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M LI TARY STANDARD
BEARI NGS, CONTRCL SYSTEM COMPONENTS, AND
ASSCCI ATED HARDWARE USED | N THE DESI GN
AND CONSTRUCTI ON OF AEROCSPACE MECHANI CAL
SYSTEMS AND SUBSYSTEMS
TO ALL HOLDERS OF M L-STD-1599:

1. REPLACE OR ADD THE FOLLON NG PAGCES TO M L- STD-1599:

NEW PAGES DATE SUPERSEDED PAGES DATE
v thru vi 7 Cct 82 v thru vi 31 Jan 80
202.1 thru 202.24 7 Cct 82 N A
301.1 thru 301.2 7 Cct 82 N A
302.1 7 Cct 82 N A
308.1 thru 308.3 7 Cct 82 N A

2. RETAIN TH'S NOTI CE AND | NSERT BEFORE TABLE OF CONTENTS.

3, Holders of ML-STD-1599 will verify that page changes and additions

i ndi cated above have been entered. This notice page will be retained as a
check sheet. This issuance, together with appended pages, is a separate
“publication. Each notice is to be retained by stocking points until the
Mlitary Standard is conpletely revised or cancelled.

Cust odi ans: Preparing activity:
Arny - AV Ar Force - 11
Navy - AS

Project 31GP-0014
Review activities:
DLA - IS
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SECTI ON 200 - GENERAL DESI GN REQUI REMENTS

Date of

Publ i cation Title Page

31 January 1980  Bearing Usage 1/ 201.1

7 Cctober 1982 Bearing Retention 202.1
* Conponent  Lubrication

31 January 1980 Bearing Safetying Practices 204.1
* Bal| Screw Usage

31 January 1980 Control Cable System 206.1

31 January 1980 Control Rod System 207.1

*
*
*

SECTION 3

Date of
Publication

7 Cctober 1982
7 Cctober 1982
31 January 1980

*
*

31 January 1980
31 January 1980

7 Cct gber 1982

*

*
*

BEARI NG

Push-Pul | Controls System

Shaft and Pressure Seal Usage

Uni versal Joints and Flexible Couplings
Lat ch Mechani sm Design

- Al RFRAME BEARI NGS

T|t|e Page

Airframe Bearings, Ball, 301.1
Antifriction

Airframe Bearings, Antifriction 302.1
Rol | er

Antifriction, Needle, including 303.1
Track Rollers

Antifriction, Mniature

Fluid Film

Spherical, All-netal 306. 1

Spherical, Non-metallic and 307.1
Non-rmetal l'ic Lined

Rod Ends 308.1

Journal and Bushings, All-netal

Journal and Bushings, Non-Metallic
and Non-netallic Lined

Linear Mtion, Antifriction
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RETAI NER RINGS. WASHERS. NUTS

Date of

Publication

*
*

not as yet published

Title Page

Ret ai ner Rings
Tab Washers, Nuts, and Locking Devices

1/ Due to the length of this requirenent, a table of contents is included for

conveni ence.
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BEARI NG RETENTI ON

1. Scope. This requirenent establishes engineering criteria and design
information relative to the installation and retention of bearings to
facilitate their proper airfrane usage (see requirenent 201). Included in the
text will be information concerning the various techniques for installing each
class of airframe bearings in the various housing materials which may be
encountered in an airframe. \Were applicable, this requirement wll also
present engineering criteria and design information relative to the renoval and
repl acement of airframe control bearings

2. Docunents applicable to requirement 202

QQ P-416 Plating, Cadmum (El ectrodeposited)

M L- A- 8625 Anodi ¢ Coatings, for Alumnum and A um num Alloys

M L- STD- 889 Dissimlar Mtals

M514101 Bearing, Plain, Self-Lubricating, Self-Aligning, Low
Speed, Narrow, Gooved Quter Ring, -65°F to 350°F

M514102 Bearing, Plain, Self-Lubricating, Self-Aigning,
Low Speed, Wde, Gooved Quter Ring, -67°F to 325°F

M514103 Bearing, Plain, Self-Lubricating, Self-Aligning,
Low Speed, Wde, Gooved Quter Ring, -65°F to 325°F

M514104 Bearing, Roller, Rod End, Internal Thread, Self-Aligning,
Low Speed, Narrow, Chanfered Quter Ring, -65°F to 325°F

M521220 Bearing, Roller, Rod End, Internal Thread, Self-Aligning,
Anti-Friction, Airframe, Heavy Duty, Type II, -67°F to
250°F, Seal ed

M521221 Bearing, Roller, Rod End, External Thread, Self-Aigning
Anti-Friction, Airframe, Heavy Duty, Type |, -67°F to
250°F

M521429 Bearing, Roller, Anti-Friction, Rod End, External Thread,
Self-Aligning, Arframe, -67°F to 350°F, Type |, Heavy
Duty, Sealed

M521431 Bearing, Roller, Self-Aigning, Single Row Anti-Friction,
Sealed, -65°F to 350°F, Type |

V521432 Bearing, Roller, Needle, Track Roller, Integral Stud, Type
VI1, Anti-Friction, Inch

M521438 Bearing, Roller, Needle, Single Row, Heavy Duty,
Self-Aligning, Type IIl, Anti-Friction, Inch, Sealed

M521439 Bearing, Roller, Needle, Double Row, Heavy Duty, Track
Rol ler, Type VI, Anti-Friction, Inch, Sealed

MS34461 Bearing, Roller, Needle, Single Row, Heavy Duty, Type I,
Anti-Friction, Inch

M524463 Bearing, Roller, Needle, Single Row, Heavy Duty,
Self-Aligning, Type IIl, Anti-Friction, Inch

M524464 Bearing, Roller, Needle, Double Row, Heavy Duty,
Self-Aligning, Type IV, Anti-Friction, Inch

M527640 Bearing, Ball, Airfranme, Anti-Friction, Heavy Duty,

M527641 Bearing, Ball, Airframe, Anti-Friction, Internediate Duty

M527642 Bearing, Ball, Airframe, Extra Light Duty

M527643 Bearing, Ball, Airframe, Anti-Friction, Self-Aligning,

Doubl e Row, Heavy Duty,

202.1
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V527644 Bearing, Ball, Airframe, Anti-Friction, Double Row, Heavy
D'ltyi

MS27645 Bearing, Ball, Airframe, Anti-Friction, Self-Aigning,
Light and Heavy Duty,

V527646 Bearing, Ball, Airframe, Anti-Friction, Extra Light Duty,

NS 27647 Bearing, Ball, Arframe, Anti-Friction, Extra Wde, Double
Row, Internediate Duty,

M527648 Bearing, Ball, Airframe, Anti-Friction, Externally Self-
Aligning, Extra Light Duty,

M527649 Bearing, Ball, Airframe, Anti-Friction, Internediate Duty,

M528912 Bearing, Roller, Self-Aigning, Single Row, Airfrane,
Anti-Friction, Sealed, Type |

M528913 Bearing, Roller, Self-Aigning, Double Row, Airfrane,
Anti-Friction, Sealed, Type Il

MS28914 Bearing, Roller, Self-Aligning, Double Row, Wde Inner
Ring, Airframe, Anti-Friction, Sealed, Type Il

M528915 Bearing, Roller, Self-Aigning, Double Row, Torque Tube
Airframe, Anti-Friction, Sealed, Type IV

3, Ceneral. A bearing is a machine elenent intended to permt a load to be

transmtted from one structural menber to another, while at the sane tinme

permtting relative novenent between the two structural menbers. [Incorrect

bearing installation and retention can result in a reduction in bearing useful
life, an increase in bearing operating torque, or irreparable damage to the
housing or bearing conponents. Proper installation and retention techniques
and processes shall be used to assure proper bearing performance. Regardless
of the type of bearing being installed, preinstallation precautions shall be
taken as fol | ows:

a. The installation area shall be clean so that contam nants do not conme into
contact with the bearing.

b. Assenbly tools and fixtures shall be maintained in good working condition.

c. Bearing shall be kept in their protective packaging until tine of
instal | ation.

d.  The housing bore shall be free fromall metal chips, filings, and other
foreign material

3.1 Corrosion considerations. Galvanic corrosion occurs when two dissimlar
materials are in contact in a nmedium capable of carrying electrical current.
Requirement 105 of this document describes the procedures for preventing
galvanic corrosion. In addition, table 202-1 of this requirement outlines sone
recommended treatnents

202. 2
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3.2 Hgh tenperature considerations - differences in expansion coefficient.
Expansi on coefficients of bearings, shafts, and housing naterials are, in many
cases, radically different and nust be carefully considered when mounting
bearings. Some typical ranges for expansion coefficients are shown in table
202-11. Figure 202-1 denpnstrates the expansion differences that occur when
bearings, housings, and shafts of different expansion characteristics are used
at elevated or cryogenic tenperatures. In many cases, the expansion
coefficient match determne the bearing material selection. The selection of
materials of simlar expansion characteristics of bearings, housings, and
shafts is preferable to using conplicated mechanical retention methods

Bearing, shaft, and housing materials can be divided into two classes according
to their expansion characteristics. In general, materials in the sane class
can be used together without expansion msmatch problems if bearing dianeters
are small, if operating tenperatures are not extreme, or if radial play
requirenents are not critical. Care nust also be used in selecting rolling

el ement materials which vary in expansion coefficient fromthe race materials.
A change in bearing radial play will be evident as the tenperature is raised or
|l owered.  Spherical bearings constructed of different ball and outer race
material s must also be provided with the proper radial play to conpensate for
expansion differences. The usefulness of the interference fit nmethod of
mounting for high tenperature bearings depends on the difference between the
expansi on coefficients of the bearing and the shaft or housing. The practica
maxi num that can be tolerated is a difference in expansion coefficient of
approximately 1.0 x 10°in/in/°F. This expansion difference could give a
relief of 0.0005/in of diameter to a press fit at an operating tenmperature of
600°F and 0.0018 at an operating tenperature of 1900°F.

4. Installation

4.1 Method of installation. Use the proper tools and procedures to install
bearings. Apply pressure only on the race of a bearing in contact with the
housing or shaft. Figure 202-2 shows proper methods of installing bearings

4.2 Shaft and housing fits - rolling element bearings

4.2.1 Proper fit of a rolling element (anti-friction) bearing is a critica
factor in bearing life. Mst bearings have sufficient internal clearance to
permt an interference on either shaft or housing. An interference fit in both
places may preload the bearing. A slight preload can inprove bearing
performance as it inproves the load distribution within the bearing while a

| arge preload could reduce bearing life.

4.2.2 Airframe ball and roller bearings (see requirements 301 and 302) are
customarily nmounted with a clearance fit between the shaft or pin and the bore
of the inner ring. Wth the exception of torque tube bearings (see requirenent
201, Bearing Usage), the outer ring is press fit into the housing and retained
in the axial direction by staking or other nechanical means. \Wen light alloy
housings are used, the axial restraint nechanism used becones extrenely
significant due to the difference in thermal properties between the bearing and
housing material s.

202. 3
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4.2.3 Press fit installation should be avoi ded when nounting either the inner
or outer rings of a torque tube bearing (see requirement 201, Bearing Usage) in
order to prevent an excessive bearing preload. A line-to-line or clearance fit
shoul d be used between the housing bore and bearing outer ring with suitable
axial restraint by staking or other mechanical neans.

4.2.4 In many airframe bearing applications, the shaft revolves (or
oscillates) and the housing remains stationary in relation to the direction of
the radial load. Recommended shaft and housing fits for this type of
application, for average operating conditions are shown in tables 202-111

t hrough 202-1X

4.2.5 The required fit of the inner ring on the shaft will vary with the
application and the service. In some series only housing fits are shown, as
the bearings listed do not require a precise fitting on the shaft.

4.2.6 Recomrmended housing fit varies with bearing series, and varies with
housing material within any series. Also both shaft and housing fits are
recommended for some series since these bearings have a w der range of
application than nost airframe bearings

4.2.7 Recommended housing bore tol erances shown in tables 202-111 and 202- VI
through 202-1X will usually result in satisfactory installation when used in
conjunction with the internal clearances shown in the bearing listings of the
mlitary standards shown in the requirement 302 for this type of bearing. The
final running fit, within a bearing of this nature, is dependent on many
factors, such as: the individual housing design, bearing internal clearance
housing material, operating tenperature and the amount of interference between
the bearing and the housing.

4.2.8 The outer ring sections of many annular bearings are thin enough to be
easily distorted during installation. The final shape of the bearings depends
largely on the roundness of the housing bores (see table 202-VI and 202-1X for
the recommended roundness of housing bores).

4.2.9 The normal fit-up practice for non-press or loose fits, between an
anti-friction roller bearing and housing requires that the tolerance range for
the bearing O D. be on the minus side of the nomnal dianeter and that the

tol erance range for the bearing O.D. be on the minus side of the nomna
diameter and that the tolerance range for the housing bore be on the plus side
of the nomnal diameter. Thus, the resulting fit-up range is line-to-line to
slightly | oose

4.3 Shrink fits (anti-friction bearings)

4.3.1 A bearing may be installed by cooling or heating so that the therma
contraction or expansion permts assenbly without metal-to-metal interference
When the asenbly returns to room tenperature, the desired interference is
obtained. In general, airfrane bearings can be heated to +250°F safely and in
many cases to +350°F

202. 4
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4.3.2 High tenperature bearings can usually be heated to at |east 600°F

wi thout damage if no lubricants are present. A dry ice and nethanol bath is
capable of chilling parts to -120°F, but suitable ventilation nmust be used
Liquid nitrogen is the preferred cool ant when available and is capable of
providing tenperatures to -320°F. Deep freezing may be prohibited by some
manufacturers as it can affect the crystalline structure of sone steels.

4. 3.3 Wen using high tenperatures to cause thermal expansion to permt
bearing installation, it nust be remenbered that the tenperatures may effect
the heat treat condition of the bearing shaft or housing.

CAUTI ON

A. Do not use force or inpact to conplete or correct an inproper
installation after the bushing or bearing has warnmed sufficiently to
create an appreciable interference

B. Do not reuse a bearing or bushing which has been installed with a
shrink fit and then has been forcibly renoved.

4.3.4 Many of the materials used for high tenperature bearings, shafts, and
housings are nickle-based alloys which tend to gall readily either in making a
press fit or in renmoval of the bearing. Wen press-fits are nade, the fact
that MS, oxidizes to MO,when exposed to tenperatures over 7500 should be
remenbered.  This oxide occupies a |arger volunme than the original MS,and may
tend to jamthe mating parts. Gaphite is the preferable |ubricant when
operating tenperatures are over 750°. In designing shrink fits for high
tenperature bearings, there is a tendency to specify very tight fits at room
tenperature in order to overcome the effects of varied expansion coefficients
and high operating tenperature. This may stress the housing past its elastic
limt or bind the bearing so that it will not turn freely at room tenperature.
Housing fits suitable for steel housings and shafts at normal tenperatures can
be used as a basis for computing dinensions necessary, at installation
tenperatures, to obtain correct fits at elevated or |ow tenperatures.

4.4 Shaft and housing fits plain bearings). The housing bore fit should be
fromline-to-line to .001 inch loose to prevent lock-up or bind. In order to
obtain this fit, the housing bore shall be equal to the bearing outside
di ameter plus .0005 inch. Plated or anodized housings may require secondary
machining. The pin fit should be fromline-to-line to .0030 inch |oose

5. Bearing retention

5.1 Methods. Exanples of axial retention nmethods for bearings on the shaft
are shaft shoul ders, interference fits, and nuts holding the bearing against a
shaft shoulder. This last method is not advised in heavily |oaded airfrane
bearing applications due to weakening of the shaft by the threads. Shaft

shoul ders should be provided with a fillet (generally undercut) at their base
conpatible with the chanfer or radius on the bearing bore. Axial retention of
the bearing in the housing can be acconplished by one of the nethods listed in
tabl e 202-X, which shows the advantages of each method.

202.5
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Expansi on classes of materials.

BEARING MATERIALS

SHAFT MATERIALS

HOUSING MATERIALS

Low Expansion Class (4.5 x 10

6 to 6.2 X

10”° in/in/°F

Stainless steels
Tool steels

400 Series SS
Los alloy steels

MoS.,-metal compacts
Titanium alloys

Stainless steels
Tool steels
400 Series SS

Titanium alloys

Stainless steels
400 Series SS

Titanium alloys

High Expansion Class (6.2 x 10-6 to 15 x 10 ° in/in/°F
A-286 A-286 A-286
Rene 41 Rene 41 Rene 41
Stellites, 3,19 & 25| Other super-alloys

M-252

Waspaloy

Inconels Inconels Inconels
Other super-alloys

Aluminum Aluminum
Magnesium Magnesium
Copper Based Alloys (Bearing Material Only)

. -6 . . 4,0
Beryllium copper 9.5 x 10_, in/in/_F
Aluminum bronze 9.5 x 10_2 in/in/ F
Aluminum nickel bronze 9.0 x 10_¢ in/in/_F
Aluminum silicon bronze 10.0 x 10 in/in/"F

NOTE :

202. 7
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Figure 202-1. Expansion difference between bearings, shafts, and housings.
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Figure 202-2. Method of installation.
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Table 202-111. Recommend shaft and housing bore tolerance limts
airframe needle roller bearings M24461 (NBC):
M524463 (NBE) ; MS24464 (NBK)
Deviations in 0.0001 Inch
Housing Bore Shaft Diameter
g:::ii:r Deviation From D Bore Deviarion from d
D Transition Fit | Transition Fit d Transition Fit ransiticn Fit
(Inches) (Tight Range) (Loose Range) (Inches) (Loose Range) (Tight Range)
Over Incl Low High | Low High Over Incl High Low | High Low
0.6250 | 1.2500 -8 -3 -1 +4 0.1250 }11.C000 -6 -11 +2 -3
1.2500 | 2.0000 -9 -3 -1 +5 1.0000 [ 1.7500 -6 -12 +3 -3
2,0000 | 3.0000] -12 -4 -1 +7 1.7500{ 3.0000 -6 -13 +3 -4
3.0000 | 6.0000| -15 -5 -2 +8 3.0000 | 4.0000 -6 -14 +4 -4
44,0000 | 5.0000 -6 -15 +4 -5

The tight range shaft diameters and the tight range housing bore should not be
used in conjunction as all radial clearance in the bearing may be renoved.

For clanping surface diameters see applicable M5

202. 10
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airframe
pe

Deviations in 0.0001 inch

SHAFT DIAMETER
DEVIATION FROM
BORE TRANSITION FIT TRANSITION FIT
(LOOSE RANGE) (TIGHT RANGE)
(inches)
OVER INCL HIGH LOW HIGH LOW
0.1250 1.0000 -6 -11 +2 -3
1.0000 1.7500 -6 -12 +3 -3
1.7500 3.0000 -6 -13 +3 -4
For clanping surface diameters see applicable M5
Table 202-V. Recommended nounting dimensions, airfranme
needle roll er bearings, track roller, stud type
(M521432 (HRS)
imensions in inches
CLAMPING
TORQUEL/ | BRACKET MOUNTING
HOUSING BORE INCH- SHOULDER OVERHANG FILLET
BEARING POUNDS DIAMETER SPACE2/ RADILUS
NUMBER LOW HIGH MAX MIN MIN MAX
HRS1C 0.1900 | 0.1905 8 0.297 0.313 0.010
HRS2C 0.2500 | 0.2505 20 0.359 0.313 0.010
HRS3C 0.3120 | 0.3125 43 0.422 0.376 0.010
HRS4C 0.3750 10.3755 55 0.500 0.501 0.025
HRS4C 0.4370 |0.4375 150 0.562 0.563 0.025
HRS6C 0.5000 | 0.5005 205 0.625 0.688 0.040
1/ Add 0.050 inch when the HRSICF or the HRS2CF versions are used.
2/ Clamping torque based on lubricated threads.

202. 11
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Tabl e 202-VI. Recommended shaft and housing tol erance, airframe roller
bearings. other than torque tube type M528914 M528913 (DAS):

MS21431 (SA): MS21220*(SF) . MS21221*(SM: M521429* (DM .

RECOMMENDED HOUSING BORE TOLERANCE

Limits in 0.0001 inch

OUTSIDE
DIAMETER DEVIATION FROM D
D

(inches) STEEL LIGHT ALLOY ROUNDNESS
OVER INCL Low HIGH LOoW HIGH (TIR)
-- 2 -5 -10 -9 -14 4
2 4 -7 =14 -11 -18 5
4 7 -10 -20 -14 =24 6

RECOMMENDED SHAFT TOLERANCE

BORE
d SHAFT DIAMETER
(inch) DEVIATION FROM d

OVER INCL LOW HIGH

[
=r

-~ 2 -10 -5

* Shaft fit only

HOUSING BORE TOLERANCE AND ROUNDNESS (IN INCHES)
FOR ANNULAR OUTER RING ROLLER BEARINGS

BEARING HOUSING BORE
STYLE OUTSIDE DIAMETER TOLERANCES* Roundness
Over Incl. Steel Light Alloy (T.LR.)
1 0009
—.0005 —.
..... 2.0000 5018 0014 .0004
Other Than J s mmn —.0007 —.0011 AR
Torque Tube 2.0000 4.U0uV _W __6‘0_1§ WUUUU
Type
—.0010 —.0014
4.0000 7.0000 __ 9020 __ 0024 .0006
- +.0008 +.0006
..... 2.0000 — D000 —_ 0000 .0004
.0008 +-.0007
= 2.0000 4.0000 M SRR AOAL .0005
Torque —.060U —.UUGU
Tube Type
(DAT Series) +.0010 +.0008
4.0000 7.0000 0000 — 0000 .0006
+.0011 +.0009
7.0000 10.0000 0000 —_ 0000 .0007

* These tolerances should be applied to the nominal bearing O.D.
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Recormended shaft and housing fits for mounting
MS27642 (KP-B, & MK-B);

M L- STD- 1599

REQU REVENT 202

7 Cctober

M527644 (B500 & MB-500).

1982

MB27648 (KP-BS & MKP-BS);

Dimensions in inches

FOR STEEL SHAFTS

MOUSING FITS

BEARING BEARING BORE SHAFY 0.0, RESULTING HIT BEARING 0.D. HOUSING RORE RESULTING AIT
KUMBER MAX, MIN. MAX. MIN. TIGHT LOOSE MAX. MIN. MAX. MIN. LOOSE TIGHT
KP168 10000 09995 09995 09930 00000 00010 | 17500 17490 17516 17500 00020 00000
KP16BS 1.0000 09995 09995 09930 00000 00010 18375 18365 19385 18375 00020 00000
KP21B 13130 13120 13120 13110 00000 00020 | 20625 20615 20635 20625 00020 00000
KP2163 13130 13120 13120 1310 00000 00020 | 22500 22490 22510 22500 00020 00000
KP23B 14380 14370 14370 14350 00000 00020 2.1875 2.1865 21885 21875 00020 00000
KP2368 14380 14370 14310 14360 00000 00020 | 2370 23740 23760 23750 00020 00000
KP25R 16630 15620 15620 15610 00000 00020 | 23125 2315 23135 23125 00020 00000
KP2585 15630 15620 15620 15610 00000 00020 | 25000 24930 25010 25000 00020 00000
KP238 18130 18120 1.8120 18110 00000 00020 2.5625 25615 25635 25625 00020 00000
KP2903 18130 18120 18120 18110 00000 00020 | 27500 27438 27510 27500 00020 00000
KP330 20630 20620 20620 20610 00000 00020 | 28125 28115 28135 28125 00020 00000
KP338$ 20630 20620 20620 20610 00000 00020 | 30000 29980 30010 30000 00020 00000
Kr378 23130 23120 23120 23110 00000 00020 | 30625 30615 30635 30625 00020 00620
KP318S 2.3130 23120 23120 23110 00000 00020 32500 32430 32510 32500 00020 00000
KP478 29380 29370 29370 29350 00000 00020 | 38750 38740 38760 48750 00020 00000
KP4 78S 29380 29370 28370 29360 00000 00020 | 41250 41240 41260 41250 00020 00000
KP48BS 30000 29990 29990 29980 00000 00020 47500 42490 42510 42500 00020 00000
KPagn 30630 30620 30620 30610 00000 00020 | 40000 39990 40010 40000 00020  009CO
KP430s 30630 30620 30620 30610 00000 00020 | 42500 42490 42510 42500 00020 00000
8538 06257 06243 06243 06233 00000 00024 1.0625 10615 1.0635 10625 00020 00000
8539 017507 07493 07493 07483 00000 00024 11875 1.1865 1.1885 11875 00020 00000
8540 08157 06743 08743 08133 00000 00024 13125 13115 13135 1.3125 00020 00000
8541 10632 10618 10618 10608 00000 00024 | 15000 14990 15010 15000 00020  0.0000
B542 1.3132 13118 13118 13108 00000 00024 17500 1.7490 1.7510 1.7500 00020 00000
8543 15632 15618 15618 14608 00000 00024 20000 19990 20010 72 0000 00070 0 00ng
8544 18135 18115 18115 18105 00000 00030 | 22500 22485 22510 22500 00025 00000
B545 20635 20615 20615 20505 0.0000 00030 26250 26235 26260 26250 00025 00000
8546 23135 2315 23115 23105 00000 00030 | 28150 28135 28760  28J50 00025 00000
For M Series use sanme shaft O D. and housing bore dinensions
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Recommended housing fits for nmounting AWAK

DPP,

series Ms28912

( DSRP&CDSRP) .

DSP, DSRP, GDSRP, DW_ KP, KP-A KSP and P

MB27647

(DN GDW MDW

MS27641 (DP-A,_ MKP-A):

M527640 ( KP&WKP) .

M527645 (KSP&MKSP) .

STEEL HOUSING

DURAL OR MAGNESIUM HOUSING

BEARING NUMBER
" BIARING 0D HOUSING BORE RESULTING 1iT HOUSING BORE RESULTING FIT
DSPm
(G)DSRP KP MIN. MAX.
DPP, bW KP-A KSP P AW.AK MAX. MIN MAX. MIN LOOSE TIGHY MAX. AIN. TIGHT TIGHT
DW4K2 KPIAm KSPIL AW3AK 06250 06245 ( 06245 06240 | 00000 DO0I0 | 06243 06238 § 00092 00012
DWd 4 KPSA KSP4A AWAAK 07500 07495 ) 07495 07430 | 00000 00010 | 07493 07488 | 03002 00012
DPP3 KP3 KSP3 —_ 07774 0769 | 0789 07764 | 00000 00010 | 07767 07762 | 00302 00012
- KPGA KSPSA AWSAK 08125 081201 08!20 08118 00000 QOQtO } 08118 QBII3 } 00002 00012
bW5 KP6A KSPGA P4K s 08750 087451 08745 08740 | 00000 0QO0OIC | 08743 08738 | 00002
DPP4(GID KP4 KSP4 —_ 09014 09009 | 09003 09004 | 00000 0OQID | OS007 09032 | 0OOOZ 0OG3IZ
—_ — —_— PUSK 09375 09370 | 09370 09385 | 00000 0000 | 09368 09363 | 00002 00012
DW6 — —_ — 10625 10620 10620 106151 00000 00010 ! 10618 10u13 | 00002 QQ012
—_ KPBA —_ AVIBAK 11250 11245 1.124% 1.1240 | 00000 GOQIG | 11243 11238 | 00002 00012
— —_ —_ PIOK 1.1875 11870 11870 11865 | 00006 00010 | 11863 11863 | 00002 00012
OPPS(GID KPS KSPS - 12500 12495 12495 12490 | 00000 00010 12493 12458 | 00002 00012
—_ KP10A — AWI10AK 1.3750 1.3745 1.3745 1.3740 | 00000 00010 13743 13138 | 00002 00012
PP —_ — — 14315 14370 14370 14365 | 00000 00010 14368 14363 | 00002 Q002
DWB(GID  KPé KSPG — 14375 14370 14370 14365 | 00000 00010 14368 14363 | 00602 00012
- KP12A — AW12AK 16250 16245 16245 16240 | 00000 00010 | 16243 16238 | 060002 00012
DPPBICID  KP3 KSP8 P8 16875 16870 16870 16865 | 00000 00010 | 2.6868 16863 | 00002 00012
OPPIOIGH  KPIO KSP10 — 19375 19370 1 19370 19385 | 00200 00010 | 1.993s 19363 ) 00002 00012
- KP1GA — AW16AK2Z 20000 19935 19995 15290 | 00000 00010 | 1.999¢ 19988 | 00C07 00012
— KP20A — AWZ0AK 27500 22455 | 27485 72480 | OOOGG  GOOID j 2.24e3 272488 § 00002 0OGIZ
For M Sceries uso same housing bore dimonsions.
(M) Use its shown for DPP Series  (2) And K3L (3) And KP3AK  (4) Aiso DW4.3 and DW4K (5 And PSK 181 Also KP4K
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Tabl e 202-1X. Recomrended shaft and housing tol erance, airfrane
roller bearing - torque tube type MS28915 (DaT).

RECOMMENDED HOUSING BORE TOLERANCE

Limits in 0.0001 inch

OUTSIDE
DIAMETER DEVIATION FROM D
D
(INCH)
STEEL LIGHT ALLOY ROUNDNESS
OVER INCL. LOW HIGH LOW HIGH (TIR)
-- 2 0 +8 0 +6 4
2 4 0 +9 0 +7 5
4 7 0 +10 0 +8 6

RECOMMENDED SHAFT

TOLERANCE
BORE
d SHAFT DIAMETER
(inch) DEVIATION FROM d
OVER INCL LOW HIGH
- 1 -10 -5
1 2 -13 -8
2 4 -16 -11
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5.1.1 Bolted plate. Can be used with a shoulder in the housing to hold a
bearing against thrust loads in either direction. This nmethod can be used when
an interference fit is not desired. Disadvantages are the required bolt holes
and added wei ght and space requirenents (see figure 202-3).

5.1.2 Anvil or roller staked bearing outer race. This nethod is used where
the outer race is soft enough (RC24-36) to be deformed over a chanfer machined
in the housing. The outer race has a special groove to facilitate operation
This method does not harm housing and permts unlinited replacement of
bearings. This method shall not be used with anti-friction bearings (see
figure 202-4).

G oove depth Anvil staking force Push-out force
- (steel) (steel)
. 030 17,400 3,000
. 040 18, 200 3,475
. 060 26, 400 3,750
Lbs. x Goove dia. Lbs. x Bearing OD
Groove depth Anvil staking force Push-out force
(Al 'um num bronze> (A unmi num bronze)
. 030 7,200 1,200
. 040 7,500 1, 400
. 060 11,000 1,550
Lbs. x Goove dia. Lbs. x Bearing OD

5.1.3 Sleeve-staked or swaged. Full or split sleeve of alumnumis placed
bet ween bearings and enl arged bore of housing. Swaging the extended part of
sl eeve provides axial retention and radial tightness (see figure 202-5).

5.1.4 Roller swaged housing. Bearing housing is deforned by swaging rollers

(surface speed of 40 to 150 ft/nin% so that a section of the housing is forced
into the chanfer on the edges of the bearing outer race (see figure 202-6).

5.1.5 Segnent staked housing. A smaller ball or point, or a line die is

pushed into the housing near the edge of the bearing, forcing the metal into
the recess formed by the chanfer on the edge of the bearing and of the housing.

This method is usually used with an interference fit of the bearing into the
Eous!ng (see figure 202-7), and is the preferred nethod for anti-friction
earings.

NOTE . For groove staked bearing, the housing width and tolerance is the same
as the outer race width and tolerance. For 3/16 to 7/16 bore bearings
the chanfer depth is .020/.025 x 45°. For all larger bearings the
chanfer depth is .040/.045 x 45°.

CAUTI ON
The preceding four retention nmethods require deformation of the

bearing race or housing, and if inproperly performed, they can
damage the bearing conponents
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5.1.6 Adhesive bonding. The bearing may be placed agai nst a shoulder in the
housing. This nethod requires a clearance between the bearing and housing to
establish a proper “bond line” thickness. Ri gorous cleaning of the surface is
essential. Several adhesive conponents are avail able. Anaerobic and epoxies
are the nost commonly used. If heat cured epoxies are used with alum num
bearings or housings, care nust be taken to assure that the tenper of the
alumnum is not affected

5.1.7 Threaded ring. This retention technique requires a specially designed
bearing with a flange at one race face to accommpdate a threaded retention ring
(see figure 202-8).

5.2 Proof testing. Most of the retention systens require netal deformation.
If the staking is not done correctly, the retention capability may not be
adequat e. In cases where loss of retention strength may result in a
catastrophic loss of a system it nay be desirable to performa proof test on
the staked bearing assenbly. Proof tests should be perfornmed at the design
load for the assenmbly. The |oad should be maintained | ong enough so that any
axi al novenent between the bearing and its housing ceases. Axial novenent
generally is acceptable if kept within prescribed limts dictated by the
application. This is the preferred nethod for anvil staked bearings. This
technique may al so be required for arbor staked bearings in critica
appl i cations.

5.3 Staking inspection. Wen properly installed, bearings which have had the
outer race roller staked over a housing chanfer shall exhibit the follow ng
characteristics:

a. Any gap between the bearing s staked lip and housing chanfer shall not
exceed .005 inches (see figure 202-9).

b. The bearing' s staked lips shall not exhibit cracks in the material. Thi s
includes a crack through the staked lip, a partial crack not through the Ilip,
or a circunferential crack on the staked |ip (see figure 202-10).

It is recommended that an illum nated magni fying glass or other suitable
equi prent be used when inspecting for these characteristics.

c. The bearing's staked lip shall not exhibit deeply scratched, gouged, or
score marks on the inner side or unstaked side of the bearing staking groove
(see figure 202-11).

d. The bearing’s staked lip shall not be over-staked, that is, the staking lip
shall not be feathered to a knife edge beyond the face of the housing (see
fiqure 202-12).

e. CGouges, chips and dirt in the bearing's staked |lip are not acceptable.

Mnor jnpressions or contaminants, such as dust, in the bearing's staked lip
are acceptable.
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6. Bearing renoval _and replacenent

6.1 Wen a bearing has been retained in its housing by any of the techniques
that require bearing or sleeve staking, renoval of the deformed netal will be
required before the bearing can be renoved fromthe housing. This machining
operawion must be performed carefully so that excess material will not be
removed.

6.2 When a bearing is pushed out of the housing, it may score the I.D. The
degree of scoring will be determned by the interference conditions which exist
and by the adequacy of removal of the staked netal

6.3 In many instances, the scoring in the housing could result in fatigue
probl ens and cannot be tolerated

6.4 In cases where a bearing is assembled into its housing with clearance, the

scoring will, in all probability, be g inor and need only be removed by brush
honing or polishing. The material removed should not increase the housing bore
beyond the original blueprint requirements. |f the scoring cannot be renoved

wi thout causing the bore to go out of the original tolerance, the bore nust be
remachined to a new size, and either a special bearing nust be refabricated to
fit the new bore, or a staking ring should be installed with the bearing.
Plating or hard anodize can also be used to restore the housing di mension

When polishing or re-machining chanfered housings, care nust be taken to
preserve the sharp edge at the bottom of the chanfer. The retention strength
of the staked bearing is dependent upon these chanfers being sharp enough to
“bite into" the staked bearing race. \Wen an interrupted housing stake is
used, it will be necessary to index the staking tool, so that during bearing
repl acement only virgin housing material will be staked.

6.5 Individual conpany policy may require MRB approval of any housing rework.
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Table 202-X.  Advantages of various bearing retention nethods.
ANVIL OR
ROLLER STAKED SLEEVE- ROLLER BALL POINT/
BOLTED | BEARING OUTER | STAKED OR SWAGED LINE STAKED |ADHESIVE
PLATE RACE SWAGED HOUSING HOUSING BONDING
Added space and
weight High None Oversized None None None
bore
needed
Effect on bear-
ing internal
clearance None None None High Irregular None
Retention
capabilities High Medium Staked- Medium Low High
medium
Swaged
high
Introduction of
residual stress
in housing Low None None High High None
Can replacement
damage housing No No No Yes Yes No
Possible no.
of bearing No No No Three or No
replacements Limit Limit ! Limit None more Limit
Ease of
installation Good Fair Fair Poor Good Poor
S
|
("F’+‘ﬁ"\ Y T Y

E——

[ ] [ ]
) )
& \—/

| l

q/

Figure 202-3.

Bolted plate.
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Before Staking
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}{ousing7

Housing |
—AnS
Staking ‘
Groove Bearing
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5
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: \ | ]
____ Uniform ff
Pressure
Anvil Staking A
Grooved Bearing
Figure 202-4.

Stake Tool
]
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After Staking

7

race.
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Before Swaging After Swaging

Housing Z{.
Aluminum Bearing

Sleeve

Figure 202-5. Sleeve staked or swaged.

-l’\-q —fh

— e —
I Swaging
~—Tool
\ /'

o

Before Apply Grease
Swaging  ( i y/ to Prevent
S 11in
T T Ga &

L ]

NOTE : Both sides may also be roller staked
Figure 202-6. Roller swaged housing.
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N

Ball or Point
h\\\\\ Stake Impressions

©)

-

Y\

Line Stake
Impressions

71

RS

Figure 202-7. Segment staked housing.
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7 H T

&

L 1 11l 1011 11

v/ L N

Threaded Race Bearing

NOTE:  The flange and nut configurations are optional and need not be as shown.

Figure 202-8. Threaded rina.
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Figure 202-9. Gap between staked lip and housing chanfer.

%-ﬂ

Figure 202-10. Cracks in staked lips.

A,
%M“
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Figure 202-11. Scratched. gouged or score marks on staking groove.

-/
~/\

Figure 202-12. Qver-staking.
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Al RFRAME BEARI NGS, BALL, ANTI-FRICTION

L. Scope

1.1 This requirenent establishes engineering criteria and requirenments for the
sel ection and application of rolling el ement anti-friction ball bearings for
aerospace systens.

1.2 dassification. Anti-friction ball bearings covered by this requirenent
are of the followng classes:

a. Extra light duty

b. Internmediate duty

¢. Heavy duty

d. Double row

e. Double row, self-aligning
f. Extra wde

. Single row

%. Single row, self-aligning

2. Docunents applicable to requirement 301

M L- B- 7949 Bearing, Ball, Arframe, Anti-Friction

M521428 Bearing, Ball, Airframe, Anti-Friction, Extra Light Duty
Precision

M527640 Bearing, Ball, Airframe, Anti-Friction, Heavy Duty

M527641 Bearing, Ball, Airframe, Anti-Friction, Heavy Duty, Internediate
Duty

M527642 Bearing, Ball, Arframe, Extra Light Duty

M527643 Bearing, Ball, Airframe, Anti-Friction, Self-Aligning, Double
Row, Heavy Duty

M527644 Bearing, Ball, Airframe, Anti-Friction, Double Row, Heavy Duty

M527645 Bearing, Ball, Airframe, Anti-Friction, Self-Aligning, Light and
Heavy Duty

M527646 Bearing, Ball, Airframe, Anti-Friction, Extra Light Duty

M527647 Bearing, Ball, Airframe, Anti-Friction, Extra Wde, Double Row,
Internediate Duty

M527648 Bearing, Ball, Airframe, Anti-Friction, Externally
Sel f-Aligning, Extra Light Duty

M527649 Bearing, Ball, Airframe, Anti-Friction, Internediate Duty

3, Ceneral. Anti-friction ball bearings are used throughout airfranme systens
in many different types of applications and environmental conditions. For
selection and usage guidelines, see requirement 201. For shaft, housing, and
installation, see requirement 202.

4. Requirenent

4.1 (Qualification. Anti-friction ball bearings defined under this requirenent
shal | be products which are qualified for listing on the applicable qualified
products list of M L-B-7949.
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4.2 Desire and construction. These bearings conformto the requirenents of
ML-B-7949, Ms21428, Ms27640, MS27641, MsS27642, MS27643, MB27644, MS27645,
MS27646, MS27647, MS27648, and MS27649

4.3 Perfornance

4,3.1. Radial limt load rating. These bearings have a mnimumlimt |oad
rating as specified on the applicable M5

4,.3.2 Radial fracture | oad. The minimumstatic fracture load is not |ess than
1 1/2 times the radial limt load value specified on the applicable M

4.3.3 Axial limt load rating. These bearings have a mninumlimt |oad
rating as specified on the applicable M

4.3.4 Axial fracture load. The mninumaxial fracture load is not |ess than
1 1/2 times the axial limt load values specified on the applicable M

4.3.5 Radial dynanmic load rating

4.3.5.1 These bearings have a radial dynamc load rating, at 250°F, as
specified on the applicable M5 for an average Iife of 10,000 cycles when
oscillated through an arc of 90°F

4.3.5.2 These bearings have a radial dynamc load rating, at 350°F, of not

| ess than 80 percent of the value specified on the applicable M5 for an average
life of 10,000 cycles when oscillated through an arc of 90°F.
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Al RFRAME BEARI NGS, ANTI - FRI CTI ON ROLLER
1. Scope. This requirenment establishes engineering criteria and requirenents
for The selection and application of self-aligning, anti-friction sealed,
airframe roller bearings for aerospace systens.

2.  Docunents applicable to requirenment 302

M L- B- 8914 Bearings, Roller, Self-Aligning Airframe, Anti-Friction

M528912 Bearings, Roller, Self-Aligning, Single Row, Arfrane,
Anti-Friction, Sealed, Type |

M528913 Bearings, Roller, Self-Aigning, Double Row, Airfrane,
Anti-Friction, Sealed, Type Il

M528914 Bearings, Roller, Self-A1igning, Double Row, Wde Inner Ring,
Airframe, Anti-Friction, Sealed, Type Il

M528915 Bearings, Roller, Self-Aligning, Double Row, Torque Tube,
Airframe, Anti-Friction, Sealed, Type IV

M521431 Bearings, Roller, Self-Aligning, Single Row, Anti-Friction

Seal ed, -65°F - 350°F, Type |

3. Ceneral. Typical airframe roller bearings utilize a conplinment of rollers
separating an outer ring and an inner ring. The outer ring is usually mounted
in the housing and the inner ring on the shaft. Qher elenents of these
bearings may be rolling element separators, shields or seals, and sea
retainers.

3.1 Usage. Cuidelines on selection are contained in requirement 201
4. Design requirements. Design and construction of these bearings shal

conformto the requirements of ML-F-8914, M528912, Ms528913, MS28914, MsS28915
and M521431.

5. Performance requirenments. Engineering criteria on friction, torque,
tenperature capabilities, and rotational and alignnent capabilities are
contained in requirenent 201.

6. Installation and retention. Guidelines on installation and retention are
contained in requirement 201 and requi rement 202
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ROD ENDS

. Scope

1.1 This requirement defines plain, spherical, self-lubricating rod ends,
roller bearing rod ends, and ball bearing rod ends for aerospace systens.

1.2 dassifications. Rod ends shall be classified as foll ows:

a. Type | - Plain spherical self-lubricating rod ends

b. Type Il - Roller bearing rod ends

c. Type Ill - Ball bearing rod ends

d. Cass 1 - Externally threaded

e. Cass 2 - Internally threaded

f. Cass 3 - Solid shank

. Cass 4 - Hollow shank

%. Conposition A - Fabric bearing liner of uniformthickness which is bonded

to the inside dianmeter of the outer race

i.  Conposition B - Ml ded conposition |iner system

2. unent licable to requirenent 308.

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

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

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

MB1935/ 1 Bearing, Plain, Rod End, Self-Aigning, Self-Lubricating,
External |y Threaded, -65°F to +325°F

MB1935/ 2 Bearing, Plain, Rod End, Self-Aigning, Self-Lubricating,
Internally Threaded, -65°F to +325°F

M514103 Bearings, Plain, Self-Lubricating, Self-Aligning, Low Speed,
Wde, Gooved Quter R n([;, -65°F to 325°F

M521150 Bearing, Double Row, Ball, Rod End, Precision, Solid Shank,
Self-Aligning, Anti-Friction, Airframe, Type I, -65°F to +350°F

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

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

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

M521220 Bearing, Roller, Rod End, Internal Thread, Self-Aligning,
Antli -(Ij:riction, Airframe, Heavy Duty, Type Il, -67°F to +350°F,
Seal e

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, Airframe, Heavy Duty, Type Il, -67°F to +350°F,
Seal ed

M521429 Bearing, Roller, Rod End, External Thread, Self-Aligning,
Antli-(lj:riction, Airfrane, Heavy Duty, Type I, -67°F to +350°F,
Seal e
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3. Intended use. Types I, II, and Ill rod ends are for use in aerospace
systens in nmany different applications and environments.

4, Requirenments
4.1 Qualifications

4.1.1 Type |, class 1 and class 2, conposition A and conposition B rod ends
are products that conformto the requirements of ML-B-81935

4.1.2 Type Il, class 1 and class 2 rod ends are products that conformto the
requirements of M L-B-8952

4.1.3 Type II1, class 1, class 2, class 3, and class 4 rod ends are products
that conformto the requirenents of M L-B-6039

4.2 Desire and construction

4.2.1 Type I, class 1 and class 2, conposition A and conposition B rod ends
are products that conformto the requirements of ML-B-81935 M1935/1
MB1935/2, and M514103.

4.2.2 Type Il, class 1 and class 2 rod ends are products that conformto the
requi rements of ML-B-8952, MsS21220, Ms21221, MS21223, and Ms21429

4.2.3 Type 111, class 1, class 2, class 3, and class 4 rod ends are products
that conformto the requirements of ML-B-6039, MS21150, Ms21151, MsS21152, and
M521153.

4.3 Perfornance

4.3.1 Load ratings for type I, class 1 and class 2. conposition A and
conposition B rod ends

4.3.1.1 Static radial ultimte load. Static radial ultimte |oad is defined
in ML-B-81935. After application of this load, there may be significant
permanent deformation of the rod end and bearing cartridge conmponents.
However, application of the ultimate |oads specified on M81935/1 and MB1935/2
shal | not result in cracked or broken conponents.

4,3.1.2 Axial static proof load. There shall be no pushout of the bearing
cartridge when the axial proof |oads specified on MB1935/1 and MB1935/2 are
appl i ed.

4.3.1.3 Fatigue load. Rod ends covered by ML-B-81935 are capabl e of

wi thstanding a m nimum of 50,000 cycles of the fatigue |oads specified on
MB1935/1 and MB1935/2 when applied at a rate not exceeding 2800 cycles per
m nut e.

4.3.2 Load ratings for type Il, class 1 and class 2 rod ends

4,3.2.1 Limt load rating. Limt load rating is defined as the maxi mumstatic
| oad that can be applied to the bearing without seriously affecting the
predicted life. These |oads are specified on Ms21220, MsS21221, Ms21223, and
M521429.
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4.3.2.2 Utimate load rating. This is defined as the |oad which can be
applied and held for 3 minutes wthout structural failure of the bearing. The
ultimate load rating is calculated as the imt |oad rating, as specified on
M521220, MS21221, MsS21223, and M521429, nultiplied by a factor of 1.5. In
application, brinelling will occur or. the race surface if subjected to a |oad
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

4.3.2.3 Dynanic load rating. The dynamic load rating is defined on the basis
of a unidirectional load that will result in an average bearing life (L,) of
10,000 cycles at 90° oscillation before evidence of contact fatigue occurs.
The angle of oscillation is defined as 180° of angular travel within an
included arc of 90°. These loads are specified on MS21220, MS21221, Ms21223
and Ms521429.

4.3.3 Load ratings for type II1l. class 1. (ass 2, class 3  and class 4

4.3.3.1 Radial lint load rating. The bearings have a minimumradial limt
load rating as specified on MS21150, MsS21151, MsS21152, and MS21153.

4.3.3.2 Radial static fracture load. The mininumradial static fracture | oad
is not less than 1 1/2 times the radial limt |oad specified on MS21150,
M521151, MS21152, and MsS21153.

4.3.3.3 Axial linit load rating. The bearings have a mininumaxial limt |oad
rating as specified on Ms21150, MsS21151, MsS21152, and MS21153.

4.3.3.4 Axial fracture load. The mininmumaxial fracture load is not |ess than
11/2 times the axial Iimt load specified on M521150, MsS21151, MS21152, and
M521153.

4.3.3.5 Radial dynanmic load rating at 250°F. The bearings have a radial
dynam c | oad rating at 250°F as specified on M521150, Ms21151, MsS21152, and
MS21153 for an average |life of 15,000 cycles when oscillated through an arc of
90°.

4.3.3.6 Radial dynamic load rating at 350°F. The bearings have a radial
dynam ¢ |oad at 350°F of not |ess than 80 percent of the value specified on
M521150, MsS21151, MS21152, and MS2115 for an average life of 10,000 cycles when
oscillated through an arc of 90°.
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