount of notion between parts in applications where relative
motion is normal since this will cause cold working and
failure of the safety wire.
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3.3.2 Applicable safetying wire design standards. Design standard M5 33540
shall be used for design practices, functional linmtations, preferred material
usage, installation procedures and all other requirements. N5 20995 | ockwire
referenced therein is the approved part callout.

3.4 Turnbuckle clips

3.4.1 Turnbuckle clip usage. Turnbuckle clips are used toprevent rotational
movement between the turnbuckle body and the turnbuckle end. They can be
installed manually without the use of tools and are self-retained’in the
assenbl y.

3.4.2 Applicable turnbuckle clip desire standards. Design standards Ms21251,
M521252, MS21253, MS21254, MS21255, MS21256 and procurement specification

M L-T-8878 shall be used for design practices, functional linmtations, and
material usage. Design standard MS33736 shall be used for Installation
procedures of the turnbuckle assenbly.  M521256 |ocking clip referenced therein
is the approved part callout.
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CONTROL CABLE SYSTEM DESI GN REQUI REMENTS

1 Scope

1.1 This ‘requirenment establishes engineering criteria and requirenents for the
selection and application of nechanical controls system cable and conmponents.
This requirement is linited to conponents selection and does not establish
selection criteria for control cable systens relative to sizing, tensioning,
actuating and simlar system oriented design requirenments. This document Is
not intended to address cables used as static structural nenbers nor as neans
of transferring operating loads in structural/functional systems such as
winches.  Push-pull control cable requirenents are included as requirement 208.
Approved conponents for cable assenblies and systens are listed in appropriate
requirenments in section 600.

2. Docunents applicable to requirenment 206

ML-T-781 Terninal, Wre Rope, Swaging

M L- C- 5688 Cabl e Assenblies, Aircraft, Proof Testing and
Prestretching of

ML-T-6117 Terninal, Cable Assenblies, Swaged Type

M L-P-7034 Pul l eys, Groove, Antifriction Bearing, G ease
Lubricated, Aircraft

M L-T-8878 Turnbuckl e, Positive Safetying

M L- F- 9490 Flight Control Systems-Design, Installation and Test of
Piloted Aircraft, General Specification for

ML-C 16173 Corrosi on- Preventive Compound, Solvent Cutback,
Col d- Appl i cation

M L- F- 18372 Flight Control Systems: Design, Installation and Test
of, Aircraft (General Specification for)

M L- W 83420 Wre Rope, Flexible, For Aircraft Control

M520392 Pin, Straight, Headed-Drilled Shank

M520663 Ball End, Wre Rope, Swaging, Double Shank

M520664 Ball End, Wre Rope, Swaging, Single Shank

M521256 Cip, Locking, Turnbuckle

MS33602 Bolts, Self-Retaining, Aircraft Reliability and
Maintainability, Design and Usage, Requirenment for

MS33736 Turnbuckl e Assenblies, Cip Locking of

M L- STD- 1515 Fastener Systems for Aerospace Applications

NAS 302 - NAS 310 Cabl e Assenbly, Swaged Type, Type. | Terninals

NAS 312 - NAS 320 Cabl e Assenbly, Swaged Type, Type | & Type Il Terninals

NAS 322 - NAS 330 Cabl e Assenbly, Swaged Type, Type Il Terninals

NAS 427 Pin-Pulley Guard

NAS 1435 Terminal, Strap, Cable (Eye End and Fork End)

3. Design requirenents

3.1 Control cable assesnbly requirenents. The requirenents set forth in this
paragraph apply to mechanical wire-rope-type cable systens used in primary,
secondary and auxiliary control cable systens.
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3.1.1 Control cable material

3.1.1,2 Bare cable. Al control cable used in primry, secondary and
auxiliary control systems shall conform to ML-W83420, type |, conposition
A or B

3.1.1.2 Lockclad cable. Cable onto which alumnum or steel tubing is swaged
for basically the entire length or a high percentage of the length may be used
in primary, secondary or auxiliary controls systems. Cable which forms the
Core of the lockclad cable shall conformto ML-W83420, type |, conposition

A or B. The contractor shall be prepared to show the customer from vendee data
or design handbook tabul ations based on test or experience that the |ockclad
material and diameter will provide the appropriate EA values and thermal
coefficient of expansion used for the application.

3.1.1.3 Non-netallic material jacketed cable. Cable which is jacketed with
non-netallic tubing may be used in primry, secondary, and auxiliay controls
systems.  Jacketed cable shall conform to ML-W83420, type Il, conposition
A or B

3.1.1.4 Cable type selection. Bare, lockclad and non-netallic material
jacketed cable as noted above may be used in all applications except as

restricted herein or as required by specific contracts. Prinmarily because of
wei ght, |ockclad should be used only where stretch of bare cable qust be
reduced.

3.1.1.5 Cable material selection. Unless otherwise required in the specific
contract, ML-W83420, type | on Il, conposition B, or lockclad using type |
cable as the core should be considered for all applications in a potentially
corrosive environment and in all landing gear wheel wells or other applications
subject to runway debris.

3.1.2 Control cable ternminals

3.1.2.1 Attachment to cable. Al termnals on cable used in primry or
secondary controls systems which attach directly to the cable at the ends or
any other point shall be attached to the cable by swaging per the requirenents
T-6117. erm nal s swaged to | ockcl ad cable shall be swaged to bare
cabl e except the special condition whereby the |ockclad extends the entire
length of the cable assenbly. Type Il termnals as described in requirement
601 may be swaged over the cladding. Jacket material shall be renoved in the
area of the terminal prior to swaging. Ternminals attached to cables used in
auxiliary controls systems shall be swaged per ML-T-781 except that crinped
type terminals with or wthout |oops may be used in cable assenblies such as
lanyards.  Caution: cladding shall never be removed from |ockclad cable.
Stripping of cladding is disallowed. Lockclad cable assenblies shall be
manuf actured with gaps in the cladding for all areas which will go around
pulleys, receive termnals, or where a bend of nore than 2 degrees is inherent
in the application.

3.1.2.2 Approved terminals. Only the terminals specified in requirement 601
may be considered approved for use in design.
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3.1.2.3 Approved cable assenblies. NAS 302 - NAS 330 cable assenblies are
approved for use within the restrictions set forth herein. Cable assenblies

manufactured in accordance with this requirement using termnals approved in
requirement 601 may be detailed and identified by airframe or cable assenbly

manuf acturer’s pant numbers without further approvals by authority of
M L- STD- 1599.

3.1.2.4 Ternminal usage. Usage of terminals shall conply with the following:

a. Swaged/non-threaded terminals. Types | and Ill terninals as noted in
requi rement 601 nmay be used in primary, secondary and auxiliary controls
systenms. Type Il terninals are approved only in secondary and auxiliary
controls systens except as noted in paragraph b. Type IV ternminals are

approved only for items such as |anyards.

b. Ball end terminals. M 20663 and MS 20664 ball end terminals may be used
in primary controls systems to attach cable assenblies to bell cranks and
quadrants. Ball end terminals with NAS 1435 straps nmay be used only in
secondary or auxiliary controls systems. Balls without shanks may be used in
auxiliary controls systems only when used as a terninal. Balls without shanks
may be used in secondary or auxiliary controls systems at points other than the
ends of the assenblies for purposes of operating limt switches or other
non-structural functions. Swaged plugs may be used as terminals only in
auxiliary controls o cable systems, such as static lines for paradropping.

c. Swaged/threaded terminals. Terminals which are swaged to the cable and
threaded on the non-swaged end shall be limted to those types used with
turnbuckl es o through conponents with a connection free to align with the
cable direction. Control cables assenblies shall not be attached to equi pnent,
bell cranks, etc., by threading into open or closed-end tapped holes. Chain to
cable swaged fittings shall be attached by stud (clevis pin) and cotter pin.

d. Cable end. Al cable assenblies shall terninate at both ends with swaged
terninals. Cabl e assemblies shall not terminate in cut cable ends beyond the
extent of normal protrusion beyond terninals noted in terninal swaging
specifications or termnal draw ngs.

e. Design for installation. Cable assenblies shall not be applied such that
swaging of tenminals is required after cable assenbly is mounted in aincraft.

f. CGinped terninals and 100ps. Crinped type terninals (type IV) with or
wi thout |oops shall be used only for non-critical auxiliary applications such
as | anyards.

3.1.3 Control cable assenbly strength criteria.

3.1.3.1 Control cable associated conponents. Al terminals, pins, bolts,
nuts, or other itenms attached directly to the |oaded cable shall be
structural ly capable of’ withstanding the mnimm b-caking strength of the
cable. This applies both in attachment to or connection with the cable and
physical construction of pants. The exception to this requirenent is a
component specifically designated to fail prior to l|oads which may danage
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equipment in auxiliary systens only. Ball terminals wthout shanks and plug
termnals shall not be considered to withstand nore than 80 percent of cable
strength and shall be used only in auxiliary cable systens.

3.1.3.2 Lockclad and jacketed cable. Stlriangth criteria shall be based on the

wire rope strength only, even when type Il terminals are used with Iockclad

cabl e.
3.1.4 Control cable-to-cable connections

3.1.4.1 devis/eve connections. Control cable assenblies may be connected by
clevis and eye terminals with bolt/nut attachment, safetied as specified in
requirenent 601. Secondary and auxiliary control cable systems may be
connected by MsS20663 and NAS 1435 terminals with bolt/nut attachment) safetied
as specified in requirement 601.

3.1.4.2 Turnbuckles and terminls. Cables may be connected by threaded
fittings and turnbuckles. Assenbly shall be acconplied per MS33736. In
addition, when using alumnum turnbuckles, all male threads shall have

ML-C 16173, grade 2 or 4, corrosion preventive conpound applied before
assembly. Regardless of material, there shall be no nore than three threads on
either termnal exposed after assembly and adjustment of turnbuckle assenblies.
After conplete assembly of the turnbuckle assenbly and installation of the
clip, ML-C 16173 corrosion-preventive conpound shall be applied to the whole
assenbly. Al turnbuckle terminal assenblies shall be safetied per MS33736
using Ms21256 clips. The nilitary wap systemis not approved for use on
aerospace systens whereby ML-STD- 1599 is a requirenent.

3.1.4.3 Cable take-up) l|inks. Cabl e take-up links may be used in primary or
secondary controls or auxiliary cable systens where course adjustment is

required. The link shall mate with two threaded or swaged eye end terminals.
The link is assenbled by placing the side plates on both sides of the eye end
termnals of the cable assenblies to be joined and placing the bolts through
the plate, eyes, and plate, and installing the nuts on the bolt. The link
therefore provides the capability of |engthening or shortening cable runs in
amounts greater than turnbuckle adjustment spans. The link shall be safetied
by either the use of self-retaining bolts o the use of self-Iocking
castellated nuts with cotter pins. No other safetying is required, but may be
added at the option of the airframe nanufacturer.

3.1.4.4 dad-to-clad connections. Type IIl internal and external terninals
may be used in primary, secondary, or auxiliary control cable sytens for
connection of two |ockclad cable assenblies whereby the cladding extends to the
end of the cable assenbly. Safetying shall be acconplished as noted in
requirenent 601.

3.1.4.5 Quick disconnects. Quick disconnects utilizing MS20663 and MS20664
ball ends are not approved for primary control systens. They may be used in
secondary controls or auxiliary cable systens. Qui ck disconnects which are
swaged onto cable or thread to approved terminals may be utilized on all
systems, but nust nmeet all requirenents of swaged or threaded terminals as
specified herein. Swaging shall be in accordance with ML-T-6117 or

M L-T-8878, as applicable. Quick disconnects using the ball type termnals do
not required safetying. Al quick disconnects used in primary control systens
require safetying as shown in requirenment 601.
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3.2 Design usage requirements of control cable assenbles
3.2.1 Loading

3.2.1.2 Sizing and naterial. Control cable material and sizing shall be in
accordance with the following in addition to requirenents of ML-F-9490 or
M L-F- 18372 as applicable

a. Cable material shall be either ML-C 83420, type | or |l, conposition
A or B as specified in the nodel specification for the aircraft. If the node
specification does not specify the material, type | or Il, conposition B should

be considered for all cable located in a corrosive environment or subject to
runway debris.

b. Lockclad cable is intended for the purpose of reduction of tensile stretch
and matching the thermal coefficient of expansion of the cable nore nearly to
that of the aluminum airfrane structure. Wile the cladding adds to the
strength of the cable assembly, no structural credit shall be given to the
added strength of the clad material in design considerations

¢c. Loop type termnation of cables shall be considered no greater than
80 percent of the cable ultimate strength for |oading determnations

3.2.2 Control cable routing and support

3.2.2.1 Support. Control cable shall be supported by pulleys at all points
whereby the direction is changed 2 degrees or nore when the rig load is less
than 50 pounds and 1 percent when the rig load is 50 pounds or greater

Control cable shall be supported by fairleads at |east every 100 inches of

I ength unsupported by pulleys and in any location where “slap” may contact
structure. Cabl e shall be supported by pulleys or fairleads on at |east one
side of any bul khead through which the cable passes. Design shall be such that
lockclad is not required to bend over fairleads or pulleys and such that
maxi mum bend due to weight of |ockclad or tolerances of nounting is not greater
than 2 percent.

3.2.2.2 Location relative to Structure. Cable shall be routed and connection
points |ocated such that sufficient clearance is provided to prevent fouling of
fittings or danmge to structure, equiprment, or cable due to structura
deflection, thermal expansion, tolerance accumulation, functioning equipnent,
or other factors. \Were cable passes through holes in bul kheads or the
possibility of contact with structure or fixed equipment exists, fairleads
shal | be provided

3.2.2.3 Fairleads. Anti-friction fairleads shall be used for support of
cables for purposes of sag reduction and general support. Fairlead strips may
be used in auxiliary cable systems only for protection of structure and cables
where peculiar designs may allow contact of the cable with structure or

equi pment.  Wen anti-friction fairleads are used in opposition, the space

bet ween opposing flanges shall be less than 1/4 and nore than 1/8 diameter of
the cable. Fairlead roller installation should be such that cable does not
vibrate within the space between opposing fairleads, such as by staggering
fairleads.  Approved fairleads are listed in requirenment 603.
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3.2.2.4 Pdleysand brackets. Pulleys shall conform to requirenent 603.

Sizes shall conform to ML-P-7034 and associated MS documents. Pulleys shall
be aligned with the cable run such that axial pull-off angle is not greater
than 2 degrees in either direction off center line of pulley groove. Pulley
guard pins shall be NAS 427 or MsS20392 types. NAS 427T cantilever type pins
shall not be used in lengths greater than 2 1/2 inches when unsupported at one
end. Were angle of wap is 20 degrees or less, one guard pin is required;

20 degrees to 120 degrees, 2 are required; and over 120 degrees, 3 are
required. Pul l ey brackets shall be attached to primary structure only. Ratio
of cable dianeter to pulley diameter of 20:1 or greater should be considered
for enhancing fatigue life of cables.

3.2.2.5 Cable connection |ocations. Cane shall be exercised in |ocating cable
connections to assure that cable assenblies and connecting conponents,
(turnbuckles, cotter pins, safety wire, quick disconnects, links, etc.), cannot
snag on each other or surrounding structure or equipment. Turnbuckles shall bhe
staggered to prevent crossrigging.

3.2.2.6 Bellcrank or structure ternmination. Terminations into bellcranks or
structure shall be aligned such that the cable does not misalign relative to
the swaged terminal nore than 2 degrees. Swivel arrangenments may be used to
circunvent misalignment.

3.2.3 Fasteners used in control cable systens

3.2.3.1 Bolt and nut selection

3.2.3.1.1 Structural requirenment. Sel ection of bolts and nuts shall be in

accordance with the structural requirenents of the specific application and
the requirements of this standard.

3.2.3.1.2 Approved bolts and nuts. Pants listed in ML-STD 1515 are
considered approved parts herein.

3.2.3.1.3 Retention requirenent. Lath renovable bolt, screw, nut, pin, or
other renovable fastener, the loss of which would preclude or inpair continued
safe flight, shall incorporate two separate locking or retention devices either
of which nmust be capable of preventing loss of the fastener by itself and
retain it in its proper installation with the other locking or retention device
mssing, failed, or malfunctioning. Cevis pins shall not be used. Cevis
bolts with shear castle nuts and cotter pins are considered satisfactory in
shear applications as one of the two nethods of retention. Bolts of |ess than
1/4 inch dianmeter shall not be used for critical applications as the single
attachment. \ere self-retaining bolts are used and which constitute one of
the two retention nethods, their selection and installation shall be within the
limtations of MS33602, and only one type shall be used in any given system
Provisions for prevention of over-torquing bolts and thereby causing binding of
other control system conmponents shall be considered and appropriate precautions
taken. Bolts mounted head down shall be self-retaining type bolts o have
heads safety wired to structure or other conponents to prevent loss of bolt if
nut is |oose.

3.2.3.2 Cotter pins and studs. Pants approved in ML-STD-1515 may be used
herein.  Special pins for type Ill terminals shall be per requirenent 601.
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3.2.4  Pressure seals. Pressure seals shall be used with the followng
condi tions:

a. Pressure differential. Pressure seals approved in requirement 605 shall be
used if system pressure differential requirement can be net. [If not, a seal
shal | be designed or selected by the contractor. If a vendor-identified seal
is selected, it nust be submitted for approval per requirenment 101. If the
seal is designed by the contractor, it is outside the scope of this docunent.

b. Alignnent. Alignment of the cable through the seal shall be within 2
degrees of the center line of the seal during all operating positions of the
cable travel.

3.3 Test requirenents

3.3.1 Control cable assenblies. Control cable assenblies shall be tested as
fol | ows:

a. Al cable assenblies manufactured with swaged ternminals shall be proof
| oaded to 60 percent of ultimate cable strength per M L-C 5688.

b. Cable assenblies shall be loaded to ultimate strength as required by
ML-T-6117. Cable assemblies loaded to ultimate strength per this requirenent
shall not be used on aircraft.

c. There shall be no broken wires in cable assenblies as required by
M L- W 83420.

4. Quality assurance provisions

4.1 Control cable assenblies

4.1.1 Lubricant renoval. Ceaning processes used by airfrane manufactures
shall not remove internal |ubrication of cable applied by the cable
manuf act urer.

4.1.2 Turnbuckle clips. MS21256 clips shall not be used nore than once.  Wen
“adjusting turnbuckles, renoved clips shall be discarded and new clips used
for safetying.

5. Design, selection. and approved callout. (see requirenents section 600 for
approved pants).

6. Tooling, There are no special tooling requirenents.
7. Lntended yse and guidance criteria
7.1 The purpose of this requirenent is to establish required criteria. \here

there are no requirenments in a specific area and guidance information may be
included, the lack of requirements is so noted.
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8. Notes

8.1 Equi pment. Actuators, tension regulators, servos, bellcranks, and other
control system equipment are not in the scope of ML-STD1599. |[nterfaces of
this equipment with cable or push-pull controls; however, must conply with the
requi renents herein as applicable.

8.2 Swaged fittings other than termnation. Fittings such as plugs or
no-shank balls which are swaged onto cable as an additional fitting to the two
termnals may be used for triggering linmt switches, or other applications of
this nature, but shall not be used to transmit loads to or fromthe cable
system

8.3 Specially designedfittings. Swaged fittings designed specifically for

use as cutter or for other funtions must be approved per the procedure in
requi renment 101.
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CONTROL ROD SYSTEM

1. Scope. This requirement establishes engineering criteria and requirenents
and application of rigid rods or tubes used for transferring linear notion in
the controls and other functional systems and requirenents for associated
hardware. This requirement is not scoped to determine |oad requirements for
systems, sizing and material selection for rods, or rigid rods used as
structural conponents. Approved rod conponents are listed in requirement 602
and the various bearing requirenents specified herein.

2. Docunents applicable to requirenment 207.

FED- STD- 245 Tol erances for Al unminum Alloy and Magnesium Alloy Wought

Products

MM A- 1754 Adhesive and Sealing Conpound, Epoxy, Metal Filled

WV T- 700/ 3 Tube, Aluminum Aloy, Drawn, Seaniess, 2024

M L- S-8879 Screw Threads, Controlled Radius Root Wth Increased M nor
Di aneter; General Specification for

M L- T- 6845 Tubing, Steel, Corrosion-Resistant (304), Aerospace Vehicle
Hydraulic System 1/8 Hard Condition

M L- H 6088 Heat Treatment of Al uninum Alloy

M L- H 6875 Heat Treatment of Steels (Aircraft Practice), Process for

M L-F-7179 Fi nishes and Coatings: Protection of Aerospace \Wapons Systens,
Structures, and Parts

NAS 513 Washer, Rod End Locking

NAS 1193 Locki ng Device, Positive I|ndex

3. Design requirenents

3.1 Rod material and construction

3.1.1 Material selection. The material shall be selected based on the |oading
requirenents of the system  Magnesium is hereby prohibited because of its
corrosion characteristics. Oherwise there are no restrictions on material

sel ections. (See paragraph 7.1).

3.1.2 Finish. Exterior of rods shall be plated, passivated, painted or coated
in accordance with the nodes specification of the airframe under contract for
the rod material and area of the airframe as applicable. [Interior finish of
rods shall conply with ML-F-7179 or contractually approved conpany

speci fications.

3.1.3 Configuration. Tubes shall be symmetrical in cross section with
material, wall thickness, and outside dinensions comensurate with the static,
environmental and dynamic requirenents of the system  This requirenent is not

to preclude formed clevis ends or |ocal deformation as clearance requirenments
dictate. The tolerances for the dimensions specified on rod draw ngs shall be

as defined in the applicable tubing specification. Local repair of mnor
defects is acceptable provided the repaired area is not less than the mninmum

wal | defined in the specification, and provided there shall be no material
renmoval from the swaged sections after swaging. Dinensional increase in wall
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thickness as required for integral formed clevis ended tubes nmay have nore than
one tube diameter and wall required in one part. These may be specified by
outer dianeter (QD.) and wall, and will require the appropriate tube
specification tolerance to apply, unless specific application dictates other
tolerances. Transition from one wall thickness to another will be as detailed
by drawi ng.

3.1.4 Loads, tube and rod assenbly strength, ~ Assenblies shall be capable of
withstanding Timt [oadS W thout 6ernanen% deformation. Linit |oads are

maxi num or jam loads, the extrene |oading the rod assenbly can receive prior to
failure of conponents of the functional system other than the rod assenbly.
Utimate loads are 1.5 times linit loads. Rod end or tube deformation at
ultimate load is acceptable including loss of balls or rollers in antifriction
bearings provided the assenbly supports the ultimate load. This requirenment
does not apply to controlled shearout or force limter assenblies. Nounting
adj ustabl e rod assenblies for tension and/or conpression fatigue allowable or
static testing shall require th adjustable rod end to be engaged only
sufficiently to cover the inspection hole. Control rod assemblies designed as
torque tubes are not within the scope of this Requirement. Control rod
assenblies functioning in push-pull node shall not be subjected to torsiona

| oads.

3.1.4.1 Assenbly static strength and fatigue determnation. Tubing corss
section size and material, end fitting configuration and material and nethod of
configuring or attaching end fittings shall be such that ultimate tension and
conpression loads and fatigue life can be achieved w thout destruction of any
conponent of the assenbly. The contractor shall be able to denonstrate that

all rods used in critical systenms are capable of static loads and fatigue
requirenents of the systemif required by the procuring agency. Determination
of criticality of a control systemrelative to this requirement is the
responsibility of the contractor wth procuring agency concurrence.

3.1.5 End construction. A unmnum and steel tubes nmay be swaged directly over
an end fitting. Because of the dificulty in effecting a swage engagenent
between nipple inner dianmeter (1.D.) and convoluted or knurled end fitting, the
swaged material nust have adequate ductility and a differential in hardness
between gating surfaces, Integrity is further affected by nipple wal

thickness. Substantiating data for mninmum engagenent as well as conformance
with static and fatigue strength requirenents shall be available for all swage
installed attachnents as required by the procuring agency. Flashwelding as a
means of attaching end fittings to rods shall be used only with steel rods and
steel end fittings.

3.2 Design usage of control rods
3.2.1 End configurations

3.2.1.1 Fixed ends. Al rod assemblies used in primary and secondary controls
systens shall have at l|east one fixed end except vernier coupling as defined in
paragraph 3.2.1.2. The term “fixed end” as used herein is defined as
attachnment of the end fitting in such a manner that rotation or dinensiona
change will cause failure. The strength of the fixed end relative to
preventing rotation shall be considered that of the weakest menber of the end
assenbly relative to forces tending to rotate the rod. In auxiliary controls
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or in vernier coupler systenms where both ends are adjustable, threads on both
ends of the rod shall be either right or left hand, not one of each. Rods
shal | not be used as “turnbuckles” for adjustnent of length. Exanples of fixed
ends are shown in figure 207-1.

3.2.1.2 Vernier coupling effect. Vernier coupling may be required in some
systems to prcisely position a hydraulic servo relative to cockpit control for
example. An NAS 1193 indexable, positive locking device alone will not effect
this close adjustnent because the fixed end requires the opposite end to be
oriented as defined by drawi ng, meking possible adjustnent only to the closest
180 degree position. Procuring agency approval is required if both ends of a
rod are vernier couplings in primary and secondary controls systems. Exanples
of vernier coupler rod assenblies are shown in figure 207-2. Vernier coupling
is accomplished with nomnal gage length covering the inspection hole or holes
and shall be shown to maintain 1.2 thread diameters nininum engagenent of both
threaded attachments after maximum vernier rotation in either direction.

3.2.1.3 Adjustable ends. Adjustable ends may be threaded directly into tube
nipples or may be threaded into an insert which may be affixed by swaging or
otherwise, provided the insert can be shown to be attached to the tube as
defined for fixed ends per paragraph 3.2.1.1. Al adjustable ends shall be
threaded per ML-S-8879 unless otherwise pernitted in the contract with the

procuring agency. Inspection holes or other geans shall be provided for
assurance of sufficient thread engagenent. Hole location is illustrated in
figure 207-3.

3.2.1.4 Bearings. Bearings used with control rods which are integral rod end
bearings or nounted in an eye end arrangement shall be capable of misalignnent.
The exception of these requirenents are rods which terminate in an eye or

clevis which is attached to a nmisaligning type bearing. In these cases, the
bearing in the rod may be a journal bearing or bushing per requirement 309 or
310, or may be elimnated altogether. Figure 207-4 illustrates these

applications.

3.2.2 Rod attachnment to equipnent

3.2.2.1 Fixed end. Fixed ends shall be terminated in a hollow or solid shank
rod end bearing per requirenment 308 or an eye or clevis arrangenent with
bearings installed in the eye or one or both sides of the clevis per

requi rement 202. Figure 207-4 illustrates methods of attachment to equipment.

3.2.2.2 Adjustable end. Externally threaded rod end bearings shall be slotted
and ends of rods notched for safetying with NAS513 or NAS1193. Internally
threaded rod end bearings may be notched and external threads of ends of rods
slotted for safetying with NAS513 or NAS1193. These conditions are required in

primary and secondary control applications. Aternately, control applications
may be non-slotted and non-notched and installed with a check nut in auxiliary

controls applications.

3.2.2.3 Safetying
3.2.2.3.1 FEixed end. Safetying of the rod is not applicable.
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RIVETS @ 90°

TUBE
/— | SHANK OF ROD END
BEARING, CLEVIS OR
EYE FITTING

—_ RIVETED

BOLTED

SWAGED

THREADED - -
KNURLED

WELDED

EYE OR CLEVIS FITTING

FLASH WELD

FI GURE 207-1. Fixed ends.
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FIGURE 207-4. Methods of attachment.
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3.2.2.3.2 Adjustable end. Rod end bearing installation into the rods in
primary and secondary controls systens may be safetied by the use of an NAS513
or NAS1193 |ocking device. For cost reasons, NAS1193 should only be uses where
adj ustment requirenents exceed the capabilities of NAS513. The nut shall be
safety wired to the locking device as shown in figure 207-5.

3.2.2.4 \Washer use in cantilever pmounting. As illustrated in figure 207-4,
when rods are attached to structure, a washer of outside dianmeter |arger than
the bearing outside diameters shall be used to prevent loss of the rod by |oss
of bearing retention.

3.2.2.5 Straightness and angularity requirenents. Al'l control rods shall be
straight as opposed to angular or “dog-leg” designs. Straightness and
angularity requirements of the control rods shall be specified on engineering
drawi ngs of the rods.

3.2.2.6 Drain. ventilation requirement. Misture accunulation may occur
tending to partially fill the tubes of rod assenblies not intentionally drained
or alternately sealed. A unminum tubes may be hernetically sealed with a
thorough application of a netal filled epoxy sealing/adhesive conmpound per

MW A-1754 to the mating threads or surfaces. Drain holes are effective in
protecting tubes from bursting from freezing water, but may reduce fatique
capability by 90 percent. Blind inserts installed with an epoxy sealing
conpound per MW A-1754 may be used to seal the tube end nounting an adjustable
rod end as illustrated in figure 207-6. An effective seal requires application
of epoxy to the full engagenent of both female and male mating parts. Members
to be bonded shall be cleaned and free of any trace of oil or grease. Curing
of hermetically sealed tubes using an MW A-1754 sealing conpound shall be at
room tenperature. Inserts or rod ends so installed may, at prime
manufacturer’s option, and/or where acceptance testing requires, each be torque
tested to verify the bond. Steel tubes other than CRES are difficult to
protect from corrosion on |I.D. and are difficult to seal. CRES tubes are
difficult to seal, but require no corrosion protection. Al steel tubes shall
have drain holes to protect against collecting water, except that steel tubes
that can be denmonstrated to be hernetically sealed nmay be used at discretion of
prime contractor.

3.3 Rod and conponent inspection. Rod assenblies used in primary control
systems or other applications considered critical to safety cf flight shall be

inspected for material and process integrity on a 100 percent basis.

4, Quality assurance provisions

4.1 Initial testing. Testing shall be acconplished at the contractor’s
discretion or as required in specific contracts. The contractor is responsible
for the integrity of rods for defined system requirenents.

5. Design. selection., and approved callout. See requirements sections 300 and
600 for approved parts.

6. Tooling. There are no special tooling requirenents.
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7. Intended use or guidance criteria

7.1 Materials

7.1.1 Alumnum steel or titatnium tubing may be swaged to an appropriate
nipple dianeter and tapped to receive a threaded rod end.  Titanium tubing work
hardens badly with rotary swaging and is nore responsive to vail swaging. This
process |loses greater area in reduction and is therefore a poor candidate for
control rod manufacture. The wall increase occurring in the taper is least for
titanium somewhat greater for steel and greatest for aluminum However, all
swagi ngs elongate during swaging, universally having |ess cross sectional area
at the nipple than the body. The further setion loss from tapping the nipple
requires accuracy in forecasting the appropriate nipple dianeter and in the
case of aluminum tubes, adds to the desirability of forming threads on the
nipple 1.D. as conmpared with cutting threads. Forming threads in steel or
titanium tubing is not practical in that these swaged nipples lack ductility
for the required thread inprinting. To obtain appropriate section for
threading steel or titanium tubes, the unswaged blank may be precontoured or
the center section after swaging may be turned off providing the appropriate
wal | tolerance is maintained.

7.1.2 Steel or titaniumtubes for control rod assenblies may be required to
support loads in excess of aluminum tubing capability. Abrupt sectional change
as well as cut threads are sensitive to fatigue loading. Fatigue capability of
these assenblies shall be established and shall be in excess of system
requirenents.

7.1.3 2024 alumnumtubing is mst commonly utilized in manufacturing of
control rod assenmblies. Sonme swage reduction is possible in T3 tenmper, nost
swaging will require “OQ (or annealed) material for swaging wth subsequent
heat treat to -T42 or -T62 in accordance with ML-H 6088. The practical limt
for reduction in 13 or O tenper depends on equi pnent and technique. Reduction
in T3 requires subsequent heat treat to T81. Drawing requirement should define
acceptabl e micro-structure or fold depth in the critical area rather than
prescribe manufacturing steps.

7.1.4 Many high strength alloys having desirable characteristics in a finished
part are undesirable for swage fabrication. The physical characteristic nost
necessary to the swaging process is ductility. Mterials having less than 10
percent elongation may be a poor candidate for swaging. CRES tube manufactured
to ML-T-6845 has excellent ductility, may be specially drawn to 100 KSI
tensile strength and is inexpensive. \here loads or environmental

consi derations preclude alumnum tube, this CRES tube should be eval uated

first.

7.1.5 Heat treatnment of rods or rod conponents of alloy steel or heat
treatabl e CRES shall be heat treated in accordance with ML-H 6875.
7.2 Loading

7.2.1 An airfranme requirement for a control rod assembly presunmes assenbly
colum loading in conpression as well as tension. \here practicable the |oad
in tension shall be the greatest. Tubes selected to support conpression |oads
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In a systemare lightest if selected with large dianeter and light wall. The
linmting factors may be acconmmodation in the airframe or the largest diameter
econom cally reducable to effect an attachnent to the desired rod end,
an alum num tube 1.375" O D. x .035" wall to be threaded to receive a
3/8-24 rod end will require swaging to a nipple diameter approximtely .525
inch. This reduction of slightly nore than 60 percent (1 - .525/1.375)
approaches the practical limt. Reduction in excess of 50 percent will
increase costs disproportionately.

7.3 Draw ngs/ Terni nol ogy/ Practi ce

7.3.1 Conmmon termnol ogy applicable to swaged tubs is reconmended per figure
207-7.

7.3.2 Swage angle should be linited to close tolerance only if structure or
installation dictates.

7.3.3 Effective definition of a swaged tube shoul d define nipple dianeter,
Ibeggth, mninum wal | all owabl e swage angle, and concentricity relative to tube
ody.

7.3.4 Tube cross section area reduction is inherent in the swaging process.
The wall increase occurring in the taper coincides with an increase in |length.
the approximate wall thickness (W) remaining in the nipple and available for
attachnent may be calculated as follows:

W = (D/D,)(W)(.9)

Vhere D = original tube diameter, D,= nipple dianeter and W= original wall
t hi ckness.

7.3.5 Where an integral clevis or threaded nipple is required to have greater
material thickness or cross section than the tube body, manufacture should be
al lowed fromlarger diameter and heavier wall tube at supplier option. As
illustrated in figure 207-8, the integral formed clevis tube is traced turned
to the dinensions shown from 1.375 O D. x .188 wall stock size. The clevis end
is then formed from the original material size to meet the .178/.183 clevis ear
thickness requirement, The threaded nipple can be either mandrel swaged,
turned and swaged, or swaged and turned to obtain the material thickness at the
threaded end(s). \Wen the detail drawing indicates "Tube Body" as shown,

tol erances per FED STD-245 will be naintained.
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ANTI - FRI CTI ON  BEARI NGS, NEEDLES, | NCLUDI NG TRACK ROLLERS

1. Scope. This requirenent establishes engineering criteria and requirements
for the selection and application of needle bearings and track rollers for
aerospace systerns.

2. Docunents applicable to requirenent 303

MB17131  Bearing, Roller, Needle, Thin Quter Race, Wthout |nner Race, Qpen
End and C osed End
M517136 Race, Beaning, Inner, Carbon Steel, Needle Roller Bearings
M521432 Bearing, Roller, Needle, Track Roller, Integral Stud, Type 7,
Anti-Friction, Inch
M524461 Bearing, Roller, Needle, Single Row, Heavy Duty, Type 1,
Anti-Friction, inch
MS24462 Bearing, Roller, Needle, Single Row, Thin Shell, Type 2,
Anti-Friction
M524463 Bearing, Roller, Needle, Single Roy Heavy Duty, Self Aligning,
Type 3, Anti-Friction, Inch
M524464 Bearing, Roller, Needle, Double Row, Heavy Duty, Self Aligning,
Type 4, Anti-Friction, Inch
V524465 Bearing, Roller, Needle, Single Row, Heavy Duty, Track Roller,
Type 5, Anti-Friction, Inch
M524466 Bearing, Roller, Needle, Double Row, Heavy Duty, Track Roller,
Type 6, Anti-Friction, Inch
MS51961 Beaning, Roller, Needle: Thick Quter Ring with Rollers and Cage
M551962 Ring, Bearing Inner: For Needle Roller Bearings with Thick Quter
Ri ng
3. Reguirenents
3.1 General. Needle bearings and track rollers are used throughout airframe
applications in a variety of different nodes of operation.  Their application
and nmounting is sonmewhat nore critical than other anti-friction bearings. For

detailed instructions on the application and nounting of needle bearings and
track rollers, refer to requirement 201, ML-STD- 1599, covering bearing usage.
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Al RFRAME BEARI NGS, SPHERI CAL, ALL- METAL

1. Scope

1.1 This requirenent defines the characteristics and application of
metal -to-netal plain spherical bearings and lists the approved bearings in this
category.

1.2 Application. Al-metal plain spherical bearings are used in applications
where the ratio of static load to dynanic load is high. That is, bearing |oads
are relatively |ow during novenent between the ball and the outer ring and
relatively high when there is no notion between the ball and the outer ring.
They are also used in areas where the service inposes inpact loading and in
areas where the bearings is lightly loaded. All-netal plain spherical bearings
are used in applications where environnental conditions and/or application
requirements exceed the capabilities of lined spherical bearings. (see
requirement 307). \Were all-netal plain spherical bearings are used,
provisions for relubrication are normally required to prevent, or nininize,
fretting and galling.

1.3 Jassification. Al-metal plain spherical bearings are classed according
to the materials used, the lubrication features, and the retention features.

1.3.1 Materials. The available all-netal plain spherical bearing material
conmbinations are defined in the referenced mlitary standards and include
bearings with a steel ball and steel outer ring, with a steel ball and al um num
bronze outer ring, and with a beryllium copper ball and stainless steel outer
ring.

1.3.2 Lubricating features. Al-nmetal plain spherical bearings are available
with two types of lubrication features. The standard type (no type code
included in part number) incorporates a lubrication groove in the ball bore
with three lubrication channels fromthe ball bore to the ball OD, This type
al so includes lubrication grooves in the outer ring OD and ID, with three
lubrication channels fromthe outer ring ID to the outer ring OD. The standard
lubrication feature is available for all material conbinations. The beryllium
copper ball and stainless steel outer ring conbination has an optional
lubrications feature. \en the letter “R'" is included in the part nunber, the
lubrication groove and channels are elinmnated from the ball conponent and are
present in the outer ring only. (“R neans “outer ring only.")

1.3.3 Retention features Two styles of all-netal plain spherical bearings
are available as defined on the referenced mlitary standards. These standards
include a style which incorporates a retention groove machined into the outer
ring faces for staking of the bearings into a chanfered housing and a style
with a chanfered outer ring OD to be used where the retention device is
included in, or is a part of the housing, Requirement 202 of this nilitary
standard describes specific bearing retention techniques in detail.
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2. Docunents applicable to requirement 306

M L- B- 8976 Bearings, Plain, Self-Aigning, Al-Mtal

ML-G 81322 Gease, Aircraft, General Purpose, Wde Tenperature Range
(paragraph 4.6.2)

M L- B- 81936/ | Bearings, Plain, Self-Aigning, -65°F to +350°F

M L- B- 81936/ 2 Bearings, Plain, Self-Aligning, BeCu Ball, Cres Race, -65°F to
+350°F

MS21154 Bearings, Plain, Self-Aligning, Gooved Quter Ring, -65°F to
+350°F

MS21155 Bearings, Plain, Self-Aigning, -65°F to +350°F

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

3. General. An all-netal plain spherical bearing is a machine elenment

allowing a load to be transnmitted fromone structural nmember into another. At
the sanme tinme, the bearing permits relative movenent between the two structural
menbers while preventing separation and mninizing mechanical damage or wear.
A plain spherical bearing permts rotational novement about its bore axis and
misalignment rotation about the two remining axes. Were the ball ID and OD
are lubricated, and the ball is not positively locked to the pin, rotational
motion (oscillation) will occur between the pin CD and the ball 1D and
msaligning notion will occur between the ball OD and outer ring ID

4. Design regui rements

4.1 Qualification. Pearings specified in paragraph 2.2 shall be used in
design and shall be procured from qualified manufacturers as required by
procurenent specifications.

4.2 Materials. The materials are listed on the applicable standard.

4.3 Design. Bearing design conforms to that specified on the applicable
mlitary standard or draw ng.

4.4 Dinmensions and tolerances. Dinensions and tolerances are specified on the
applicable nilitary standard or drawing. Dinmensions not shown shall be at the
option of the manufacturer.

4.5 Surface texture. Surface texture is in accordance with the applicable
mlitary standard or drawing. Surface texture shall be measured in accordance
with ANSI B46. 1.

4.6 Lubrication and tenperature

4.6.1 Al plain spherical bearings require sone formof lubrication to reduce
friction within the bearing and to ninimze netallurgical bonding (welding)
between the bearing conmponents. The bearings described by the referenced
mlitary standards are designed to facilitate grease lubrication and, as such,
will be suitable for operation within the tenperature range from -65°F (-54°C)
to +350°F (+177°C).

306. 2



Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 306
31 January 1980

4.6.2 For preservation purposes, the bearings are shipped lubricated in
accordance with the applicable mlitary standard or drawing. Were no
lubrication is specified, the bearing will be shipped packed in ML-G 81322.
The date (nonth, vyear) of lubrication shall be marked on each bearing package.

4.7 Hardness. The conponent hardness is as specified on the applicable
mlitary standard or draw ng.

5. Performnce

5.1 Static load ratings. Static loads are |oads which are inposed on plain
spherical bearing while there is no relative motion between the bearing
conponents.

5.1.1 Static radial linit |oad. The static radial linit load is the maxi num
| oad which can be applied to the bearing and housing in direction A (see
figure 1) with a linted amount of permanent set as defined in the applicable
speci fication

5.1.2 Static radial ultimte load. The static radial ultimte load is 1.5
times the static radial linit load. After application of the static radial
ultimte load, there may be significant permanent deformation of the bearing
conponents .  There shall not, however, be any cracked or broken components.

5.1.3 Static axial linmt load. The static axial limt load is the maxinum

load that can be applied to the bearing and housing in direction B or C (see
figure 1) with a linited anount of permanent set as defined in the applicable
speci fication

5.1.4 Static axial ultimte load. The static axial ultimate load is 1.5 tines
the static axial linit load. After application of the static axial ultimate

| oad, there may be significant permanent deformation of the bearing conponents.
There shall not, however, be any cracked or broken components.

5.2 Dynanic (oscillating) load ratings. Dynanic |loads are |oads which are
inposed on a plain, spherical bearing while there is relative notion between
the the bearing conponents. Dynanmic load ratings as specified on the mlitary
standards are qualification loads used to devel op conparative data for bearing
performance, These bearings can be operated dynamically at loads up to the
specified linmt |oads;, however, the amount of wear developed will be affected
by the magnitude of the load and the oscillation angle. Wen operated

dynam cally, all-metal bearings should periodically experience reverse |oading
so that the lubricant is redistributed to the |oad zone to minimze wear.
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FIGURE 1. Static load ratings.
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Al RFRAME BEARI NGS, SPHERI CAL, LI NED

1. Scope

1.1 This requirement defines the characteristics and application of |ined,
plain, spherical bearings and lists the approved bearings in this category.

1.2 Application. Lined, plain, spherical bearings are used in applications
where it is necessary for the bearing to function w thout requiring
relubrication . The liner in the bearing provides a pernmanent source of |ow
friction lubricant and the bearings do not require relubrication throughout
their service life. The application of lined, plain, spherical bearings shall
be linmted to areas where the anbient tenperature does not exceed the range
from -65to +325°F. In addition, lined, plain, spherical bearings are not
recommended in applications where the service inposes severe inpact |oading or
continuous long-term high speed full rotation.

1.3 Qassification. Lined, plain, spherical bearings are classed according to
the race width. MS14101 and MS14104 define narrow series lined, plain,
spherical bearings, M514102 and M514103 define wide series lined, plain,

spherical bearings,

1.3.1 Materials. Lined , plain, spherical bearings as defined by the
applicable M5 Standards are supplied with an outer ring fabricated from 17-4 PH
stainless steel per AMB 5643. The standard (no identifier in part number)
lined , plain, spherical bearings as defined by the M5 Standards include a ball
fabricated from 440C stainless steel. \Were inproved corrosion resistance is
required , the MS bearings can be supplied with a PH 13-8M stainless steel

ball . This option is obtained by including the code letter “C' in the Part
nunber . These bearings include self-lubricating liners to reduce friction
within the bearing and do not require relubrication through their service life.
As this self-lubricating liner is expended, an increase in radial play will be
noti ced.

1.3.2 Tvpe. Two types of lined, plain, spherical bearings are available,
Type | lined, plain, spherical bearings include a fabric or filament-wound
l'iner of uniform thickness which is bonded to the ID of the outer ring. Type
[l lined, plain, spherical bearings incorporate a nolded conposition |iner.

1.3.3 Retention features. Two styles of lined, plain, spherical bearings are
available as defined on the applicable mlitary standards. These standards
include a style which incorporates a retention groove machined into the outer
ring faces for staking of the bearing into a chanfered housing, and a style
with a chanfered outer ring OD to be used where the retention device is
included in, or is part of the housing. Requirement 202 of this mlitary
standard describes specific bearing retention techniques in detail.

2. Documents applicable to requirenent 307
M L- B- 81819 Bearings, Plain, Self-Lubricating, Self-Lubricating, H gh-Speed

Gscillation

M L- B- 81820 Bearings, Plain, Self-Aligning, Self-Aligning, Low Speed
Cscillation

M514101 Bearing, Plain, Self-Lubricating, Self-Aligning, Low Speed,

Narrow, Gooved Quter Ring, -65°F to +325°F
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M514102 Bearing, Plain, Self-Lubricating, Self-Aligning, Low Speed,
Wde, Chanfered Quter Ring, -67°F to +325°F

MS14103 Bearing, Plain, Self-Lubricating, Self-Aligning, Low Speed,
Wde, Gooved Quter Ring, -65°F to +325°F

MS14104 Bearing, Plain, Self-Lubricating, Self-Aigning, Low Speed,
Narrow, Chanfered Quter Ring, -65°F to +325°F

AMS 5643 Steel Bearings, Forgings, Tubing and Rings, Corrosion Resistant
16Cr-4.ONi-0.30 (Cb-Ta)-4.0Cu (paragraph 1.3.1)

ANS| B46.1 Surface Texture, Surface Roughness, Waviness and Lay

3. General. A plain, spherical bearing is a machine elenment allowing a |oad

to be transnmitted from one structural nember into another. At the sane tine,
the bearing permts relative novement between the two structural mnenbers while
preventing separation and mninizing mechani cal damage or wear. A plain,
spherical bearing pernits rotational novement about its bore axis and

m sal ignment rotation about the two remaining axes.

4. Design requirenents

4.1 Qualification. Ms14101 through MS14104 bearings shall be used in

design and shall be procured from qualified manufacturers as required by
procurenent specifications.

4.2 Materials. The material is as listed on the applicable standard,

4.3 Design. Bearing design confornms to that specified on the applicable
mlitary standard or draw ng.

4.4 Dinensions and tolerances. Dinmensions and tol erances are as specified on
the applicable nmilitary standard or drawing. Dinensions not shown shall be at
the option of the manufacturer.

4.5 Surface texture. Surface texture is in accordance with the applicable
mlitary standards or drawing. Surface texture shall be neasured in accordance
with ANSI B46- 1.

4.6 Lubrication and tenperature. Lined, plain, spherical bearings are
permanently lubricated by a lowfriction liner included between the outer race
and ball. These bearings do not require relubrication. They are suitable for
operation in the tenperature range from -65°F to +325°F.

4.7 Hardness. The conponent hardness is as specified on the applicable
mlitary standard or draw ng.

5. Performance

5.1 Static load ratings. Static |oads are loads which are inposed on a plain,
spherical bearing while there is no relative notion between the bearing
conponents,

5.1.1 Static radial linit load. The static radial limt load is the maximm
| oad which can be applied to the bearing and housing in direction A (see
requirement 306, figure 306-1) with a limted anount of permanent set as
defined in the applicable specification.
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5.1.2 Static radial ultimte load. The static radial ultimate load is 1.5
times the static radial |imt load. After application of the static radial
ultimate load, there may be significant, permanent deformation of the bearing
components.  There shall not, however, be any cracked or broken conponents.

5.1.3 Static axial limt load The static axial limt load is the maxinum
load that can be applied to the bearing and housing in direction B or C (see
requi rement 306, figure 306-1), with a limted anmount of permanent set as
defined in the applicable specification.

5.1.4 Static axial ultimate load The static axial ultimte load is 1.5 tines
the static axial limt |oad. After application of this load, there may be
significant permanent deformation of the bearing conponents. There shall not,
however, be any cracked or broken conponents.

5.2 Dynanic (oscillating) load ratings. The dynanic load is a |oad applied to
the bearing (generally a radial load) while the bearing is functioning. During
dynam ¢ loading, the self-lubricating liner in the bearing will sustain wear as
it provides lubrication.

5.2.1 ML-B-81820 and M514101, MS 14102, MS14103, and M514104 define
oscillating loads (or dynanic loads) for those airframe bearings shown on the
M5 sheets. These dynamc loads are defined for test purposes only. Standard
dynam ¢ wear tests are included in ML-B-81820 which define the test conditions
for these qualification tests. The bearings can, however, be operated at other
| oads than those defined as “oscillating load” and up to the “radial limt

load” . Under the standard test conditions in MI|-P-81820, with no

contam nation, the bearing must not develop nore than .0045 |iner wear after
25,000 cycles. Higher loads will result in nore wear as will the presence of
cont ani nation

5.2.2 ML-B-81819 includes four (4) sets of wear test conditions for typical
helicopter rotor head applications. These test requirenents are not for
qualification purposes, but are to be used to conpare the performance of
potential |iner systens.

5.2.2.1 Because of the wide variety of operating conditions, it has not been
possible to standardize helicopter rotor head bearings. The four (4) sets of
test conditions in ML-B-81819 have been selected to blanket the total range of
expected applications and one (1) of those conditions should closely
approximate the actual requirements for any helicopter. Ideally, when a

desi gner begins defining his rotor head applications, he can select that test
condition which nmost closely approximtes his bearing size and operational
requirenents . Data for that test condition from several bearing manufacturers
will be available at the Naval Air Developnent Center. Upon request, he will
receive and can select the best candidate liners for his requirenents.
Additional qualification testing may be required to his specific conditions.

5.2.2.2 As with the airfrane bearings, increased |oads and the presence of

contam nating environnents will reduce the wear life of helicopter rotor head
beari ngs.
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CONTROL CABLE ASSEMBLY COMPONENTS

1. Scope. This requirenment establishes the approved terninals (fittings),
turnbucﬁl es, turnbuckle fittings and other conponents used directly with
mechani cal control cables or attached to control cables.

2. Docunents applicable to requirenent 601

ML-T-781 Terminal, Wre Rope, Swaging

M L- C- 5688 Cable Assenblies: Aircraft, Proof Testing and Restretching of

ML-T-6117 Termi nal - Cabl e Assenblies, Swaged Type

M L-T-8878 Turnbuckl es, Positive Locking

ML-C 16173 Corrosion-Preventive Conpound Solvent Cutback, Cola Application

M L- C- 83420 Wre Rope, Flexible, For Aircraft Control

AN 100 Thinble, Wre Cable

M L- STD- 143 Standards and Specifications, Oder of Preference For the
Selection O

M520658 Terminal, Wre Rope, Swaging, Fork End

MS20663 Ball End, Wre Rope, Swaging, Double Shank

M520664 Ball End, Wre Rope, Swaging, Single Shank

M520667 Terninal, Wre Rope, Swaging, Fork End

M520668 Termnal, Wre Rope, Swaging, Eye End

M521251 Turnbuckl e Body, Cip Locking

M521252 Cevis End, Turnbuckle, Cip Locking

M521253 Cevis End, Turnbuckle, Cip Locking (For Bearing)

MS21254 Eye End, Turnbuckle, dip Locking (For Pin)

MS21255 Eye End, Turnbuckle, Cip Locing (For Wre Rope)

M521256 Cip, Locking, Turnbuckle

M521259 Terminal, Wre Rope, Stud

M521260 Terminal, Wre Rope, Stud

MS51844 Sl eeve, Swaging Wre Rope

NAS 287 Terminal, Chain-to-Cable (For Swaging)

NAS 1435 Term nal; Strap, Cable (Eye End and Fork End)

3. Control cable attachments and terminal connections

3.1 Control cable. Control cable shall neet the requirenents of M L-W83420
as noted in requirenment 206.

3.2 Ceneral requirenents

3.2.1 Primary, secondary control systens, auxiliary cable system These itens
are defined in paragraph 3 Definitions, of the basic ML-STD 1599.

3.2.2 Ternminal types. Terminal types, as used herein, are used to
differentiate between swaged or crinped type termnals which may be used in
primary, secondary controls and auxiliary cable systens. Types | and IlI are
approved for all systems, type Il is approved secondary controls systems and
auxiliary cable systems, type IV is approved only auxiliary cable systems for
items renoved from aircraft before flight.
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3.2.3 Terminal attachment to cable. Al terminals (fittings) attached
directly to cable shall be by the swaging method for all systems except the
attachment of lanyards or sinmilar systems renoved from aircraft before flight.
The latter may be crinped type.

3.2.4 Approved parts. Al parts listed in paragraph 2 are approved within the
usage criteria specified herein. Use of these parts does not require subnittal

of approval requests per requirement 101.

3.3 Termnal (fittings). swaged. not threaded

3.3.1 Eve and fork tvpe (type I)

3.3.1.1 Material and configuration. The material, configuration, and quality
shall conformto ML-T-781 and Ms20658, Ms20667, or Ms20668.

3.3.1.2 Usage and attachment. Attachnment to the cable shall be by swaging in
accordance with ML-T-6117. These fittings shall not be swaged over the
cl addi ng of Lockel ad.

3.3.1.3 Strength. \Wen gripped by a pin through the eye or fork bores, cable
assenblies qust withstand the ultimate tensile strength of the cable. Al
requi rements of ML-T-781, ML-C- 5688, and ML-T-6117 nust be q et.

3.3.1.4 safetying. Wth respect to the swaged terminal attachnent to the
cable, no further safetying is necessary or pernitted.

3.3.2 Single and double shank ball ends (type | for ball. type Il with NAS
1435 strap)

3.3.2.1 Material and configuration The material, configuration, and quality
shal | conformto ML-T-781 and MS20663 or MS20664.

3.3.2.2 Usage and attachment. Attachnent to the cable shall be by swaging in
accordance with ML-T-6117. These fittings shall not be swaged over the
cladding of Lockclad. These fittings may be used with NAS 1435 straps termnal
on secondary control or auxiliary cable assenblies. These ball ends may be
installed into a slot of a conponent and retained by the configuration of the
slot or by a clevis pin and cotter pin or bolt and nut. The slot shall provide
that sufficient contact between ball and housing is made to carry ultimte
design load. The retaining pin shall carry no operating load. 1t is for the
purpose of retention in the slot only.

3.3.2.3 Strength. Cable assenblies with M520663 or MsS20664, with or without
the NAS 1435 strap, shall withstand the nininmum breaking strength of the cable.
Al requirements of ML-T-781, ML-C5688, and ML-T-6117 shall be net.

3.3.2.4 Safetying. Wth respect to the swaged ball end or NAS 1435 strap, no
further safetying is necessary or pernitted.
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3.3.3 Swaged ball, no shank (type | except as noted in 3.3.3.2)

3.3.3.1 Dinensions and configuration. The dinensions and configuration shall
conformto figure 601-1 and table 601-1. halls neeting the dimensional and
other requirements herein may be identified by airframe manufacturer or vendor
part nunbers and considered approved.

TABLE 601-1. Dinensions of

PLAIN BALL
B (after swaged) swaged ball.
/‘\(/_ no shank.
NS Y IS Cable Diameter,
)\/ inch B®
. 1/16 .19
la—>Measuring Point 3/32 25
For Assembly 1/8 .31
5/32 .38
3716 A4y
Material: Same as ML-T-781 for swaged 7/32 .50
termnal s 174 .57
9/32 .63
FI GURE 601-1. Configuration of swaged ball 5/16 .69
no shank. 3/8 .81

#See figure 601-1.

3.3.3.2 Usage and attachment. The swaged ball shall not be used as a termnal
end on a cable used in the primary or secondary control system It may be used
on primary or secondary control cables if swaged at some point between the
ternminals for purposes of actuating a linit switch, signal device, or simlar
application. It shall not be permtted to carry structural loads. The ball is
attached to the cable by the swaging nethod.

3.3.3.3 Strength. The ball shall hold no nore than 60 percent (with the
exception of the 3/64-inch size, or smaller, which is 46 percent) of the

m ni num breaking strength of the cable but shall not be used in a design
requiring its retention to be nore than 40 percent (30 percent for 3/64-inch
size or smaller) of the cable strength under any condition of functioning. The
ball shall be proof |oaded to 40 percent (30 percent for 3/64-inch size or
smal ler) of the cable strength for 100 percent of assenblies. The ball shall
not slip or deformat this |oad.

3.3.3.4 Safetying. Wth respect to the swaged ball attached to the cable, no
further safetying is necessary or pernitted.

3.3.4 Swaged plug (type I1).

3.3.4.1 Dimensions and configuration. The dinensions and configuration shall
conformto figure 601-2 and table 601-11. Plugs neeting the dinensional and
other requirements herein may be identified by airframe manufacturer or vendor
part nunbers and considered approved.
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Table 601-11. Dinensions of swaged

SHORT PLUG pl ug.
l__ L _,‘ D (after swaged) Cable Diameter, '

r inch L# D¥

t | SN 1716 .38 .25

* 3732 .50 .3

L_ Measuring Point ;;22 23 33

For Assembly 3/16 .15 .50

7/32 .88 .56

1/4 1.00 .63

Material:  Same as ML-T-781 for swaged 9/32 1.13 .69

termnal s 5/16 1.25 .75

3/8 1.56 .81

FIGURE 601-2. Configuration of swaged plug %See figure 601-2.

3.3.4.2 Usage and attachment. The swaged cylinder may be used for the same

applications as the swaged ball, no shank, and if thus used, must meet all the
requi rements of paragraph 3.3.3.2. It may also be used as an end terninal on
cables in auxiliary systems only, such as paratroop static lines. It shall not

be used as an end terminal on primary or secondary control cables. The plug is
attached to the cable by swaging.

3.3.4.3 Strength.  The swaged plug shall be capable of withstanding the
m ni num breaking strength of the cable and nust neet the requirements of
M L-C-5688 and ML-T-6117.

3.3.4.4 Safetying. Wth respect to the swaged plug attached to the cable, no
further safetying is necessary or pernitted.

5.3.5 Swaged terminal, cable to roller chain (typel)

3.3.5.1 Material and configuration. The material and configuration shall

conform to NAS 287.

3.3.5.2 Attachnent to cable. Attachment to the cable shall be by swaging in
accordance with ML-T-6117.

3.3.5.3 Strength. Cabl e assenblies with NAS 287 termnals nust wthstand the
ultimate breaking strength of the cable. Al requirements of ML-T-781,
ML- C-5688, and ML-T-6117 shall be net.

3.3.5.4 Safetying. Wth respect to the swaged terminal, no further safetying
is necessary or permtted.
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3.3.6 Swaged terminals for lockclad cable assenbl ies (type Il

3.3.6.1 Material and configuration. The terminal material shall be of
corrosion-resistant ferrous base capable of being swaged per ML-T-6117. The
configuration may be to the requirenments of the contractor identified by
contractor or termnal manufacturer’s part number. Detailed terninals shall be
subnitted for approval per requirenent 101.

3.3.6.2 Attachment. These terninals shall be swaged over the cladding of the
lockclad cable. Terninals swaged directly to the cable, even though the
assembly includes |ockclad, are not covered by this paragraph and shall meet
the requirements in the section of this requirement applicable to the specific
type termnal used. The end of the termnals covered by this paragraph which
are not swaged shall neet the requirements of the applicable section of this
requirement regarding connection and safetying. If the connection does not
resenbl e standard connections, the contractor may use his method provided it
meets the requirenents of paragraph 3.3.6.

3.3.6.3 Strength. Swaged terminals swaged over the cladding shall neet the
m ni num breaking strength of the base cable over which the cladding is applied
both in swaging and structural configuration of the terminal. Lockclad
assenblies shall meet the requirements of ML-C5688 and ML-T-6117.

3.3.6.4 Safetying. If the terminal mates with a turnbuckle, it shall be
capable of the clip lock safetying method and therefore safetied per the herein
approved turnbuckle assembly safetying practice. |If the terminal ends in an
eye, fork, or stud, safetying shall conply with the requirements for other
eyes, forks, or studs covered herein. If other configuration connections are
used, the contractor shall furnish a conpany standard for the safetying
procedure or define explicit requirements on the appropriate draw ngs for
safetying requirenments.

3.4 Ternminals (fittings). swaged and threaded

3.4.1 Swaged. thread for use with turnbuckles (type |)

3.4.1.1 Material and configuration. The material, configuration, and quality
shal | conformto ML-T-6117 and MsS21260.

3.4.1.2 Attachnment. Attachment to the cable shall be by swaging in accordance
with ML-T-781. These fittings shall not be swaged over the cladding of clad
cabl e.

3.4.1.3 Strength. Wen held by the terminal threads, cable assenblies shall
withstand the mninmum breaking strength of the cable. Al requirements of
ML-T-781, ML-C-5688, and ML-T-6117 shall be net.

3.4.1.4 gsafetying. Wth respect to the swaged terminal attached to the cable,
no further safetying is necessary or pernmitted. See paragraph 3.8.1,
“Turnbuckl e assembly”, for assenbly and safetying of turnbuckle assenblies.
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3.4.2 Swaged, threaded shank (type |

3.4.2.1 Material and configuration. The material, configuration, and quality
shal | conform to ML-T-6117 and Ms21259.

3.4.2.2 Usage and attachment. Attachnment to the cable shall be by swaging in
accordance with ML-T-781. These fitting shall not be swaged over the cladding
of clad cable. MS21259 shall not be used with turnbuckles. It may be used for
attachment to bell cranks or other conponents by running through a hole with an
approved self-locking nut on the opposite end. MS21259 shall not be threaded
into a closed-end tapped hole.

3.4.2.3 Strength. Wien held by the terminal threads, cable assenblies shall
withstand the nininmum breaking strength of the cable. Al requirenents of
ML-T-781, ML-C-5688, and ML-T-6117 shall be net.

3.4.2.4 Safetying. Wth respect to the swaged terminal attached to the cable,
no further safetying is necessary or permitted. The self-locking nut shall be
safety wired to the component through which the terninal passes in primary or
secondary control systems. A cotter pin or any method requiring a hole through
the terminal is not permtted. The self-locking nut may be safety wired in
auxiliary cable systems at the option of the design activity.

3.5 Turnbuckle assenbly conponents

3.5.1 Turnbuckle barrel (type 1)

3.5.1.1 Material and configuration. The material, configuration, and quality
shall conform to ML-T-8878 and MsS21251. Steel turnbuckles are not approved
for aircraft use.

3.5.1.2 Usage. The MsS21251 aluminum and brass turnbuckles are approved for
primary controls, secondary controls, and auxiliary cable assenblies. The
appropriate size turnbuckle shall be used for the applicable size cable as
noted on MsS21251.

3.5.1.3 Strength. The MsS21251 al uminum and brass turnbuckles shall withstand
the minimm breaking strength of the appropriate size cable. Size selection
shall be on this basis.

3.5.1.4 Safetying. M521256 shall be used. See requirenment 206.

3.5.2 Eve and fork fittings. threaded (type 1)

3.5.2.1 Material and configuration. The mterial, configuration, and quality
shal | conform to MS21253, Ms21254, MsS21255, or ML-T-8878 and MsS21252.

3.5.2.2 Usage. The appropriate size eye or fork shall be used for the
applicable size cable as noted on the M5 drawi ngs.

3.5.2.3 Strength. These fittings shall withstand the ultimate tensile
strength of the appropriate size cable. Size selection will be on this basis.

3.5.2.4 Safetying. See requirement 206.
601. 6



Downloaded from http://www.everyspec.com

M L- STD- 1599
REQUI REMENT 601
31 January 1980

FI GURE 601-3. Ball-end terminal quick disconnect.

-—::9

MC:&\;—/L

FI GURE 601-4. Turnbuckle type and swage type quick disconnects.
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3.6 Qick disconnects

3.6.1 Configuration. The configuration shall conformto figures 601-3 (type
1) and 601-4 (type |I) and shall conform to vendor products qualifed by
aerospace contractors to the requirements and to other applicable

consi derati ons.

3.6.2 Usage. See requirement 206, paragraph 3.1.4.5.

3.6.3 Strength. The quick disconnect nust be capable of withstanding the
m ni num breaking strength of the cable.

3.6.4 Safetying. Safetying is not required for ball-end termnal quick
disconnect. Use safety wire as shown for the turnbuckle-swaged terninal type
in figure 601-4.

3.7 Cable take-up links (type I)

3.7.1 Material and configuratjon. Cable take-up links shall consist of two
side plates of material and thickness in accordance with requirenents of this
standard with holes drilled in the side plates and shear bolts arid self-Iocking
nuts installed in two of the holes. Conpany standard or vendor part nunbers

g ay be used for the Iink assenbly. Shear bolts and nuts shall conply with the
requirements of this standard.

3.7.2 Usage and att achnent.  See requirenent 206.

3.7.3 Strength. The thickness of material of side plates and shear strength
of bolts shall be sufficient to withstand the nininmum breaking strength of the
size and material cable assenblies which shall be connected by the link
assenbl y.

3.7.4 Safetying. Safetying, in addition to self-locking fasteners, is at the
option of the contractor.

3.8 Connection and safetying of control cable assenblies

3.8.1 Turnbuckle assenbly
3.8.1.1 Assenbly procedure.  See requirenent 206.
3.8.1.2 Safetying. See requirenent 206.

3.8.2 Eve-to-fork. eye- or fork-to-structure assenbly

3.8.2.1 Assenbly procedure. Place eye in fork or clevis in structure or place
fork over lug in structure and insert self-retaining bolt and install a
castellated nut and cotter pin.

3.8.2.2 Safetying. No additional safetying is required for eye-to-eye-fork,
eye- or fork-to-structure assenbly.
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3.8.3 Assenbly of two Conplete |ockclad assenblies

3.8.3.1 Assenbly procedure. See paragraph 3.3.6.2.

3.8.3.2 Safetying See paragraph 3.3.6.4.

3.8.4 Quick disconnect. See paragraph 3.6.

3.8.5 (Cable take-up links.  See paragraph 3.7.

3.9 Auxiliary cable attachnents and term nations

3.9.1 Cable. See paragraphs 3.1 through 3.8.

3.9.2 Ceneral requirenents

3.9.2.1 Usage. Al conponents, nethods, and procedures in paragraphs 3.1
through 3.8 may be used for auxiliary cable systems.

3.10 Loop-type _conponents and assenmbly (type [V)

3.10.1 General requirement. Loop-type connections shall not be used in
primary controls, secondary controls, or auxiliary cable systenms. They may be
used for ball-lock, quick-release pins, streaners, and simlar applications.

3.10.2 Crinped sleeve (type IV

3.10.2.1 Material and configuration. Looping the cable around on AN100
thinble is recomended but not mandatory. The cable shall be |ooped as
required and MsS51844 sleeves installed by crinping with a crinping tool.

3.10.2.2 Usage and attachment. Crinped sleeves shall be used only in
auxiliary applications, such as streanmers for air intake scoops, where failure
will not create a safety hazard and parts are renoved before flight. Sleeve
shall be crinped over double section of cable after looping, utilizing vendor-
supplied tools.

3.10.2.3 Strength. The loop sleeve shall be capable of withstanding 80
percent of the mininum breaking of the cable. Note that the ANIOO will distort
at this load. The requirement of ML-C5688 and ML-T-6117 may be inposed at
the option of the design activity. Note that ultimte tensile failure as
specified in ML-T-6117 would be 80 percent of cable strength.

3.10.2.4 Safetying. Safetying of the cable loop, sleeve, or thinble is not
required. Safetying of the bolt is at the option of the design activity.
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4. Design, selection and approved callout. Only the parts listed in paragraph
2 are approved, except those parts defined within this document which are
designed per the details herein and are considered approved

regardl ess of designation by contractor. Al other parts required shall be
selected in accordance with ML-STD- 143 prior to request for customer approval.

5. Tooling. There are not specific tooling controls required in addition to
those necessary to neet the requirenents of specifications and standards or

del i neated herein.

6. Intended use and guidance criteria. Al suggestions are covered in
applicable areas herein or in requirenent 206.
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CONTROL RCODS

1. Scope. This requirement was established for the purpose of listing
approved rod assenblies and conponents for use in primry, secondary and
auxiliary controls systems. However, as of this issue of ML-STD-1599, there
are no standard rods or rod assenblies and a linmited nunber of standards for
components available for listing. Rod conponents listed are linmted to
safetying devices and rod end bearings. Other items shall be designed in
accordance with the requirements specified in requirement 207.

2. Docunments applicable to requirenent 602

NAS 513 Washer, Rod End Locking
NAS 1193 Locking Device, Positive Index

3. Control rod construction and conponents

3.1 Approved control rods. assenmblies and conponents

3.1.2 Control rod assenblies. Control rod assenblies shall conply with

requi rement 207.

3.1.3 Control rod conponents

3.1.3.1 Rod end bearings. Approved rod end bearings are those listed in
requi rement 308.

3.1.3.2 Rod safetving devices. Rod end bearings shall be safetied by the use
of NAS 513 or NAS 1193 | ocking devices.

3.1.3.3 Al other rod components. Al other rod conponents shall conply wth
requi rement 207.

3.1.4 Rod construction. Rods shall be constructed in accordance with the
requirements of requirenment 207, insofar as those criteria apply.

3.1.5 Rod assenblies. Rod assenblies shall be configured in accordance with
the requirements of requirement 207, insofar as those criteria apply.
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STANDARDIZAT!ON DOCUMENT IMPROVEMENT PROPOSAL

INSTRUCTIONS: This form is provnded to solicit beneficial comments which may improve this document and
enhance its use. DoD contractors, government activities, manufacturers, vendors, or other prospective users of

the document are invited to submit comments to the government. Fold on lines on reverse side, staple in corner,

and send to preparing activity. Attach any pertinent data which may be of use in improving this document. If
there are additional papers, attach to form and place both in an envelope addressed to preparing activity. A
response will be provided to the submitter, when name and address is provided, within 30 days indicating that
the 1426 was received and when any appropriate action on it will be completed.

NOTE: This form shall not be used to submit requests for waivers, deviations or clarification of specification
requirements on current contracts. Comments submitted on this form do not constitute or imply authorization

to waive any portion of the referenced document(s) or to amend contractual requirements.

DOCUMENT IDENTIFIER (Number) AND TlTLE

e~

L3725 S

NAME OF ORGANIZATION AND ADDRESS OF SUBMITTER

[ venoor [J user [T} MANUFACTURER

1.

B HAS ANY PART OF THE DOCUMENT CREATED PROBLEMS OR REQUIRED INTERPRETATION IN PROCUREMENT
USE? G IS ANY PART OF IT TOO RIGID, RESTRICTIVE, LOOSE OR AMBIGUOUS? FLEASE EXPLAIN BELOW.
8]

(v}

A ~ E 0ADANAD o
A. GIVEPARAGRAPH NUMBER AN

B. RECOMMENDED WORDING CHANGE

C. REASON FOR RECOMMENDED CHANGE(S)

o - vt ————

2. REMARKS

r—

DD ]426 PREVIOUS EDITION WILL BE USED.
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