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3. SELECTION

3.1 Bearing Quality Classification

Aircraft quality tapered roller bearings are available for aerospace landing wheel applications. Currently, bearings made
to Anti-friction Bearing Manufacturers Association (ABMA) standard/commercial precision class 2 and 1SO metric class N
or K are used for aerospace landing wheel applications. Manufacturers have developed customized requirements for
aircraft wheel applications. A typical bearing part number includes the information to signify the aircraft quality features.
The bearing part number should include all information to order the correct part and prevent usage of similar base part

number yet not equivalent parts.
Company for ABMA 13889 base number bearing cones manufactured to aircraft wheel quality requirements.

following is an explanation of one of these marking examples:

For example, 13889 2-629 or 13889-20629 are the markings used by the Timken

The

138

9

2062
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A

A
3.2  Analytical Sizing
3.2.1 Bearings are si;
as the load app

each radial/sidg
candidates at g

nufacturer’s aircraft quality designation
BMA bearing class

BMA style base part number

red using the design wheel load requirements;, Wheel radial loads and si
lication points (influenced by tire vertical and*lateral deflection) are resol

load condition. Bearing life and stress criteria are then evaluated fqg
ach position. Existing parts are considered prior to developing new bg

rating data, cofrected for changes in bearing rating* that have improved over the year

approximate th
requirements, b
the bearings ald
gear stiffness a
3.2.2 The bearing siZ
tire tread life. T
normal frequen
of the bearing 1
inspection. In th
of bearing cups

e size of the axle and bearings-required. The solution method assi
rake envelope, and landing gear-strength requirements. Optimizing the di
ng with the adjacent components results in a minimum weight assembly |
nd adequate component life”” See Figure 1.

e and rating evaluation considers both the desired fatigue life of the bea
ne anticipated tire_tread life will determine the practical inspection period

by for bearingsrelubrication. Due attention is given during the design to the
buch as roller-end scoring, etching (corrosion) damage, or fatigue spallin

e (thrust) loads as well
ed for each bearing for
r one or more bearinq
arings. Historical L10
S, can also be used to
milates wheel and tire
ameters and capacity of
aving adequate landing

ring and the anticipated
or the bearings and the
e possible failure modes
g and the frequency of

e design'of'the wheel/bearing system, consideration is given to the prevention of mis-installation

or cones by differing the inboard and outboard bearing diameters.

3.2.3 Bearing fatigue

life_calculations (described in vendor catalogues or software, also see 2.2

can be made to assess

the static and dynamic load capacity of the bearings so that the landing gear assembly will perform adequately.
Similarly, refined fatigue life calculations can also be made for a load spectrum which includes due accounting for
load, speed, reliability, environment, temperature, alignment, and lubrication. Catalogue fatigue life calculations
do not encompass bearing failures emanating from misalignment or roller end scoring. These are addressed in
design with due accounting as noted above to check for acceptable contact stresses for the bearing elements and

adequate lubrication parameters.

Bearing contact stress calculations, including roller end contact stresses,

require review by the bearing supplier for a detailed understanding of wheel design loads’ effects on the bearings.
Adequate lubrication is addressed by grease selection and seal design to contain and protect the bearing and
grease. Bearing preload is important to achieve desired bearing life.

' The L10 life is a laboratory test life at which 10% of the test bearings will have failed under controlled conditions. Refer to the
ANSI/ABMA Standards and SAE paper referenced above.
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3.2.4 Spacers may be considered in the wheel design adjacent to the bearings to locate the wheel assembly on the
landing gear axle. The use of separate loose spacers is discouraged to prevent their possible omission during
wheel installation. Integral extensions to the bearing cones or relocation of the axle shoulders should be
considered as alternatives to using separate loose spacers.

3.2.5 The availability of repair bushings and spray lining materials for oversize wheel bearing bore repairs are a
consideration. The bearing cup loading and press-fit is maintained at levels that minimize cup rotation.
Consideration for hub stresses as a result of the press fit as well as temperature exposure are made.

3.2.6 Deflection analyses can be used to assess the impact of wheel and axle bending on the load distribution between
and within the bearings. The effect of the deflected wheel and axle on the cup and cone alignment, the effect of
the imposed side load® on the load zones of the two indirect mounted bearings and the effect of variation in

bearing preload

setting via axle nut torque can also be evaluated.

3.2.7 The wheel bea
commensurate
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value) followed
(tighter) locking
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subsequent dyr
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n procedure is defined
torque needed to attain
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3.3 Fatigue Life Analy
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Fatigue life calculations are made for the bearings using appropriate faciors (load, speed, shock load, vibration,
contamination, etc.) derived from the analysis of the loaded and deflected system. Several fatigue spectra exist as derived
for specific applications (military, commercial transport, commuter, business, and general utility) based on experience.
Speed, radial and side load conditions® can be estimated by the wheel or landing gear builder based on anticipated
aircraft usage. Bearing fatigue life is typically targeted to be a portion of wheel design fatigue life and varies per
application and wheel builder preferences.

3.4 Operating Conditions
The operating conditions to which the bearings are exposed will affect the selection of the bearing as well as the sealing

method and lubricant selection. The following considers operational and environmental concerns for aircraft landing gear
wheel bearings that influence system design:

2 All loads are in aircraft coordinates unless specifically noted. Local coordinate system origins are the axle centerline and the wheel/tire
cross section centerline intersection.
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3.4.1 Allowances are made for load, speed, and time duration conditions during landing, takeoff, and ground
maneuvering with due regard for the characteristics of the anticipated operating surfaces, including runway crown,
variation in tire wear, tire growth, and inflation pressure. For carrier based aircraft, the operating surface includes
landing on and/or running over cross deck pendants, centerline lights, and PLAT (pilot landing aid television)
heads, see documents MIL-A-8863 and MIL-A-18717.

3.4.2 Allowances are made for deflection of the landing gear and load variation for each bearing within a wheel and
between wheels on a gear. This is due to deflection, the selection, and retention of lubricant and the influence to
the bearings for the deflection and fit effects of false axles and sleeves.

3.4.3 Allowances are made for installation torque variation on bearing preload due to machining tolerances, lock nut
design, burnishing-in of the bearing, and compressive set of components. If applicable, lubrication variances on
the axle nut threads, nut and spacer faces. and the outer bearing face will also affect the installation preload. As

such, the targe
assembly. Typ
axle nut to the n
3.4.4 Allowances are
during operatior

The effect of b
bearings and tf
consideration (9
3.5 Lubrication
3.5.1
fully packed wi
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designed and ¢
exceeds one pf
(Military require
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specify other gr
3.5.2 Bearing compo
degreased to cl
change. Light
greased immed
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fed bearing preload from the axle nut torque procedure is a minimum
cal procedure is to achieve final axle nut torque with a calibrated wrench
ext available locking feature slot, as required.

made for environmental factors including extreme ambient temperature 3
, brake and bearing system induced heat, and grease temperature during

rake and bearing induced heat is a consideration when determining the

ee also 4.2).

Typically, aircraft wheel bearings are installed with greéase packed by hand or machine. B

h the specified grease between the' cage and cone raceway surfaces
g inspection or replacement is usually only performed at tire removal and,
rease specified so that the lubricant is retained in the bearing and the

edicted tire tread life. Somé\of the commonly used greases meet specifi
ment), MIL-G-3545 (cancelled) or similar requirements. Performance le
of grease qualified to_the 'same specification; therefore, wheel and/or airfr
pases based upon testand field service experience.

nents should remain lubricated at all times to prevent corrosion. Bearing
pan out old‘grease and facilitate visual inspection at every maintenance o
pil or other)transparent coatings are suggested for the inspection intery
iately/following inspection. Greased and unassembled (open) bearing
kaged'Wwith clean, lint free materials to prevent contamination, grease |

assembly and i

alue for the completed
and further advance the

nd temperature change
transient loads.

fatigue strength of the

e lubricating qualities of the grease. The effect.and control of the lubficant quantity is also a

earing cones should be
as well as all external
therefore, the system is
jrease performance life
cations MIL-PRF-81322
vels may vary between
bme manufacturers may

components should be
bportunity, i.e. every tire
al. They should be re-
components should be
bss or damage prior to

stallation.

4. BEARING SEALING

4.1 Design

4.1.1 The objective of sealing is to maintain an adequate amount of grease in and around the bearing and prevent
contamination from entering the bearing cavities.

4.1.2 Some of the factors that influence the design are the choice of dynamic sealing surfaces, their size, speed, the

contacting materials, their surface finish requirements, fit with adjacent bearing and wheel hub components and
their susceptibility to heat and wear. The method of seal retention is critical to grease retention within the bearing
and the prevention of contaminant ingress.
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The bearing seal design considers the movement or flow of the grease during operation. This includes centrifugal

force and pumping action on the grease from wheel rotation or movement within the bearing cavity and from a
change in axle orientation when the gear are stowed in flight. If internal (cone front face) grease dams or seals
are used, lubricant circulation may be improved. The natural pumping action of the grease toward the cone back

face is considered in seal design.

bearing.

Seal design should encourage recirculation of the

lubricant back into the

Some guidance on bearing sealing design and installation is provided in ARP813. In addition, the location of seal

lips on the bearing surfaces should avoid the bearing marking areas. Seal lips rubbing over bearing markings
have been known to damage or erase shallow marking.

4.2 Environment

The type of poténtial contaminant, be it dirt, brake dust (carbon/steel), water (steam/conde

s, fuel, hydraulic fluid, or corrosive atmosphere (for ship based aircraft) s
contaminant ingress direction, velocity, and pressure influence the-sea
btibility of the seal material with the lubricant and all possible contamin
brature range. The effect of high pressure cleaning with hot fluids and
5 a consideration.

rflow on the seal during gear retraction, extension;~and steady flight u
hen not protected by a wheel hub cap.

t to vent the cavity between bearings to allow-for expansion of trapped a
avity should not jeopardize the configuration’s-grease retention capability.

mperature and repeated temperature. €xcursions on the properties of the
lic materials is a consideration. “Seal inspection criteria for re-use

0
of the bearing lis) substantiated to TSO-C26d, TSO-C135a, ETSO-C1
criterion _fér-success is absence of loose bearing cups or fatigue da

50 roll requirements are supplemented by accelerated roll tests to confirm
e wheel:

nsation or water spray),
a consideration in seal
design as well as the
ants over the expected
apors thereof and high

nder all conditions is a

r should be considered.

seals, grease dams or
should include these

35a, MIL-W-5013L and

erived from ARP1493, which include roll tests with radial and combingd radial and side load

mage on the bearings.
the expected long term

emJcan also be tested to show that the design is not susceptible to ro

ler end scoring. This is

typically done on a dynamometer or a special wheel bearing test machine where the properties of the actual
aircraft installation are reflected. The critical factors are axle deflection, wheel configuration, temperature
(including brake heat and/or extreme cold), speed, load (vertical, side, and drag), axle nut torque - including
variation due to locking method, grease, grease retention, and seal wear. The artificial application of contaminant
can be used to assess the sealing method. The criterion for success is the absence of loose bearing cups or other
bearing damage after a specified or arbitrary multiple of the anticipated tire tread life.

421
cleaning solven
selection. The
chemical comp
operating temp
volume rinsing i
4.2.2 The effect of a
consideration w|
4.2.3 The requiremen
Venting of the ¢
4,24 The effect of te|
other nonmeta
considerations.
5. TESTING
5.1 Laboratory Testin
5.1.1 The fatigue life
specifications d
conditions. The
Typically, the T
service life of th
5.1.2 The wheel sysf]
51.3

fatigue analysis

and test spectrum.

Measurement can be made via instrumented struts or wheels during ground operations.

Ground load data, if available, can be used to determine actual static and dynamic wheel loads to confirm the
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5.2  Aircraft Monitoring

5.2.1 Aircraft monitoring is useful to confirm general conditions, axle nut torque relaxation, grease retention, ease of
installation, and operating temperatures. Field evaluation can be carried out to evaluate the nominal axle nut
torque value, rib roller end scoring resistance, grease selection, operating temperatures and resistance to cage
pocket damage. Confirmation of expected temperatures in the vicinity of braked wheel bearing assemblies can
be verified during flight testing or in-service evaluation as needed.

6. NOTES

6.1 A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical
revisions, not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of
the document title_indicates a complete revision of the document, including technical revisions. Change bars and
(R) are not used in original publications, nor in documents that contain editorial changes only.

PREPARED BY SAE SUBCOMMITTEE A-5A, WHEELS, BRAKES, AND/SKID CONTROLS OF
COMMITTEE A-5, AEROSPACE LANDING GEAR SY¥STEMS
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