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1. SCOPE 

This SAE Aerospace Information Report (AIR) describes available technology and current aerospace industry practices 
used for the selection, testing, lubrication, and sealing of single row tapered roller bearings to reduce bearing damage as 
a problem in the aircraft industry. 

2. REFERENCES 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes 
precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption 
has been obtained. 

2.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or 724-776-4970 (outside USA), www.sae.org.  

ARP813 Maintainability Recommendations for Aircraft Wheel and Hydraulically Actuated Brake Design 

Dominik, W., "Rating and Life Formulas for Tapered Roller Bearings," SAE Technical Paper 841121, 1984, 
doi:10.4271/841121 
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2.2 ANSI Publications 

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-
4900, www.ansi.org.  

ANSI/ABMA Std 19.1  Tapered Roller Bearing Radial Metric Design 

ANSI/ABMA Std 19.2  Tapered Roller Bearing Radial Inch Design 

ANSI/ABMA Std 11  Load Ratings and Fatigue Life for Roller Bearings 

2.3 EASA Publications 

Available from European Aviation Safety Agency, Postfach 10 12 53, D-50452 Koeln, Germany, Tel: +49-221-8999-000, 
www.easa.eu.int. 

European Aviation Safety Administration Technical Standard Order C135a (EASA ETSO-C135a) 

2.4 FAA Publications 

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591, Tel: 866-835-
5322, www.faa.gov. 

Federal Aviation Administration Technical Standard Order C26d (FAA TSO-C26d) 

Federal Aviation Administration Technical Standard Order C135a (FAA TSO-C135a) 

(reference: Federal Aviation Regulation Pt . 21 Subpart O) 

2.5 U.S. Government Publications 

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue, 
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/. 

MIL-A-8863  Airplane Strength and Rigidity Ground Loads for Navy Procured Airplanes 

MIL-A-18717 Arresting Hook Installations, Aircraft 

MIL-PRF-81322 Grease, Aircraft, General Purpose, Wide Temperature Range 
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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 IS0 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.  For example, 13889 2-629 or 13889-20629 are the markings used by the Timken 
Company for ABMA 13889 base number bearing cones manufactured to aircraft wheel quality requirements.  The 
following is an explanation of one of these marking examples: 

1 3 8 8 9   2 0 6 2 9 

                                  Manufacturer’s aircraft quality designation 

                                   ABMA bearing class 

                                   ABMA style base part number 

3.2 Analytical Sizing 

3.2.1 Bearings are sized using the design wheel load requirements.  Wheel radial loads and side (thrust) loads as well 
as the load application points (influenced by tire vertical and lateral deflection) are resolved for each bearing for 
each radial/side load condition.  Bearing life and stress criteria are then evaluated for one or more bearing 
candidates at each position.  Existing parts are considered prior to developing new bearings.  Historical L101 
rating data, corrected for changes in bearing rating that have improved over the years, can also be used to 
approximate the size of the axle and bearings required. The solution method assimilates wheel and tire 
requirements, brake envelope, and landing gear strength requirements. Optimizing the diameters and capacity of 
the bearings along with the adjacent components results in a minimum weight assembly having adequate landing 
gear stiffness and adequate component life.  See Figure 1. 

3.2.2 The bearing size and rating evaluation considers both the desired fatigue life of the bearing and the anticipated 
tire tread life. The anticipated tire tread life will determine the practical inspection period for the bearings and the 
normal frequency for bearing relubrication. Due attention is given during the design to the possible failure modes 
of the bearing such as roller end scoring, etching (corrosion) damage, or fatigue spalling and the frequency of 
inspection. In the design of the wheel/bearing system, consideration is given to the prevention of mis-installation 
of bearing cups 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. 

                                            
1 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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