SAE AIR*1594 81 WM 8357340 0005321 7 mm

@ A E= 1= Engincering AEROSPACE | AIR 1594
Advancing Mobility INFORMATION o
400 COMMONWEALTH DRIVE. WARRENDALE. PA 15096 Issued e
RE P O RT Revised
5-35-29

PLAIN BEARING SELECTION FOR LANDING GEAR APPLICATIONS
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wo or more landing gear structural members having relative motion,

Transmit loads between those members (moving or-stationary).
Control the friction coefficient of the joint.
Control the wear of the joint
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3.

4.

PLAIN BEARING CONFIGURATIONS Plain bearings are those bearings whose

interface motions are sliding actions between two parallel surfaces.

Bearings falling within this classification can carry radial and/or thrust
loads and accommodate motion. The bearing configurations most widely used in
landing gear applications are journal, spherical, and thrust. These bearings
can be lubricated or self-lubricating configurations.

Journal Bearings (Bushings): This configuration consists of a cylindrical
shell (with or without a flange) installed in a housing in conjunction with
a mating pin or bolt. These bearings are used in pinned joints of landing
_gear mechanisms and structures. They can'be highly loaded when there is no
joint reotation and lesser loaded when oscillatory motion is)present such as
during landing gear retraction and extension. Axially sliding sleeve
journal$ are used in shock struts and hydraulic actuatorse

Spherical Bearings: This bearing configuration is an ‘integrgl unit in which
a spherlcally shaped (ball) inner race is free to’ rotate and misalign within
the confines of the outer race. The design will“\function under both radial
and thryst loads. For some installations the ‘ball is clamped in place and
all motion is accommodated at the spherical surface-to-outer [race

interfag¢e. However, another normal bearing\installation method consists of
clamp up on a sleeve (or shoulder bolt) through the ball bore. In this
configuration the spherical interface will provide misalignment and (because
of the ghorter moment arm to the sliding surface) the rotary motion will
occur at the ball bore-to-sleeve interface. With this arranZEment unit

loads aye higher at the ball boreé than at the spherical surfake and
lubrication (or self-lubricating material) is required to prejvent excessive
wear.

carry thrust loads. Although they may be separate bearing, they are

Thrust Bearings: Thrust\bearings, as the name implies, are dEsigned to
frequenffly integrated jinto a journal bearing as a flanged fac

LANDING GEAR BEARING CONSIDERATION: In the selection of any lhnding gear

bearing qr bearing material, the following application parametprs must be
considerqd.

(a) L Environmental conditions including exposure to dirt.,|water or other

contaminants.

(b) Applied loads (radial, thrust, moment, static, dynamic, and shock).
(c) Required service life or service time between overhauls.

(d) Velocity of relative motion causing frictional heat buildup.

(e) Lubrication requirements.

(f) Misalignment

(g) Envelope restrictions
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5. MATERIAL

SELECTION FOR LUBRICATED BEARINGS:

| AIR 1594

Type of application (static, oscillatory, slow motion).

Retention methods.
Position accuracy (radial and axial)

Maintenance (must be lubricated, repaired or replaced).

Installation (expansion characteristics, allowable looseness,
preload requirements).

Friction, torque (starting and dynamic)
Weight
pissimilar materials (Avoid Galvanic Action)

Same materials are generally avoided.

Based on
used for
surface,

(a)

(b)

eEperience and laboratory tests, the following materialls are those
a

ring applications in landing gears. The mating pin or shaft wear

in most cases, is steel-with .002 in. (0.05 mm) chrome plating.

There are several materials suitable for bearing use [such as softer
etallic outer races with high strength-chrome plated steel balls

r pins. Some materials used are aluminum bronze or kluminum
ickel bronze_in combination with 440C or 15-~5 stainlless steel or
340 steelvheat treated to 260 ksi (1790 MPa). Also,| laboratory
ests and{service usage indicate that another satisfalctory
ombination for spherical bearings in the landing ge environment

is alberyllium copper ball with a 17-4 PH stainless eel outer
ace.

Where high velocity and pressure between the bearing surfaces
develops frictional heat in excess of 500°F (260°C), detrimental
cracking may occur in chrome plated steel pins or shafts. This
feature is exhibited in the "ladder" and "smile-frown" cracking of
the chrome plated shock strut piston surface. 1In this application,
tests have shown that bearings with self~lubricated liners are
superior when compared with metal-to-metal sliding surfaces.
Beryllium copper has better heat transfer characteristics than
aluminum-nickel-bronze and would tend to prevent the high
temperature spikes that cause the cracking. However, this
advantage may be offset by the higher coefficient of friction if
the beryllium copper is used as the sliding surface.
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5. (Cont'd.)

(c) For large joints, where heat build up from friction
dry film lubricants on chrome plated pins tend to ai
reduction of frictional heat.

(d) Shock strut friction caused by transverse or offset
frictional force can be reduced by the use of self-1

bearings. Increased strut resonance and noise have
experienced with changes to harder bearing surfaces.

pressures at limit loads generally used for sizing bearings ay
Table l.| Bearing surface roughness at sliding interfaces shoy
except for special cases. For example, 32 RMS may be acceptab
bearings For 8 RMS finisheg lubricant retention muSt be assy
Additional bearing material information is given_.in Table II.
AluminumrBronze and Beryllium Copper have a higher coefficient
expansion than steel. This characteristic should be considere
bearing Iesign to prevent binding at adversée femperatures.

is a problem,
d in the

loading results

in binding or heeling between the upper and lower bearings. This

ubricating
been

6. WORKING PRESSURES FOR LUBRICATED BEARINGS: The maximum recomJended bearing

e listed in
1d be 16 RMS
le for large
red.

of thermal
d during the
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Bearing Material

TABLE II
LANDING GEAR BEARINGS

Remarks

Aluminum~Nickel=Bronze
AMS 4640, AMS 4880

A good bearing material of moderate strength and wear
resisting properties suitable for slow intermittent

motions.

Requires lubrication., Will ga

readily due to moderately smearable chaxr
More expensive than aluminum bronzes

11 but not
acteristic.

00~-C~530 Cond.
Cond HT

Beryllium Copper

AT

A good bearing material of exceptionally
and wear resisting properties when prope
Suitable for slow, intermittent rotation
oscillatory motions. It tends to resist
however, in the absenge\of a lubricating
stress conditions galling is probable.
can result in cracking during shrink fif
More expensive than either aluminum-nick
aluminum-bronze<

high strength
rly lubricated.
and

galling;

£ilm at high
Low ductility
installation.
el-bronze or

Alunminum-Bronze

A good bearing material possessing low s
properties. Suitable for slow, intermid
Requires lubrication; however, its low g
characteristics provide a smearable feat]
galling unlikely in the event a lubricat
overlooked. Aluminum bronze is suscepti
deformation, particularly at high unit 1
absence of a lubricating film.

trength

tent motions.
hear

ure which makes
ion period is
ble to wear and
oads and in the

17-4 PH
Stainless Steel

A good static bearing material. However, with this
material corrosion protection must be provided between
the housing and outer race if the materials are

dissimilar.
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7. HOUSING FITS FOR JOURNAL BEARINGS (Bushings): Journal bearings, plain or
flanged, are installed with interference fits for retention in the housing.
The interference for 2.0 inch (50.8 mm) dia. and greater is .00l inch per
inch (0.0254 mm per mm) diameter plus .002 inch (0.051 mm). disregarding bore
or bushing plating thickness up to .0003 inch (0.008 mm) per plated surface.
For diameters less than 2.0 inches (50.8 mm) the interference should be .00l
inch per inch (0.0254 mm per mm) diameter and the .002 in. (0.051 mm) should
be proportionally reduced until it is eliminated for a one-inch (25.4 mm)
diameter. ) :

One method of assembly is the temperature differential methed &here the
bearing ig cooled with dry ice or liquid nitrogen for extreme ¢onditions to
=325°F (-198°C) minimum and the housing is heated up to-212°F (100°C) as
required. | Maximum temperature differential is 537°F (281°C). |Provisions for
holding the bushings in position during temperature gtabilizatjion are
required. | Usually bearing inside diameters require{sizing after temperature
stabilizattion for good alignment and clearance conditions.

8. BEARING TQ PIN CLEARANCES: The clearance between the pin or shaft and the
bearing is recommended to be a medium fit (©.003 to 0.007 inch|(0.076 to
0.178 mm) [for sizes to one-inch (25.4 mm)\ diameters and 0.005 to 0.009 inch
(0.127 to(0.229 mm) for larger bearings)'for rotations at less|than 600 RPM.
Shake or Iobble between mating parts should not be noticeable,|except on

. parts with very short bearing width. :

9. CORROSION |PREVENTION: On modern’ aircraft landing gear installations, the
most frequent damage found in_service and at landing gear overhaul is
corrosion|in lugs and fitbings in which bearings are fitted.

9.1 Some causes of corrosion are as follows:

(a) Entrapment oflmoisture between the mating surfaces of the lug and
bearinge.

(b) TLug|deflection or stretch ovalization during application|of loads.

(c) Depletion of corrosion protection plating due to chemical action or
wearing due to lug and bearing flange deflections.

(d) Unit loading beyond the stress corrosion threshold of lug or fitting.

(e) Iug or housing sectional strength discontinuity.
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9.2

10.

Corrosion prevention methods to overcome the above conditions are as follows:

(a) Titanium-cadmium or non-embrittlement cadmium plating .0002/.0003 inch
(0.0051/0.0076 mm) thick on the lug or fitting face and bore. Cadmium
plating .0002/.0003 inch (0.0051/0.0076 mm) thick on the bearing
outgide diameter and end faces. These platings can be as much as .0005
inch (0.0127 mm) thick if the plating is considered in the interference
fit sizing.

(b) Bore and faces of housing treated with epoxy primer and allowed to cure
fully. ’ ) '

(¢) Cofrosion preventive compound MIL-C-16173 or equivalent'|covering
holising bore before bearing insertion.

(d) Sepling compound equivalent to fuel tank sealant‘applied to housing
fape between housing and bearing flange. CaréJshould be taken to
prpvent moisture from being trapped in the~sealed joint Also, with
some joint designs it is feasible to coat)the housing bgre with sealant
prfior to inserting the bushing. Sealed joints must not be allowed to
rotate.

NOTE: he corrosion preventive compound per MIL-C-16173 and|the sealant are
ot compatible materials. Surfaces that have had a corrosion
revention compound applied. must be thoroughly cleaned with
IL-T-81533 1,1,1, Trichlo¥ethane or equivalent beforg sealant
dhesion can be effective.

(e) Hard chrome plating of _bores and faces of the housing regsults in good
corrogion protection.: The chrome plating replaces the gadmium plating
on|the bores and facegs of the housings. The chrome platie thickness is
«0P15 to 0025 (inch (0.0381 to 0.0635 mm)., However, the structural
fatigue lives‘of the high heat treated steel lugs and hdusings are
reduced wheh-compared with cadmium plated parts. The rgduction in
fatigue life can be as much as 60% unless the material grocess control
in¢ludes  8uch preventive measures as shot peen, bake, efc.

LUBRICATION: Bearing lubrication has three basic functions: | To provide a

means of resisting adhesion between mating surface protrusions; to provide a
low shear film to minimize the coefficient of friction and to provide a
corrogion resisting medium.

Provisions must be made so that lubrication of the landing gear can be
accomplished with the weight of the aircraft resting on the landing gear.

Greasing grooves and reservolrs should be arranged so that during retraction
and extension the surface of the pins or shafts are wiped with grease from
the grooves or reservoirg. Grease paths in the housing should be arranged
such that, if the bearing rotates, lubrication is not shut off from the
sliding surfaces.
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10. (Continued)

All landing gear joints, both static and dynamic, should be considered for
lubricating provisions. A lubricator fitting should be provided for each
surface to be lubricated. If the lubricated surface is in close proximity
o0 a non-metallic seal, the lubricant and seal material compound must be
checked for compatibility.

The lubricants most widely used are aircraft greases according to
MIL-G-23827 and MIL-G=-81322 or equivalents. These are general purpose
greases for landing gears and other systems and mechanisms of [the aircraft
requiring periodic¢ lubrication.

1ll. SELF-LUBRICATING BEARINGS:

11.1 Applications:

Self-lubricating bearings are used in application where:
(a) No gcheduled maintenance is a requirement.

(b) The|bearing joint is inaccessible for lubricating purpose¢s.
. » (c) Som¢ joint looseness is acceptable.

(d) Loads and motions are within the allowable range.
(e) Lubricated bearings are-not pr%ctical.

Self-lubricating bearings do not have the load carrying capability and
service|of life of lubricated bearings. Down time and cost ¢f removal and
replacement should be considered when evaluating self-lubricating bearings
for applicationsy¢— During the self-lubrication process this type of bearing
experiences some wear and therefore joint looseness is usually aggravated
by overloady, foreign particle contamination between the sliding surfaces,
and exc
prevent
bearing resulting in additional bearing surface damage. Experience
indicates that bearing wear life is increased with better finishes on the
surface that mates with the self-lubricating material. For example, small
to medium size bearings should have a finish of 8 RMS and that for larger
bearings may be 16 RMS or greater for practical manufacturing reasons.

General information regarding the amount of looseness to expect can be
obtained from the following military specifications: MIL-B-8942 and
MIL-B~81820 for spherical bearings, and MIL~B-8943 and MIL~B-81934 for
journal bearings.
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