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EXECUTIVE SUMMARY

The mechanisms which cause roller bearing failure are not well understood and were the

subject of a recent research program funded by the Federal Railroad Administration and

conducted by the Association of American Railroads (AAR) at the Transportation Test

Center (TIC), with assistance from the Volpe National Transportation Systems Center,

and ENSCO Applied Technologies, Incorporated. Additional support for the program

was provided by Brenco Incorporated, the Burlington Northern Railroad Company,

Hannon Electronics Incorporated, the Atchison, Topeka & Santa Fe Railway Company,

Servo Corporation of America, Timken Company, and the Union Pacific Railroad Com­

pany.

The objectives of the research program were to:

Solicit infonnation from railroad and railroad supply industry experts

to define the technical and operational safety procedures required to

conduct roller bearing research at the TTC.

Investigate the effect of degraded bearing cone/axle journal interference

fit and end clamp load conditions on short term bearing perfonnance

and reliability.

Determine the effects of degraded bearing cone/axle journal interfer­

ence fit and end clamp load conditions on the long tenn perfonnance

and reliability of roller bearings operating in simulated revenue service

conditions.

Determine the effect of initial run-in temperature and axle journal!cone

interference fit on the rate and amount of bearing cone bore growth.

Develop growth rate data for AAR condemnable roller bearing raceway

defects.

Document the dynamic load environment produced by four common

wheel tread anomalies (Tread Flats, Out of Round Tread, Spalled Tread,

and Tread Build-up) by measurements at the bearing/truck side frame

interface.



A series of roller bearing performance tests were performed: Roller Bearing Failure

Mechanism short- and long-term performance tests (RBFM I Test & RBFM II Test); Cone

Bore Growth Test; Raceway Defect Growth Rate Test and Wheel Anomaly Test.

The short term (5,000 miles) performance of 24 AP Class F bearings with the axle

journal/bearing cone interference fits ranging from a grooved axle journal condition to

the maximum allowable interference fit (0.0045 inch), and end clamp loads ranging from

zero to 30 ton was investigated in the first roller bearing failure mechanism test (RBFM I

Test). Two of the 24 test bearings were modified to simulate a broken cage bar condition....
In addition, three AP Class Fbearings equipped with experimental low friction seals,

providedbyErnstManufacturing Incorporated, were also included in the test to determine

how well the seals would perform under simulated revenue service conditions, and if they

would reduce the operating temperature of the bearing as measured by wayside Hot

Bearing Detector (HBD) systems. The bearings were tested under fully loaded car con­

ditions.

Onboard instrumentation included thermocouples attached to the cups of each test

bearing, cone slippage measurement instrumentation installed on eight bearings, and

acceleration sensors installed on four bearings. Data from five HBD systems were collected

to monitor the operating temperature of the test bearings.

The results of the short term degradedbearing performance test showed thatbearings

with a grooved axle journal defect developed measurable temperature gradients across

the cup surface, and that bearing cone slippage was detected on all bearings having less

than 0.0015 inch interference fit between the axle journal and the bearing cones. It was

also learned that wayside detector alignment and scan location are critical factors in

successful detection of an overheated bearing. The short term performance of the

experimental low friction seals evaluated during the test was acceptable.

The long term (19,000 miles) performance of 20 roller bearings that survived the short

term test was investigated in the second roller bearing failure mechanisms test (RBFM II

Test). Bearings considered as having a high risk of failure were equipped with thermo­

couples so that the operating temperature could be documented in the event of failure.

Hot bearing detector bolts, manufactured by RASTECH, and the 3M Company, were

installed in the end cap of each bearing to provide a visual indicator in the event of
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overheating. Bearings considered as having a low risk of failure were only equipped with

the detector bolts. Two HBD systems and one Acoustic Bearing Detector/HBD system

were also used in the tests.

While no over-temperature events occurred for any of the bearings evaluated in the

long term degraded bearing performance test, cone slippage resulted in measurable loss

of material on the axle journals and cones for eight of the test bearings, and a grooved axle

condition developed on one of the bearings during the test. The operating temperature

and the acoustic emissions of the bearing did not provide any indication that the axle was

grooved. No mechanical failures occurred on the hot bearing detector bolts provided by

RASTECH, Incorporated and the 3M Company.

In the Cone Bore Growth Test, 16 new bearings with pre-measured cone bores were

provided by Brenco. The bearings were installed under two loaded 125-ton capacity open

top hopper cars, equipped with thermocouples and two hot bearing detector bolts and

operated for 7,000 miles. At the completion of the on-track test, the bearings were inspected

for defects and the cone bore and axle journal dimensions were documented.

The results of the Cone Bore Growth Test showed that the bearings with a 0.005 inch

interference fit and charged with 32 ounces of grease had higher operating temperatures

and experimented more cone bore growth than bearings with 0.0025 inch interference fit

and charged with 24 ounces of grease.

Four AP Class Fbearings and four AP Class Ebearings were evaluated in the Raceway

Defect Growth Rate Test. The wheel sets were installed under fully loaded 100-ton and

70-ton capacity cars and the cars were operated as part of the Heavy Axle Load consist on

the High Tonnage Loop (HTL). The AP Class F bearings accumulated 19,000 miles of

operation,while the AP Class Ebearings only accumulated 4,075 miles. The 70-ton capacity

car was donated by a railroad late in the program and as a result low mileage was recorded

on the AP Class E bearings.

The results of the Raceway Defect Growth Rate Test showed that after 19,000 miles

of operation no measurable growth occurred on the Brinell and cone spall defects in the

AP Class F bearings during the test. However, measurable growth did occur for the cup

spall defect in the AP Class F bearing. No measurable growth occurred for any of the

defects in the AP Class E bearings after 4,075 miles of operation.
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In the Wheel Anomaly Test, wheels having slid flats were used to evaluate the effects
of short wavelength anomalies (1 to 3 inch), while the effects of intermediate wavelength

anomalies (3 to 5 inch) were investigated using wheels with tread spalls, and out of round

wheels were used to determine the effects of long wavelength anomalies (5 to 15 inch). In

order to limit the influence of the defect types upon each other, only one wheel set with

defects was installed in the leading axle position of the leading truck of each car.

The results of the Wheel Anomaly Test showed that the tread defects did not produce

significant accelerations in the body of the car for the speed range tested, and that the peak

loads produced at the bearing adapter were significantly lower than the peak loads pro­

duced at the wheel/rail interface.

The cars were operated with one locomotive and an instrument/data acquisition car

over a section of track having wooden ties and cut spike fasteners on the Transit Test Track

(TTT) and over a section of track having concrete ties and elastic fasteners on the HTL at

the Facility for Accelerated Service Testing.

The cars were equipped with instrumentation to measure vertical load, lateral and

vertical acceleration. Strain gages were installed on the rails of the TTT at 10 locations to

measure vertical force at the wheel/rail interface.
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1.0 INTRODUCTION

Therailroad industry suffers damages to equipment,wayside structures, and lading

every year due to derailments caused by roller bearing failure. The mechanisms

which cause roller bearing failure are not well understood and are the subject of a

research program conducted by the Association of American Railroads (AAR),

Transportation TestCenter (TIC), Pueblo, Colorado,with assistance from the Volpe

National Transportation Systems Center (VNTSC), Cambridge, Massachusetts, and

ENSCO, Applied Technologies, Incorporated, Springfield, Virginia. The program

was funded by the Federal Railroad Administration (FRA).

Additional support for the program was provided by Brenco Incorporated,

the Burlington Northern Railroad Company (BN), Harmon Electronics Incorpo­

rated, the Atchison Topeka & Santa Fe Railway Company (AT&SF), the Servo

Corporation of America, the Timken Company, and the Union Pacific Railroad
(UP).

1.1 ROLLER BEARING DESIGN

The roller bearing was introduced into freight car use in the United States in 1954.

The most common design found in service on today's U.S. railroads is the double

row tapered configuration shown in Figure 1. The stationary raceways are located

in the outer ring, which is commonly referred to as the cup. The rotating raceways

are located in the roller assemblies, which are commonly referred to as the cones.

The roller elements ride on the rotating raceways, and each roller element is sep­

arated from adjacent rollers by the cage assembly. The cone bore diameter is

manufactured to be 0.0025 inch to 0.0045 inch smaller than the axle journal, which

results in an interference fit between the cones and the journal when the bearing is

mounted. The two cones are separated by a spacer ring which sets the amount of

bearing end play. The function of the grease seals, which press into the cup and

ride on the wear rings, is to retain the bearing lubricant and prevent lubricant

contamination. The bearing is held in place on the axle journal by the bearing end

cap assembly, which includes three cap screws.
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Figure 1. Cross section of a Tapered Roller Bearing
(Schematic -- not to scale)

1.2 BEARING DEFEO CLASSIFICATION

Roller bearing inspection and reconditioning practices are subject to the require­

ments set forth in Volume H - Part II, "Roller Bearing Manual," of the AAR's Manual
of Standards and Recommended Practices. Copies of the pertinent sections.of the

publication are provided in the appendix. A brief description of some of the types

of bearing defects defined in the "Roller Bearing Manual" is provided below:

Brinelling

This defect consists of one or more indentations caused by the roller elements being

forced into the surfaces of either raceway while the bearing was subjected to heavy

impact loading. Figure 2 is an example of a Brinelling in a bearing cup raceway.
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Figure 2. Brinelled Raceway Defect

Spalling

This defect originates as minute cracks which increase in size during cyclic loading

and eventually cause metal break out. The defect occurs on the rolling contact

surfaces of the raceways and roller elements. Figure 3 is an example of spalling on

a bearing cup raceway.
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Figure 3. Spalted Raceway Defect

Pitting

Pitting occurs as the result of corrosion or electric arcing during welding. Pitting

can occur on both rolling and non-rolling contact surfaces. Figure 4 is an example

of pitted roller elements.
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Figure 4. Pitted Roller Element Defect

1.3 ROLLER BEARING FAILURE

The two mechanisms believed to cause the majority of bearing failures are cone

slippage and bearing seizure.

Cone slippage occurs when the interference fit between the cone bore and the

axle journal becomes degraded due to a variety of factors. This condition is

aggravated by the loss of end clamp load that is caused by the excessive bearing

component wear which usually accompanies cone slippage. As the cone(s) slips

on the axle, a groove is cut into the journal. As this mode of failure progresses, the

depth of the groove in the journal increases resulting in improper loading of the

bearing which can lead to heavy spalling on the rolling contact surfaces. In the final
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stages of this failure mode, the operating temperature of the bearing begins to

increase rapidly, resulting in softening of the journal which yields under the load

of the car. Figure 5 shows a grooved axle journal condition caused by cone slippage.

Figure 5. Grooved Axle Journal Defect

Bearing seizure occurs when the rotating and stationary raceways become

locked together. This can occur in the final stages of the cone slippage failure mode,

or it can occur suddenly and cause catastrophic bearing failure. Potential causes

of sudden bearing seizure include fracture of the cage or roller element(s). Figure

6 shows a bearing cup that failed by seizure. The damage shown was caused by

the bearing cup rotating under the bearing adapter after the bearing had seized.
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Figure 6. Bearing Seizure Failure

1.4 DEFECfIVE BEARING DETECfION

Several methods of identifying defective roller bearings are used to prevent train

derailments.

HOT BOX DETECTORS

Hot Box Detectors (HBD's) are one method used to detect defective bearings. The

HBD uses infrared transducers to monitor bearing temperature as the train passes

by the detector. The HBD intercepts a portion of the infrared radiation from each

bearing and, based on user programmable limits, issues an alarm if the bearing

exceeds the preset limit. A typical installation showing the scanner heads is pro­

vided in Figure 7.
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Figure 7. Scanner Heads of a Wayside HBD Installation

ACOUSTIC BEARING DETECTORS

Acoustic Bearing Detectors (ABD's) provide an additional method to detect

defective bearings. Unlike the HBD's previously discussed, the ABD's are designed

to detect bearing flaws before overheated operation occurs. These systems use

wayside receivers to monitor acoustic emissions from the bearing as the train passes

by the detector. The ABD analyzes the acoustic signal for each bearing and, based

on user programmable limits, issues an alarm ifa defect is detected. Figure 8 shows

the wayside receivers of an ABD system.
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Figure 8. Acoustic Receivers of a Wayside ABD Installation

ONBOARD BEARING MONITORS

Trains carrying sensitive loads and/or passengers are sometimes equipped with
Onboard Bearing Monitors (OBM's). OBM's provide protection from bearing

failure by continuously monitoring the operating temperature of each bearing and

issuing an alarm if any bearing exceeds a preset user programmable limit.

9



2.0 OBJECTIVES

The research program was divided into three major work efforts. Each work effort

addressed specific program objectives. A description of the program objectives

addressed by each work effort is provided below:

Work Effort No. 1 - Program Safety Assessment

Solicit information from the railroad and railroad supply industry

experts to define the technical and operational safety procedures

required to conduct roller bearing research at the TTC.

Work Effort No.2 - Short Term Tests

Roller Bearing Failure Mechanisms I (RBFM I)

Investigate the effect of degraded bearing cone/axle journal

interference fit and end clamp load conditions on short term (5,000

miles) bearing performance and reliability.

Wheel Anomaly Test

Document the dynamic load environment produced by four
common wheel tread anomalies (Tread Flats, Out of Round Tread,

Spalled Tread, and Tread Build-up) by measurements at the bea­

ring/ truck side frame interface.

Work Effort No.3 - Long Term Tests

Roller Bearing Failure Mechanisms II (RBFM II)

Determine the effects of degraded bearing cone/axle journal

interference fit and end clamp load conditions on the long term

(20,000 mile) performance and reliability of roller bearings oper­

ating in simulated revenue service conditions.

Cone Bore Growth and Bearing Run-in Temperature Test (CBG)

Determine the effect of initial run-in temperature on the rate of

bearing cone bore growth.
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Raceway Defect Growth Rate Test (RDGR)

Develop growth rate data for a variety of AAR condemnable roller

bearing raceway defects.

3.0 PROCEDURES

The procedures developed for each test are described in the following subsections.

3.1 RBFM I TEST

Twenty-four AP Class F (61/2 X 12) bearings with the axle journal/bearing cone

interference fit and end clamp loads detailed in Table 1 were evaluated in the test.

Table 1. RBFM I Test Bearing Fit and Clamp Load Summary

MP AXLE JOURNAUCONE INTERFERENCE FIT

Grooved Zero 0.00075" 0.OOt5" 0.002" 0.0045"

Zero A,B G,H L,M U,V

to-ton C,D 1,1 N 0

27-ton E,F K P,Q T

27-ton R,5

27-ton W*,X"

* Cut Cage Separator Bar

Ten of the test bearings, provided by Brenco, were new bearings with no

service miles. The Timken Company provided 10 reconditioned bearings, with no

service miles for the test. The TTC provided two reconditioned Timken bearings

(W & X) with no service, and bearings A and B were obtained from the AT&SF

Railway. Table 2 describes the bearings used in the experiment.

11



Table 2. RBFM I Test Bearing Summary

BEARING MFGR DATE SERIAL FIT CLAMP ·LATERAL
ID NUMBER (inches) (tons) (inches)

A Brenco 2-74 20825 Groove Zero 0.030

B Brenco 69N 27828 Groove Zero 0.004

C Timken 12-80 471222 Zero 10 0.009

D Brenco 7-88 61113 Zero 10 0.018

E Timken 9-81 197605 Zero 30 0.010

F Brenco 7-88 61087 Zero 30 0.011

G Timken 9-73 55529 0.00075 Zero 0.011

H Brenco 7-88 61089 0.00075 Zero 0.015

I Timken 3-77 418299 0.00075 10 0.010

J Brenco 7-88 61062 0.00075 10 0.014

K Timken 4-74 50066 0.00075 30 0.007

L Timken 8-80 438393 0.0015 Zero 0.006

M Brenco 7-88 61069 0.0015 Zero 0.008

N Timken 1-73 303796 0.0015 10 0.009

0 Brenco 7-88 61078 0.0020 10 0.010

P Timken 1-67 66180 0.0015 30 0.008

Q Brenco 7-88 61094 0.0015 30 0.009

R Brenco 7-88 61092 0.0015 30 0.011

S Timken 1-87 1697 0.0015 30 0.008

T Brenco 7-88 61093 0.0020 30 0.006

U Timken 8-80 443064 0.0045 Zero Zero

V Brenco 7-88 61104 0.0045 Zero Zero

W Timken 6-80 294894 0.0015 30 0.003

X Timken 8-85 13766 0.0015 30 0.010

,. Mounted Lateral
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Bearing A and bearing H, obtained from the AT&SF, had been removed from

revenue service due to overheating. Figures 9-12 show the condition of the bearings

before testing began.

Figure 9. Pre-Test Spalled Roller Condition of Outboard Cone -- Bearing A
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Figure 10. Pre-Test Spalled Condition of Outboard Cup Raceway -- Bearing A
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Figure 11. Pre-Test Condition of Inboard Cone -- Bearing B
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Figure 12. Pre-Test Condition of Inboard Cup Raceway -- Bearing B

Test bearings X and Y were modified by cutting one cage separator bar of the

inboard cone to simulate a broken cage bar condition. The separator bar was placed

between the two rollers when the bearing was assembled. Figure 13 shows the

condition of one of the modified cones before on-track testing began.

16



Figure 13. Broken Cage Simulation - Bearing W and X

In addition to the 24 bearings described in Table 2, three bearings equipped

with experimental low friction seals were included in the test. These were recon­

ditioned bearings in nominal condition. The seals, provided by Ernst Manufac­

turing Incorporated, were included in the test to determine how well they would

perform under simulated revenue service conditions, and if they would reduce the

operating temperature of the bearing as measured by wayside HBD systems. These

bearings were not considered as part of the RBFM I test matrix.

Before the bearings were applied, the journal diameter of each axle was

measured using a snap gage. Table 3 summarizes the pre-test axle journal mea­

surements.
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Table 3. RBFM I Pre-Test Axle Journal Measurements

BEARING OBWR OBCS IBCS IBWR
ID (INCHES) (INCHES) (INCHES) (INCHES)

A 6.1904 6.1870 6.0652 6.1904

B 6.1905 6.1893 6.1440 6.1902

C 6.1893 6.1893 6.1897 6.1895

D 6.1895 6.1894 6.1898 6.1897

E 6.1895 6.1895 6.1897 6.1898

F 6.1894 6.1894 6.1898 6.1899

G 6.1900 6.1901 6.1902 6.1903

H 6.1901 6.1901 6.1902 6.1902

I 6.1901 6.1901 6.1902 6.1903

J 6.1903 6.1902 6.1903 6.1903

K 6.1902 6.1902 6.1903 6.1904

L 6.1905 6.1904 6.1905 6.1905

M 6.1902 6.1902 6.1904 6.1905

N 6.1905 6.1904 6.1905 6.1905

0 6.1900 6.1900 6.1900 6.1901
p 6.1905 6.1905 6.1905 6.1905

Q 6.1905 6.1905 6.1905 6.1905

R 6.1908 6.1908 6.1907 6.1908

S 6.1905 6.1904 6.1904 6.1904

T 6.1900 6.1900 6.1900 6.1900

U 6.1915 6.1915 6.1915 6.1915

V 6.1914 6.1914 6.1915 6.1914

W 6.1905 6.1905 6.1905 6.1905

X 6.1905 6.1905 6.1905 6.1905

Note: OBWR - Outboard wear ring seat
OBCS - Outboard cone seat
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Figure 14 shows the condition of the journal of the wheel set equipped with

bearing A before on-track testing began; Figure 15 shows the condition for bearing

B.

Figure 14. Pre-Test Axle Journal Condition -- Bearing A
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Figure 15. Pre-Test Axle Journal Condition -- Bearing B

3.1.1 Onboard Instrumentation

Two type K thermocouples were bonded to the surface of each bearing cup to

monitor the operating temperature, as shown in Figure 16.
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Figure 16. Typical Bearing Raceway Thermocouple Application

Each thermocouple signal was conditioned using individual electronic

reference junctions and routed to an over-temperature alarm system installed on

each car. The alarm system was provided by ENSCO and was used to alert the test

controller if the operating temperature of any of the test bearings exceeded a

preselected temperature threshold. The threshold temperature was set to 250°F.

The thermocouple signal conditioning and the alarm system were housed in a

junction box mounted on each of the test cars. Figure 17 shows a typical application

of the onboard alarm system.
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Figure 17. Typical Onboard Alarm System Application

Eight of the test bearings were equipped with special instrumentation, pro­

vided by ENSCO, to measure the movement or slip of the cone assemblies relative

to the axle. The bearings equipped with the cone motion instrumentation were

those expected to fail due to cone slippage and/or bearing seizure. A diagram of

the cone slippage measurement system is given in Figure 18. For a more detailed

description of the cone slippage measurement system please refer to the report

entitled "Performance of Degraded Roller Bearings," report number

DOT/FRA/ORD-90/12 prepared by ENSCO for the FRA.
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Figure 18. Cone Slippage Measurement System

Defects located on the rolling contact surfaces of a roller bearing create

repetitive vibrations when the bearing rotates. Precise frequencies associated with

defects located in specific bearing components can be calculated from a knowledge

of the bearing geometry and rotational velocity. The equations required to calculate

the bearing defect frequencies are provided below:
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Cup Defect Frequency

Cone Defect Frequency

Roller Defect Frequency

Where:

(~)(R::)[1-;~COS$J
(~)(R::)[1+;~COS$J

(~)(~~)(R:)[ I_(;~)' COS2 $]
N =Number of rollers (balls)

RPM =Rotation rate

Pd =Mean roller pitch diameter

Bd =Mean roller (ball) diameter

cp =Contact Angle

Acceleration sensors were mounted on the bearing adapters of bearings A, B,

W, and Xduring the test to monitorvibration. The outputsignal of each acceleration

sensor was recorded on PM tape over a frequency ranging from direct current to

40 kHz. A vibration envelope detector and a spectrum analyzer were used to extract

the bearing defect signatures and determine frequency content.

3.1.2 Wayside Instrumentation

The on-track tests were conducted on the Railroad Test Track (RTT) at the TTC.

The RTT is a 14-mile loop capable of train speeds up to 125 mph. The RTT is also

the site of the AAR's Wayside Detection Facility (WDF). Seven different types of

wayside HBD systems are installed at the WDF, which is located in a tangent track

section on the southeast side of the loop. During the on-track tests, data from four

of the seven HBD systems were collected to monitor the operating temperature of

the test bearings. Data from a prototype wayside HBD/ ABD system, installed at

the WDF specifically for the test by the SERVO Corporation of America, were also

obtained. In addition, a standard HBD system provided by Harmon Electronics,

Incorporated was installed in a tangent section of track on the northwest side of the

RTT. Figure 19 diagrams the test tracks showing the location of the WDF and the

additional Harmon HBD system.
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Figure 19. TTC Test Tracks and Wayside HBD Locations

3.1.3 Onboard Data Acquisition

The data acquisition scheme employed in the test included an IBM-AT personal

computer (PC), used to record the cone slippage, train speed, and bearing operating

temperatures measured at the outboard raceway and at the top of the cup between

the raceways. An Omega thermocouple strip chart recorder also was used to record

the bearing operating temperatures measured at the inboard raceway along with

a Kyowa PM recorder to record bearing vertical acceleration. A schematic diagram

of the data collection system is provided in Figure 20.

25



TRAIN LOCAnoN
DATE AND TIME
TRAIN SPEED

THERMOCOUPLE
STRIP CHART

RECORDER

OVER-TEMPERATURE
ALARM TELEMETRY

SYSTEM

24 THERMOCOUPLE

CHANNELS

80 CHANNEL PC
DATA COLLECTION

SYSTEM

24 CONE IIOnoN II
CHANNELS

'--------' '"------'

39 THERMOCOUPLE

CHANNELS

Figure 20. RBFM I Test Data Collection System

The PC and the Omega thermocouple strip chart recorder were provided by

ENSCO.

3.1.4 Wayside Data Acquisition

Digital data were acquired at the WDF from five HBD systems using a Hewlett­

Packard (HP) 9826 computer and AAR's general acquisition software. The digitized

detector temperature data was reduced to peak temperature values using AAR's

peak detector software. Figure 21 shows the WDF data collection system.
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Figure 21. RBFM I Test Wayside Data Collection System

3.1.5 Test Consist

The test axles were installed under four fully loaded 100-ton capacity open top

hopper cars. The cars, with one locomotive and an instrument/data acquisition

car were operated as a consist for 5,016 miles on the RTT. A diagram showing the

test consist, the location of the test bearings, the experimental seals, and the

instrumentation is provided in Figure 22.
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TCI&2

TCS&6

TC9&IO
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B x P TC60,6I&62 CM-8 A4

SI&2, S3&4, SS&6 = LOW FRICTION SEALS
CM = CONE MOTION SENSOR
TC = THERMOCOUPLE SENSOR

A = ACCELERATION SENSOR

Figure 22. RBFM I Test Consist

The wheel sets equipped with bearings A and B were removed from car 147

and replaced with standard wheel sets after the behavior of the bearings was

documented.
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Car 147 was emptied after completing the 5,000 mile test, and the wheel set

equipped with bearing A was re-installed so that additional tests could be con­

ducted to document the performance ofbearing A under empty car conditions. The

test consist was operated for an additional 320 miles with car 147 in the empty

condition. Car 147 was then loaded to a rail weight of 263,000 pounds and the test

consist was operated for an additional 500 miles on the RTT bringing the total test

mileage to 5,820.

3.2 WHEEL ANOMALY TEST

Wheels having slid flats were used to evaluate the effects of short wavelength

anomalies (1 to 3 inch). The effects of intermediate wavelength anomalies (3 to 5

inch) were investigated using wheels with tread spalls, and out of round wheels

were used to determine the effects of long wavelength anomalies (5 to 15 inch).

Both 33- and 36-inch diameter wheels were evaluated in the test. The wheel sets

used in the test were provided to the AAR by the CSX and UP Railroads.

Before testing began, the circumferential profile of each wheel was docu­

mented using a longitudinal wheel profilometer manufactured by Salient Systems.

The profilometer system uses a special shoe to measure the radial runout as a

function of angular position of both wheels of a wheel set simultaneously.

The AAR's Chicago Technical Center (CTC) provided an instrumented 70-ton

capacity box car to evaluate the 33-inch diameter wheel sets. The 36-inch diameter

wheel sets were evaluated using a loaded 100-ton capacity open top hopper car.

To limit the influence of defect types upon each other, only one defected wheel set,

installed in the leading axle position of the leading truck, was tested at a time. The

cars were operated with one locomotive and an instrument!data acquisition car

over a section of track having wooden ties and cut spike fasteners on the Transit

TestTrack (TTT) and over a sectionof track having concrete ties and elastic fasteners

on the High Tonnage Loop (HTL) at the Facility for Accelerated Service Testing

(FAST). A diagram of the Wheel Anomaly Test consist is provided in Figure 23.
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Figure 23. Wheel Anomaly Test Consist

3.2.1 Onboard Instrumentation

The A-end of the 70-ton capacity car was equipped with instrumentation as sum­

marized in Table 4.

Table 4. Instrumentation Summary for the A-end of 70-Ton Capacity Car

PARAMETER LOCATION QUANTITY

Vertical Load Bearing Adapter 4

Vertical Load Center Plate 1

Vertical Load Truck Bolster 1

Vertical Load Truck Side Bearing 2

Lateral Load Truck Side Frame 1

Vertical Acceleration Bearing Adapter 4

Vertical Acceleration Car Center Sill 1

Lateral Acceleration Truck Bolster 1

Lateral Acceleration Car Center Sill 1

Vertical Displacement Bolster to Side Frame 1

Table 5 summarizes the instrumentation used for the B-end of the 70-ton

capacity car, and Table 6 summarizes the instrumentation used for the B-end of the

100 ton-capacity car.
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Table 5. Instrumentation Summary for the B-end of 70-Ton Capacity Car

PARAMETER LOCATION QUANTITY

Vertical Acceleration Car Center Sill 1

Lateral Acceleration Car Center Sill 1

Table 6. Instrumentation Summary for the B-end of the tOO-ton Capacity Car

PARAMETER LOCATION QUANTITY

Vertical Load Bearing Adapter 2

Vertical Acceleration Bearing Adapter 2

Vertical Acceleration Car Center Sill 1

The A-end of the 100-ton capacity car was equipped with one acceleration

sensor to measure vertical acceleration at the car center sill.

3.2.2 Wayside Instrumentation

Weldable strain gages, configured in full bridge shear circuits, were installed on

the web of the rails of the TIT at 10 locations or cribs to measure vertical force at

the wheel!rail interface. The wooden ties in the instrumented section of track were

spaced at 22 inches.

3.2.3 Onboard Data Acquisition

The onboard data acquisition system included a HP model 9826 desk top computer

and a HP model 6944 high speed multiprogrammer to record the train speed,

acceleration, load, and displacement data at a sample rate of 1,024 samples/second.

3.2.4 Wayside Data Acquisition

The wayside data acquisition system included a HP model 9826 desk top computer

and a HP model 6944 high speed multiprogrammer to record the wheel!rail vertical

force data at a sample rate of 2,048 samples/second.
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3.3 RBFM II TEST

Twenty roller bearings that survived the 5,000 mile test and the bearings equipped

with the low friction seals were operated on the HTL as part of the FAST Heavy

Axle Load (HAL) consist. Table 7 summarizes the bearings used in this test.

Table 7. RBFM II Test Bearing Summary

BEARING MFGR DATE SERIAL FIT CLAMP LATERAL
ID NUMBER (INCHES) (tons) (inches)

C Timken 12-80 471222 Zero 10 0.009

D Brenco 07-88 61113 Zero 10 0.018

E Timken 09-81 197605 Zero 30 0.010

F Brenco 07-88 61087 Zero 30 0.011

G Timken 09-73 55529 0.00075 Zero 0.011

H Brenco 07-88 61089 0.00075 Zero 0.015

I Timken 03-77 418299 0.00075 10 0.010

J Brenco 07-88 61062 0.00075 10 0.014

K Timken 04-74 50066 0.00075 30 0.007

L Timken 08-80 438393 0.0015 Zero 0.006

M Brenco 07-88 61069 0.0015 Zero 0.008

N Timken 01-73 303796 0.0015 10 0.009

0 Brenco 07-88 61078 0.0020 10 0.010

P Timken 01-67 66180 0.0015 30 0.008

Q Brenco 07-88 61094 0.0015 30 0.009

R Brenco 07-88 61092 0.0015 30 0.011

S Timken 01-87 1697 0.0015 30 0.008

T Brenco 07-88 61093 0.0020 30 0.006

U Timken 08-80 443064 0.0045 Zero Zero

V Brenco 07-88 61104 0.0045 Zero Zero
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The wheel sets equipped with bearings L, M, U and V, and the low friction

seals were remove from cars 151 and 147 and installed under two loaded lOa-ton

capacity cars (137 and 165) being used in the HAL program. The remaining wheel

sets were operated under two of the loaded lOa-ton capacity open top hopper cars

(150 and 153) used in the 5,000 mile test on the RTT. Figure 24 is a diagram of the

RBFM II test consist showing the position of the test bearings and seals.

TC1&2
N A J TC3&4

TC5&6 R Q TC7&8

TC9&10 150 TC11&12
5 p

TC13&14 T B 0
TC15&16

TC17&18 A
TC19&20

G H

TC21&22 K
TC23&24

153
TC25&26 E c TC27&28

TC29&30 0 B F
TC31&32

A 55&6

137
51&2 53&4

B

U A v

165
II L

B

Figure 24. RBFM II Test Consist
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3.3.1 Onboard Instrumentation

The bearings operated under car 150 and 153 were considered as having a high risk

of failure; therefore, they were equipped with two type K thermocouples so that

the operating temperature could be documented in the event of failure. The ther­

mocouples were bonded to the bottom of the cup over each raceway. Hot bearing

detector bolts provided by RASTECH Incorporated and the 3M Company were

installed in the end cap of each bearing to provide a visual indicator in the event

of overheating.

Bearings L, M, V, and V and those equipped with the low friction seals were

considered as having a low risk of failure; therefore, they were equipped with the

detector bolts only.

3.3.2 Wayside Instrumentation

Three HBD systems were used in the RBFM II tests. The HTL was already equipped

with an inboard scanner HBD system located in Section 22. The prototype

HBD/ ABD system provided by the Servo Corporation ofAmerica was moved from

the WDF and installed in Section 5 of the HTL. The HBD system provided by

Harmon Electronics Incorporated was moved from the RTT and installed inSection

22 of the HTL. The scanner heads of this detector were modified to an outboard

application. Figure 25 is a diagram showing the HTL and the location of the HBD

systems.

""- Section 22· Harmon AMTK HBD SYSTEM

Servo 8909 HBD sysl<im

""-
Section 5. Servo 9000 HBD/ABD System

Figure 25. RBFM II Test Wayside Instrumentation Application on HTL
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3.3.3 Onboard Data Acquisition

A datalogger, mounted on Car 150, was used to collect operating temperature data

from each of the thermocouples on the test bearings.

3.3.4 Wayside Data Acquisition

Wayside data acquisition was limited to the standard strip chart recorders provided

with the HBD systems.

3.4 CONE BORE GROWTH (CBG) TEST

Sixteen AP Class G (7 X12) bearings with the axle journal/bearing cone interference

fit and grease content combinations detailed in Table 8 were evaluated in the test.

The new bearings were provided by Brenco.

Table 8. CBG Test Bearing Summary

BEARING DATE SERIAL FIT GREASE ·LATERAL
ID NUMBER (inches) (ounces) (inches)

1A 12-80 11614 0.0025 32 0.009

1B 09-81 11838 0.0025 24 0.010

2A 07-88 11845 0.0025 32 0.011

2B 07-88 11586 0.0025 24 0.018

3A 07-88 11587 0.0025 32 0.009

3B 07-88 11850 0.0025 24 0.011

4A 07-88 11843 0.0025 32 0.010

4B 07-88 11872 0.0025 24 0.006

5A 08-80 11588 0.0050 32 0.006

5B 07-88 11869 0.0050 24 0.008

6A 01-87 11865 0.0050 32 0.008

6B 01-87 11866 0.0050 24 0.008

7A 07-88 11628 0.0050 32 0.014

7B 01-73 11585 0.0050 24 0.009

8A 07-88 11599 0.0050 32 0.015

8B 09-73 11605 0.0050 24 0.011
* Mounted lateral
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Before starting the experiment, the journals of the test axles were measured at

the outboard and inboard cone seats (OBCS and IBCS) by AAR personnel. A

summary of the axle journal measurements is provided in Table 9.

Table 9. CBG Pre-Test Axle Journal Measurement Summary

R~A1UNGID OBCS IBCS
(inches) (inches)

1A 7.0038 7.0041

1B 7.0035 7.0036

2A 7.0036 7.0040

2B 7.0038 7.0041

3A 7.0036 7.0037

3B 7.0033 7.0036

4A 7.0034 7.0037

4B 7.0037 7.0038

5A 7.0028 7.0028

5B 7.0028 7.0028

6A 7.0028 7.0029

6B 7.0028 7.0028

7A 7.0029 7.0032

7B 7.0028 7.0028

8A 7.0026 7.0028

8B 7.0028 7.0028

The test axle journal measurements and the desired interference fit were

provided to Brenco by the AAR. The cone bore diameters were machined to the

desired size by Brenco personnel and measured using Brenco's coordinate mea­

surement machine before shipment to the TIC. A summary of the pre-test cone

diameter measurements is provided in Table 10.
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Table 10. CBG Pre-Test Cone Diameter Measurements

BEARING DBC IBC
ID (inches) (inches)

1A 7.00160 7.00160

1B 7.00100 7.00110

2A 7.00110 7.00130

2B 7.00140 7.00150

3A 7.00110 7.00110

3B 7.00080 7.00090

4A 7.00140 7.00130

4B 7.00120 7.00120

5A 6.99785 6.99780

5B 6.99780 6.99790

6A 6.99780 6.99790

6B 6.99770 6.99790

7A 6.99800 6.99983

7B 6.99780 6.99800

8A 6.99760 6.99785

8B 6.99795 6.99790

The wheel sets were installed under two loaded 125-ton capacity open top

hopper cars (Cars 306 and 309) and the cars were operated as part of the FAST/

HAL consist on the HTL. The bearings completed 7,000 miles of operation during

the test.

At the completion of the on-track test, the bearings were removed from the

axles, disassembled, and cleaned. The bearings were inspected for defects and then

returned to Brenco for post test measurement of the cone bore diameters. The axle

journals were measured by AAR personnel.
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3.4.1 Onboard Instrumentation

Each bearing was equipped with two type K thermocouples. The thermocouples

were bonded to the bottom of the cup over each raceway.

Hotbearing detector bolts provided by RASTECH and the 3M Company were

installed in the end cap of each bearing to provide a visual indicator in the event

of an over-temperature event.

3.4.2 Wayside Instrumentation

The wayside instrumentation for the experiment was the same as described in

Section 3.3.2 of this report.

3.4.3 Onboard Data Acquisition

A datalogger, mounted on Car 306 was used to collect operating temperature data

from each of the thermocouples on the test bearings.

3.4.4 Wayside Data Acquisition

Wayside data acquisition was limited to the standard strip chart recorders provided
with the HBD systems.

3.5 RACEWAY DEFECT GROWTH RATE (RDGR) TEST

Four AP Class F (61/2 X 12) bearings and four AP Class E (6 X 11) bearings were

evaluated in the RDGR test. The bearings and wheel sets were provided to the AAR

by the BN railroad.

Before starting on-track tests, the roller bearings were removed from the axles,

disassembled, and cleaned. The number, type, and size of raceway defects were

documented for each test bearing. After inspection the bearings were reassembled

and mounted on the axles.

The wheel sets were installed under loaded 100-ton and 70-ton capacity cars,

and the cars were operated as part of the HAL consist on the HTL. The AP Class

F bearings accumulated 19,000 miles of operation, while the AP Class E bearings

only accumulated 4,075 miles. The 70-ton capacity cars were donated by a railroad

late in the program and as a result low mileage was recorder on the AP Class E
bearings.
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At the end of on-track testing, the bearings were removed from the axles,

disassembled, and cleaned. The number, type, and size of raceway defects were

documented for each test bearing.

3.5.1 Onboard Instrumentation

Hot bearing detector bolts provided by RASTECH and 3M were installed in the

end cap of each bearing to provide a visual indicator in the event of an over­

temperature event.

3.5.2 Wayside Instrumentation

The wayside instrumentation for the experiment was the same as described in

Section 3.3.2 of this report.

3.5.3 Onboard Data Acquisition

Onboard data acquisition was not provided.

3.5.4 Wayside Data Acquisition

Wayside data acquisition was limited to the standard strip chart recorders provided

with the HBD systems.

4.0 TEST RESULTS

The results obtained in each of the experiments will be presented in the following

subsections.

4.1 RBFM I TEST

The following summary of the results obtained in the RBFM I test was extracted

from the report entitled "Performance of Degraded Roller Bearings," report number

DOT/FRA/ORD-90/12 prepared by ENSCO for the FRA. For additional infor­

mation, please refer to the ENSCO report.

THERMAL PERFORMANCE

Examples of bearing thermal performance data for selected bearings are provided

below. The plots are displayed as temperatures above ambient in OF vs. sample

number. Sample number indicates cumulative test time at a sample rate of one

sample every five seconds. Examples of nominal bearing performance and bearing
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failure, axle differentials (left side vs. right side of same axle), cup raceway differ­

entials (inboard raceway vs. outboard raceway of same cup), bearing heating in

curved track vs. tangent track operation, operating temperature variation with

measurement location (top of cup vs. bottom of cup) are discussed.

NOMINAL OPERATING TEMPERATURE RANGES

The operating temperatures for each of the bearings for the entire S,OOO-mile test

are plotted together in Figure 26. The cyclic pattern evident in the data is typical

of heating and cooling of the bearing at the beginning and end of the test day. The

range of operating temperatures for the entire test for all normal -- no thermal

runaway -- operating bearings ranged between 6S po and 140 FO (18 Co and 60 CO)

above ambient during operation at 70 mph under loaded car conditions.
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Figure 26. Operating Temperatures for Normal Bearings
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LEFT SIDE VS. RIGHT SIDE OF SAME AXLE

Plots of the difference in temperature between right and left side outboard cup races

of bearings mounted on the same axle are shown for bearings Jand N in Figure 27

and bearings Rand Q in Figure 28. The daily cyclic pattern evident in these plots

is caused by the difference between temperatures for the bearing operating on the

outside rail of the RTT loop (high rail) and the bearing operating on the inside rail

of the RTT loop (low rail). The mean of the cyclic pattern is indicative of the nominal

difference between the left-side and right-side bearings under these test conditions.

During testing from March 28 through May 1989 test speeds ran at nearly 70

mph continuously. For these days the results for both of these axles indicate a

marked difference of 15 P to 20 F between high rail and low rail operation (half­

peak to peak of cycle). The average temperature difference for bearings appears to

be approximately -4 For -5 P, indicating the left side bearing is running nominally

4 FO or 5 FO warmer than the right. The corresponding average for bearings appears

to be nearer to -8 FO to -10 FO, indicating the left side bearing to be running 8 FO to

10 FO warmer than the right side.
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INBOARD RACEWAY VS. OUTBOARD RACEWAY FOR SAME BEARING

During the test, it was observed that on some occasions, when onboard bearing

alarms sounded due to heating just over the alarm threshold, the wayside detector's

alarm did not sound. Further investigation showed that significant temperature

differences could exist between the inboard and outboard bearing cups on a single

bearing.

For test bearing B, the outboard raceway temperature was approximately 50

po higher than the inboard raceway during operation on March 15. This result was

observed on other bearings, though not on all, indicating that significant thermal

gradients can exist across one bearing. Figure 29 shows a time history of the tem­

peratures above ambient for the inboard and outboard races and the difference

between the two raceways of bearing B.
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CURVED TRACK V5, TANGENT TRACK OPERATION

The variation in bearing temperature during one lap of the RTT is shown in Figure

30. The figure illustrates the effect negotiating curved track has on the operating

temperature of tapered roller bearings, During curve negotiation, the inner and

outer race of bearing M heats up by as much as 10 FO during one lap.
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TOP OF CUP VS. SIDE OF CUP TEMPERATURE VARIATIONS ON SAME BEARING

Temperatures were measured on the top of the bearingbetween the bearing adapter

and the bearing cup on six bearings. The temperature measurements from the top

of cup location were approximately 10 F higher than temperature measurements

obtained from the side of the same cup. These data are significant in that wayside

BBD systems determine bearing temperature by intercepting radiation from the

bottom and side of the bearing cup whereas the heat in an overheating bearing is

primarily generated in the load zone at the top of the cup. Figure 31 shows both

top of cup and side of cup temperature measurements for bearing B during an

overheating episode where the temperature difference is approximately 120 FO.
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SEAL TEMPERATURES

The data collected from the experimental seals showed that the temperature was

nominally 50°F to 70°F above ambient temperature at operating speeds of 70 mph

under loaded car conditions. This is significantly lower than the average 100°F to

llO°F above ambient temperature measured on the cups of the other test bearings.

During the third day of testing, the operating temperature of one of the low

friction seals rose to approximately 130 FO after approximately 30 miles of operation.

Inspection of the bearing revealed that the outboard seal dust guard located in the

bearing end cap was in rubbing contact with the seal case resulting in a high friction

interface which caused the elevated operating temperature and some minor damage

to the seal dust guard. Figure 32 shows the damaged dust guard.
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Figure 32. Damaged Low Friction Seal Components

The bearing end cap was removed and the dust guard was modified so that

it no longer made contact with the seal case. The end cap was re-applied to the

bearing, and testing was resumed. Mter this repair, the seal performance was

acceptable for the remainder of the test.

The seals were given a limited inspection at the completion of the 5,000 mile

test to document their condition. All of the seals showed some minimal grease

seepage.

BEARINGS APPROACHING FAILURE

Bearings A and B experienced thermal failure during the test. At the beginning of

the test, the inner race on both bearings was observed to be slipping, but not

overheating. The behavior of each of these bearings is described in detail below.
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BEHAVIOR OF BEARING B

Temperature time history plots for bearing Bare shown for the entire test in Figures

33 and 34 for the top of cup and side of outboard cup raceway, respectively. On

the first test day the consist was operated for approximately 40 minutes at 30 mph

followed by 10 minutes of operation at40 mph. The top of cup temperature reached
just over 100 F on two successive laps. The bearing completed a total of 40 miles

of operation.

On the second test day, the bearing completed an additional 27 miles of

operation at a maximum operating speed of 30 mph. During this limited testing,

the bearing temperature on the top of the cup reached a maximum ofapproximately

60F.

On the third day of testing, a total of 175.5 miles of operation was completed

with speeds up to 60 mph. During operation, the bearing temperature rose quickly

to 130 F each time 60 mph was attained, cooling rapidly upon stopping. On each

subsequent period of operation at 60 mph the peak temperature above ambient

increased slightly.

On the fourth test day, the bearing heated rapidly to approximately 130 F
while operating at 45 mph and continued to heat up as the operating speed was

slowed to 30 mph. During this time, periods of warming during curve negotiation
and cooling during tangent running were also observed.

On the fifth day of testing, the temperature of the bearing rose sharply to

approximately 180 F at the outboard cup raceway during operation at 50 mph.

The bearing cooled rapidly during several stops and heated just as rapidly

when testing resumed. When the test ended the bearing temperature measured

370 and 371 F on the inboard and outboard cup raceways of the bearing respec­

tively. The top of the cup measured 486 For 116 F hotter than the side of the cup

at its peak.
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MAXIMUM BEARING HEATING AND COOLING RATES

The maximum heating rate observed was 12.8°P per minute. At this heating rate,

at 60 mph, the bearing temperature could be expected to rise 256 F in 20 miles.

The maximum cooling rate was 7.2°P per minute. At the above cooling rate,

with a 250 F alarm threshold, a train crew would have about 7 minutes between

the time a hot bearing was detected (250 F) and the bearing had cooled below 200

F; the temperature at which a melt-stick will indicate a hot bearing (refer to Tables

11 and 12).
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Table 11. Bearing B First Overheating Event 50-mph Peak Speed

Location Max. Temferature Heating Rate Cooling Rate
(F (F/minute) (F/minute)

Top of Cup 258 6.7 5.1

Outboard Race 234 5.2 3.7

Inboard Race 270 12.8 6.4

Table 12. Bearing B Second Overheating Event 60-mph Peak Speed

Location Max. Temferature Heating Rate Cooling Rate
(F (F/minute) (F/minute)

Top of Cup 486 10.1 7.2

Outboard Race 371 8.8 ...

Inboard Race 370 10.3 5.0

*Thermocouple dlsbonded

The journal diameter at the inboard cone seat decreased from 6.1440 inches to

6.1436 inches during the test while the diameter at the outboard cone seat decreased

from 6.1893 inches to 6.1890 inches.

BEHAVIOR OF BEARING A

Bearing A was the only other test bearing to overheat during the test. On the fourth

test day, at operating speeds of 60 mph, the bearing reached nearly 260 po for brief

periods. On the following test day, the bearing reached nearly 280 po briefly during

50 mph operation. The wheel set containing this bearing was removed from the

test consist on March 15 to allow sustained high-speed running so that mileage

could be accumulated on the other test bearings.

At the completion of the 5,000 mile test, the wheel set was installed under an

empty car so that the behavior of bearing A under empty car conditions could be

documented. Bearing A was operated for an additional 315 miles and the bearing

temperature did not exceed 120 PO.
The car was then loaded to a rail weight of 263,000 pounds and operated for

an addition 500 miles. Under loaded car conditions, bearing A reached a temper­

ature of 250 Po within the initial 100 miles of operation.
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At the completion of the on-track tests the bearing was removed from the axle

and inspected. The condition of the bearing components did not change signifi­

cantly during the on-track tests. The axle journal diameter at the inboard cone seat

decreased from 6.0652 inches to 6.0650 inches during the tests, while the diameter

at the outboard cone seat decreased from 6.1870 inches to 6.1865 inches.

WAYSIDE DETECTOR PERFORMANCE

During the third day of testing, the operating temperature of both bearings A and

Bexceeded the alarm threshold of 180 F for the wayside HBD systems. However,

inspection of the data collected from the HBD systems revealed that the HBD

systems equipped with outboard scanners successfully detected bearing A but not

bearing B, and those HBD systems equipped with inboard scanners successfully

detected bearing Bbut not bearing A. Wayside HBD data for bearing A is provided

in Table 13.

Table 13. Wayside HBD Measurement Summary for Bearing A

Wayside HBD Data 'for Bearing

HBD Scanner Type Time HBD T(~erature

Outboard 19:11 128

Outboard 19:11 160

Inboard 19:11 238

Inboard 19:11 144

Inboard 19:11 279

Inboard 19:11 277

Outboard 20:25 144

Outboard 20:25 178

Inboard 20:25 201

Inboard 20:25 130

Inboard 20:25 279

Inboard 20:25 277

Outboard 20:37 207

Outboard 20:37 225
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Table 13. Wayside HBO Measurement Summary for Bearing A·· (Continued)

Wayside HBO Data for Bearing

HBO Scanner Type Time HBO T(~erature

Inboard 20:37 231

Inboard 20:37 157

Inboard 20:37 300

Inboard 20:37 277

Outboard 20:49 208

Outboard 20:49 227

Inboard 20:49 214

Inboard 20:49 145

Inboard 20:49 284

Inboard 20:49 276

Inspection of Table 13 reveals all but one of the HBD systems equipped with
inboard scanners detected bearing A as over the alarm threshold initially, but that

two additional laps of the RTT (28 miles of operation) were required before the

HBD systems equipped with outboard scanners detected the bearing as over the

alarm limit.

Similar results were observed with bearing B. However, in this case the HBD

systems equipped with outboard scanners detected the bearing as over the alarm

threshold initially, but additional laps were required before the HBD systems

equipped with inboard scanners detected the bearing as over the alarm threshold.

It should be noted that one of the HBD systems equipped with an inboard

scanner never detected either bearing as over the alarm threshold: .This particular

HBD was a prototype system, and the scanner heads were aligned such that the

radiation the heads intercepted came from the bearing seals rather than the bearing

cup. While this system is not in use in revenue service, it demonstrates the

importance of proper alignment of the scanner heads for successful detection.
These results were unexpected and a review of the onboard temperature data

confirmed that the temperature of the inboard and outboard raceways of the
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bearings were indeed different. If such differences in temperature are typical for

this type of failure mode, it could explain why some bearing failures occur just

after passing a HBD system without setting off an alarm.

CONE SLIPPAGE PERFORMANCE

The results of the cone slippage measurements for bearings A and B are presented

as rate of slip, expressed in percent slip (slips/wheel revolution), in Table 14.

Table 14. Grooved Journal Cone Slippage Rate Summary

BEARINGID CONE SLIPPAGE RATE

A Inboard 1.60%

A Outboard 0.11%

B Inboard 1.28%

B Outboard 0.04%

Table 15 lists the results of the cone slippage measurements for the other six

bearings, presented as the total number of revolutions of slippage that occurred

during 5,000 miles of operation.

Table 15. Total Revolutions of Slippage During the 5,000 Mile Test

BEARINGID INBOARD CONE OUTBOARD
CONE

H 3 3*

C 31/8 21/2

F 41/2* 71/2

I 1/2 SMALL

A Continuous Continuous

B Continuous Continuous

W 1/4* 1/4*

X 31/2 21/4

*Projected - some data missing
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BEARING ACCELERATION SIGNATURES

Table 16 provides a summary of the cup and cone raceway, and roller element defect

frequencies (70 mph) calculated for bearings A, B, W, and X.

Table 16. Bearing Defect Frequency Summary

BEARING ROLLER DEFECf INNER RACE OUTER RACE
ID FREQUENCY DEFECf DEFECf

(Hz) FREQUENCY FREQUENCY
(Hz) (Hz)

A 88 97 118

B 92 99 121

W 91 100 122

X 92 99 121

Figure 35 is a graphic representation of the processed acceleration signature

from bearing A. The frequencies corresponding to cup raceway and roller element

defects are present in the signature.
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Figure 35. Processed Acceleration Signature -- Bearing A
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The processed acceleration signature from bearing B is shown in Figure 36.

Once again the frequencies corresponding to cup racewayand rollerelementdefects

are present in the signature..
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Figure 36. Processed Acceleration Signature -- Bearing B

Figure 37 is a graphic representation of the processed acceleration signatures

from bearing Wand X showing no defect frequencies present in the signatures.

56



20,,--------------------,

15

5

.A A.A

O~~~~~::::)::::~~~::::z::::x:::~::::c:~C::LJ
o 10 20 30 40 50 60 70 SO BO 100 110 120 130 140 150

FREQUENCY (HeI1Z)

BearingW

20,,--------------------,

15

5

o 10 20 30 40 50 60 70 SO BO 100 110 120 130 140 150
FREQUENCY (HeI1Z)

Bearing X

Figure 37. Processed Acceleration Signatures

4.2 WHEEL ANOMALY TEST

A summary of the results obtained for the tests conducted on the TIT are provided

below. For additional information, refer to report entitled "Effects of Impact Loads
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on 70- and 100-ton Capacity Cars and Track" prepared by the AAR's Chicago

Technical Center as part of the AAR's Vehicle Track Systems Research Program.

4.2.1 7Q-Ton Capacity Wheel Sets

SHELLED WHEEL TREAD DEFECT

Figure 38 shows the largest shell defect, 2.25 inches long and 1.00 inches wide, on

the right wheel of the test wheel set.

Figure 38. Shelled Wheel Tread Defect - Right Wheel

Figure 39 shows the largest shell defect, 6.00 inches long and 1.13 inches wide,

on the left wheel of the test wheel set. The circumferential profile of the wheel set

is shown in Figure 40.
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Figure 39. Shelled Wheel Tread Defect - Left Wheel

0

-10

iii'
;::! ·20
~

S'
0
~ ·30
G:

-40

-50
0

-- LEFT WHEEL
- RIGHT WHEEL

100 200 300

ANGULAR POSmON, (DEGREE)

400

Figure 40. Circumferential Profile -- Shelled Wheel Tread Defect
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The test results obtained for the shelled tread defect are provided in Figure
41. The upper graph shows the peak acceleration measured at the axle and car body
as a function of train speed. The lower graph shows the peak load measured at the

wheel/ rail and bearing adapter/side frame interfaces as a function of train speed.

Inspection of the graphs show that the defects on the right wheel produced

higher accelerations at the bearing adapter than the defects on the left wheel. The

defects did not produce high accelerations at the car body. The right wheel also
produced the highest peak loads at the wheel/rail interface. The peak loads pro­

duced at the bearing adapter by the defects on the right wheel were also slightly

higher than those produced by the defects on the left wheel. The peak loads

produced by the defects did not vary significantly over the speed ranges tested for

either wheel. The defects produced peak loads at the bearing adapter approxi­

mately 1.5 times higher than the static wheel load at 50 mph, while the peak load

produced at the wheel/rail interface by the defects on the right wheel was

approximately 2.5 times higher than the static wheel load at 50 mph.
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Figure 41. Peak Acceleration and Load vs Train Speed - Shell Defect

SUD FLAT WHEEL TREAD DEFECT

Figure 42 shows the slid flat defect, 4.75 inches long and 3.00 inches wide, on the

right wheel of the test wheel set.
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Figure 42. Slid Flat Wheel Tread Defect - Right Wheel

Figure 43 shows the slid flat defect, 4.75 inches long and 3.0 inches wide, on

the left wheel of the test wheel set. The circumferential profile of the wheel set is

shown in Figure 44.
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The test results obtained for the slid flat defect are provided in Figure 45. The

upper graph shows the peak acceleration measured at the axle and car body as a

function of train speed. The lower graph shows the peak load measured at the

wheel/rail and bearing adapter/side frame interfaces as a function of train speed.

Inspection of the graphs shows the defects on the right wheel produced higher

accelerations at the bearing adapter than the defects of the left wheel. The defects

did not produce high accelerations at the car body. The right wheel also produced

the highest peak loads at the wheel/rail interface. The peak loads produced at the

bearing adapter by the defects on the right wheel were also slightly higher than

those produced by the defects on the left wheel. The peak loads produced by the

defects increased with train speed. The defects produced peak loads at the bearing

adapter approximately 1.5 times higher than the static wheel load at 50 mph,

while the peak loads produced at the wheel/rail interface were approximately

3.5 times higher than the static wheel load at 50 mph.
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OUT-OF-ROUND WHEEL DEFECT

Figure 46 shows the largest defect, 13.00 inches long and 1.50 inches wide, on the

right wheel of the test wheel set.

Figure 46. Out-of-Round Wheel Defect -- Right Wheel

Figure 47 shows the largest defect, 3.50 inches long and 2.00 inches wide, on

the left wheel of the test wheel set. The circumferential profile of the wheel set is

shown in Figure 48.
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Figure 47. Out-of-Round Wheel Defect - Left Wheel
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The test results obtained for the wheel set are provided in Figure 49. The upper

graph shows the peak acceleration measured at the axle and car body as a function

of train speed. The lower graph shows the peak load measured at the wheel/rail

and bearing adapter/ side frame interfaces as a function of train speed.

Inspection of the graphs shows the defects on both wheels produced similar

levels of acceleration at the bearing adapter and similar peak loads at the wheel/rail

interface. The defects did not produce high accelerations at the car body. The peak

loads produced by the defects did not vary significantly with train speed. The

defects produced peak loads at the bearing adapter and the wheel/rail interface

approximately 1.3 times higher than the static wheel load at 50 mph.
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Figure 49. Peak Acceleration and Load vs Train Speed - Out-of-Round Defect
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WHEEL TREAD BUILD-UP DEFECT

Figure 50 shows the largest tread build-up defect, 15.00 inches long and 2.50 inches

wide, on the right wheel of the test wheel set.

Figure 50. Wheel Tread Build-up Defect -- Right Wheel

Figure 51 shows the largest tread build-up defect, 14.50 inches long and 2.50

inches wide, on the left wheel of the test wheel set. The circumferential profile of

the wheel set is shown in Figure 52.
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Figure 51. Wheel Tread Build-up Defect -- Left Wheel
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The test results obtained for the wheel set are provided in Figure 53. The upper
graph shows the peak acceleration measured at the axle and car body as a function
of train speed. The lower graph shows the peak load measured at the wheel/rail
and bearing adapter/side frame interfaces as a function of train speed.

Inspection of the graphs shows that the defects on the right wheel produced
higher accelerations at the bearing adapter than the defects of the left wheel. The
defects did not produce high accelerations at the car body. The right wheel also
produced the highest peak loads at the wheel/rail interface. The peak loads pro­
duced at the bearing adapter by the defects on the right wheel were also slightly
higher than those produced by the defects on the left wheel. The peak loads
produced by the defects increased with train speed. The defects produced peak
loads at the bearing adapter approximately 1.5 times higher than the static wheel
load at 60 mph, while the peak loads produced at the wheel/rail interface were
approximately 3.5 times higher than the static wheel load at 60 mph.
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4.2.2 100-Ton Capacity Wheel Sets

SHELLED WHEEL TREAD DEFECT

Figure 54 shows the largest shell defect, 5.50 inches long and 1.00 inches wide, on

the right wheel of the test wheel set.

Figure 54. Shelled Wheel Tread Defect - Right Wheel

Figure 55 shows the largest shell defect, 12.00 inches long and 1.50 inches wide,

on the left wheel of the test wheel set. The circumferential profile of the wheel set

is shown in Figure 56.
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Figure 55. Shelled Wheel Tread Defect - Left Wheel
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The test results obtained for the wheel set are provided in Figure 57. The upper
graph shows the peak acceleration measured at the axle and car body as a function
of train speed. The lower graph shows the peak load measured at the wheel/rail
and bearing adapter/ side frame interfaces as a function of train speed.

Inspection of the graphs shows the defects on the left wheel produced higher
peak loads at the bearing adapter than the defects of the right wheel. The wheels
produced similar peak loads at the wheel/rail interface. The peak loads produced
by the defects did not vary significantly with train speed. The defects did not
produce high accelerations at the car body. The defects on the left wheel produced
peak loads at the bearing adapter approximately 1.5 times higher than the static
wheel load, while the peak loads produced at the wheel/rail interface were
approximately 1.7 times higher than the static wheel load.
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SLID FLAT WHEEL TREAD DEFECT

Figure 58 shows the largest slid flat defect, 2.50 inches long and 2.00 inches wide,

on the right wheel of the test wheel set.

Figure 59 shows the largest slid flat defect, 2.50 inches long and 2.00 inches

wide, on the left wheel of the test wheel set. The circumferential profile of the wheel

set is shown in Figure 60.

Figure 58. Slid Flat Wheel Tread Defect - Right Wheel
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Figure 59. Slid Flat Wheel Tread Defect - Left Wheel
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The test results obtained for the wheel set are provided in Figure 61. The upper
graph shows the peak acceleration measured at the axle and car body as a function
of train speed. The lower graph shows the peak load measured at the wheel/rail
and bearing adapter/ side frame interfaces as a function of train speed.

Inspection of the graphs show that the defects onboth wheels produced similar
peak accelerations at the bearing adapter. The defects did not produce high
accelerations at the car body. The wheels also produced similar peak loads at the
wheel/rail interface. The wheel/rail peak loads produced by the defects increased
with train speed. The defects on the right wheel produced peak loads at the
bearing adapter approximately 1.3 times higher than the static wheel load at 50
mph, while the peak loads produced at the wheel/rail interface were approxi­
mately 2.3 times higher than the static wheel load at 60 mph.
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OUT-OF-ROUND WHEEL DEFECT

Figure 62 shows the largest defect, 4.00 inches long and 2.25 inches wide, on the

right wheel of the test wheel set.

Figure 62. Out-of-Round Wheel Defect - Right Wheel

Figure 63 shows the largest defect, 4.00 inches long and 2.25 inches wide, on

the right wheel of the test wheel set. The circumferential profile of the wheel set is

shown in Figure 64.
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Figure 63. Out-of-Round Wheel Defect - Left Wheel
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The test results obtained for the wheel set are provided in Figure 65. The upper

graph shows the peak acceleration measured at the axle and car body as a function

of train speed. The lower graph shows the peak load measured at the wheel/rail

and bearing adapter/ side frame interfaces as a function of train speed.

Inspection of the graphs show that the defects on the left wheel produced

higher peak accelerations at the bearing adapter than the defects of the right wheel.

The defects did not produce high accelerations at the car body. The defects on the

left wheel produced higher peak loads at the wheel/ rail interface than those on the

right wheel. The defects on both wheels produced peak loads at the bearing

adapter approximately 1.5 times higher than the static wheel load, while the peak

loads produced by the defects on the left wheel at the wheel/rail interface were

approximately 5.8 times higher than the static wheel load at 35 mph.
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WHEEL TREAD BUILD-UP DEFECT

Figure 66 shows the largest tread build-up defect, 34.00 inches long and 1.75 inches

wide, on the right wheel of the test wheel set.

Figure 66. Wheel Tread Build-up Defect -- Right Wheel

Figure 67 shows the largest tread build-up defect, 13.25 inches long and 1.75

inches wide, on the left wheel of the test wheel set. The circumferential profile of

the wheel set is shown in Figure 68.
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Figure 67. Wheel Tread Build-up Defect -- Left Wheel
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Test results obtained for the wheel set are provided in Figure 69. The upper
graph shows the peak acceleration measured at the axle and car body as a function
of train speed. The lower graph shows the peak load measured at the wheel/rail
and bearing adapter/ side frame interfaces as a function of train speed.

Inspection of the graphs show that the defects on the right wheel produced
higher accelerations at the bearing adapter than the defects of the left wheel. The
defects did not produce high accelerations at the car body. The left wheel produced
the highest peak loads at the wheel/rail interface. The peak loads produced at the
bearing adapter were very similar for both wheel. The peak loads produced by the
defects at the wheel/ rail interface increased with train speed. The defects produced
peak loads at the bearing adapter approximately 1.4 times higher than the static
wheel load. The peak loads produced at the wheel/rail interface by the left wheel
were approximately 4 times higher than the static wheel load at 60 mph, while
the right wheel produced peak loads approximately 3 times higher than the static
wheel load at this speed.
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4.3 ROLLER BEARING FAILURE MECHANISMS II TEST

Bearings L, M, V, and V, and the low friction seals completed an additional 18,500

miles of operation on the HTL for a total test mileage of 24,320 miles. In order to

operate Cars 150 and lSI, which were equipped with the high risk bearings, as part

of the HAL consist, both wayside HBD systems had to be functional. During the

course of the test, the HBD system installed inSection 05 of the HTL sustained heavy

damage during a lightning storm. Since this was a prototype detector, replacement

components were not readily available, and the detector was out of service for 70

days. As a result, the roller bearings installed under Cars 150 and 151 completed

only 11,500 addition miles of operation on the HTL for a total test mileage of 17,320

miles. No over-temperature events occurred on any of the test bearings during the

on-track test.

At the completion of the tests on the HTL, Cars 150 and 151 were operated as

a mini-consist on the RTT to document the cone slippage of the bearings equipped

with cone slippage instrumentation and obtain some additional data from the HBD

systems at the WDF.

The bearings and axles were inspected at the completion of the on-track tests.
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BearingC

Post test inspection of bearing C showed that the inboard cone bore diameter

increased from 6.1897 inches to 6.1898 inches, while the outboard cone bore

diameter increase from 6.1893 inches to 6.1895 inches due to rotation of the cones

on the axle journal. No defects developed on any of the other bearing components

during the test.

The axle journal diameter at the inboard cone seat decreased from 6.1897 inches to

6.1894 inches during the test, while the diameter at the outboard cone seat decreased

from 6.1893 inches to 6.1890 inches. Figure 70 shows the condition of the axle journal
at the completion of the test.

Figure 70. RBFMII Post Test Axle Journal Condition -- Bearing C
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Bearing D

Post test inspection of bearing D showed that the inboard cone bore diameter

increased significantly from 6.1898 inches to 6.2019 inches, while the outboard cone

bore diameter increased from 6.1894 inches to 6.1896 inches due to rotation of the

cones on the axle journal. No defects developed on any of the other bearing com­

ponents during the test.

The axle journal diameter at the inboard cone seat decreased significantly from

6.1898 inches to 6.1286 inches during the test, while the diameter at the outboard

cone seat decreased from 6.1894 inches to 6.1890 inches. Figure 71 shows the

condition of the axle journal at the completion of the test.

Figure 71. RBFM II Post Test Axle Journal Condition - Bearing D
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BearingE

Post test inspection of bearing E showed that the inboard cone bore diameter

increased from 6.1897 inches to 6.1899 inches, while the outboard cone bore

diameter increase from 6.1895 inches to 6.1897 inches due to rotation of the cones

on the axle journal. No defects developed on any of the other bearing components

during the test.

The axle journal diameter at the inboard cone seat decreased from 6.1897 inches to

6.1894 inches during the test, while the diameter at the outboard cone seat decreased

from 6.1895 inches to 6.1892 inches. Figure 72 shows the condition of the axle journal
at the completion of the test.

Figure 72. RBFM II Post Test Axle Journal Condition - Bearing E
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Bearing F

Post test inspection of bearing F showed that the inboard cone bore diameter

increased from 6.1898 inches to 6.1900 inches due to rotation of the cone on the axle

journal, while the outboard cone bore diameter remained unchanged at 6.1894

inches. No defects developed on any of the other bearing components during the

test.

The axle journal diameter at the inboard cone seat decreased from 6.1898 inches to

6.1895 inches during the test, while the diameter at the outboard cone seat remained

unchanged at 6.1894 inches. Figure 73 shows the condition of the axle journal at

the completion of the test.

Figure 73. RBFM II Post Test Axle Journal Condition - Bearing F
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BearingG

Post test inspection of bearing G showed that the bore diameter of the inboard and

outboard cones remained unchanged at 6.1893 and 6.1894 inches respectively. No

defects developed on any of the other bearing components during the test.

The axle journal diameter at the inboard cone seat decreased from 6.1902 inches to

6.1900 inches during the test, while the diameter at the outboard cone seat remained

unchanged at 6.1901 inches. Figure 74 shows the condition of the axle journal at

the completion of the test.

Figure 74. RBFM II Post Test Axle Journal Condition - Bearing G
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BearingH

Post test inspection of bearing H showed that the inboard cone bore diameter

increased from 6.1894 inches to 6.1896 inches, while the outboard cone bore

diameter increased from 6.1893 inches to 6.1895 inches due to rotation of the cones

on the axle journal. No defects developed on any of the other bearing components

during the test.

The axle journal diameter at the inboard cone seat decreased from 6.1902 inches to

6.1899 inches during the test, while the diameter at the outboard cone seat decreased

from 6.1901 inches to 6.1898inches. Figure 75 shows the condition of the axle journal

at the completion of the test.

Figure 75. RBFM II Post Test Axle Journal Condition - Bearing H
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Bearing!

Post test inspection of bearing I showed that the bore diameter of the inboard and

outboard cones at 6.1894 inches on both cones. No defects developed on any of the

other bearing components during the test.

The axle journal diameter at the inboard cone seat decreased from 6.1902 inches to

6.1900 inches during the test, while the diameter at the outboard cone seat decreased

from 6.1901 inches to 6.1898 inches. Figure 76 shows the condition of the axle journal

at the completion of the test.

Figure 76. RBFM II Post Test Axle Journal Condition - Bearing I
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Bearing!

Post test inspection of bearing Jshowed that the bore diameter of the inboard and

outboard cones remained unchanged at 6.1894 inches and 6.1895 inches, respec­

tively. No defects developed on any of the other bearing components during the

test.

The axle journal diameter at the inboard and outboard cone seats remained

unchanged at 6.1903 inches and 6.1902 inches, respectively. Figure 77 shows the

condition of the axle journal at the completion of the test.

Figure 77. RBFM II Post Test Axle Journal Condition - Bearing J
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BearingK

Post test inspection of bearing K showed that the inboard cone bore diameter

increased from 6.1895 inches to 6.1897 inches due to rotation of the cone on the axle

journal, while the outboard cone bore diameter remained unchanged at 6.1894

inches. No defects developed on any of the other bearing components during the

test.

The axle journal diameter at the inboard cone seat decreased from 6.1903 inches to

6.1900 inches during the test, while the diameter at the outboard cone seat remained

unchanged at 6.1902 inches. Figure 78 shows the condition of the axle journal at

the completion of the test.

Figure 78. RBFM II Post Test Axle Journal Condition - Bearing K
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BearingL

Post test inspection of bearing L showed that the bere diameter of the inboard and

outboard cones remained unchanged at 6.1890 inches and 6.1889 inches, respec­

tively. No defects developed on any of the other bearing components during the

test.

The axle journal diameter at the inboard and outboard cone seats remained

unchanged at 6.1905 and 6.1904, respectively. Figure 79 shows the condition of the

axle journal at the completion of the test.

Figure 79. RBFM II Post Test Axle Journal Condition - Bearing L
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BearingM

Post test inspection of bearing M showed that the bore diameter of the inboard and

outboard cones remained unchanged at 6.1889 inches and 6.1887 inches, respec­

tively. No defects developed on any of the other bearing components during the

test.

The axle journal diameter at the inboard and outboard cone seats remained

unchanged at 6.1904 and 6.1902, respectively. Figure 80 shows the condition of the

axle journal at the completion of the test.

Figure 80. RBFM II Post Test Axle Journal Condition - Bearing M
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BearingN

Post test inspection of bearing N showed that the bore diameter of the inboard and

outboard cones remained unchanged at 6.1890 inches and 6.1889 inches, respec­

tively. No defects developed on any of the other bearing components during the

test.

The axle journal diameter at the inboard and outboard cone seats remained

unchanged at 6.1905 inches and 6.1904 inches respectively. Figure 81 shows the

condition of the axle journal at the completion of the test.

Figure 81. RBFM II Post Test Axle Journal Condition - Bearing N
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Bearings 0 through V

Post test inspection of bearings 0 through V showed no increase in bore diameter

of any of the cones nor did any defects develop on the other components of these

bearings during the test.

A summary of the journal measurements for all of the axles is provided in

Table 17.

Table 17. RBFM II Post Test Axle Journal Measurements

BEARING OBWR OBCS IBes IBWR

C 6.1893 6.1890 6.1894 6.1895

D 6.1895 6.1890 6.1286 6.1897

E 6.1895 6.1892 6.1894 6.1898

F 6.1894 6.1894 6.1895 6.1898

G 6.1900 6.1898 6.1900 6.1903

H 6.1901 6.1898 6.1899 6.1902

I 6.1901 6.1898 6.1900 6.1903

J 6.1903 6.1902 6.1903 6.1903

K 6.1902 6.1902 6.1900 6.1904

L 6.1905 6.1904 6.1905 6.1905

M 6.1902 6.1902 6.1904 6.1905

N 6.1905 6.1901 6.1906 6.1905

0 6.1900 6.1900 6.1900 6.1901

P 6.1905 6.1905 6.1905 6.1905

Q 6.1905 6.1905 6.1905 6.1905

R 6.1908 6.1908 6.1907 6.1908

S 6.1905 6.1904 6.1903 6.1904

T 6.1900 6.1900 6.1900 6.1900

U 6.1915 6.1915 6.1915 6.1915

V 6.1914 6.1914 6.1914 6.1914

96



4.4 LOW FRICTION SEALS

At the completion of the on-track tests, the bearings equipped with the low friction

seals were removed and inspected to document condition of the seal and bearing

components and determine the quantity of grease remaining in the bearings.

There were no defects on any of the seals or bearing components. A summary

of the grease content of each bearing and the amount of grease lost during the

on-track tests is provided in Table 18.

Table 18. Low Friction Seal Grease Leakage Summary

BEARING INITIAL GREASE FINAL GREASE LEAKAGE
CHARGE CHARGE (ounces)
(ounces) (ounces)

1 24 21.75 2.25

2 24 21.44 2.56
3- 24 18.25 5.76

-Bearing that sustained seal damage during 5,000 mile test on KIT

4.5 CONE BORE GROWTH/RUN-IN TEMPERATURE TEST

Thebearings were operated for 7,000 miles on the HTL during the test. Temperature

data from each of the bearings was monitored on a daily basis. Figure 82 is a

graphical representation illustrating the typical thermal behavior of the bearings.

The average temperature of the bearings with similar interference fit and grease

content are plotted as a function of elapsed time.
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Figure 82. Thermal Behavior vs. Elapsed Time -- Initial 250 Miles of Operation

Inspection of Figure 82 shows that the bearings with a 0.005 inch interference

fit charged with 32 ounces of grease had the highest operating temperature, while

the operating temperature of the bearings with a 0.005 inch fit charged with 24

ounces of grease was approximately 20 po lower.

At the completion of the on-track tests, the bearings and axles were inspected.

A summary of the axle journal measurements obtained during the inspection are

provided in Table 19.
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Table 19. CBG Post Test Journal Measurement Summary

BEARINGID OBCS IBCS
(inches) (inches)

1A 7.0038 7.0041

1B 7.0035 7.0036

2A 7.0036 7.0040

2B 7.0038 7.0041

3A 7.0036 7.0037

3B 7.0033 7.0036

4A 7.0034 7.0037

4B 7.0037 7.0038

6A 7.0028 7.0029

6B 7.0028 7.0028

7A 7.0029 7.0032

7B 7.0028 7.0028

5A 7.0028 7.0028

5B 7.0028 7.0028

8A 7.0026 7.0028

8B 7.0028 7.0028

The bearings were returned to Brenco where the cones were measured to

determine bore growth. A summary of the cone diameter measurements and the

growth that occurred during the test is provided in Table 20.
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Table 20. CBG Post Test Cone Diameter Measurement Summary

BEARING OBCS GROWTH IBCS GROWTH
ID (inches) (inches) (inches) (inches)

1A 7.00170 0.00010 7.00175 0.00015

1B 7.00150 0.00050 7.00115 0.00005

2A 7.00140 0.00030 7.00150 0.00020

2B 7.00175 0.00035 7.00165 0.00015

3A 7.00150 0.00040 7.00140 0.00030

3B 7.00090 0.00010 7.00100 0.00010

4A 7.00180 0.00040 7.00170 0.00040

4B 7.00130 0.00010 7.00135 0.00015

5A 6.99835 0.00060 6.99780 0.00050

5B 6.99865 0.00035 6.999790 0.00060

6A 6.99810 0.00030 6.99855 0.00025

6B 6.99830 0.00060 6.99870 0.00060

7A 6.99840 0.00040 6.99870 0.00040

7B 6.99805 0.00025 6.99850 0.00050

8A 6.99815 0.00065 6.99820 0.00035

8B 6.99870 0.00075 6.99845 0.00055

4.6 ROLLER BEARING DEFECT GROWTH RATE TEST

The 100-ton capacity bearings completed 19,000 miles of operation during the test.

The bearings were inspected at the completion of the on-track tests to document

the number and size of the raceway defects. A summary of the inspection results

for each defect type is provided below:

CUP RACEWAY BRINELLING

The Brinelling defects in the bearing cup raceway did not increase in severity nor

did any new Brinelling develop during the test.
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CUP RACEWAY SPALL

The spall in the cup raceway increased from 0.06 sq-in to 0.11 sq-in. No additional

spalls developed during the test.

CONE RACEWAY SPALL

The spall in the cone raceway did not increase from its initial size of 0.76 sq-in, nor

did any additional spalls develop during the test.

Due to the unavailability of a suitable car until March 1990, the 70-ton capacity

bearings only completed 4,000 miles of operation during the test. No measurable

growth was observed on any of the defect types in these bearings.

5.0 CONCLUSIONS

The following subsections provide a summary of the conclusions for each test.

5.1 RBFM I TEST

• Bearings on grooved axle journals developed measurable tempera­

ture gradients across the cup surface which may be useful in iden­

tifying wheel sets with this defect type.

• Wayside detector alignment and scan location are critical factors in

successful detection of an overheated bearing.

• Cone slippage was detected on all bearings having less than 0.0015

inch fit that were equipped with motion detection instrumentation.

• Bearing failure was not initiated by the removal of a cage spacer bar.

• The performance of the experimental low friction seals during the

test was acceptable.

• Research using degraded roller bearings can be performed safely.

5.2 WHEEL ANOMALY TEST

• The wheel tread defects did not produce significant accelerations in

the body of the car for the speed range tested.
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• The peak loads produced at the bearing adapter were significantly

lower than those produced at the wheel/rail interface for all of the

wheel tread defects tested.

• The vertical acceleration measured at the bearing adapter increased

with increasing train speed for most of the tread defects.

5.3 RBFM II TEST

• No over-temperature events occurred for any of the bearings during

the test.

• Cone slippage resulted in measurable loss of material on the axle

journals and cones for eight of the twenty test bearings.

• A grooved axle condition developed in bearing D during the test.

The operating temperature and the acoustic emissions of the bearing

did not provide any indication that the axle was grooved.

• No other defects developed on the components of any of the bearings
used in the test.

• The experimental seals provided an acceptable level of performance

under simulated revenue service conditions.

• No mechanical failures occurred on the hot bearing detector bolts

provide by RASTECH, Incorporated and the 3M Company.

5.4 CONE BORE GROWTH TEST

• The bearings with a 0.005 inch interference fit charged with32 ounces

of grease had the highest operating temperature.

• The 0.0025 and 0.005 inch interference fit bearings charged with 24

ounces of grease had lower average operating temperatures than

similar bearings charged with 32 ounces of grease. The effect of

grease content on operating temperature was more pronounced for

the bearings with a 0.005 inch interference fit.

• The bearings with higher operating temperatures experienced more

cone bore growth than those with lower operating temperatures.
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5.5 RACEWAY DEFECT GROWTH TEST

• No measurable growth occurred for any of the defects in the 70-ton

capacity bearings during the test.

• No measurable growth occurred for the Brinell and cone spall defects

in the lOO-ton capacity bearings during the test.

• Measurable growth occurred for the cup spall defect in the lOO-ton

capacity bearings during the test.

• No overtemperature event occurred for any of the bearings used in

the test.

6.0 RECOMMENDATIONS

The following recommendations are made based on the results obtained in this

research program:

• Continue operating selected test bearings (C through N) under

loaded car conditions as a part of the HAL consist during the

lOO-MGT extension of the HAL program to obtain additional infor­

mation of the bearing failure process.

• Develop and test a prototype wayside detection system using
infrared and acoustic techniques to identify defective bearings based

on temperature gradient and acoustic emission data.

• Continue operating the l25-ton capacity bearings used in the CBG

test under loaded car conditions as a part of the HAL consist during

the lOO-MGT extension of the HAL program to obtain additional data

on the growth behavior of bearing cones.

• Continue operating the lOO-ton capacity bearings used in the RDG

test under loaded car conditions as a part of the HAL consist during

the lOO-MGT extension of the HAL program to obtain addition

information on the growth behavior of raceway defects.
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Association of American Railroads
Mechanical Division

Roller Bearing Manual

INTRODUCTION

Bearing maintenance is one of the most important functions performed by the Mechanical
Department on American Railroads. The purchase of bearings and the labor to mount and
maintain them requires very large annual expenditures. About one million new or recondi­
tioned bearings are mounted each year. These expenditures justify special efforts to establish
good workmanship and maintain the best practices which are currently available.

This Manual has been prepared for employees responsible for bearing work in shop and in­
spection on line. It is essential that they have a thorough und.erstanding of their work and de­
tailed study of this Manual will aid them very much. It is desirable for any employee having
anything to do with bearing work to have a general knowledge of the subjects in this Manual
even though his duties may not involve all phases of the subject.

It is also to be expected that each carbuilder, whether railroad or car manufacturing com­
pany, will provide itself with the necessary gages for its own protection and will make spot
checks, and any additional checks, that may be deemed necessary to insure proper fit of all
truck components.

The carbuilder, the railroad shops, contract shops or subcontractors, shall be responsible
for:

a. Mounting of wheels
b. Mounting of bearings
c. Quality control program as to workmanship entering into the above steps.

The purpose of this Manual is to cover the best available practices in the field. There are
methods of performing certain classes of work other than those described but the experience of
many has been assembled and is here made available to all.

AAR requirements and recommended practices for wheel and axle and roller bearing
mounting shops are covered in the Wheel and Axle Manual.

Revisions to the Roller Bearing Manual will be issued periodically. The Manual of Stand­
ards and Recommended Practices and the Interchange Rules are revised annually or more
often, if necessary. Frequent reference should be made to both.

All approved Wheel and Axle Shops, Bearing Mounting Shops and Bearing Reconditioning I
Shops are listed in a quarterly publication which includes the identifying marks to be used in
wheel and roller bearing mounting stamping and roller bearing marking. Each of these shops
will be inspected periodically in accordance with the general procedures established by Section
A. Rule 120, of the Field Manual of the A.A.R. Interchange Rules. Work done by shops which
are not "APPROVED" is not acceptable in interchange service and is not considered as
"correct repairs" for car repair billing.

Requests for approval of roller bearing reconditioning shops must be directed to the
Secretary of the Mechanical Division, Association of American Railroads, 50 F Street, NW,
Washington, DC 20001, and include the location of the facility, makes of bearings that will be
reconditioned and the name of the railroad or company. This request should include a
statement that the shop has been made ready for inspection and is capable of meeting the
minimum AAR requirements in accordance with the Roller Bearing Manual.

All non-members must remit a check in the amount shown in Office Manual Rule 120,
payable to the Association of American Railroads, prior to the inspection to defray the ex­
penses for each inspection. Shops failing to qualify for certification will be charged an addi­
tional amount for each visit until approved. Approved shops shall be periodically inspected by
the AAR Mechanical Inspection Department and failure to perform work in accordance with
the Roller Bearing Manual would be justification for removal from the approved list, until
specific conditions or violations are corrected.

xiii
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MANDATORY INSTRUCTIONS AND PRACTICES

SECTION 1

RULE 1.1
All shops reconditioning roller bearings for interchange operations must meet the

requirements of this manual in order to qualify and receive approval from the AAR
Mechanical Division for interchange billing.

RULE 1.2
New roller bearings must conform to the latest revised AAR Specification M-934.

RULE 1.3
Where questions arise in connection with failures or other conditions, manufacturer's

representative should be consulted with respect to his product.

RULE 1.4
When cars equipped with roller bearing units are involved in a fire, the heat may be

sufficient to temper the bearings rings and/or destroy the lubricant and/or seals. Special
examination is required in such instances. Similar damage may also occur in car thawing
operations, particularly where open flames are employed. Wheel assemblies are to be in­
spected in accordance with Wheel and Axle Manual and roller bearings dismantled and
examined for defects in accordance with Roller Bearing Manual with special attention being
given to determine if excessive heat has affected any of the bearing parts.

RULE 1.5
When cleaning cars or trucks equipped with roller bearings, care should be exercised

not to direct steam jet or water jet spray toward seal or vents of roller bearings.

RULE 1.6
Electrical current must never be passed through roller bearings as it may cause arc­

ing within the bearing causing damage. All welding shall be done with ground cable at­
tached so that the circuit formed shall not allow electrical current to flow through roller
bearings.

RULE 1.7
Heating or cutting torch when used around roller bearings must never have heat di­

rected on any portion of the roller bearing assembly. Care should be taken that cutting
fragments are not directed toward the roller bearing assembly. Heating torch must never
be used to heat lubricant fitting or plug for removal.

RULE 1.8
When bearing failure occurs due to overheating, a roller bearing failure report (AAR

Form MD-ll) must be completed for the "field inspection" part and forwarded to the
AAR. The outer ring of overheated bearings must be properly identified. The complete
roller bearing-wheel assembly may be forwarded to a point designated by the rail­
road removing the assembly for inspection to determine the cause of overheating. If this
inspection is made, the "shop inspection" part of AAR form MD-ll should be completed
and forwarded to the AAR.

RULE 1.9
Plating, metal spray, welding or any other method of building up bearing parts is

prohibited, except plating is permissible by bearing manufacturers or their authorized I
representatives on all surfaces except raceway and roller surfaces and the seal wear ring
outer diameter.

RULE 1.10
"Abrasive cleaning materials and processes (sand blasting and so forth) must never

be used to clean inner rings, rollers or inner surfaces of outer rings. However, external
surfaces of outer rings and other parts subject to corrosion and paint accumulation may be

H-II-l
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cleaned by use of abrasive material. All parts cleaned in this manner must have all abra­
sive matter removed and be thoroughly cleaned prior to reuse and must meet all finish
requirements specified in this Manual. Parts, such as vents in backing rings, must be pro­
tected from damage by the cleaning process used."

RULE 1.11
Bearing parts of different roller bearing manufacturers must never be mixed nor

interchanged in the same assembly, except as designated by the AAR in Section 7 of this
Manual. This restriction also applies to bearings made by the same bearing manufacturer
which have different AAR approval numbers (see manufacturer's specification sheet).

RULE 1.12
Waste must not be used to clean roller bearings. Clean towels free from lint must be

used.

I
RULE 1.13

Roller bearing having AAR approval certificates are shown in Figure 3.4 of this
manual. Approved roller bearing reconditioning shops are shown in Section 2, Figure 2.1
of this manual (up-dated quarterly by Mechanical Division Circular Letters).

I

RULE 1.14 TERMINOLOGY AND CLASSIFICATION OF BEARINGS AND PARTS

In order to correctly identify bearing designs and parts, the following will apply:

Roller bearings are of two general arrangements - Housing and Rotating End Cap.
In a housing bearing, the end cap, if so equipped, is enclosed while in the rotating end cap
bearings the end cap is exposed. (See Fig. 1.1.)

Roller Bearings are of two general designs-Tapered (Fig. 1.2 and 1.2A) and Cylindri­
cal (Fig. 1.3A). Roller bearings can also be classified into "Field Lubrication" and "No
Field Lubrication" (NFL) types. Figures 1.2, 1.2A and 1.3A show bearings which are not
designed to be lubricated in the field and do not have a lubricant or grease fitting. NFL,
"no field lubrication," bearings are those with no lubrication fitting hole or with the
lubrication fitting removed and the hole plugged with a non-removable plug.

,
Cap Screws
Cap Screw Seal
Locking Plate
Non-Removable Plug

Description of Bearing Parts

Cup or Outer Race.
Cone or Inner Race.
Surfaces of Outer and Inner Ring on which Rollers operate.
Cylindrical Rollers or Tapered Rollers.
Retainer; Separator.
Rollers with Inner Ring and Cage, separable or non-separable.
Spacer, Spacer Ring; Cone Spacer.
Seal proper.
Ring on which seal rides or makes contact.
Cap at end of journal; Axle end cap; Locking cup; End Cover.
Collar between bearing and journal fillet; Axle Collar; Dust Guard Ring;
Enclosure Collar.

Fitted Backing Ring Backing ring with extension to provide press fit with suitable diameter
axle dustguard seat.
End cap fasteners.

Ring Elastomeric rings on cap screws between end cap and axle.
Cap Screw Locking device.
Plug to replace grease fitting for bearings not requiring field lubrication.

Terminology

Outer Ring
Inner Ring
Raceways
Rollers
Cage
Roller Assembly
Spacer
Seal
Seal Wear Ring
End Cap
Backing Ring
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RULE 1.15 TERMINOLOGY AND DESCRIPTION OF AND LIMITS FOR BEARING DAMAGE

Terminology

Etching
(1)

Stain
Discoloration

(2)

Description of and Limits for Bearing Damage.

Gray or grayish black color, caused by water or acidity in the lubricant.
Has little depth. Superficial water or acid etching, as shown in Fig. I.4B
is acceptable after surfaces have been polished. Slight pitting after polish­
ing is acceptable.

Surface discoloration caused by moisture or acidity in the lubricant. Has
no depth. Stains and discoloration having no depth, as shown in Fig.
1.4A, are not considered detrimental if they can be removed by polishing
with a wire wheel or 180 grit abrasive cloth or wheel with similar abra­
sive qualities. I

Corrosion
Pitting & Rust

(3)

Heat
Discoloration

(4)

Fatigue Cracks
(5)

Fatigue Spalling
or Flaking

(6)

3/1184

Black corrosion lines or pit marks. Can have some depth. Rust is build up
of iron oxide, sometimes due to finger prints and is a form of advanced
etching. Corrosion pitting or rusting which has advanced to severe pit­
ting, as shown in Fig. lAC, must be repaired by polishing the raceways
and rollers with a wire wheel and polishing rouge or fine emery cloth
before reuse, as shown in Fig. lAD. Slight pitting after polishing is
acceptable. Parts which cannot be satisfactorily repaired by polishing
must be rejected, except inner and outer rings which may be suitable for I
regrinding by the original manufacturer (see Section 6).

Color visible, from faint straw to dark blue may be an indication of over­
heating (heat discoloration should not be confused with lubricant stain or
the dark coating used on certain parts by some manufacturers.) Parts
should be rejected only if there is other evidence of overheating. Over­
heating from an internal source generally originates in the roller inner
ring rib contact area and will usually be indicated by visible inner ring rib
and/or roller end face wear. Overheating from an external source would
usually show indications on both the outside and inside. In case of doubt,
consult the manufacturers representative.

Minute cracks in load carrying surfaces which are first indication of metal
failure, should be ground out as in Figure 1.6 to preclude spalling.

Originates as minute fatigue cracks and eventually pieces of metal drop
out. This occurs in roller path of inner and outer rings and in roller sur­
face. Rollers with spalls must be rejected. However, pits, bruises and in­
dentations due to lubricant contaminants are acceptable for further service.
Incipient spalls on inner and outer ring raceways as shown in Figs. 1.6A
and B may be repaired by grinding, as noted below, and returned to
service. If a spall, as shown in Fig. 1.6C results in a repaired spall greater
than %" on any side by Va" deep, the part must be rejected and not
returned to service. Maximum repaired spall size can be measured with
gage shown in Fig. 1.5E.

A small portable hand grinder, Fig. 1.6D, may be used to repair spalled
areas as follows:
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Fracture
(7)

Nicks
(8)

Peeling
(9)

Smearing
(10)

Brinelling
(11)
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All loose material should be ground away and the edges of the ground area
rounded with 320 grit abrasive cloth. The bottom of the spalled area need
not be polished smooth. Not more than two spalls of maximum size 3!s" on
any side by VB" deep after repair by grinding are permitted in a 2" circum­
ferential section of a raceway. Not more than four spalls Yt.6" by Yt.6" or
less are to be repaired by grinding in a 2" circumferential section of a
raceway. A bridge, %6" long minimum, must be left between two small
spalls after grinding, except if spalls have run together, a final maximum
dimension of 3!s" in length x VB" in depth is allowable. Fine abrasive
grinding wheels, approximately %6" or less in diameter with VB" or ~"
diameter shanks, should be used repairing bearing spalls.

If the raceway of a bearing inner ring is spalled (where roller assembly is
non-separable), this part is reuseable only if cage is removed and spall or
spalls repaired as described above. A new cage must be used and reas­
sembly must be done by the original manufacturer. Small spalls on the
raceway, not more than 3/32" by 3/32" in size, are acceptable for further
service. Inspection for spalls can be made with a probe as shown in Fig.
3.7 and with inspection stand shown in Fig. 3.8.

Crack extending across entire width of inner or outer ring or a roller is
cause for scrapping.

Surface damage due to rough handling or other abuse should be stoned
smooth if raised.

Condition caused by minute particles of metal peeling away from the
original surface.

Bearing outer rings, inner rings and rollers having very shallow peeling
(usually less than 0.001" deep) on the raceway or roller diameter, as
shown in Figures 1.7A and 1.7B may be returned to service.

Surface roughness caused by transfer of metal from one surface to another
as a result of galling. This can be caused by rollers sliding on roller path
because of adverse lubricating conditions.

Bearing outer rings and inner rings having very shallow smearing (usually
less than .001" build-up) on the raceway, as s'hown in Fig. 1.7C, may be
returned to service after polishing. Inner rings having very shallow smear­
ing (where roller assembly is non-separable) can be reused only if cage is
removed and smearing is polished. A new cage must be used in the reas­
sembly and must be done by the original manufacturer.

Where cages are removed, smeared rollers must be polished or scrapped.
Roller must be maintained as a set.

Surface indentations in raceways made by rollers under impact load.
Parts from each bearing must be kept together during disassembly,
cleaning and inspection to insure proper identification of the mating
parts to enable adequate disposition for brinelling. Brinelling is caused
by the rollers being forced into the surface of either raceway while the

H-II-4
31\/84



Association of American Railroads
Roller Bearing Manual SECTION 1

3/1/84

bearing was subjected to heavy impact loading beyond its capacity.
Brinelling can only be repaired as indicated in Section 6. I

Bearing Outer Ring - If the length of a brinell mark is less than half the
width of the raceway, as shown in Figs. 1.5, A and B, and if its width, at
the widest point, does not exceed %/' as measured with the gage in Fig.
1.5E, the bearing outer ring is acceptable for further service. If the length
of a brinell mark is more than half the width of the raceway, as shown in
Fig 1.5C, and if its width, at the widest point, does not exceed %::t
(recommended gage in Fig. 1.5E), the Bearing Outer Ring is satisfactory
for further service. Any number of brinell marks is permissible. If a brinell
mark exceeds either of these limitations, the Bearing Outer Ring must be
rejected. Fig. l.5D shows a brinell mark which would exceed either limita­
tion. Cracks associated with brinells as well as other cracks in raceways
and counterbores not in conjunction with repairable fatigue are also cause
for rejection.

Bearing Inner Ring (Roller assembly non-separable) - Bearing Inner
Rings may be considered satisfactory for further service if the mating
Bearing Outer Ring raceways are suitable for further service. However, if
the mating Bearing Outer Ring raceway has been rejected because of
brinell marks, the roller assembly must be rejected or cage may be removed
so that roller path of Bearing Inner Ring can be thoroughly inspected or
the Bearing Inner Ring may be inspected by other methods authorized by
the AAR to determine suitability for reuse. If the length of a brinell mark
is less than half the width of the raceway, as shown in Figs. 1.5, A and B,
and if its width at the widest point, does not exceed %2" as measured with
the gage in Fig. 1.5E, the Bearing Inner Ring and Roller Sets are accept­
able for further service. If the length of a brinell mark is more than half
the width of the raceway, as shown in Fig. 1.5C, and if its width, at the
widest point, does not exceed Y:/' as measured with the gage in Fig. 1.5E,
the Bearing Inner Ring is satisfactory for further service. Any number of
brinell marks is permissible. If a brinell mark exceeds either of these limi­
tations, the Bearing Inner Ring and Roller Sets must be rejected. Figure
1.5D shows a brinell mark which would exceed either limitation. Cracks
associated with brinells as well as other cracks in raceway not in conjunc­
tion with repairable fatigue are also cause for rejection. Serviceable Bear­
ing Inner Ring and Roller Sets can be reused only if a new cage is used in
the reassembly and must be done by the original manufacturer.

Where cages are removed, the rollers must be maintained as a set.

Bearing Inner Ring (Roller assembly separable) - If the length of a
brinell mark is less than half the width of the raceway, as shown in Figs.
1.5, A and B, and if its width, at the widest point, does not exceed %l" as
measured with the gage in Fig. 1.5E, the Bearing Inner Ring and rollers
are acceptable for further service. If the length of a brinell mark is more
than half the width of the raceway, as shown in Fig. 1.5C, and if its width,
at the widest point, does not exceed Y:::" as measured with the gage in
Fig. 1.5E, the Bearing Inner Ring is satisfactory for further service. Any
number of brinell marks is permissible. If a brinell mark exceeds either of
these limitations, the bearing inner ring and rollers must be rejected.
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Figure 1.5D shows a brinell mark which would exceed either limitation.
Cracks associated with brinells as well as other cracks in raceway are also
cause for rejection.

Visible recesses on surfaces of raceways or rollers, also called Fragment
Indentations. Caused by foreign matter passing through bearing while
loaded. Surface damages, as shown in Fig. 1.8, usually caused by contami­
nants in the lubricant, is not cause for rejecting bearing parts, unless the
damage is such that roughness can be detected when the bearing is rotated
by hand.

Surface damage from passage of electric current causing localized craters,
pits, fluting or corrugations. Pitting, shown in Fig. 1.9A and B, is the re­
sult of electric current passing through the bearing, such as when the
ground cable is clamped to the rail or wheel for arc-welding repairs on cars.
Parts so affected must be rejected. Although only one pit is shown in the
photographs, pitting may occur at several points simultaneously on any or
all bearings on the car when arc-welding is used for repair work, if the
ground cable is not clamped to or near the part being welded as recom­
mended. Welders must attach the ground cable so that the circuit formed
will not allow current to flow through the roller bearings.

Fluting or corrugations, as shown in Fig. 1.10, result from electric current
passing through the rotating bearing. The parts of bearings so affected
must be rejected.

Parallel or concentric grooves which penetrate the original surface. They
can be circumferential or axial. Scoring may be repaired in the same
manner and under the same limitations as fatigue spalling.

H-II-6
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Housing type may have tapered or cylindrical rollers, tapered shown.

Rotating end cap type may have tapered or cylindrical rollers. tapered shown.

Fig. 1.1 General Arrangements of Roller Bearings
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1. End Cap
2. Cap Screws
3. Locking Plate
4. Cap Screw Seal Rings
5. Seal
6. Seal Wear Ring
7. Roller Assembly (Includes Rollers"

Cage, and Inner Ring.)
8. Outer Ring
9. Spacer

10. Backing Ring (With Vent Fitting.)
Inboard seal wear ring and back­
ing ring are one piece on bear·
ings of some manufacturers.

11. Fitted Backing Ring . Extension
press fitted over axle dust guard
seat. Otherwise same as 10.

1. End Cap

III
2. Cap Screws

3. Locking Plate

4. Cap Screw Seal Rings

5. Seal

~.:-..•.••...!: ":' " .

··«'~·;'?j~iY"

6. Seal Wear Ring

7. Roller Assembly

8. Outer Ring

9. Spacer

10. Backing Ring - Nonfitted
Type (With Vent Fitting.)

Fig. 1.2

Identification . Journal Roller Bearing Parts of Tapered Roller Bearing with
Rotating End Cap. (Roller Assembly & Inner Ring Non-separable.) . No Field

Lubrication Provisions.
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SECTION 1

i
~-4--J-' ..._- -_!__.__..

I
I

1. End Cap
2. Cap Screws
3. Locking Plate
4. Seal
5. Seal Wear Ring
6. Roller Assembly (Includes Rollers,

Cage. and Inner Ring.)
7. Outer Ring
8. Spacer
9. Seal Wear Ring

10. Backing Ring

1. End Cap

111...... , ..-

2. Cap Screws

3. Locking Plate

,...-~.,_.--- ...

4. Seal

5 and 9. Seal Wear Ring

6. Roller Assembly
Fig. 1.2A

7. Outer Ring

8. Spacer

..'~'.-.

''''~'' .- '.

~.,~.:~):~

10. Backing Ring

Identification Journal Roller Bearing Parts of Tapered Roller Bearing with
Rotating End Cap (Roller Assembly and Inner Ring Non-separable - No Field
Lubrication Provisions.) Refer to Manufacturer's Specification Sheets for
Details.

(AAR Cert. Nos. 20, 21, 24 and 25)
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2 9 9 3 4 6 5
1. Locking Plate
2. End Cap (with integrated

or separate seal wear ring)
3. Seal Wear Ring
4. Seal
5. Outer Ring
6. Roller Assembly (includes

Rollers, Cage and Inner
Ring)

7. Backing Ring
8. Backing Ring (fitted)
9. Cap Screw Seal Rings

}

'J~mn[l~D
...... & . •

6. Roller Assembly

4. Seal

5. Outer Ring

1. Locking Plate

2. End Cap
(With Cap Screws and
Cap Screw Seal Rings)

7. Backing Ring

Fig. 1.3A

Identification Journal Roller Bearing Parts of Cylindrical Roller Bearing with
Rotating End Cap. (Roller Assembly and Inner Ring Separable - No field
lubrication provisions).

(AAR Cert. No.3, 3A, 38)
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A 8 C

J _
'i, _
\ j _ ....

\. -

Polishing Outer Ring roller raceway using a
wire wheel and polishing rouge.

o

- '

Outer Ring raceway after polishing to remove
stains or smearing.

Fig. 1.4

Intensities of Corrosion and Repair
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2
i'i 'i I,' J;
o FULL SIZE-322:) FULL SIZE -322

i' 11'i'I'(' I

o FULL SiZE -32

A B
Acceptable Brinelling

c

D

Brinelling not satisfactory for further service.
(actual size photographs)

-11'·0
00
00

+ "
II
CD
~

J

10 POINT TYPE

I"
~------/--4---4-----+-----~2

A DT OF
MAX. WIDTH OF

M X.WI H
-"---:::=.!=+-_~B~R~IN!,!:E~L~L. LO~N~G~E!:!.R---4--lt-~~;;"",,,,,r--tB:6RNIN~EELftL-TtNO..T.__t-_

THAN HALF 0
THE RACEWAY
WIDTH

--

MATERIAL:

STAINLESS STEEL - 24 GAGE

BRASS SHIM STOCK - .020"

WHITE PLASTIC - .031"

E

Brinell Width and Spall Limit Gage
(Recommended)

Fig. 1.5

Brinelling
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o FULL SIZE -."32

A B

(actual size photographs)

c

3/1/84

Grinding Spall with Pencil Grinder

D

Fig. 1.6

Fatigue Spalling or Flaking and Method of Repair
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Fig. 1.7A

Fig. 1.78

Fig. 1.7

Peeling
Acceptable for further service.

Fig. 1.7C

Smearing

Acceptable for further service
after polishing.

(Full Scale)

Fig. 1.8

Fragment Indentations

Not considered condemnable unless
excessive roughness or noise can be

detected by rotating bearing by hand.
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Fig. 1.9

Pitting, resulting from electric current passing through bearing.

Bearing parts affected must be rejected.

Fig. 1.10

Fluting or Corrugation, resulting from electric current passing through
rotating bearing.

Bearing parts affected must be rejected.
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RULES COVERING REQUIREMENTS FOR APPROVAL OF ROLLER
BEARING SHOPS TO RECONDITION ROLLER BEARINGS

FOR INTERCHANGE SERVICE
(M.-\l"lDATORY)

RULE 2.1
Compliance with A.A.R. mmlmum requirements covering servlcmg, shops, pro­

cedures and tool requirements is mandatory to recondition roller bearings for inter­
change use.

RULE 2.2
Any shop or repair facility that reconditions freight or Amtrak car roller bearing

assemblies, or that engages in any operation which requires disassembly and assembly of
such roller bearing units, must be approved by the AAR as qualified and authorized to
perform such work. See Figure 2.1 for list covering Approved Bearing Reconditioning
Shops. This list is revised quarterly by circular letter. No reconditioned bearings will be
shipped until the facilities have been approved by the Mechanical Inspection Department
as complying with the requirements of this Manual.

RULE 2.3
Roller bearing reconditioning shops shall be periodically inspected by an A.A.R.

Mechanical Inspector, and failure to perform work in accordance with requirements of
Roller Bearing Manual rules will be cause to stop reconditioning bearings for use in
interchange service until specific conditions or violations are correctQd. In <..:-r'ler to recog­
nize the difficulty in obtaining absolute repeatability of measurement and assessing the
degree of importance of a given defect on satisfactory bearing operation, an additional
tolerance is specified for use in audit inspections. Tolerances to be used when the work of
bearing reconditioning shops is audit inspected by Mechanical Division inspectors or by
customer representatives are listed below:

Outer Ring Counterbore Diameter-Max. 0.0002" over RBM Limit I
Inner Ring Bore-Max. 0.0001" over RBM Limit

Fitted Backing Ring Back Face Flange J.D.-Max. .. 0.0002" over RBM Limit

Bearing Assembly Bench Lateral 0.001" over to
0.001" under RBM Limit

Grease Weight......................................................................... ::t 2 ounces

RULE 2.4
Minimum requirements for shops reconditioning roller bearings for interchange serv­

ice are listed in Section 3 complete. All rules under this section must be complied with to
secure approval from the A.A.R. Mechanical Division.

8115185
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RAILROAD OR SHOP
STATUS COMPANY CODE RAILROAD OR
CODES MARKS LETTERS COMPANY SHOP LOCATION

2B AC S Algoma Central Rwy. Sault Ste. Marie, Ont,
Can.

2F AL A Alaska Railroad Anchorage, AK

I 2P AM BG AMTRAK Beech Grove, IN
2P AM W AMTRAK Wilmington, DE
2F AT T Atchison, Topeka & Santa Fe Topeka, KS
2F BA B Bangor & Aroostook Railroad Derby, ME
2F BBS L Brenco Inc. Louisville, KY
2F BBS LR Brenco Inc. Little Rock, AR
2F BBS P Brenco Inc. Petersburg, VA
2F BBS V Brenco Inc. Vandalia, IL
2F BC S British Columbia Rwy. Squamish, B.C., Can.
2F BIX K Roller Bearing Industries, Inc. Elizabethtown, KY
2F BMX MC Brenco De Mexico Mexico City, Mexico
2F BN DD Burlington Northern Inc. Havelock, NE
2F BWC H Berwind Rwy. Service Hollidaysburg, PA
2F CAX W Canadian Bronze Co., Ltd Winnipeg, Man., Can.
2B CBX D Cooper Bearings Inc. Dagsboro, DE
2F CDX M Canada Allied Diesel Co. Ltd. St. Laurent, Quebec,

Can.
2F CN HQ Canadian National Railways Montreal, Que., Can.
2F CN PU Canadian National Railways Winnipeg, Man., Can.
2F CO R Chesapeake & Ohio Rwy. Co. Raceland, KY
2F CP W CP Rail Winnipeg, Man., Can.
2F CR H Consolidated Rail Corp. Hollidaysburg, PA
2F CW C Chicago & North Western Trans. Clinton,IA

Compo
2B FSX L FSA Rebuilding Co. Pico Rivera, CA
2F GT P Grand Trunk Western Railroad Port Huron, MI

Compo
2F LI R Long Island Railroad Richmond Hill, NY
2F MC W Maine Central Railroad Compo Waterville, ME

I 2B MNX HN Metro-North Commuter Harmon, NY
Rail Division

2F MW J Milwaukee Road Milwaukee, WI

Fig. 2.1

Approved Roller Bearing Reconditioning Shops
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RAILROAD OR SHOP
STATUS COMPANY CODE RAILROAD OR
CODES MARKS LETTERS COMPANY SHOP LOCATION

2B ON N Ontario Northland Railway North Bay, Ont., Can. I
2F PFX T Pacific Fruit Express Tucson,AZ
2F PUC B Purdy Company Burnham,IL
2F RBX S Rail Bearing Service Carlyle, IL I
2B RBX K Rail Bearing Service Knoxville, TN
2F RBX L Rail Bearing Service North Little Rock, AR
2F RBX T Rail Bearing Service Corsicana, TX
2F SD H Seaboard System Railroad Hamlet, NC I
2F SO M Soo Line Railroad Compo Minneapolis, MN
2F SP H Southern Pacific Transp. Houston, TX

Compo
2B SP S Southern Pacific Transp. Compo Sacramento, CA
2B SPA P Southeast Penn. Trans. Auth. Philadelphia, PA •2F TJX FW Texas Rail Joint Co., Inc. Fort Worth, TX
2F UP P Union Pacific Railroad Compo Pocatello, ID

STATUS CODES EXPLANATION:

2B - Approved Roller Bearing Reconditioning Shop - Freight and Amtrak Passenger Car
2F - Approved Roller Bearing Reconditioning Shop - Freight Car
2P - Approved Roller Bearing Reconditioning Shop - Amtrak Passenger Car

NOTE: For a railroad or company having only one shop, it is not necessary to use "Shop Code
Letters"; however, "Railroad or Company Marks", as shown above, must be used.

Fig. 2.1 (Continued)

Approved Roller Bearing Reconditioning Shops

8/15/85
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MINIMUM REQUIREMENTS FOR ROLLER BEARING RECONDITIONED
SHOPS-PROCEDURES-TOOL REQUIREMENTS NECESSARY TO MAKE

ROLLER BEARING REPAIRS FOR INTERCHANGE USE

(MANDATORY)

RULE 3.1
Railway roller bearing reconditioning is the disassembly, cleaning, inspection and I

repair if necessary, and reassembly of the roller bearing. Whenever a roller bearing unit
that has been in service is removed from axle journal, it must be reconditioned before
reapplication. Bearings must be modified to the NFL configuration (bearings not requir­
ing field lubrication} before re-application.

RULE 3.2
Roller bearing reconditioning should preferably be confined to a separate shop or

enclosure within a building. Tools, devices and cleaning facilities must be used which will
rehabilitate roller bearings to serviceable standards. A typical small shop layout is shown
in Fig. 3.1. A typical large shop layout is shown in Fig. 3.2. The designed floor plan can be
modified to suit available space and number of bearings to be serviced.

RULE 3.3
Roller bearing shops shall be clean at all times; all work areas, benches and tools

must be kept clean.

RULE 3.4
All roller bearing parts that are not used immediately must be protected from corro­

sion and dirt.

BEARING DISASSEMBLY

RULE 3.5
The bearing assembly, the backing ring and seal wear ring(s) are removed, excess

grease removed and the bearing assembly is ready for disassembly bench work.

RULE 3.6
Remove the seal(s) from the outer ring and scrap. Care must be taken to prevent

unnecessary damage to the bearing even though the seal must be scrapped.

RULE 3.7
Remove the roller assemblies and spacer, if so equipped.

CLEANING-General

RULE 3.8
With the bearing disassembled all parts are precleaned by removing as much residual

grease as possible before wash-cleaning.

H-II-21
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RULE 3.9
A suitable media is used to remove all lubricants and dirt. This may be accomplished

through automatic cleaners, washers, agitators, or spray systems. The cleaning media
must not be harmful to roller bearing parts. If a water soluble or evaporative-type
cleaner is used, a water displacing media must be applied to prevent oxidizing deposits
forming on clean parts. Backing rings with vents should not be cleaned in any solution
which would be detrimental to the vents.

RULE 3.10
Should agitating type washer be used, outer rings, inner rings, rollers, cages, roller

assemblies, spacers and seal wear rings may be washed together. End cap, backing ring,
backing ring with seal wear ring, and housings may be cleaned in a separate wash.

RULE 3.11
Should the continuous spray-type washer be used, all parts may be cleaned through

washer providing the media is filtered before re-use.

INSPECTION

RULE 3.12
The inspection area must be clean and well lighted. The manufacturer's specifications

must be posted at the inspection area for each type of bearing being maintained (Figs.
3.4-1 to 3.4-25). The specification sheets shall show sizes and wear limits for all bearing
assembly component parts.

RULE 3.13
Bearing parts should be pre-inspected at disassembly for obvious irreparable defects

and, if such defects are found, must be rejected.

INSPECTION OF COMPONENT PARTS

RULE 3.14
Inspection procedures or devices, other than those listed elsewhere in this manual,

may be used, if such procedures or devices can be verified as producing results which are
equal to or better than those obtained with the procedures or devices and gages listed. At
the beginning of each shift, procedure or device must be calibrated against known stand­
ards.

RULE 3.15
I End Cap: Inspect end cap for surface damage, cracks, breakage, wear or distortion. A

condition that would affect proper seating of end cap and seal wear ring must be removed
or corrected prior to bearing application. If end cap is equipped with lubricant fitting,

I remove fitting and replace with a non-removable plug (see Fig. 3.17).

RULE 3.16
Seal Wear Ring: Seal wear rings must be visually inspected for nicks, cracks, or

scratches on the outside surface. The seal lip contact path must be smooth and free from
any defect that might damage seal lip. The seal lip contact path must not be worn beyond
manufacturer's tolerances. Light rusting on the seal wear ring outer diameter from a
point W' outside of the inner lip wear path is acceptable. Seal wear ring inside diameter
must be visually inspected. If there are circumferential grooves on the surface or any
indication that the seal wear ring has turned on the axle journal, the ring should be
scrapped.

H-II-22
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RULE 3.17
Seals: All seals must be replaced with new seals. For Amtrak bearings with enclosure

(non-rubbing) seals, see Rule 4.5.

RULE 3.18
Spacer: Spacers must be visually inspected for cracks, nicks, and burrs. Cracked

spacers must be scrapped. Nicks and burrs on the end faces of all types of spacers must be I
stoned smooth. Secondhand spacers must meet dimension A of Figure 6.2.

RULE 3.19
Inspection of Inner and Outer Rings: Masters used in the calibration of gages for the

measurement of inner ring inside diameters and outer ring counterbores should conform
to American Gage Design Committee Standards and should be of, at least, Class X
tolerance. It is recommended that masters be certified at least yearly by a qualified
metrology laboratory against standards traceable to the Bureau of Standards and that
up-to-date record of certification be maintained in each bearing repair facility. Masters,
gages and the parts being gaged should be at approximately the same temperature. Pin
type gages may be used to check diameter of outer ring counterbores and inner ring
inside diameters providing dial bore gages and master gages are available for necessary
rechecks.

RULE 3.20 Outer Ring:
a. Check seal fit counterbores for inside diameter (Figure 3.5). All bearings listed by

certificate number in Figure 5.1 as having interchangeable seals shall have maximum
counterbore diameters (by bearing size) as follows: 4% x 8 = 6.067",5 x 9 = 7.192",51/2 x
10 = 7.755",6 x 11 = 8.255",61/2 x 12 = 9.380" and 7 x 12 = 10.280". For all other bearings
refer to the manufacturer's specifications. Not required for bearings of Fig. 1.3A.

b. When outer ring shows wear from adapters, check diameter using micrometer or
suitable gage.

c. Inspect for bearing damage per Rule 1.15.

RULE 3.21
Inner Ring: Inner rings must be inspected for the same defects as outer rings (See

Rule 3.20). The inner ring must be inspected as shown in Figures 3.7 and 3.8 or by any
suitable method which will indicate condition of inner race. The inside diameters must be
checked with dial bore gage (Figure 3.6) or other gages.

RULE 3.22
Rollers: The contact areas of each roller must be inspected for any damage or defects

per Rule 1.15 of this manual. Separable rollers must remain in matched bearing sets. All
Brenco inner rings which were manufactured during the years 1978, 1979 and 1980 must
be equipped with new rollers (See Rules 6.14a.5., 6.15 and 6.16). Those inner rings marked
as remanufactured by Brenco subsequent to May 1, 1985, need not be equipped with new
rollers unless rollers with damage or defects are noted during inspection.

RULE 3.23
Cage: The roller bearing cage must be checked for proper clearance, cracks, or dam­

age. Inner rings must be placed on back face (large diameter face) when checking clear~

ance. If found defective, cages must be scrapped. (See Section 6 for cage removal).
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RULE 3.24
Backing Ring: Check backing ring contact radius with a 11/2" radius gage at three

points on the circumference to insure proper radius (See Figure 3.10). Check backing ring
radius break out diameter (See Figure 3.9). Fitted backing rings having a backing ring
radius break out diameter which exceeds the maximum allowable diameter per Figure
3.9, used as non-fitted backing ring column, must be scrapped. Non-fitted backing rings
with break out diameter exceeding maximum allowable may be remanufactured per
Section 6. Check seal wear ring counterbore diameter. The counterbore must provide a
press fit for seal wear ring. Backing rings which do not provide a press fit for seal wear

I rings and are not more than .010" oversize can have press fit restored by center punching
the surface adjacent to the counterbore with or without seal wear rings in place. If the
center punching is done with the seal wear ring removed, see Figures 3.11, 3.12 for
recommended center punching tool and procedure. Counter bore oversize can be checked
by use of seal wear ring and .010" feeler gage. This salvage procedure may not be applied
more than twice to the same backing ring and applies to tapered roller bearing backing
rings only. Inspect for cracks, distortions, broken areas and pitting. All Timken cast
backing rings having a flange which extends over the seal case and which do not have a
date of manufacture and Brenco and Hyatt cast backing rings must be scrapped.

RULE 3.25
Vent Fitting: Check to be certain it is not clogged, hardened, or damaged. Should it be

necessary to replace vent fitting, it must be renewed according to manufacturer's instruc­
tion. It must be properly protected during painting operations.

RULE 3.26
Cap Screw Seal Rings: All cap screw seal rings must be replaced with new seal rings.

RTTLE 3.27
Cap Screws: Check threads for damage and wear. Check cap screw body for stretching

or elongation (this usually will show in the first 1" length of cap screw under head, as an
elongation of pitch, which can be compared to that of a new cap screw). Reject for burrs
extending beyond the washer face on the underside of the cap screw head as these will
damage the locking plate. If any defect is found in cap screw it must be rejected.

MARKING BEARINGS

RULE 3.28 Marking:
a. Bearings.

Bearings that have been reconditioned and outer rings that have been remanufac­
tured must be permanently and legibly marked on the outer ring inner diameter on the
straight portion in the center between the raceways. Caution must be used to avoid
nicking or damaging the raceway surfaces. The marking must include the date (month
and year), the reconditioning company's initials and shop code letters (Fig. 2.1). On bear­
ings reassembled using inner and/or outer rings with reground races, the "remanufac­
tured" symbol "R" is to be marked and encircled by the original manufacturer who has
reground the races, see Fig. 3.16.

b. Remanufactured or Repaired Component Marking.
1. Outer rings with reground races must be marked as indicated in paragraph (a)

above. See Fig. 3.16.
2. Inner rings which have been remanufactured (cage removed for inspection and/or

operating surfaces reground) must be marked on the end face following manufac­
turer's identification in the manner illustrated in Fig. 3.16. (Note: Encircled R
should be marked only when operating surfaces have been reground.)

H-II-24
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3. Backing rings which have been remanufactured (radius remachined) must be
marked on the vertical face above the seal wear ring fit area in the manner illus­
trated in Fig. 3.16.

4. Spacers which have end faces remachined must have the date (month and year) and
the remachining company's initials and shop code letters marked on the outside
diameter.

c. Prevoius markings must not be removed. A suitable marking tool must be used. Steel
stamps are not acceptable.

d. Any shop certified to recondition bearings for interchange service must mark all
bearings reconditioned in that shop as outlined above regardless of whether the end
use of the bearing is for interchange service. Any bearings reconditioned in that shop
which are destined for other than interchange service must be suitably marked on the
outer cup, after assembly, to differentiate these from assembled bearings which are to
be used in interchange service.

e. New bearings, with no service mileage, which are removed from axles for inspection
for suspected damage must be marked per Rule 3.28a with additional marking of I
symbol "W" following the repairing shop markings. All new bearings inspected and
marked per this Rule will be considered new bearings.

BEARING ASSEMBLY

RULE 3.29

Before reassembly, all parts must have been inspected. Any parts that had protective
coatings of grease or oil must be free of dirt and grit before reassembly.

RULE 3.30
Reassemble bearings as follows:
a. For tapered roller bearings as shown in Figs. 1.2 and 1.2A, reassemble the outer ring,

roller assemblies and spacer, if so equipped. Component parts of a manufacturer's
bearing made under different AAR approval numbers must never be mixed or inter­
changed except where part numbers are the same as noted in the manufacturer's
specification sheet (Fig. 3.4-1 to 25). For converting bearings per Fig. 1.2A to bearings
per Fig. 1.2, see paragraph "d" below. Note: It is recommended that outer rings with
reground races and inner rings with reground operating surfaces not be used in the
same assembly. This avoids need for extremely short spacers which may not be avail­
able. These parts can be identified by the encircled R in the repair marking.

b. Component parts for cylindrical roller bearings as shown in Fig. 1.3A but made under
different AAR Approval numbers must never be mixed and/or interchanged except as
noted in manufacturer's specification sheet.

c. All bearings should be coated with light oil to protect them from corrosion in storage.
d. Bearings per Fig. 1.2A may be converted to bearings per Fig. 1.2 at reassembly under

the conditions listed below.

(1) AAR-20 Bearings.
Replace outboard seal wear ring with AAR-1 or 1A seal wear ring per Fig. 3.4-1
(Note: AAR-20 roller assemblies and outer rings hao'e different part numbers than
AAR-1 and 1A roller assemblies and outer rings but are dimensionally inter­
changeable with the AAR-1 and 1A parts). When bearing is mounted on the axle, an
AAR-1 or 1A axle end cap per Fig. 3.4-1 must be used. Also, cap screw seal rings
must be used.
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(2) AAR-24 Bearings.
Replace the outboard seal wear ring with an AAR-14 seal wear ring per Fig. 3.4-14.
Replace AAR-24 seals (3 lip style) with interchangeable seals or AAR-14 (2 lip style)
seals. (Note: AAR-24 roller assemblies, outer rings and backing rings have differ­
ent part numbers than AAR-14 roller assemblies, outer rings and backing rings but
are dimensionally interchangeable with the AAR-14 parts). When bearing is
mounted on the axle, an AAR-14 axle end cap per Fig. 3.4-14 must be used. Also, cap
screw seal rings must be used.

(3) AAR-25 Bearings.
Replace outboard seal wear ring with AAR-5 or 5A seal wear ring per Fig. 3.4-5
(Note: AAR-25 roller assemblies and outer rings have different part numbers than
AAR-5 and 5A roller assemblies and outer rings but are dimensionally inter­
changeable with the AAR-5 and 5A parts.) When bearing is mounted on the axle, an
AAR-5 or 5A axle end cap per Fig. 3.4-5 must be used. Also, cap screw seal rings
must be used.

RULE 3.31
The bench lateral play (tapered roller bearings only) of the bearing assembly must be

checked to make sure that the cone spacer has the required width.

RULE 3.32
Bench lateral for tapered roller bearings must be checked with power driven lateral

checking equipment (where bearings are "run-in" under a light thrust load at both
extremes of lateral movement) or by a dial indicator mounted to a cam actuated, hand
operated device similar to Figure 3.13 or other suitable device for checking lateral
movement. Bench lateral must not be checked when bearing is dry. For recommended
bench lateral, see manufacturer's specifications.* Alternately, due to the various types of
bench lateral checking equipment in use, a bearing reconditioning shop which is closely
associated with a bearing mounting shop (both under the control of the same company)
may establish bench lateral limits to provide satisfactory mounted bearing lateral.

BEARING LUBRICATION

RULE 3.33
An A.A.R. lubrication chart (Fig. 3.14) showing amounts of grease to be applied to

bearing must be posted at lubrication area.

RULE 3.34
Only A.A.R. approved lubricants per specification M942, which are free from con­

tamination by dirt or moisture, will be used. Lubricant must not be heated to facilitate
application. See Section E, Field Manual Rule 26 for listing of Approved Lubricants.

*Until all manufacturers' specifications are revised the following chart will apply:

Bearing
Size

Bench Lateral If Measured By:

Power Driven Equipment Hand Operated Equipment

4% x8. 5 x 9

5 1/ 2 X 10, 6 x 11
6 1h x 12, 7 x 12

.021" ..027"

.023" ..029"
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RULE 3.35
Accurate lubrication metering systems must be used to apply correct amount, by

weight, of lubricant and must be verified by measuring a sample weekly. Quantities of
grease, larger than specified; should not be applied because excessive quantities may
cause higher operating temperatures which might be sufficient to cause bearings to have
high indications of heat on hot box detectors. Excessive quantities of grease may also
result in purging at the seals and give false indications of seal wear or damage. All
lubrication certification checks must be recorded and records kept on file for a period of
two years.

RULE 3.36
A method of prelubricating inner ring assemblies is illustrated in Fig. 3.15. Alterna- I

tively, grease may be applied from both sides of the assembly. When greasing in this
manner, apply one-half the total amount to each side. For method of lubricating cylindri-
cal roller bearings shown in Fig. 1.3A, refer to manufacturer's specification sheet.

RULE 3.37
A lubrication fixture similar to that shown in Figure 3.15 or other suitable equipment I

may be used to prelubricate roller assemblies of tapered roller bearings.

RULE 3.38
Lubricate the lips of the contact type seals with roller bearing grease, if not prelubri­

cated by supplier.

RULE 3.39
Apply new seals to outer ring (See Figure 3.3 for recommended installation tools). I

Seals must be installed with no damage to seal. Seal must be properly located and firmly
seated. When seals are seated properly, the shoulder of the seal cases will be flush or
below the bearing outer ring faces.

NOTE: For information on mounting of seals in bearings of Fig. 1.3A see manufac­
turer's specification sheet. Seals for AAR-20 bearings must be cemented in place. Contact
bearing manufacturer for instructions.

RULE 3.40
Apply seal wear ring and backing ring, making sure seal wear rings are applied with

the bevel and lubricating holes toward inside of bearing. Apply wear rings gradually so
the lips of the seal will expand and not turn under. For bearings per Fig. 1.2A, inboard
and outboard seal wear rings may be different. Refer to manufacturer's specification
sheet for proper assembly.

RULE 3.41
For tapered roller bearings, apply cardboard tube or similar device, to hold spacer

and seal wear rings in alignment and to prevent lubrication loss, except when bearings
will be mounted in the same shop.

RULE 3.42
The bearing assembly is now ready for application to the axle or placed in stock.

RULE 3.43
If bearing assemblies are to be placed in stock, they must be stored in proper packag­

ing, covered and stored in a dry area free from dirt and moisture.
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IDENTIFICA.TION

RULE 3.44
For identification each roller bearing will be marked by a suitable means, sticker,

stencil, etc., on the outer ring in 1W' or largel letters the following:
N - New roller bearings.
R - Reconditioned roller bearings.
(NOTE: Not Applicable to Amtrak Passenger Car Bearings)

RULE 3.45
For identification, shops reconditioning bearings will mark the outer ring of a

reconditioned bearing by a suitable means, sticker, stencil, etc., with the proper AAR
Certificate Number and/or the bearing manufacturer.

H-II-28
8115/85



Association of American Railroads
Roller Bearing Manual SECTION 3

Cone inspecting
device.

Fig. 3.1

Typical Small Shop Layout

(Recommended)

Protective oil
spray nozzle ---.

Cleaning tank

Rinsing tank

Lateral checking
device

Hand press for
reassembly :J

Greasing fixture

l Measuring cylinder

ConveyorDisassembly

L..- ---JI'e Clet~ ,1.. ---.

Rust
Prevent

Tank
D Cold

Tank D Hot
Tank

o o

Inspection
Device Final

Reassembly

Lubrication
Lateral
Checking
Device

Fig. 3.2

Typical Large Shop Layout

(Recommended)
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Installation of seals with platen press and adap·
ter ring. Note first seal already applied; bearing
is supported on bearing support ring while apply­
ing second seal with adapter ring.

~··r\6 '\t ~l
\(J"J

SEAl. flSTAI.~NG

PlATE

ADAPTER
RNG

Tools required for seal installation with platen press.

Fig. 3.3

Seal Installation Tools

(For Bearings to Fig. 1.3A, see manufacturers' specifications)

(Recommended Method)
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BEARING PRODUCTION STATUS

Manufacturer AAR Cert. CLASS (SIZE)
Number

B(414 x 8) C(5 x 9) D(5¥.: x 10) E(6 x 11) F(6lh x 12) G(7 x 12)

TIMKEN 1 0 0 0 0 0

TIMKEN 1A X X X X X X

ND-HYATT 2 • • • •
SKF, Sweden 3,3A 0 0 0 0

SKF, Sweden 3B 0 0 0 0 0 0

SKF, US. 4, 4A, 4B • • •
BRENCO 5 0 0 0

BRENCO 5A X X X X X X •
ND-HYATT 6 0 0 0

ND-HYATT 6A 0 0 0 0

SKF, US. 7 •
BOWER 8 0 0

NTN 10 0 0 0 0 0 0

NSK 11 0 0 0 •
NSK 11A X X X X

NACHI 12 X

FAG 13 X X X X X

KOYO 14 X X X X X X

MAGNUS 16 0 0

SKF, US. 17 0 0

SKF, Sweden 18 0 0 0

NTN 19(10A) X X X X X X

TIMKEN 20 X

ND-HYATT 21 0

NSK 22 X X X X X X

SKF (Tapered) 23 X X X X X

KOYO 24 X X ·X X X X

BRENCO 25 X

Note: X - In Production - Not Produced or Not Available
0- Out of Production • Obsolete

Fig. 3.4
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TIMKEN' "AP" ROLLER BEARINGS
SERVICE LIMITS

AAR APPROVAL NUMBERS 1 AND lA
(NO FIELD LUBRICATION)
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END CAPS

DIAMETERS ARE AVERAGES AMOUNT OF GREASE(OUNCES) +
CLASS ROllER ASSEMBLY OUTER RING BACKING

RING Each
AND Maximum Out-of- Minimum Maximum Minimum Out-of. Maximum Roller Around Total
SIZE Bare Round 0.0. C'bore C'bore Round Cbore Assembly Spacer Quantity

B (4~ x 8) 4.0015" 0.003" 6.4900" 6.0665" 6.0600" 0.005" - 2 4 8

C (5 x 9) 4.6890" 0.003" 7.6775" 7.1915" 7.1850" 0.005" - 3 6 12

o (SY2 x 10) 5.1890" 0.003" 8.1775" 7.7540" 7.7450" 0.005" - 4 8 16

E (6 x 11) 5.6890" 0.003" 8.6775" 8.2540" 8.2450" 0.005" 7.0300" 4 8 16

F (6Y2 x 12) 6.1890" 0.003" 9.9275" 9.3790" 9.3700" 0.005" 7.5300" 6 12 24

G (7 x 12) 7.0015" 1 0.003" 10.8650" 10.2790" 10.2700" 0.005" 7.9980" 8 16 32

Ligltl pit.

SACKING RING· FIT ON THE SEAL WEAIiI lUNG

Check tIte wenl filling to see thlt it ia fMM clOfJged. h......
.Id 0' deMlged. Her_ad or daM8gad wenl fi«ings Ittoulll
be Jlplaced. (P.rt number IU1511"

BAQUNG RING· SIZE AND RADIUS (NONFlnEO)

B.cking ,in~ Wi er. bent or di.lorlH ,...1 be ICflpped.
~eck Ih. bldc.ing ring ,iz. *ld ttl. bcM'. rHius few pr,,",
..Ie fillet cont.c' end IIC...i"l CorrollOt! wilh ttl. AAI
gag. as sho.. in the Roll ... e.lrift' "MUal.

fJ\ The counl..-bore of Ih. badc.ing ring ~It hi'" • lighl fit
~ on the Sill " ••r ring. AAR RoII..- Burlng Manu" p,""ilS

ulvfte 01 Nckin9 rings "ith owllsiz. CiOfMlerttares.

See A-24m for suggn,tH p",c"".

~ - SIZE AND RADIUS (FITTEDI

© ~ee:k INjOf 1.0.

®

Po".,~!!!.~ Hand 0Perlted

0.02'" to 0.027" 0.018" to 0.024"
0.023" to 0.029" 0.020" to 0.026"

A spac... mUll be s"ecled or the sp,cer mly b. ground
to provide tt1e bearing bencn Illerll play specified below
tor Ute type of 1.leral measuring equipment used:

Clall.. 8-C
CI.II.. D-E·F·G
Not.:
Whlf. clo.. coordination i, maintlln.d bel",.en the be..­
ing fe"'r flcility .nd the bNring mounllnq faCllilY. "'I
beering bench lateral mey 1M sel to limit, nee:eSSoiry 10
providilitisfaCIOfY mounlld b••ring Illeral.

SP ACER WIDTH· BENCH LATERAL

SEAL WEAR FaNG· OUTSIDE SURfACE

If Ih. oul"d. surface of the se.1 ".Ir ring is ICfllChed
Of cracklld or If !he lip contact padl hal "orn to ;a d~th

010.005" !G.010" on diameterl. Ine s..l " ••r rinillor ba­
in, ring on CII.. G bearing .in) must be scrapped.

SEAl WEAR RING· FIT IN BAOUNG RING

111. sell .....r ring mull hi'" a light fil in Ihl badlino
ri"g caunlerboJi.

®
I"apecl fat' cracks. bf..k.lge. wot. or distortion. If end
CIP IS tqUIPI)M .... ttt lubriCllnl flninlJ. ,,,,,owe Il'ld reol..ce
Mth .. nOI'U....cJVlbl. plug.

M.SUf. this cl ....IIIC1 ulin, lWO sels of tHl,f gqel.
InMft m. IHlIt' glvel belween tn. smlll rib .nd ClgI
fI..., ••1 two IOCiliorts diametrically 09polit.. It tn.
t01l1 ot tn. lwo set. of t..lef ~ges is 0.090" or IfIOr•.
ttl. roll•••..,..,Iy sIIovld nol b. r.lumed 10 S.VIC•.

It the roll. pock.. ot Ute c:aqe i, ",am 10 th•••Ienl tt1.1
I 0.060" ,..... gaoe CM be in,erted bet"... tn. roll.
end the Cl9iI bridqe. tn. roller UHII'Ibly sttould nal be
r.tumed to servIC•.

ROLLER ASS9tIU . CAGE INSPECTION

PIKe roll. Iu.Wy Oft Nc:Ic hlc.lIl. diameter flclt
"". cft-e*inQ cl ....lIlc...

OUTER RING (CU"

Minil'l'lUm 0.0. 10 be m'.lUrld in .s.pter p.cl ••r .

II tIte oul..- filM) I' distOfted in In. If" 01 Ih. atUnt ·
bof•• clo.. vISUI' inspecllon 01 th. In sid••nd outside
!Ufflc" II required Out... ,ing. thll h• .,. hlir line c"clls
mult be scrlpped

+ NOTE: ONE HAlF OF TOTAL AMOUNT OF GREASe MAY BE APf'lIEO TO EACH SIDE OF AssaUllED BEARING {BEFORE SEALS ARE APPlIEDI.

® ~. SCRAP All. USED SEAlS

©

®

@

@

PART NUMBERS BEARING COMPONENTS.
OUTER

I
OLD STYLP NEW STYLP~~ NONU-

CLASS _OLlU RING S,ACU SEAL SEAL WEAR SACKING BACKING LD STYLe- HEW STYLP MOVABLE CAP SCREW LOCKING CAP
AND SIZE ASSEMBLY ICUPI ItiNG RING _INO I END CAP END CA' PLUG SEAL RINGS PLAU SCREWS

B 4/•• 8 HM120148 HMI20817XD HM1208.. 8XA K86895 K86890 K86874 K127203 K86877 K523660 KS236S3 K523654 J(84326 K533'19
C (5 x 9 HMI24646 HM124618XD HM12"646XA J(85600 J(86002 K85588 1(127204 K86003 K523742 K5236S3 K523655 K8"325 1("4"3"
0 5 1/1 • 10) HM1274"6 HMJ27415XD HMJ27"46XA K86860 KII5507 1(85525 1(127205 K85521 1(5237.... K5236S2 K52365S K8Q511 1(4.... 3..
c t6 • IJ) HMI291411 HM129S14XD HMI29848XA K8616' K85508 1(85095 K127206 K85510 K523746 KS23652 1(523656 K80596 KI .. 354
F !6Y, • 12 HMI3J4"4 HMt33 ..16XD HM133 ....4XA K85520 K8550C1 1(8SS'6 K115685 1(85517 1(523748 K523652 1(523657 K84324 1(84351
G 7 • 12 HMI36948 HMI36916XO HMI36948XA 1(96501 K95188 K93160 K83160 K95199 1(523750 1(523652 1(523658 K84701 K84398

OCTOBER 20 1980

END CA, AND lACKING RING INTnCHANOEAILE. U'lACEMENTS 'U CURRENT PRODUCTION.

AAR Approval No. I And No. lA Bearing ParIs Are Interchangeable.
Do Not Use AAR Approval No. 20 Bearing Parts In AAR Approval No.1 Or lA Bearing Assemblies
Where Part Numbers Are The Same Or As Permitted By AAR Roller Bearing Manual Rule 3.30d.

THE TIM KEN COMPANY
Canton, Ohio 44706 - Cable Address "T1MROSCO"

Except

Fig. 3.4-1

H-II-32
311184



Association of American Railroads
Roller Bearing Manual SECTION 3

AAR-3/3A. AAR-3B.
CYLINDRICAL ROLLER BEARINGS R B U
MAINTENANCE SPECIFICATIONS

ClassClasses.\dapter contact arl!as----- '----

f!l\MlN.OUTSlDE DU. 0 INTERNAL RADIAL CLEARANCE tf)\ BACKING RING
'-VOF OUTER RI~G \::..J MAXIMUM MINIMUM '-V MAX. BORE

VA\MAX [MUM BORE OF
CLASSCSIZEI I\.:;/ROLLER ASSE~IBLY

Inches Inches Inches Inc:hes

B(4.1/4x8) .... 0,i22 101 .oSe ~. 4900 164.a46 'J L1l2 0.10 l1.lJO~

CC5x9\ '-.6897 119 118 7.677 5 195.010 0.012 0.10 O. 004

0(S.1/2x10) 5.1894 ! 11 . d to ,. 177 5 207. :10 O.Ot4 0.15 0.004

EC6x11\ 689':- 14.:.. 31D d .6i75 22t\.':'lO 0.014 (). J} 0.005

FC6.1/2xI21 lij94 157 .210 9 9275 252.160 0.014 0.15 0.005

GC7x121 .Onl] 177 841 10 £Ih51/ 27 S. 970 0.016 a..:.0 0.006

ALL LIMITS ARE L'~DERSTOOD TO BE THE AVERAGE OF

ROl.Lf:R
ASSEMBLY OUlER RINC WITH TWO ROLLeR ASSEMBLIES SEAL

Inches

o. 1 ~

0.11

I), ~ 3

0.11 .5300 191.262

0.15

) 'IEASUREMENTS, "0 DEGREES

BACKING RINGS

GREASE PER COMPRESSION I~STALLl~G

BEARING
RG)

RING

ozs. grams (r)
20P 17008ij5 1700891

12 140 17('0886 1700892

\4 '00 1700887 1700891

16 ':'5; \700888 1;00ij94

26 740 1700889 1;00895

12 910 1700890 1~OO896

APART

LUBR ICATION AND SEAL MOUNTING

Pre grease each roller F. rc::;:====:::j::====::;:=1
assembly with 1/3 of
full amount. Insert
first assembly (wider
flange dawn) into outer
ring. Place compression
ring "!::"(smal 1 diameter
ot taper down) on outer I' f 1
ring. Place installing 1,', l~f'l;
ring ''F'' on top of seal .
and (using Platen press',
apply pressure until I 11-,+---+----t-l
seal is properly loc- I.J1i't .
ated and firmly seated. n I
Remove rings "E" & "F". I' f. I,.
rnsert backing ring

and invert bearing. t~ i
Grease space between ~~~~t~~~~~r
roller assemblies with t
remaining t/3 of full, \,'-')
amount. Then insert ~" )1
second ro ller assemb ly _ \. 1
and mount sea 1. '/0-~.....ipPlYin~ s~cond 5881 ('///

(Preferred greasin~ method: Do not pre~rea:!'e roller nearin~s.

Using suitable fixture. force half the full amount into
bearing from each side after placing each roller assembty
into outer r inK. but be fore mount ing sea ll.

OUTER RING
Heasure diameter "B" in adapter contact areas. Max. out·of-round 0.005" (0.13 mm).

INTERNAL RADIAL CLEARANCE "COO
Any roller assembly -nay be used with any outer rin~ of same class and approval
number. Maximum values "f internal radial clearance sho\iT1 above are higher than
manufactur in~ 1imit s. Check c lea ranee if severe abras ive wear of race .....ays in­
dicates possible excessive increase of clearance. Rest bearinll, on a flat surface
and insert fee ler gau~es between top roller and outer raceway. Repeat twice.
turning complete ....earing 600 each tilt1l!. Check avera~e all,ainst tabulated limits.
Repeat for .:>cher row oi rollers. :-1aximum difference between the tWd rows
0.0025" (0.06 mm).

ROLLER ASS EMBLY
Measure bore ".!J,." at both ends. 3/8" to 1/2" (9 to 13 rr.m) from faces of inner ring.
Maxi.mum out~of·round 0.001" (0.08 mm), - The cage does not have proper clearance
and must be replaced if rollers fall .Jut of cage pockets. - Each roller set is
matched to an inner ring. Do not replace complete roller sets or individual
rollers - scrap roller assembly if any rollers are missing.

SEAL WEAR RING, END CAP (STYLE 1), BACKING RING
Replace component i.f seal lip contact path is worn 0.005" (0.13 mm) deep. Check
major bore diameter "D" on backing rings. if so equipped.

INTERCHANGEAB IL ITY
All AAR-) and AAR-JA parts are interchangeable. AAR-J and -3A parts are inter­
changeable with AAR·JB parts, except that outer rings and roller assemblies in
one beari:'1~ must be either all AAR·3,3A or all AAR·3B. End caps AAR-3.3A must not
b. interchanged wi.th AAR·3B (to avoid los~ of identity of the mounted bearing).

AAR-l.1A AND AAR-1B BEARINGS MUST BE MAINTAINED IN ACCORDANCE WITH THE ABOVE SPECIFICATIONS AND AM REGULATIONS

~~~ SEAL IB~CI~~"G f-~;"::TYL~o:-;:.~....~c-~C,-"A"'>~~T:::YL;:-;::E-2::-!:AR S;~~G ~~:LS~~~~ L~~~G S~;W
l,lA 3B l,3A.1B: l,lA,JB l,3A lB lB lB 1.lA.1B 1.lA,3B 3,lA,lB

cu.SSCSIZEl
ROLLf:R

ASSEMBLY

3,lA lB I
REPLACEME~T CO~PONE ? ART NU~BERS

B(4.1/4x8\ R-2)8445 L·2184'5 7l574BA: 722446 722447H 72'058H 724059 729720,1 715710·1 7274;4

C(s.<9) R-234069 R·238450 L-2J!o6b9 t·238t..';O 115753A: 722451 715752H 722452H 7240')IH 72t..052 729720-2 715730-2 722459

r:D,;;;(::-S;,;.1;;/.:.2;,:,x,,1O;,;\-t...;R,-'-:2-:3,:"46:;,;1:;,;9-t...;R,-.-:2,:,);:,84,-S;,;S,_L::.-...;2:-.:1.:.4.:.'):;';~'-i'r-l::...•..:2:-.:1.:.84::..S;,;5~._7:-:1-:\-:-:Q1.?~7..:1:-.:5,,0.:.1.1:.;A,-+.:.7.:.1S:.;0;,;1.::2:.;,H+,7.:.\:-.:S;;,0:..:12.:.A::.;H+-7..:2..:4,;;,0.:.\6:.;,H+_7;,;2:..;4,;:,0.:.57,-+7;,;2;,;9.:.7,;:,20:....;2'-+'7.:.1:-.:'..:71:.;0:...:-.:1+_7..:2.:.2.:.4:.;59'--1
£(6x11) R-234929A R-23846lJ L-234929A I L-238460 71576)A I 7157111A 7157h2H 715762AH ~2':'061H 724062 729720-1 it57JO~4 722464

F(6.l/2xl2\ ~·2J482i. R-21.'3lo"S L~234R27 L-21H':'65 7tS76rlA I 71';?hhF 71')7f-~H 71571l7AH 7240lihH 724Jl67 729720·C. ~1;7)O-5 722469

C(7xlZ) I R-2)8410 L-238470 722471 I 722471 722472H 724072H 724071 729720-5 7157JO~b ;2247:'

'* SUFFIX H: ~o GR~ASE F'ITIt~C HOLE (OR HOLE PERMA~ENTLY PLl~GGED). w1r CSE ONLY WITH STYLE 2 END CAP (STYLE 1 END CAP I~CORPORATES SEAL WEAR RING)

Fig. 3.4-3

H-II-33
3/1/84
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END
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MEASURE IN ADAPTER WE". PATH

Specifications for BRENCO Roller Bearing Maintenance
(NO FIELD LUBRICATION)

AAR-5 AND5A

BEARING CLASS (SIZE) BI4'I.x81 i Cl5x91 IDI5'hx1Q\1 E16x11\ IFI6'hx12\1 GI7x121
CONE PART NO. HM 120848 I HM 124626 I HM 127446 I HM 129848 I HM 133444 I HM 136948

MAX. BORE OUT·OF·ROUND .003" FOR ALL SIZES BUT AVERAGE MUST NOT EXCEED. LIMIT

• AVG. 10 NOT TO EXCEED 4.0015" I 46890" I 5.1890" I 5.6890" I 61890" I 7.0015"

CAGE INSPECTION PLACE CONE ASSEMBLY ON BACK FACE AND USE FEELER GAGES.

• POCKET SIDE CLEARANCE LESS THAN .060" BETWEEN ROLLER AND CAGE BRIDGE.

CUP PART NO HM 120817XD ] HM 124618XDf HM 127415XD IHM 129814XD1 HM 133416XO] HM 136916XD

• MINIMUM 00 6.4900" I 7.6775" I 8.175" I 8.675" I 9.925" I 10.863"

MAX. C'BORE OUT·OF·RND. 005" FOR ALL SIZES BUT AVERAGE MUST MEET. LIMITS.

• C'BORE NOT TO EXCEED 6.0665" I 7.1915" I 7.754" I 8254" I 9.379" I 10.279"

• C'60RE MINIMUM 6.0600" I 7.1850" I 7745" I 8.245" T 9.370" I 10.270"

GREASE SEAL PART NO

CONE SPACER PART NO. HM 120848XA I HM 124646XA HM 127446XA I HM 129848 I HM 133444XA I HM 136948XA

• WIDTH SELECTION 018" to .024" Hand Lateral .020" to .026" Hand Lateral
MUST PROVIDE or 021 " to .027" Power Lateral or .023" 10029" Power Lateral

WEAR RING PART NO

• WEAR LIMIT

BACKING RING PART NO B0815 I C0915 I 01015 I El115 -j F1215 1 G71215

• COUNTERBORE PROVIDE TIGHT FIT ON WEAR RING.

• FILLET CONTACT AREA NOT GALLED OR PITTED USE RADIUS GAGE AS SPECIFIED IN RBM.

• VENT FITTING NOT CLOGGED, HARDENED. OR DAMAGED.

• 1.0. MAX, AVG, (FITTED) NA I NA I NA I 7.030" I 7530" I 7998"

END CAP PART NO B0811 I C0911 I 01011 I El111 I F1211 I G71211

INSPECTION NO CRACKS. BREAKAGE, WEAR. OR DISTORTION

• LUBE FITTING IF PRESENT. REPLACE WITH NON-REMOVABLE PLUG

GREASE WEIGHT OZ NOTE RBM FIG. 3.14 FOR FLOW THRU GREASING FROM BOTH SIDES.

EACH CONE ASSEMBLY 2 3 4 4 6 8

SPACER 4 6 8 8 12 16

TOTAL - 1 OUNCE 8 12 16 16 24 32

ALL PARTS OF BRENCO CROWN TAPERED ROLLER BEARINGS ARE TO BE MAINTAINED IN ACCORDANCE WITH

ABOVE SPECIFICATIONS, ASSOCIATION OF AMERICAN RAILROADS (AAR) REOUIREMENTS IN AAR

ROLLER BEARING MANUAL (RBM) AND AAR MANUAL OF STANDARDS AND RECOMMENDED PRACTICES

BRENCO. INC. P, O. BOX 389. PETERSBURG. VIRGINI,' 23804

ENGINEERING DWG. NO.. CP-200 040 REV J.. JULY 1985

Fig. 3.4-5

H-II-34
8/15/85
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WEAR LIMITS AND SPECFICATIONS FOR BOWER ROllER BEARINGS

AAR APPROVAL NO.8

@
"un
(ON fACT

BACKING
RING

;;

"z;;
"z
8
~

I~
~

1>---

SEAL
WEAR RING

SEAL
ASSEMBLY

"o
o
Z
~

.
E:
:l 0
~ Z- "00

~=.9. ~- "zO
" 0
" zv ~

L

"V

CUP

-

- --f----r----

-

.
~o:z
:l"
~oo ~

~oo ,
;;;
:;0
00
L Z
,,~

"

CONE
SPACER

CONE
ASSEMBLY

AMOUNT OF GREASE

BEARING SEAL <OUNCES)

CLASS SIZE CONE CUP CO.... E CUP CUP PART MAJOR 1 ST A ROU .... O 2 NO TOTAL
t

.... 0. NO. BORE 0,0.* C'BORE .... 0. 0.0. CO .... E SPACER CONE OU ....CES.

56890 8.6925 8.253 8.263
4 16E 6. 11 HM 129848 HM129814XO 5.6875 8,6875 8.250 PO-l05-C 8.258

8 4

6 "2' 12
6.1890 9.9425 9.378 9.388 6 12 6 24F HM13:H44 HMI33416XO 6.1875 9.9375 9.375 PO-130-C 9.383

..~
New cup 0.0. tolerance Shown. Permiss­
Ible we", of aOOJplcr cup scat p~dS Into
bearlnq cup .010" on diameter.

CUP OUT· OF· ROUND

0.005"

CAGE INSPECTION

® If J, cage pocket Is so worn IS to pl!rmlt
the insertion of a feeler In excess of
.060" 1 between the roll and the c~g~ rib
tno cone assembly should be scr.JppecL

SEAL wEAR RING LIMITS OF WEAR

It the extcrn31 surf.lees of the scJI we."
ring are cr.:tt:ked. nicked or scratched or
II the ~cat liD Pdth Ilas b~en worn in~o

the seal y..car ring to a depth of .010" on
dtameter tnc scat weal rlng 5110uld be
scrapped.

tCOUNTEROOREOU~O~ROUND

O.OO~.. but. must 3veraCJ8 within toler­
ance shown. When US'"fJ new sealS. dl.1­
metp.( of CUP counter bore may be
0.001" larger th,1n shown.

If cup exterIor In vicinity of seal coun..
terbore nas been damo1ged causing .. fI~t

In excess of 2" the f;Up should bet
scrapped.

INTERFERENCE FIT OF SEAL AND
SEAL WEAR RING

© To check. place a seal rln9 with ,I .010"
undersize 0.0. on ,I smooth ,Ind flat
surface with Chamfered enrt uP. then

~r::"r 1~~:rfS:r~fn~~ i~·n~~cg~:~'n~ft~U~~
able tl'\4 seal to lift the undersize seil'
wear ring. the seal Should bO scrappcl1.

SEAL WEAR RING FIT IN BACKING
RING

® The .eil we.r ring mu.t fit lightly In the
backing ring counter bOre.

BACKING RING FIT ON SEAL WEAR
RING

0. The counlerbore of Ihe D.cklng ring
must hlye • tight fit on the scal we,'
,Ing.

CONE BORE OUToOF-ROUND

0.003"

SEAL OUT·oF.ROUND

0.015"
Based on .OOS" under minimum mllor
0.0. 10 .005" .Dove m.xlmum INjo,
0.0.

BENCH lATERAL

@ If ,I beul"9 btn.::h 'It era' II not within
thO .021" lo .027"' limits a new sp.Jcer
Should b~ selected so ,n to bring the
bench taten' wiU,I" tnese IImUs.

BACKING RING AXLE FIT

@~ Chock Dore "diu. for distortion, g.II'ng
or fretting Ind corrosion..

VENT FITTING

® Check Ihal fitting I. olle"ble. th.t is.
not C'0991d, dam.lged, or hudened.

Fig. 3.4-8
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WEAR LIMITS AND SPECIFICATIONS FOR

AAR APPROVAL NO. 10 NTN

L_~~.J
CONE ASSE",,,Y cu. SUl SfAl WEAllI RING SPACU IJACf{INQ "INGS ENDen

DIAMETERS ARE AVERAGES IINCHES} AMOUNT OF GREASE lOUNCES)

CLASS CONE CUP Backing Ring

i
AND Each Around Total
SIZE Maximum Out ·ot· Minimum M(l);lmum Minimum Out·ot· Maximum Cone Spacer Oly

Bor. Round 00 C' bore C' bOre Round C' bore Assembly

I
2 I I814114 It 8\ 4.0015 0.003 6.500 6144 ! 6.141 0005 -- 4 8

CIS 91 4.6890 0.003 76875 7286 I 7283 0005 3 6
I

12 I, -- i

()(S1/2 x 10) 51890 0003 I 8.1875 7778 I 1775 0.005 -- 4 8 I 16

EI6 , 11) 56890 0.003 8.6875 8270 8267 OOOS 7030 4 8 16

F(6lf2 x 12) 6.1890 0.003 I 9.9375 9.471 9.468 0.005 7530 6 12 24

Gil )( 121 70015 0003 10.8750 10396 10.393 0.005 7998 S 16 32

VENT FITTING
fii\ Check the vent fitting to see that it IS not
\.V clogged, hardened or damaged.

SEAL WEAR RING - OUTSIDE SURFACE
tQ\ If the outside surface of the seal wear ring
'-V is cracked or scratched. or If the seal lip

contact path has Oeen worn to a depth of
0.005". the seal wear ring should be
scrapped.

END CAP
fj\ Inspect for cracks, breakage, wear or
\,Jdistortion. If end cap IS eQuipped with

BACKING RING - FIT ON SEAL WEAR RING luoricant fitting, remove and replace with

CD The counteroore of the Oacking ring must a'non-removable plug.
have a tlgtlt tit on the seal wear ring.

CAGE
fi:\ If the roller pocket of the cage is worn to
\.::J the extent that an 0.060" feeler gage can

be inserted belween the roller and the cage
bridge, the cone assemOly should not Oe
returned to service.

CUP
f8\ Minimum 0.0. to be measured in adapter
\V pad wear areas.

SEAL
Scrap all used seals

SPACER WIDTH·BENCH LATERAL0A Spacer must Oeselected or the spacer
\V may be ground to prOVide the Oearing

OenCh lateral play speCified belOW tor the
type of lateral measuring eQUipment used.

Powe,Ooeraled fo4and Ooerated

ClassnBC 0021 100027' 0018·,0002....

Classes 0 E F G 0023 to a 019'· 002'0·· to 0 026··

BACKING RING RADIUS
fF\ Check Oore radiUS for proper locating of
'V contact with axle fillet and for fretting

corrosion.

FITTED BACKING RING
fG\ Check axle dust guard and backing ring
\.V counter-bore to ensure proper Interference

til.

PART NUMBERS - BEARING COMPONENTS

Class
and Cone
Size Assembly

Cup Seal Spilcer

Backing Ring

End
Cap

Non Re­
movaDt8

PIUQ

Cap
Screw
Seal
Ring

Locking
Plate

Cap
Screw

814~ HMl2C848N HMl20817XON HMT20817S2 HMl20848XAN RT40810 RT3OB10 RT20Bl0 RT22A21 RT52811 RT51812 RT50811--- -
HM1246t8S2 - AT20Cl0 RT52C11 RT51C12 RT5OC11C/5 It 91 HM124646N HMT24618XDN HM 124646XAN RHOetO RTJOCTO RT22A2~

015'.-7_10, HM127446N HM127<1l5XQN HM·i"27415S2 HM127446XAN RUQD10 RTJQ010 RT20Dl0 ~":22~2~ RT52C11 RT51D12 RT50C T1

£(6 II '" HM1~N HMl29a14XON H-M"'29814S2 HMT29848XAN FH40E1O AT)()El0 RT3OE20 RT20E 10 RT22A22 -RT52El1 C-RT51E12 RTsili;"
FI6'''l It 121 HM1JJ44,4N HM1'3J4T6xON HM133416S2 HM-Tj3444xA-r~~R-i40F1O RT30Fl0· f-RT3OF20'- -RT20Fl-0 RmA22 'AT52F11 -RT51F12- RTSOF11
~... -

HM136916S2 RTJOG20 ~-T-20G10 RT52G11 -AT51 (;'12 RT5OGI1GI7 1121 HM13EB48N HM136916XQN HM1J6948XAN RUQG10 RT22A22

DO NOT INTERCHANGE AAR APPROVAL NO. 10 BEARING PARTS WITH AAR APPROVAL NO. 19
OR lOA BEARING PARTS.

Fig. 3.4-10
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CLASSES 8.C.D.E.F CLAsses F.G

I @ WIDTH 0

I J 110:1
w, 61 ,- -. -.
~Ia

..
w'

iZl
!:I ~0:'0

~'Z olz ~I (0
01 5 a:lj:J (0' Za::o WI z:

"wlo: ~:c; ~! 0:19!~ z'~ ~i 0:

51~
_.- - :J19 01 (0' ~

c;~
z!

~o ~ u::J II !I(00 (0,0 ~

~I~
2:0 ~-IZ

~!~ 0'

51 .. , L ---i G
~i

~,

OJ

.L

OUTER RING (CUP)
@ SEAL SPACER SEAL BACKING RINGS

ASSEMBLY WEAR RING
ROLLER

ASSEMBLY

WEAR LIMITS AND SPECIFICATIONS FOR 1\f7(:;;JfV7
~~AAR11A

(AAR11)

CLASS DIAMETERS ARE AVERAGES AMOUNT OF GREASE IOUNCES)
AND ROLLER ASSEMBLY OUTER RING BACKING

SIZE RING EACH
MAXIMUM OUT·OF· MINIMUM

C'BORE OUT·OF· MAXIMUM ROLLER AROUND TOTAL
BORE ROUND O.D ROUND C'BORE ASSEMBLY SPACER QUANTITY

B (4\\ x B) 4.0016" 0.003" 6.5000"
6.1447"

0.005" 2 4 86.1413" -
C IS x 91 4.6891" 0.003" 7.6875" 7.2864"

0.005" - 3 6 12
7.2831"

D 1511 .101 5.1891" 0.003" 8.1875" 7.7785"
0.005" - 4 B 167.7752"

E 16 x 11) 56B91 " 0.003" 8.6875" 8.2707" 0.005" - 4 8 16
8.2669"

F 1611 .121 6.189'" 0.003" 9.9375"
9.4715"

0.005" 7.5300" 6 12 24
9.4677"

G 17 .121 7.0016" 0.003" 10.8750" 10.3967" 0.005" 7.9980" 8 16 32
10.3929"

Hand Operated

O.OlS" to 0.024"
0.020" to 0.026"

OUTER RING 0.0.
Minimum 0.0. to be measur~d in adapter pad wear areas. If the outer
ring is distorted in the area of the counterbore a close visual inspection
of the inside and outside surfaces is required. Outer nngs that have hair
line cracks must be scrapped.

® CAGE INSPECTION
If the mUer pocket l>f the cage is worn to the extent that an 0.070"
feeler gage can be inserted between the roller and the cage bndge. the
inner ring and roller assembly should nol be returned to servke.

® SEAL ASSEMBLY SCRAP ALL SEALS

© BENCH LATERAL
A spacer must be selet,;ted or the spacer may he ground 10 provide the
bearing bench lateral play specified below for the type of laleral
measuring equipment used:

Power Operated

Class., B·C 0.02'" to 0.027"
Cla,se,O·E·F·G 0.023" to 0.029"

@ SEAL WEAR RING LIMIT
If the uUtslde surface uf the $Cal wear ring. IS cracked tlr scralched or
if the lip cuntact path has worn tn a depth tlr 0.005" (0.010" un
diarneterl, the seal wear ring should be scrapped.

® SEAL WEAR RING FIT IN BACKING RING
The seal wear nng. must have a tight fit in the backing ring counter­
bore.

® BACKING RING FIT ON SEAL WEAR RING
The counterbore of the backing nng must have a tight fit on the seal
wear rmg.

© BACKING RING SIZE AND RADIUS INON FITTED)
Backing rings that are bent or distorted must be scrapped. Check the
backlng nng SIze ;lnd the bore radius for proper axle tillel conlact and
cx<;essive ~orrosion Wllh the AAR gage as shown in the Roller Bearing
Manual.

® BACKING RING SIZE AND RADIUS !FITTED)

Check ;\1a.ior 1.0.

Q) VENT FITTING
Check the venl fitting 10 see thai it IS not clogged. hardened. or
damaged. Hardened ur damaged venl littings should be replaced. (Part
number JW':I 77t\I.

PART NUMBERS·BEARING CDMPONENTS

"""ilWOSllE
"IOI.U<I

ASSl""llY

IJ(l.1~IYU

II1.(;C, .. r;

"""0

"1_SInf
IJACC''OG

"'...
(A~<;C<lf.

Ulll"""C;S

,..
<;Cltt"""l

00 Not Interchange AAR Approval No. 11 A or No. 11 Bearing Parts With AAR Approval No. 22 Bearing Parts.

Fig. 3.4-11
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~/.

BACKING
RING

SEAL
WEAR RING

CONE
SPACER

SEAL
ASSEMBLY

@
WlDfH

t rl @

J ;1
Filla. CONrACT

i:
~O 0
< Z ·Z .
-~ ::;5 i:00

t:i

II
"I.,.

~". ~ 3;,
ol~ c!"':' .,

! .,
olq .. ,

" .,., , • :;1
:1;

~l~
<'-I .,

ziO

~
.,

~'o cio
~I ~Ioz ~IZ
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~

~v

CUP

>---~--_.-

.
·0

=IZ
~~

'!,2
0, '

QI~
Wi:;:;,0
010
"'z~,c

v'

SPECIFICATION CHART: MACHI ROllER BEARINGS
AAR APPROVAL NO. 12

CONE
ASSEMBLY

AMOUNT OF GREASE I
(OUNCES) I

CLASS BEARING SEAL AROUND

2ND CONE I TOTAL

.--~

AND CONE CUP MAJOR 1ST CONE CONE

SIZE PART NO. BORE PART NO. 0.0. * IC'BORE+ 0.0. A5SEMBl Y SPACER A5SEMBl Y laUANTIT'"

8(41/4")(8") HM120848 I::~~" HM120817XD 6.50S"
1
6•144" 6.156"

2 4 2 86.500" 6.141 " 6.150"

QS")(9") HM124646 4.689"
HM124618XD

7.6925" i 7.286" I 7.297"
3 6 3 124.6875" 7.6875"1 7•283" 7.291 ..

-
0(51/2")(10") HM127446 5.189" HM12741SXD 8.1925" 7.753" 7.763"

5.1875" 8.1875" 17.750" 7.757" 4 8 4 16
-.:j

E(6")(11") HM129848 5.689" HM129814XO 8.6925"1 8.253" a263" 4 • 8 4 16 i5.6875" 8.6875" 8.250" 8.257"

F(6 1/2")(12") HM133444 6.189" HM133416XD 9.9425" 19.378" 9.388"
6 12 6 24

-1
6.1875" 9.9375" 9375" 9.382"

G(7")(12") HM136948 i~:gg~:' HM136916XD 10.880" 110.278" 10.288" 8 16 8 32, 10.875" ,10.275" 10.282" j

JIll.. CUIIt 0.0. tol••c. __ 1ft tabt.. 0 OOS" (0.010"
__ , 0' .a,.... CUll .... ,ad. ,nlO beilin, cup

i.CNfII' ..

0.1111"

• COUNrEMOIIE our·OF·I()UNO

0.005" bullltUSi ."••~ _lIN" loi...Mte sIMI_.

II liS" c~ 1:O""I"eo,. 4 ' lMy be

0.001" 1",,, I". Mod Ifl.alal •.

It .. ell' II..,. It'ud! c lI... fl,. on 1tIe 0 D 1ft "'.

COlli" ,. 0'1" • 2- 1011'" eno.d. t"'- 0010 IftVS. 1M........
alNE DE our·OFI()UNO

.01,1 cl.rance aft dt...... b.t.... tit. small nil of ttl,

COI" and ,he CoIlJ' tt.lJ' IS cJ.O!O·· or 1ftO...

.....ur. Pit. ct..,MCI USing .wo 'lis of ,...... ga•••.

In.1ft me I ~9n ~I ...... ftll smlll "" a' tlta CD"'

_d U1C)e t11fttJ lWO locallolls d.""""call., ItOCMsll.

II ... ",-, Of Uta ,.. ,.1, of _let glglS I' OOga" 0'1'

_I. tha con. nsM'Of, ;tould 1118. be rltumed .. "'WICI.

® II U.. ,.11" PlIcllli 0' I'" caqe 'S MI," 10 !tIa ,II_I ....1

I" 0,060" la.l" g..,. ('In be .fts...'" bet.Mft ma roll.,
..If 11,. c:IIV- twldV', Ifta cona Md ..,1I1t us...._, 'Shoul.

ItOI be rllumed ro ,.."ICI.

SEAL WEAR liNG ANO SEAl INIE!lFE!lfJ<CE FIr

© To ~Idt o-a "IIIHf.,.e. ht 01 fb. ,.,, eilMlM'1 Mil ....

• .., un.. olac. I 0 010'· Ul'ldluU'. 5,af •••' "ftq 011 •

-.eft flit "".ea "Ih lhe dt..I,,1d IIld of Ih....

n,. II Ibi COO II'd IDstl, m. ,.11 to be efil-elld

• " .. COIle ••e" selacled 10 o,o"ld. the tOea"" blMr·.n,~ 1.'....1 pll"

SfAlllUR liNG WEAOll",r

" lhe 0111.1'" surlK' 0' th, ,..1 .... rtft9 's a~" 0'

SCfIIC'- ., I' ttt. liD c:on'K' pIth III' -or" til • dep'"
~f Q 005'· 10,01Q·' 011 cilM11I_t. thl , .., ..... "lMI __Id

HSC'......

SEAL w£.u 'IING FIT IN IIAClIIlfG RING

® The s..1 .... n"9 II'IUSI he..... 1I9fi11 lit ." If'la bedlln. fin,

COUftr..-..

'''ClING a'lNG FIT ON SEAl. WEAIIIIIIING

® "" CDUfI'II""a of tf'III laclll'" n"9 _51 h..,a I 111M fll Oil

the sa.I ..., tl,..

0.00'"

SUI. OUr·OF·I()UNO

-4001" II .0.010" 10.015'"

..- ....." 0.0....i_,I. 0,00'" 'n" t ..1 ••11......

CAGE INSF'a;nON

@ Cae•••• (II1II..... te be ......ce....... , _ ...

II !he jlltartwencl hI of t'" I .... 011 lfilt, ......,"',•••,

,ill' i."OII ..nil:..... 10 11ft It••1., flltO tfill ..,I .....14

1M IIG.,.,....
IBlCH lArERAl

CONE "'ClING liNG AII.E Filler CONlAcr

@ 0-«* ,''' lIed1l11' f1"t to, o.SIO.IIOII Md ttl. 101'1 'I•• U. lor

~. ".1_" c....et .llIt It, ..I. hll.,

® o.c.'h " 'illiftt 'a ... "-I II,s AOI d ......

"-....... cw .

Fig. 3.4-12
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FAG
WEAR LIMITS AND SPECIFiCATIONS FOR JOURNAL ROLLER BEARINGS AAR 1)

INO FIELO LUBRICATiON}

!J
.1 ---~

©
AOAPT(IlP.l.O

',r-+- Io'EAllAIlU'i :~ASUS BC:l ~l.SSt:S E ~ G
,~

~(~ @ (j) ~
n :C::J ~Pl':

~
•.,.-r-'

,-'1
~~ , ::v , 71"

~t1
!~---'1 !g II

~~ n
:1

@ ~
I: ·Iii Oi ~ ~ ,
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f,

:ii.;,~ i • Ii R~
;~ I i "'. I ii, :;~= " 2)~ ~~ ~~ ~ tiJill [Hn~,

' +- .f! ... .-~
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;
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@J

.0 :Ii i1: 1 ~~

liil ~:~ i II!
, !: ®
~ I I HI

~~ IIII Ed 'I til

'c::J II! ~

ENO CAP ROLLER OUTER RING (CUP} SEAL SPACER SEAL WEAR RING BACKING RINGS
ASSEMBLY

DIAMETERS ARE AVERAGES AMOUNT UF GREASE (OUNCES;
CLASS

ROLLER ,5SEMBLY OUTER RING BACKING RING Each
AND Roller Around Total

Maximum Out-of Minimum Maximum Out-of- Maximum
SIZE Bore Round 0.0. C' bore Round C' bore Assembly 3~acer Quantl:y

B (4 1/4 x 8) 4.0015" O.OOY' 6.4900" 6.0665" 0.005" - 2 " 8

C (5 x 9) 4.6890" O.ooY' 7.6775" 7.1915" 0.005" - ; 6 :2

0 (5'/2 x 10) 5.1890" 0.00'" 8.1775" 7.7540" 0.005" - 4 8 16

E (6 x 11) 5.6890" 0.00'" 8.6775" 8.2540" 0.005" 7.0WO" 4 8 16

F (61/2 x 12 ) 6.1890" 0.00" 9.9275" 9. }790" 0.005" 7.5}00" 6 12 24

G (7 x 12) 7.0015" O.OO~" ;0.8650" 10.2790" 0.005" 7 .9980" 8 16 '2

® SPACER WITH - IllNCH LATERAL ® BACKIIil Rilil-PIT ON Til! S!AL WEAR Rilil

"!At WEAR RIll' L11I1T

It the bearinl b.nch latual i. aot
"i thill the .bo.... li.i to.. the eoa.
apacer .hould be CroUDd or • a... coae
_paUl' aelecteod to proyid. tbe .peei­
fid burlac b.lleb lataral.

It tb. olltude .arran of the ... 1
....1' rial i. c,..eked or ae,..teh.d
or 1t tb_ lip eeataet patb ba.
"I'll ta a d.pth or 0.00&" (0.010"
oa di••eter). tb_ ...1 ....I' riDC
.boald be _er.l'P".

IIl.~et for e~ek•. b!'••k.I~ ...e.r
or di.tortioQ. If .nd c.p i ••qUlpped.
'Wlth lubrlC.at fittinl. re.o.....Ild
repl.ee ..ith • nOll-r.ao....bl. plUC.

®
If tbe roller pocket of tb. c.l. i.
'ora. to the exteat tbat • 0.080"
r..ler laCe c.a be iD••rt.~ 'b.t.eea
the 1'011.1' .ad the c.Ce bridce. t.b.
1'01 hI' •••••bl,. .hould Qot be re­
tuned to ••"le••

@ OtJml RUG (CUP)

lUai•• O.D. to " .asurfll in adap ...
tel' ....1' .,..a•• *:I'i.. out ..or·rowd
0.00&· .

CI B-C
C1 n D-E_P-G

CI B-C
Cl D-B-P..(j

Po... r op!rateod
0.021" to 0.027"
0.023" to 0.029"

Rand op:rrahd
0.018" to 0.02.·
0.020· to 0.028"

Tb. eouDhrbor. ot the back ina: rlDC
..at. bav•• tilbt fit OD tb...al
....1' rlDC.
Ser.p backiDC riaea .bicb .N' b.at or
dhton4.

Cb.ek backiae riae bore r.diu. 'ith
.u.a caal. to .anr. proptr ule fil­
let. coat.et. Ch.ek tor .:I'c........
corroaioa.

Ch.ell bore r.diu. for .se... i ....
corro&toa. Li,bt pi ttiq .Dd eorro­
aioa u .ec.pUbh.

@ Cbeck .jor bo,.. dia..te" ot baell­
UI nili.

@ S!At WIlAR R11lG.PIT IN BACKIIlG RIll'

Tb...al ....1' rioa: ..t he..... ticht
rit ia the bee.illl rinc coanterbor•.

PART SUWBl'RS - fl.l.Ant!'li COWPO!'l!NTS

® VIM PITTIIlG

Cheell tb.....at tittiq for c101l1q.
bardniDI aad d••, ••

CLASS ROLLER 0tm:R RI!«i lEAL WEAR MCKII«i llllll LOCKlJrr«j CAP
AMI 5121 USPJQlLY (CUP) SPACER SEAL R1l«i RIIlG !NO CAp P1TT1M1 PLAn so....

R"1/,, • A ."I12~T.2 ~12q27 .1 !'l12!l21,:1 1209R..'/~ 1209R!'l/4 1209M/J 1209K~/2 128T39/1 1209R& /e 128113/1

C ~ 1: 9 ~13149.2 ~13149.1 ~U3149.3 1209Jlft/~ 1209M/4 1209Re/3 1209R~/2 128139/1 120~Ae/e 128113/1

o ft1/2 It 10 5129ft2.2 ! 512952.1 "12952.3 12og87/~ 1209Rl/4 ! 120987/3 1209Rl12 128738/1 1209RT/e 128113/1

I 8 • II 5131~O.2 5131~.1 ~131~0.3 120988/5 12098.1ol/4 i 1209AA/3 1209Rtl/T 128738/1 1209M/e 12S173/1

P e l /2 1: IZ ~131~1.2 ~131~1.1 513151.3 1209R9/~ 1209"9/4 120••• /3 I 120989/7 12R73R/l 12091'l9/8 128113/1

G 1 • 12 ~13918.2 513918.1 51391fL3 120M&0/~ 120880/4 120H80/3 120R80/7 128138/1 1208&O/e 128113/1

Fig. 3.4-13
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Koyo~ AMERICAN KOYO CORPORATION AAR APPROVAL NO. 14

[!WFT r 'I i
l

P ? f~,
~I I I I !1 ni i, 'I, I' ,i L

~Ilo Ii ~ CD! ' I,I,!,' I :;1 1
1' I

:0:0 A I I I I 'i I

~~ l bdU~
CUP SEAL CONE SEAL BACKING

SPACER WEAR RING RING

ATTEO
BACKING

RING

SEAL WEAR RING - The wear ring ShOuld De sCtaDOed It the OutSIOe surface IS scratcnea
ShowS cracks or II the seal tlas caused wear panern fQroovet 01 mOle lhan 005'
deep

SACKING RING-,Non.tllled !vpel-Scrap dlSIOlletJ cracked ')r neavrJy pUleo f1ngs
CheCk ~lng wllh ser""Ice Itm,leO gage as Outllntd In roller oearlng manual 10 ,"sure
proper axle Iilte! contacl Ifillea fvpel-ene,_ same as lor non·lilted type and
C bore 101 dimenSions as shown liOove

VENT fiTTING-Check and reolace If cloggeo hardened damaged or loose

B(4'/4 x 8) 65050 6.0655
40015 003 65000 005 60625 005

C (5 x 9) 76925 71905
46890 003 76875 005 7,1875 005

0(5'1, x 10) 81925 77540
5,1890 003 8.1875 005 77510 ,005

E(6 xII) 86925 82530
56890 003 8.6875 005 82500 005

F (6'1, x 12) 9.9425 93780
61890 003 99375 005 93750 005

G(7 x 12l 10,8800 10,2780
70015 003 10,8750 005 102750 005

(om.. om,") TlR. Averaoe out-ol·round reading 2 must nol exceed almenSlOn shOwn

END CAP·lnspect 'or cracks oreakage weaf and dislorlion of mach,ned surlaees J
Lubflcam fillings ale 10 be replaceCl with non-removable tllug

F CONE ASSEMBLY lCAGE WEARI-L: <In ubO 1~ICk 'p.eler '~.lge CdM De Inserted :;elween
roll!f dna caGe oar. ~~e J~semD1V snol.Jld tJe ~eleCled 1 S ... nSultaDle ;01 contlnlled ooera· L
hon Ilav cone on :Jilek !Jce 'or qaQlna .

G SEALS-ScraD used seals
H BENCH LATEAAl- rhe cone spacer mUSI beol such lengUl as to obtain the tOllowlng

Mbench lalerals Hind Op.,. Pow,r Op,r.
e,iSS Be o01B' t.O 02'" 002' t.0027"

Closs DUG o020" I. 0 026 0023" "0029'

6.074
6,068 015

7200
7194 015 3

7763
7.757 015

8263
8.257 015 7 030 003

9 388
9382 015 7530 003

10.288
10282 015 a000 003

TotallndlcatOt ;;jeacMO

8

6 12

8 16

16

12 2.1

16 32

COMPONENTS PARTS LIST..---_•••••
HM127446 HM127446XA 703N60 703N50

HM120848 HM120848XA 701N60' 701N50
+-- -----.~_. ...-- ---4--

HM124646 HM124646XA 702N60 702N50

B (4'/4 X 8) JB 1201 HM120817XD
-- - --,-._. -- - .._--_.,,--

C (5 x 91 JB 1202 HM124618XD

0(5'1, x 1O) JB 1203 HM127415XO

E (6 x 11) JB 1204 HM129814XD

F (6V, x 121 JB 1205 HM1334'6XD
t

G (7 x 12) JB 1206 j HM136~I~XD

701N40 ; 701N20 , 701N80
.._---_.+-_._--- - ._~,~~-_._-~

702N40 i 702N20 702N80 i
-- -, - -----1

703N40 ! 703N20 ; 703N80 ;, ' ,
-_ ........._----_.- --+--.-- .. _-._~

HM129848 HM129848XA! 704N60 704N50 704N40; 704N20 ~ 704N80 I

t --1 ~-- _. ----.,~ - +- .-- L_ .....-- .-+ --'-' ---~
, HM133444 ! HM133444XA! 705N60 ! 705N50 705N40 !_70::'2_0 _+ 70~~~ I

1HM136948-t HM13694~XAL7~6~~j~06N50!~~~40 t_:~6N20J_706N~ j
MANUfACTURERS SERVICE LIMITS CHART

KOYO 'ABU ROLLER BEARINGS

Do not Inlerchange AAR approval No 14 bearing pariS wllh AAR approval No 24 bearing paris

Amencan Kayo Corporation 12/80

Fig-. :3.4-14

H-II-41
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WEAR LIMITS AND SPECIFICATIONS FOR MAGNUS ROLLER BEARINGS
AAR APPROVAL NO. 16

FILL£T
CONTACT

®

BACKING
RING

~

ii:

~
i
a:
c..
I
.J
C

=

r ~

~
1)-- ~z

i
uc•
~p--

SEAL
WEAR RING

c..
~..
::E
C
a..
o
iii
~

:I
o

@
WIDTH

CONE
SPACER

1

SEAL
ASSEMBLY

o 0
z a: z
:I" :I
o~o
COla:
Ii. ~ Ii.
~o~
:la::!
000
0"0z c zc ::E c

CUP

~.

~~ "" ": ~
c..
~..

0 ::E
CZ a:I

0 ..
C c
Ii. -- -- ~. '- 0
0 II

.:. c..:I ~
0 z
0 :I
Z 0
C u..

:I
u

~ ~~~""
CONE

ASSEMBLY

AMOUNT OF GREASE

CLASS BEARING SEAL lOZSI

AND 1st CONE AROUND 2nd CONE TOTAL
SIZE CONE ASSEMBLY CUP

PART NO. MAJOR ASSEMBLY SPACER ASSEMBLY AMT.
PART NO. BORE PART NO. 0.0.• C'BREI 0.0.

EI6"xll") E·ll03 5.6B90 E·l102 8.692 -8.253 E-1107 8.263
~ 8 ~ 165.6875 8.687 8.250 8.25B

FI6Yz"x12") F·1203 6.~~~ F·1202
9.942 9.378 F-1207 9.38B 6 12 6 2~III 9.937 9.375· 9.3B3

.~

_ cuP 0.0. tolerance sllown. Permiss­
Ible wear 01 adapter cup seat padS Into
bearing cup .010" on diameter.

CUP OUT·OF·ROUNO

0.005"

, COUNTERSORE OUT·OF·ROUNO

0.005" but must average witllin taler,
anc. snown. When ustng new sealS, dl.
meter of cup counterbOre may be
0.001" larger tllan Sllown.

If cup exterior In vicinity of seal coun·
terbore lias been damaged causing a flat
in excess of 2" tile cup SIlOUld be
scrapped.

CONE SORE OUT.QF·ROUNO

0.003"

SEAL OUT·OF·ROUNO

0.015"
Based on .005" under minimum major
0.0. to .005" abOve maximum major
0.0.

CAGE INSPECTION

I'ji;I cages are worn excessively wilen tile
~ total clearance between tile cone small

flange and tile cage flange exceeds .090".
To measure. center cage flange around
cone flange wltll two feeler gage sets. If
tile SUm of tile feelers needed exceedS
.090" tile cone assembly sllould be
scraPPed.

@ If a cage pOCket Is so worn as to permit
tile Insertion of a feeler In excess of
.060" bet_n tile roll and tile cage rib
tile cone assembly sllould be scrapped.

INTERFERENCE FIT OF SEAL ANO
SEAL WEAR RING

© To clleck, place a seal ring wit II a .010"
undersize 0.0. on a smootll and flat
su~~etll:l~alc~~m:r~.:~:d.uri s~~~
~nt Interference Is not present to en·
able tile sui to 11ft tile undersize seal
wear ring, tile seal snould be scrapped.

SENCH LATERAL

@ If a bearing benCIl lateral Is not wltllin
tile .021" to .027" limits a n_ spacer
:~~~dlar.rar':'ft~~~t:":~I~~ts?rlng tile

SEAL WEAR RING LIMITS OF WEAR

If tile external surfaces of tile seal wear
r~n~ll:r:.~[~~:e:at~iC~:sd.:.~~~~~e?n~~
tile seal _ar ring to a deptll of .010" on
diameter tile SUi wear ring sllould be
scraPPed.

SEAL WEAR RING FIT IN SACKING
RING

® Tile seal _ar ring must fit tightly in tile
backing ring counlerbOre.

SACKING RING FIT ON SEAL WEAR
RING

® Tile counterbore of tile backing ring
must Ilave a tlgllt lit on tile seal wear
ring.

SACKING RING AXLE FIT

@ Clleck bOre radius for distortion, galling
or fretting and corrosion.

VENT FITTING

® Clleck tllat Ilttlng Is operable. tllat Is.
not Clogged. dama9lDd. 01 Ilardened.

Fig. 3.4-16

H-II-42
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SPECIFICATIONS FOR SKF (SWEDEN) LATERAL MOTION UNITS LMU
AAR APPROVAL US

3/8" NOMINAL LATERAL CLEARANCE

SECTION 3

END CAP COMPLETE LMU INNER RING

ASSEM8LY

8EARING

INNER RING OUTER RING
OUTER RING INTERNAL RAOIAL BACKING TOTAL

SIZE
MAXIMUM MINIMUM

MAXIMUM CLEARANCE RING AMOUNT
ANO OUTSIDE MAXIMUM OF GREASE

CLASS BORE
OIAMETER C'BORE 0 C'BORE PER BEARING

A 8 C MAX. MIN. E Ounces

5112.10 (01 5.1894 B.1175 7.7540 i 0.014 0.0045 11

6x 11 lEI 5.6894 B.6175 8.2540 0.014 0.005 13

6112.12 IFI 6.1894 9.9275 9.3790 0.014 0.005 7.529 21

Lateral clearance
By design. the LMU has 3/4" built· in lateral clearance.

Inne< ring bore {AI
Measure ,n 2 places. 1/2" in from each face. Maximum out·of·round 0.003"

Outer ring outside diameter 181
Maximum out·ol·round 0.005".

Maximum outer ring counter bore diameter (C)
Maximum out-ot·round 0.005".

Internal radial clearance (0)
With bearing resting on its 00 on a flat surface, measure clearance by inserting
feeler gauge between top roller of one row and outer ring track. (Caution: 00
not allow rollers to roll over the blades of the feeler gauge). Repeat twice,
turning complete beating 1200 between measurements. Average of the 3 measure·
ments must be within values shown in tabulation. Repeat procedure for other
row of rollers. The difference bet~ the 2 average values must not ex·
ceed 0.0025".

Rollers
Rollers of each inner ring assembly form a set matched to that inner ring.
Complete sets of rollers from one inner ring assembly must not be used with
another inner ring. An individual roller must not be replaced. If an individual
roller is damaged or lost, the entire inner ring assembly must be replaced.

Cage
If the rollers will not fall out of the cage pockets under the influence of their
own weight and the cage has no other obvious defects. the cage is considered
sutiable for further service.

Wear of sealing surfaces on seal wear rings and backing rings
If the wear in the seal lip contact area exceeds 0.005" 10.010" on diameterl. the
part must be replaced. Sharp edges of all scratches and dents In this area
must be removed. Note: The backing ring IS made of 2 permanently assembled
parts (to facilitate manufactureL The parts are not to be separated during
removal and overhaul of the backing ring.

Seals
For removal and mounting of seals use same methods as used for tapered
roller bearings. Do not use method applicable to RBU IAAR 3. 3A. 3B) shown
in Fig. 3.4-3. as tii1S may result In damage to cage.

Inner ring assemblies
When inner ring assemblies are inserted into outer rings. the wider flanges of the
inner rings (identified by a circumferential witness groove in the flange 00 )
must face each other at the center of the bearing.

Lubrication
By using a suitable fixture, half the tabulated amount of grease can be applied
to each side of the assembled bearing (before seals are mounted). Alternatively.
slightty more than 30 % of the total amount may be applied to each inner
ring assembly. and the remaining 35 % to 40 % to the area between the two
inner ring assemblies and the outer ring center flange.

PARTS LIST

SIZE ANO CLASS
COMPLETE •• BEARING SEAL ENO CAP SEAL BACKING LOCKING

CAP SCREW
CAP SCREW

LMU WEAR RING RING PLATE SEAL RING

5112, 10 101 725155 240355 240358 725157 725158 725156 715730-3 722459 (118") 729720-2

6. II IE) 725160 240360 240363 725162 725163 725161 715730-4 722464 11") 729720-3

611h 12 IF) 725165 240365 240368 725167 725168 725166F 715730-5 722469 11 118"' 729720-4

•• Each be,lIng CQnsms 0' one outer flng (designated With pre' ill: l) and two Inner ring assemblies feach with prefix R; example: R·240355).

Fig. 3.4-18

H-II-43
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CDn

L..~~JL

WEAR LIMITS AND SPECIFICATIONS FOR III T4 M@
AARAPPROVALNO.19 NTN -'I IV

(NO FIELD LUBRICATION)

.MOCAP COlllt A$SI..IL., cu. SIAL SEAL WUII IttNQ "'AC(III UlCIUIiIQ lItlNOI

DIAMETERS ARE AVERAGES(INCHES) AMOUNT OF GReASe 10UNCeS)

G(7 II 121 70015

Ef8 1I 11) 5.6890

0(51/J It 10) 5.1890 0.003 8'875
-~ -1--- ...

0.003 86875

0.003 9.9375

0003 10.8750

CUP Backing Ring
Eoe"

Quf·O'· Maximum Con.
Around Total

Malumum MInimum Space, OtV.
C' bOre C'bOre Round C'bore A."lmbl't

6.065 6.061 0005

7 191 7187 0005 12

7.754 1.750 0.005 18
-.- .- .-

8.25. 8.250 0.005 1030 18
._-- ~.

9.379 9.375 0005 1530 12 2<·._---t---
TO 219 1027S 0.005 1998 1. 32

8.500

7.6815

Minimum
0.0.

CONE

46890 0.003

(.0015 0.003

Maximum QuI· 01·
Bore Round

CLASS
AND
size

~4', ~ 8\

F(5'h xl2l 6.1890

C(s ]I 9)

VENT FITTING

®Check the vent fitting to see Ihat it is not
clogged. hardened or damaged.

SEAL WEAR RING - OUTSIDE SURFACE
fjj\ It the oulside surface of the seal wear ri~g
\V is cracked or scralched. or If the seal hp

contact path has been worn to a depth of
0,005". the seal wear ring should be
scrapped.

END CAP
fj'\lnspect for cracks, breakage, wear .01'
\..:.)distortion, If end cap is eqUIpped wllh

BACKING RING - FIT ON SEAL WEAR RING lubricant fitting. remove and replace wilh

CD The counterbore of the backing flog must a non-removable plug.
have a light fit on the seal wear ring.

CAGE
fi\ If the roller pocket 01 the cage is worn to
\V the extent that an 0.060" feeler gage can

be inserted between the roller and the cage
bridge. the cone assembly should not be
returned to service.

CUP'i" Minimum 0.0. 10 be measured in adapter
\.V pad wear al'eas.

SEAL
Scrap all USed seals

SPACER WIDTH·BENCH LATERALo A Spacer must be selected or the spacer
\V may be ground to prOVide the bearing

benCh lateral play specified below 'or the
type of lateral measuring ec;uipment used,

Po*,~'Oplf'alt'd ~~

C'ass.sec OOlt loOOl1' 0018"0001.'

CI.ss.sOE~G oon-loOO:i'9 002'0"100016"'

BACKING RING RADIUS
f'F\ Check bore radius tor proper locating. of
\:...J conlact With axle fillet and for frelling

corrosion.

FITTED BACKING RINGtG" Check axle dust guard and backing ring
\.:!/ counter·bore 10 ensure proper Interference

fit.

PART NUMBERS - BEARING COMPONENTS

CI...
end Con.
$1,. Assembly

Cu. Seal

Old Type" New Type'Se.' BaCking RInQ Baclunq Ring Non Aeo
We.' t----,----+----r----f Old Type· New Type' mov.ble
AinQ "Ion Filled Filled Non Filled FItted End Cap End Cap Plug

C••
Screw

So.'
Ring

Coo
Ser...

ecCV.1l81 HM12O&11 HM120811XO HM120817Se HM1208A8XA

1-=C<::.• ...;.:.....:..+H.::M::.':.:2=-.:e,..,ce-:-··+H7Mc-'~~~~~ ~~'~4618s.t~M12e&48XA
0(5",.101 HM127C418 ~~'27etSXO ,H~~_~7e15~ ~~_27""~XA

I.;::e=,'..:.:·•..::~;:+::.:;::,;:;=~:;-<+::o:';:~:~~ ::~:~::~ Z~~::!~~
GU' • 121 HM13894 HM1J6916XO HM'J6916SC HMl36948XA

ATeOStt I-=R-=-T3.;,:0..:,B7"~ +::R~T30:::::B3:::'e-t ..,_R"Ti2~0;,S1t AT20B3, RT22A21 RT52Bt1 AT51B12 RTSOB11

RHOC11 RT30Ctt RTJOCJ1 Rr20ci,- AT20eJt RT22A21 AT52C11 RTSIC'2 AT5OC11

RlC0011 RTJOD11 FH30D31 'R:;;T';2;;;00~'~1+;;'RT;:;2~0;;'D3"'1:+';:R;;:T2::2::-A2::2+:~R:::T5:::2~C':':11 _~!51012 RT5OC11

ATeDE", RT)DE11 'AT:iOE21~r30E31t-:R=T=30:::e:::<:-,-tAT20El1 Al20E)1 AT22A22 ~52Ei1 RlSIE12 -AT5OW
-:R~U-;;;;OF~11·+';;R';'T 3O~F';'11;-+-;R:;-;T::;;:JciF21 RT30F41-r"R-;:,2"'0"'F1:::'-+::R~T2:::0-::F=-31-+-=R::;T2=:2C=A-:-22:+-=RC=T5~2:=F':'11'+-:R:::T=-51:-:F'='2:.:-i-:R=T~5O"'F'='.,...j,
RT4OG11 t----+-:R:::T-::~:-::-:,21:-+--- - RT30GAl RT20G11 RT20G31 RT22A2i RT52G11 RTOIG'2 RTSOG11

OfNO CAP AND BACKING RING INTERCHANGfABlE. NfW TYPfS ARf CURRfNT PRODUCTION.

DO NOT INTERCHANGE AAR APPROVAL NO, 19 BEARING PARTS WITH AAR APPROVAL NO. 10 BEARING PARTS.

NTN BEARING CORP. OF AMERICA 31 E. Oakton Street. D.es Plaines, Illinois 60018

7/1 '8]

Fig. 3.4-19

H-II-44
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TIMKEN" n XP" ROLLER BEARINGS
SERVICE LIMITS

AAR APPROVAL NUMBER 20

Io
J

lACKING RINGINNER
SEAL

WEAR RING

SPACER

o
Widtft

8
o SEALOUTER RING ICU',ROLLER

ASSEMBLY
OUTER

SEAL
WEAR RING

END CAP

DIAMETERS ARE AVERAGES AMOUNT OF GREASE (OUNCES) +

CLASS ROLLER ASSEMBLY OUTER RING BACKING
RING Each

AND Maximum Out-Of- Minimum Maximum Minimum Out-Of- Maximum Roller Around Total
SIZE Bore Round 0.0. C'bore C'bore Round C'bore Assembly Spacer Quantity

F (6'11 X 12) 6.1890" 0.003" 9.9275" 9.3790" 9.3700" 0.005" 7.5300" 6 12 24

+ NOTE: ONE HALF OF IOTAL AMOUNT OF GREASE MAY BE APPliED TO EACH SlOE OF ASSIIIILED BEAIiNG IBEFORE SEAlS AIlE APPlIEOI.

InlPKl tor crICk., bruk Of distortion.
Replace pl••tic plUG if 100•• or d..aged.

® SEAL . SCRAP All USED SEALS

~CSl WIDTH· 8BlJCH LATBlAL ®
SEAl.WEAR RING • AT IN BACtING IIING

The inner .al ..., rino _sl ...... I Ii"" til In Itt. bIIck·

ing 'inq count",bof•.

Check maio, 1.0.

BACIUNG~§ . FIT ON TIE SEAl Wli..RING

Check bot. radius to, UCHIIIII. CINfOSlon. Lighl Pit·
ting and rustin, is lceepCllble.

Thl countetbo,e of tha Dacal". ""I .,sl hava a holtl fit

on the su' ..e., nnlJ. AU .11 i,,' II"",.. pe,,"its

salVI,e of badl.inQ n"p wer COWIt.,bo,es.

See 4-2438t to, Slfl)lJested ptOc"'"

Check the vent tininQ 10 see thll it is nol clogged. h.,d·

tftlld 0' d........ Ha,dened 0' d...9acl ".,., finings should
be r.'lcld. (Plrt number KB9716)

8ACtI~ 1lI~ . SIZE AND UOIUS

®

tt~!-Qp~..!!d_

0.020" to 0.026"

Po.er OperI!tH

0.023" 100.0zr

A _car must be MllICIed 0' Ih. se-c" may be glOund
to proVide m........ bench late,.1 pia, specified below
'0' the type of lal8ral ••suring equipmenl used:

SEAl WEAR llING • OUTSIDE SURFACE

Note:
Wh•• CIOM COOfdiuti. is ....in..inad belwee th. bea,·
ing f.li, t.cllity IfNI me bu,inq mounllna flCility, the

HIring bendl 11.",1 "'" be set to limits necHsary to
P'O"ide sa'istlcllO" 1II00000tad blll,ing lateral.

II the outsuS• .,qce of the 51111 "., ring is SCI1IlchH
0' cracKed or if the Ii" COflIlCi path ha. wam to a d.Dth
of 0.005" (0.010" OR d........l. the s.al ..., ,in~ muSI b•.._.
Note:

Oul" s.1 , rift, ~IIS nol han ".,.1 hole•.

Itttft inQ n.... ,..,... burin" make su,e thai

Uti ~.... Hal ... fin, does_..!'.!! halll. ".,.. holes and

that the !I!!!!!. HI' ..III' rinG ~....e~ haw. "... hol.s.

®

@

Plac. roll.......bI., on bldl faee II•• di...." face I
when checking cluranc...

M..auN this el••rane. ulinl) two set. of ' ..Ie, galles.
InHrl die f..l. gavas bIIt ilia .... 8 rib and cage
flange ill two location. dil tticaU, opposite. II the
10111 01 the two SI'I of fH6_ gag.. i. 0.090" CH' mor••
the roll.....sembi., should nOI b' "tumid to slf'Vice.

If the rolllt' pocke. of the glge i. 110m 10 the '.'tn' Ut••
• 0.060" f,et., glp can be Inserted between the roll...

• nd the C'911 bridge, Ih. roller UMmbl, should nOI be
'elUmed to sentice.

Mini"",... 0.0. 10 be "'''IU,ed in act.Pler p8d ..., .,.••.

If lite ouler ring is distorted in the .,.a 0' the counte,­
bore a close visual inspection 0' the inside .nd oulside
su,f.c.. is '.ctUi'ed. Out., ,in,s .ha' ha.. half lin. cfllcks

mult t- sc'aPDed.

©

@

@

PART NUMBERS - BEARING COMPONENTS
OUTER INNER

CLASS ROLLER OUTER RING SEAL WEAR SEAL WEAR BACKING PLASTIC LOCKING CAP
AND SIZE ASSEMBLY (CUPI SPACER SEAL RING RING RING END CAP PLUG PLATE SCREWS

F 16V, X 121 HM133443 XP HM133416XDXP HM133444XA K8SS20 K'2S679 K8SS09 K125685 KI25611 K125684 K84324 K12S683

Do Not Use AAR Approval No.1 Or lA Bearing Parts In AAR Approval No. 20 Bearing Assemblies Except Where Part
Numbers Are The Same.

OCT08ER 20. 1980

THE TIMKEN COMPANY
Canton, Ohio 44706 - Cable Address "TIMROSCO"

Fig. 3.4-20

H-II-45
3/1/84
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..... S.".,11l......... ... ...................,,, .

.........,.... 010.
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LOC.lfrtG .ura ,1.$1....,. . GENERAL
Any part should be rejected 'Of breaks, cricks, deformities
Of other obvious defects.
See Seclion 6 tor remanufacture of bearinl components.
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WEAR LIMITS AND SPECIFICATIONS FOR~l}G AAR22

CLASSES F.Go
CLASSES B.C.D.E

o@WIDTH

M
oz
5
0:...
o

"5
oz..

if
:1

1-.-l- I/
~I
0:1
wi

§!

~~
~I~
""0:
9 u:.

5[9o ::>
" 0z 0
- Z0: ..

ffi
§

o
~ ~o 0
.. <;

~ Q
~ ...
)i. 5
.. 0
~ z..

ROLLER
ASSEMBLY

OUTER RING ICUPl ® SEAL
ASSEMBLY

SPACER SEAL
WEAR RING

BACKING RINGS

DIAMETERS ARE AVERAGES
AMOUNT OF GREASE (OUNCES!

CLASS ROLLER ASSEMBLY OUTER RING g"R~~~'u EACH
AND MAXIMUM OUT·OF· MINIMUM C'BORE OUT·OF· MAXIMUM ROLLER AROUND TOTAL
SIZE BORE ROUND 0.0. ROUND C'BORE ASSEMBLY SPACER OUANTITY

B (4% x 81 4.0015" 0.003" 8.4900" 6.0865" 0.005" - 2 4 86.0805"

C 15x 91 4.6890" 0.003" 7.8775" 7.1915" 0.005" - 3 8 127.1855"

D(5%x 10) 5.1890" 0.003" 8.1775" 7.7540" 0.005" - 4 8 187.7480"

E(6xl1l 5.6890" 0.003" 8.6775" 8.2540"
0.005" - ~ 8 168.2480"

F(8%xI2J 8.1890" 0.003" 9.9275" 9.3790" 0.005" 7.5300" 6 12 249.3730"

G(7x 121 7.0015" 0.003" 10.8850" 10.2790" 0.005" 7.9980" 8 16 3210.2730"

OUTER RING O.D.
Minimum 0.0. to be measured in adapter pad wear areas. If the
outer ring is distorted in the afea of the counterbore a dose Visual
inspection of the ms;de and outside sUfiaces IS required. OUler nngs
Ihat have hair line ,racks must be S4:upped.

@ CAGE INSPECTION
If the roller pocket of the cage is worn to the extent that an 0.070"
feeler gage can be inserted between the roller and the ~age bridge.
the anner ring and roUer assembly should not be returned [0 ~ervice.

® SEAL ASSEMBLY - SCRAP ALL SEALS

o BENCH LATERAL
A spacer must be selected or the spicer may be ground to proVide
the bearing bench lateral play specified below for Ihe type of lateral
measuling equipment used:

Power Operated Hind Operated

CI 8·C 0.021"100.027" 0.018" to 0.024"
CI D·E·F·G 0.023" to 0.029" 0.020" to 0.026"

@ SEAL WEAR RING UMIT
If the outSide surface of Ihe seal wear nnilis cracked or scratched or
if the lip conlact path has worn 10 a deplh of 0.005" (0.010" on
diarmler). the seal wear ring should be scrapped.

~ SEAL WEAR RING FIT IN BACKING RING
The seal wear ring musl have a tight tit in the ba~k.ing nng counter·
bore.

® BACKING RING FIT ON SEAL WEAR RING
The counterbore of the backing ring must ha...e a tight fit on the seal
wear nng.

© BACKING RING - SIZE AND RADIUS / FITTED I
Check major 1.0.

(@ BACKING RING - SIZE AND RADIUS / NONFITTEDI
Backing rU1gs Ih,H are bent or distorted must ~ scrapped. Check
the backing ring SIU and the bore radius for proper alOe linet
conlact and exceSSl...e corrosion with the AAR ga6e as shown m (he
RoUer Beanng ManUiI.

Q) VENT FITI1NG
Check the venl I1ning 10 see that il is not clogged. hardened. or
damage'd. Hardened or damaged ...enl linings should be replaced.
(Pari number 188336)

PART NUMBERS - BEARING COMPONENTS

I
I' , ICLASS ! ROLLER i OUTER RING I SEAL I BACKING J ICAPSCREW LOCKING i CAP

AND SIZE ASSEMBLY ICUPI
SPACER SEAL WEAR RING RNOG i END CAP : SEAl.. RINGS+,--PLATE ! SCREWS

8 14~. 81 I HM110848A I HM120817XOR ,
IofMl~8R·L HMl20817XDA·S i J85723 JB5722 I JB2772A j J8619.8 I J883478 JB.S4'""

C 15.9) I HM'2<6o<6R ~ HM12461BXOA , HM124646R·L HMI2<6'BXOR·S i J857So1 JB5758 i J827'94A ! J86194(; ! J88347C J845318

015%. tOl I HM127446R I HM12141SXDR , HM121U6R·L HM127415xDA·S ; JB5755 JB5759 i J82795 i JB6'..D 1 J8B3<7D J845318

E (6. III i HM'298ABR t HMl29Bt4XOR ~ HMl29848R·L HMl29814XOR-S I JB5758 JB5780 J82796 i JB61'" I JB8347E J84539A

F (ey,. 121 I HM133444R ! HM133&16XOR I HM133«4R·L HMl33416XOR·S ! JB5107 JBS752 J82755 ! JB6.9<' I J88341F JS4S42A

G (7.121 I HM136948R I HM1J6916XOR I HMl369&8R·L HMI38916XDR·S I J85757 J85761 J82197 J JB6'94G I J88341G I JS4561A

00 not Interchange AAR Approval No.22 Belting Parts With AAR Approval No.ltA or No. 11 Bearing Parts.

Fig. 3.4-22

H-II-47
311184
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Class•• B-C-D CI..... E-F

SEAL WEAR RING BACKIIlG RINGSSPACER

_. -.---

BEARINGS

SEAL

-@.

OUTER RIIlG

TAPERED ROLLER
SPECIFICATIONS

cD f-@--

ROLLER ASSEMBLYEIII) CAP

;AAR-23
MAINTENANCE
~ Adaptar contact are••
~ ~~ ·---1

~_ jl r----"':rp....:.....,..'..:l:.,.",...,-.!..,.....,'""".'-.~,..,..·,""""";;...-<=-,
-,

OUTER R I N G

© BACKIIlG RING AMOUIIT OF

CLASS (SIZE) @ IlAXDtUM BORE OF @ MIIlDllH OUTSmE ® COUNTERBCl\E MAKDIlH GREASE PER
A ROLLER ASSEMBLY DIAMETER MAJCl\ BORE BEARING

MAXIMUM MINIMUM
Inche. ... Inch•• ... tnche. ... Inches ... Inch•• ... OZI • Gram.

B (4.1/4x8) 4.0015 IOL638 6.4900 164.846 6.0665 154.089 6.0600 153.924 - - 8 275

C (5x9) 4.6890 119.100 7.6775 195.010 7.1915 182.664 7.1850 182.499 - - 12 340

o (5. 1/2x10) 5.1890 131.800 8.1775 207.710 7.7540 196.952 7.7450 196.723 - 16 455

E (6x11) 5.6890 144.500 8.6775 220.410 8.2540 209.652 8.2450 209.423 7.0300 178.562 16 455

F (6.1/2xl2) 6.1890 157.200 9.9275 252.160 9.3790 238.227 9.3700 237.998 7.5300 191.262 24 680

G (7x12) 7.0015 177.838 10.8650 275.970 10.2790 261.087 10.2700 260.858 7.9980 203.149 32 910

ALL DIAMETERS ARE UNDERSTOCIl TO BE THE AVERAGE OF 3 MEASUREMENTS. 60 DEGREES APART

®

@

@

®

~
Check for daaa.a ., well •• for correct cl••• (abe) and lIMR-23" markings.
ROLLER ASSI!MllLY
He••ura bore at both enda, 3/8" to 1/2" (9 to 13 1l'IIt) from fac•• of inner ring.
Max1mum out-af-round 0.003 11 (0.08 ~).

Place roller ••••mbly (back face down) on horizontal support.
U•• two 'at. of fe.ler gaug... In.ert f •• lar gaup. between .mall rib of inner
ring and bora of cage flange in two dia.tricaUy oppo.it. location.. The
total of the two laU of fe.ler gauge. rras.t not exceed 0.09011 (2.3 an).

In.ert feelar gauge. bet.an the roller and the cage bridge. Reject roller
••••mb ly if 0.060" (1. 5 rae) f.elar gauge c.n be in.arted.

MER RtIlG
""aaure out.ida dia.tar in ar.a. of adapter contact. Maximum out-of-round
0.005" (0.13 ...).

Hlalure both count.rbor... HaxilllUll out-of-round 0.005 11 (0.13 II1II).

SPACER
sp;c;r length 18 graduated and codad in {ncr_nci of 0.003" (0.08 rrn). (P6
_ani plul 0.006" froll nOlllinll; H18 _ani minul 0.018" freta nominal). If .pacer
of a length to provide required lateral play 18 not available. a longar .pacar
_,. be ground to aize. Faca...It be parallal within 0.001" (0.025 'II1II).

®

®

Q)

®
©
@

SEALS
Replace all u.ed .e.ll with nev seah.

SEAL WEAR RtIlGS AND BACKtIlG RtIlGS
Replace aeal wear f'ing if Up contact path i. WOf'n
0.005" (0.13 I!III) deep, or if outaide lUI' face ha.
defects which might cau•• "damage to a••l Up•.

Seal wa.r ring outside dilDllter and backing ring
counCerbore tlIUat ftt together with. tight fit.

Scrap backing ring. which are bent o!' diatorted.

Check backing ring bore radiu. with AM gauge to
enaure proper axle fillet contact. Aho check for
exceaatve corroalon.

Check bore radiu. for axce•• iva corroaion. Only
Ught pitting and corroaton 11 parllli.lible.

Check major bore di_ter of backing ring.

VENT FITTING (part n..-r 1637504-18)
En.ur. vent fitting i. not clogpd. Replace any
hardened or damaged vant fitting.

AM-23 BEARINGS HUST BE MAINTAINED IN ACCCl\OANCE IIITH THE ABOVE SPECIFICATIONS AND AM REGULATtOllS

COMPONENT PART NUMBERS

BACKING RING

CLASS (SIZE) ROLLER OUTER SPACER SEAL SEAL WEAR IIITHOUT
ASSI!MllLEO IIITH END CAP SCREII LOCKIIlG CAP

ASSEMBLY RIIlG 8I1lG VENT
VENT AND CAP SEAL RING PLATE SCllEIIVENT S .11. RING

B (4.l/4x8) AJ-64U38 OR-641138 80-641138 729700 1637501-13 1637501-15 1637501-85 1637501-95 1637501-11 729720-1 715730-1 722454

C (5x9) AJ-641135 Cl\-641135 RO-641135 729701 1637502-13 1637502-15 1637502-85 1637502-95 1637502-11 729720-2 715730-2 722459

0 (5.l/2xlO) A,J-64U30 08-641130 RO-641130 729702 1637503-13 1637503-15 1637503-85 1637503-95 1637503-11 729720-2 715730-3 722459

E (6xll) AJ-641125 Cl\-641125 RO-641125 729703 1637504-13 1637504-15 1637504-85 1637504-95 1637504-11 729720-3 715730-4 722464

F (6.l/2xI2) AJ-641134 Cl\-64 11 34 110-641134 729704 1637505-13 1637505-15 1637505-85 1637505-95 1637505-11 729720-4 715730-5 7224&9

G (7xl2) AJ-641139 Cl\-641139 RO-641139 729705 1637506-13 1637506-15 1637506-8S 1637506-U 729720-5 715730-6 722474

Fig. 3.4-23

H-II-48
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Koyo.. AMERICAN KOYO CORPORATION AAR APPROVAL NO. 24

(M) :'[\

OUTER CONE
END CAP We1~i.NG ASSEMBLY CUP SEAL

CONE INNER FITTED
SPACER WE~~Ai.NG BACKING RING

MAINTENANCE SPECIFICATIONS

WGT
ILBS I

CUP SEAL flTTEO BACKING RING AMOUNT Of GREASE
10l.1

B C 0 E

UT Of IIOUT Of AVERAGE~ OUT Of ~OUT Of ~TOf
OUNO AVERAGE ROUNO C·BORE ROUNO .AVERAGE ROUNO CBORE ROUNO CONE~AROUNOITOTAL
TI R 00. HR. lOlA. , TI R. 0.0. HR I I HR. EA SPAClR

015 5030 I 003
65050 6.0655 6.074

B (4'1. x 8) 4.0015 003 6.5000 005 60625 005 6.068

7.6925 71905 7200
C (5 x 9) 4.6890 .003 7.6875 005 7.1875 005 7.194 56

8.1925 7.7540 7.763
o(5'h x 10) 51890 003 8.1875 005 7.7510 005 7.757 015 6405 003 16 63

8.6925 8.2530 8.263
E (6 xiI) 56890 003 86875 005 82500 005 8.257 015 7.030 003 16 74

9.9425 9.3780 9.388
F (6'h x 121 6.1890 003 9.9375 005 9.3750 005 9.382 015 7.530 003 12 24 111

10.8800 10.2780 10.288
G(7 x 121 7.0015 .003 10.8750 005 10.2750 005 10.282 .015 8.000 003 16 32 133

( 0 max - 0 min)* Average aUI-o'·round reading 2 musl not exceed ~lmenSlon shown TIR - TOlallndlcator Reading

! CONE

'~J' ~;-;r:• __nm--_ 1111111
I 1__11_

eND CAP·Inspect lor cracks. breakage. wear and (J1S!lJTIlon 01 machIned
surfaces Inspect removaole plug ...... replace II loose or damaged Sealer
may be used on tnreads

F CONE ASSEMBLY ICAGE WEARI-II an 080·· thick leeler gage can Oe ,nsertea
belween roller and cage bar the assembly should be felected illS unsulf­
able lor continued operallOn ,la'll cone on baCk lace tor qaglng J

G SEALS-Scrap usea sealS
H BENCH LATERAL- The cone spacer must be 01 sucn lengln as 10 oOtaln Ine

lallowlng benCh laterals Hind Op.r. Pawlf' OplI.
Class B. C O.OIB" to 0024" 0021" 10 002r

Class O. E. F. G 0020" to 0.026" 0.023" to 0029"

J SEAL WEAR RING- The wear Itng snould be scrapped lithe oulSlde surlace
IS scralcned shows cracks. or ,Iltle seal has caused wear pattern 19roovel
of more than 005' deep GIve speCial allenllon to ouler f1ng end laces
Scrap II chlppea scralCtleO elc
NOTE: Outet seal wedr flOg does nol have venl holes When assembling
Kayo MF bearings, make SlJle Itle rmg With vent nates IS the 'Inner seat

wea' flng
L BACKING AING-lrllted Iypel-Scrap dIstorted cracked or neavlly PlUM

rtngs CheCk ring wlln service Ilm.1 gauge as oull,ned ,n roller oearlng
manuilll fa Insure oroper axle lillef contacl

M VENT fiTTING -CheCk and reolace " clogge<l. naraenea aamagea or loose

COMPONENTS PARTS LIST...........
B (4'1•• 8) JB901 HMI20817XDMF HM120B48MF HM'20848XA 90160 90150 90140 701N"O 90120 701NBO

C (5.91 JB902 HM124618XDMF HM'24646MF HMI24646XA 90260 90250 90240 702N40 90220 702NBO

0(5'/, x 10) JB903 HMI27415XDMF HM127446MF HM127U6XA 90360 90350 90340 703N40 90320 703NBO

E(6.11) JB904 HM 129814XDMF HM'29&&8MF HM'29848XA _60 90450 _40 704N40 90420 704NBO

F (6'1,"21 JB905 HMl33416XDMF HM133"""MF HM133""4XA 90560 90550 90540 70SN40 90520 705NBO

G (7.12) JB906 HM136916XDMF HM'36948MF HM'36948XA 90660 90650 90640 706N"O _20 706NBO

MANUfACTURERS SERVICE LIMITS CHART
KOTO ··MAINTENANCE fREE·· ROllER BEARINGS

Do nol Interchange AAR appro.al No 24 bearing parIs Wllh AAR approval No 14 bearing parIs.

Ameflcan Koyo Corporation 12/80

Fig. 3.4-24

H-II-49
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Specifications for BRENCO Roller Bearing Maintenance
EXTENDED LIFE BEARING AAR·25

MEASURE IN ADAPTER WEAR PATH

END
CAP

•

BACKING
RING

r
I J

o

INNER
WEAR
RING

o

OUTER
WEAR
RING

CONE
SPACER

GREASE
SEAL

8--1- r·e-

J
CUP OR

OUTER RING

r•
lCONE

BACK
FACE

CONE ASSEMBLY
OR INNER RING

BEARING CLASS (SIZE) I I F (6Yz x 12) I .,~,~':.""

CONE PART NO. I I Hil 133444XL I
MAX. BORE OUT-OF·ROUND .003", BUT AVERAGE MUST NOT EXCEED" LIMIT.

.I.,,,
3.21

"AVr..I.D. NOT TO EXCEED I I 6.1890" I 3.22

CAGE INSPECTION
C!»POCKET SIDE CLEARANCE

PLACE CONE ASSEMBLY ON BACK FACE AND USE FEELER GAGES.

LESS THAN .060" BETWEEN ROLLER AND CAGE BRIDGE.

CUP PART NO. I I HM 133416XDXL I
• MINIMUM 0.0. I I 9.92S" I 3.19

MAX. CBORE OUT·OF-RND. .00S". BUT AVERAGE MUST MEET 6) LIMITS. 3.20

GCBORENOTTOEXCEED I I 9.379" I
CD C'BORE MINIMUM I I 9.370" I

GREASE SEAL PART NO. ;:1207

REPLACE WITH NEW AAR APPROVED INTERCHANGE SEALS.

CONE SPACER PART NO. I I HM 133«4XA I 3.18

o WIDTH SELECTION
PROVIDE .020" TO .026" LATERAL FOR HAND LATERAL DEVICES 3.30

OR .023" TO .029" FOR POWER DRIVEN LATERAL DEVICES. 3.31

WEAR RING PART NO. I I I
o WEAR LIMIT SEAL LIP CONTACT PATH LESS THAN .OOS" DEEP.

3.16
INNER WEAR RING HAS VENT HOLES· F1206

OUTER WEAR RING HAS NO HOLES· FI206XL

BACKING RING PART NO. I I F1715 I
e COUNTERBORE PROVIDE TIGHT FIT ON WEAR RING. 3.24

C FILLET CONTACT AREA NOT GALLED OR PITTED• 3.25

• VENT FITTING NOT CLOGGED, HARDENED. OR DAMAGED.

01.0. MAX. AVE. (FITTED) I I 7.530" I

END CAP PART NO.

INSPECTION

Fl211

NO CRACKS, BREAKAGE. WEAR. OR DISTORTION.

GREASE WEIGHT oz. NOTE RIM FIG.S.23 FOR FLOW THRU GREASING FROM BOTH SIDES.
3.33

EACH CONE ASSEMBLY 6 3.34

SPACER 12 3.35
3.36

TOTAL ::.1 OUNCE 24 3.37

DO NOT USE AAR· SA INNER RINGS. OUTER RINGS. END CAPS.

OR WEAR RINGS IN AAR .2S BEARINGS.

BRENCO INC., P. O. BOX 389, PETERSBURG, VIRGINIA 23803
JAN. 1979

Fig. 3.4-25

H-II-50
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Master setting ring to set Dial Bore Gage.

Fig. 3.5

Checking Seal Fit Counter Bore with Dial Bore Gage.
(Recommended Method)

(Not required for bearings shown in Figure 1.3A)

H-II-51
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Fig. 3.6

Checking Inner Ring Bore with Dial Bore Gage

Note: See Manufacturer's specification charts
for allowable bore size.

(Recommended Method)

H-II-52
3/1184
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Probe made from
feeler gage stock.
Probe to be %" x
~" x .010"
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Fig. 3.7

Inspect Inner Ring for Defects

Place feeler of surface roughness tester between the roller and cage
adjacent to both the large and small ribs, rotate inner ring. Any surface
defects can be noted by roughness felt through the feeler gage.

H·II-53
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Fig. 3.8

Typical Inspection Stand

By rotating inner ring and obser\Jing light area between rollers, inner race can be
visually inspected. Additionally, while rotating Inner ring feeler gage (as shown in
Figure 3.7) can be used to inspect raceway ad jacent to both the large and small
thrust shoulders.

H-IJ-54
31/84
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BREAK-OUT DIAMETER

FinED BACKING RING

1

SECTION 3

Maximum Allowable Diameter

Class Used as Fitted Used as Non-Ftted
and Size Backing Ring Backing Ring

E(e x 11) 7.030" 7.060"

F(6% x 12) 7.530" 7.560"

G(7 x 12) 7.998" 8.028"

3/1184

BREAK·OUT DIAMETER

NON·FinED BACKING RING

Class Maximum
and Size Allowable Diameter

B(41,4 x 8) 5.035"

C(5 x 9) 5.910"

0(5 112 x 10) 6.410"

E(6 x 11) 7.035"

F(6% x 12) 7.535"

Fig. 3.9

Backing Ring Break-Out Diameter Limits.

H-II-55
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MATERIAL: STEEL - HARDEN TO Rc 60-64.

TOLERANCES: ± ~4' UNLESS OTHERWISE INDICATED.

BREAK SHARP CORNERS.

RUST PROOF FINISH.

ETCH CLASS AND
SIZE: B 4*xe )ET"C.

SClllBE. LINE ON

~~~~:NIJ L ??;#/@.{~~

CLASS
A BAND SIZE C D

B(4 1,4" X 8") 5.035" 5 112" 42°21' 1.002"

C(5" x 9") 5.910" 6%" 37°41' .908"

D(5W' x 10") 6.410" 6%" 37°41' .908"

E(6" x 11") 7.035" 7%" 34°49' .845"

F(6%" x 12") 7.535" 8" 34°49' .845"
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HARDEN
40-50 Rc

STAMP OR ETCH
.--------, PART NO. HERE.

=-IC'J
~

I

51.
I...._I----~~,- e DIA.

~I~l;.=.====:=---T-.,-

""l·-t~
300

MATERIAL - 4340
STEEL OR
EQUIVALENT.
HARDEN AS SHOWN.

NOMINAL - MUST
BE DRIVE FIT
IN TUBING

•I" DIA.
2.

lh" MECHANICAL
TUBING. 32.

:-I~

.040" ± .005" DIA.
BREAK CORNERS.

CENTER PUNCHING TOOL

Fig. 3.11

Method of Restoring Backing Ring Press Fit on Seal Wear Ring

H-II-57
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When backing ring counterbore is oversize by
not more than 0.010". the press fit on seal
wear ring may be restored by center
punching face adjacent to counterbore ap­
Droximately Yi6" from edge of counterbore at
six equally spaced locations. Check counter­
bore oversize by use. of seal wear ring and
0.010" feeler gage.

Fig. 3.12

Method of Restoring Backing Ring Press Fit on Seal Wear Ring
(Recommended)

H-II-58
3/1184
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Fig. 3.13

Fixture for Checking Bench Lateral
(Recommended Method)

H-II-59
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Grease Applied
to Each Grease Applied TotalO Grease

Single Roller Between Roller Applied To
Assembly Assemblies Bearing Assembly

Manufacturer AAR No. Size Ounces Ounces Ounces

Timken 1, lA, 20

NTN 10, lOA, 19

Koyo 14, 24

Nachi 12 4 1/4 x 8 2 4 8
FAG 13 5 x 9 3 6 12
Brenco 5, 5A, 25 5% x 10 4 8 16
Bower 8 6 x11 4 8 16
New Departure- 6% x 12 6 12 24
Hyatt 6, 6A, 21 7 x 12 8 16 32
Magnus 16

NSK 11, 11A, 22

SKF (Tapered) 23

SKF Sweden 3,3A, 3B 4IA x 8 2 3 7
5 x 9 4 4 12
5% x 10 4.5 5 14
6 x11 5 6 16
6% x 12 8 10 26
7 x 12 10 12 32

*Plus or minus 1 ounce, by weight.

Note 1. Grease may be applied from both sides of bearing assembly. When greasing in this manner
apply one·half total amount through each side. Only M·942 greases will be used. See Section E, Rule
26 of the Field Manual for listing of approved lubricants.

Note 2. Refer to Manufacturer's Specification Sheet (Fig. 4.6) for amount of grease to be applied to
Amtrak Passenger Car Bearing.

Fig. 3.14

Lubrication Chart Amounts of Grease to be
applied to Bearings to be Posted at Work Area.
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Device for Pre-Iubing Tapered Roller Bearings.

Adding the Remaining Required Grease Between Roller Assemblies.

Fig. 3.15

Method of Lubricating Roller Bearings.
(Recommended Method)

(For Bearings To Fig. 1.3A, See Manufacturer's Specifications)
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OUTER RING MARKING

NOTE: Reconditioning and remanufacturing markings
(encircled R for regrinding and encircled P for
plating) must be on the inner diameter of the
outer ring on the straight portion in the center
between the raceways. Caution must be used to
avoid nicking or damaging the raceway surfaces.
Mark with a suitable scribing tool. Electric etch­
ing or steel stamping is not permitted.

Fig. 3,16

Method of Permanently Marking Reconditioned
Roller Bearing Parts

(Mandatory)
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ALTERNATE
MARKING
LOCATION.

MANUFACTURER'S
TRADE MARK OR

__~L COMPANY MARKS

-,,
I""-tr'''1'
'II I
'll I
III I
',I I
: II I
III I
,II IJL..I
I -.l..,,--

NOTE: ENCIRCLED R INDICATES
REGRINDING OF OPERATING
SURFACES

NOTE: ENCIRCLED P
INDICATES PLATING
OF BORE

PLATING COMPANY
MARKS

.--- ORIGINAL MARKING

PLATING DATE

INNER RING
(MARKING REQUIRED WHEN REMANUFACTURED)

BACKING RING
(MARKING REQUIRED
WHEN REMACHINED

BY APPROVED SHOPS)

~
I

III
>­
)(

~ DATE
I

Cf)

SPACER
(MARKING REQUIRED WHEN REMACHINED BY APPROVED SHOPS)

NOTE: FOR COMPANY MARKS, SEE FIGURE 2.1, COLUMN
UNDER RAILROAD OR COMPANY MARKS.

Fig. 3.16 (Continued)

H-II-63
8115/85



SECTION 3

Association of American Railroads
Roller Bearing Manual

Twist-off Plug

o
o

Knock-Off Head

After Tightening to Specified Torque,
Strike Head with Hammer to Break it
Off.

One Way Turn - Recessed Head

One Way Turn - Raised Head

1. Class 0 (5% x 10) through Class G (7 x 12) bearing sizes:
Use lh - 14 NPT plug.

2. Class C (5 x 9) bearing size:
Use %" . 18 NPT plug. (Note: some end caps manufactured prior to 1969 will require use of a
%" - 14 NPT plug and others will require removal of a 1/2" x V4" face bushing before apply·
ing plug).

3. Class B (4% x 8) bearing size:
Use %" . 18 NPT plug. (Note: Some end caps manufactured prior to 1969 will require removal
of a %" x %" face bushing before applying plug).

4. Apply %" - 18 NPT plug with 30·40 ft. lb. torque.
Apply 1/2 " • 14 NPT plug with 40·50 ft. lb. torque.

5. Head designs shown are typical. Other head designs may be used provided head is removable or
designed for turning in tightening direction only and provided head design permits application of
specified torque. For twist·off plugs, apply necessary torque to twist·off head. Torque should be
within values in 4 above.

Fig. 3.17

Typical Nonremovable Plugs
for Plugging Lubricant Fitting Holes

in Axle End Caps for NFL Bearings
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INFORMATION ON AMTRAK PASSENGER CAR BEARINGS

SECTION 4

RULE 4.1
All sections of the Roller Bearing Manual are applicable to AMTRAK Passenger Car

Bearing Reconditioning except as noted and as modified by the information contained in
this section.

RULE 4.2
Identification and Terminology for AMTRAK bearings is shown in Figures 4.1

through 4.5.

RULE 4.3
Manufacturer's specifications are shown in Figure 4.6.

RULE 4.4
Standard Freight Car Class D, E and F Bearings are used on some passenger cars

and applicable instructions in this Manual for these bearings must be followed.

RULE 4.5
Maintenance of enclosure seals (non-rubbing type) for Timken AP Bearings, Figures

4.2, 4.3 and 4.4.

a. Removing the Enclosure

To prevent unnecessary damage to the enclosure, the tools recommended for enclosure
removal should be used. These tools are designed for use with a small press.

The enclosures are designed to protect the bearing against contamination from dirt,
dust or water and to retain the lubricant.

The enclosure is retained in the bearing cup by a press fit and by a small bead which
snaps into a groove located in the counterbore of the bearing cup.

Remove the lubricant fittings from the enclosure sleeves if so equipped.

Position a pair of seal element removal jaws between the front face of the cone and the
cone spacer. Insert the forcing tube and apply the retainer nut (Figure 4.7). It may be
necessary to reduce the length of the forcing tube to fit the press. (See Table 1 and
Figure 4.7 for OTC· tool part numbers required for enclosure removal.)

* Owatonna Tool Company
Owatonna, Minnesota 55060

OTC Part Numbers
Class and Size Tube Retainer Support

Jaws Plate Nut Ring
D (5 112 x 10) 30477 21187 21118 40100
E (6 x 11) 30423 21187 21118 40100
F (6lf2 x 12) 30424 30470 30471 40109

TABLE 1. Tools Required for Removing Enclosures from the Bearing
Cups. Also see Figure 4.7.

Place the bearing assembly in a bearing support ring and press the enclosure out of
the bearing cup.

Remove the loose parts of the bearing assembly, invert the bearing cup and press the
second enclosure and cone assembly out of the bearing cup.
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The cast enclosure elements of the enclosure assemblies are not interchangeable from
one outer pressed steel case to another and must not be removed from one outer
pressed steel case and installed in another.

b. Cleaning: The enclosure seals should not be cleaned along with other bearing parts.
Petroleum solvents such as kerosene or stoddard solvent should be used for cleaning
enclosure seals either by hand or in agitating batch type cleaning tanks.

Cleaning solvents which are strong oxidizing agents, chlorinated, nitrated hydrocar­
bon, acetones or acetates should not be used.

c. Inspection:

1. Visual.

Inspect for damaged or bent cases, damaged and/or broken elastomeric part, and
broken bonds with metal case.

2. Dimensional.

(a) The major outside diameter of the enclosure seal must be checked to the dimen­
sion shown in the following table using the gage shown in Figure 4.8. This gage
is commercially available:

Class Part Number
Major O.D.

Maximum Minimum

o (5% x 10) K125688 7.763" 7.757"
K462062

E (6 x 11) K504059 8.262" 8.257"

F (6% x 12) K125670 9.388" 9.382"

G (6%" Axle) K524454 10.288" 10.282"

Note: OUT-OF-ROUND -0.005" to 0.010" (0.015") Based on major 0.0. minimum plus
0.001".

(b) In addition the entire circumference of the major 0.0. should be checked with a
square, as shown in Figure 4.9, to insure that the bead will be effective in
retaining the enclosure in the cup counterbore. In Figure 4.9A the enclosure
case 0.0. is as it should be. In Figure 4.9B the enclosure case has been deformed
and the locking bead would not be effective.

d. Lubrication:

Before installation of the enclosure seals, the enclosure LD. must be lubricated with
AAR approved roller bearing grease sufficient to continuously bridge the 0.030" clear­
ance with the 0.0. of the enclosure sleeve around the entire circumference. It is not
necessary to bridge the gap across the entire width of the LD.
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Spacer
Outer Ring
Enclosure Assembly
Flinger
Cone Backing Ring

1. Lubricant Fitting
2. Cap Screw
3. Axle End Cap
4. Seal
5. Seal Wear Ring

6. Vent Fitting 11.
7. Backing Ring 12.
8. Reducing Bushing 13.
9. Locking Plate 14.

10. Roller Assembly (in- 15.
eludes Rollers, Cage,
& Inner Ring)

Fig. 4.1
Identification-outboard Journal Roller Bearing Parts of Tapered Roller Bear­
ing with Rotating End Cap (Roller Assembly and Inner Ring Non-Separable).
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1. Enclosure Sleeve
2. Elastomeric Enclosure
3. Lubricant Fitting

4. Roller Assembly (Includes Rollers, Cage, &
Inner Ring)

5. Spacer
6. Outer Ring

Fig. 4.2
Identification-Inboard Journal Roller Bearing Parts of Tapered Roller

Bearing (Roller Assembly and Inner Ring Non·Separable).
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1. Cover
2. Cap Screw
3. Axle End Cap
4. Equalizer Seat
5. Resilient Pad
6. Two·Piece Spacer
7. Flinger

8. Enclosure Gasket
9. Enclosure

10. Cover Cap Screw
&Lockwasher

11. Cover Gasket
12. Locking Plate
13. Housing

14. Roller Assembly (In­
cludes Rollers, Cage,
& Inner Ring)

15. Outer Ring
16. Spacer
17. Enclosure Cap Screw

& Lockwasher

3/1/84

Fig. 4.3
Identification-Double Cup Journal Roller Bearing Parts of Tapered Roller

Bearing with Housing (Roller Assembly and Inner Ring Non-Separable).
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l. Front Cover 7. Enclosure Gasket 12. Outer Ring
2. Cover Gasket 8. Rear Cover 13. Roller Assembly (In-
3. Housing 9. Enclosure eludes Rollers, Cages,

4. Resilient Pad 10. Plug & Inner Ring)

5. Equalizer Seat 11. Cover Cap Screw & 14. Enclosure Cap Screw

6. Flinger Lockwasher & Lockwasher

Fig. 4.4
Identification-Double Cone Journal Roller Bearing Parts of Tapered Roller

Bearing with Housing (Roller Assembly and Inner Ring Non·Separable).
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CAP SCREW

LOCKI NG PLATE

REDUCING
BUSHING

LUBRICANT
FITTING

CLASS EE

Fig. 4.5

Comparison of Axle End Cap Assemblies.
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TIMKEN "AP" ROLLER BEARINGS
SERVICE IJMITS
PASSENGER CARS

STYLE NO J

CUSSES
f-F-G(&-lIn

M\

STYLE NO 2
CLASS..
~1:'

ALTE,AN&T! DESIGN----

BACKING RINGS

STYLE NO 1
CLASSES

D-f-F

.~

SEAL
WEAR
RINGSPACER

CD
WiDTH

8
@SEAL

ADA"U PAD WUIt AIIIAS

OUTEI liNG (CUP)

L ~
..

--1 ..
Ii w

;
15 ~,
12 ~

JI
-- II

ill
'i
~

,/ i "

lOUR
ASSEMBLY

DIAMETERS ARE AVERAGES AMOUNT OF GREASE (OUNCES) +
ROLLER ASSEMBLY OUTER RING BACKING

EachCLASS RING
AND Maximum Out-Of. Minimum Maximum Minimum Out-Of- Maximum Roller Around Total

SIZE Bore Round O. D. C'bore C'bore Round C'bore Assembly Spacer Quantity

o (5Y. X 101 5.1890" 0.003" 8.1775" 7.7540" 7.7450" 0.005" - 4 8 16
E (6 X 11) 5.6890" 0.003" 8.6775" 8.2540" 8.2450" 0.005" 7.0300" 4 8 16
F (6Y. X 12) 6.1890" 0.003" 9.9275" 9.3790" 9.3700" 0.005" 7.5300" 6 12 24
G (6Y2I 6.5015" 0.003" 10.8650" 10.2790" 10.2700" 0.005" 7.9030" 9 9 27
EE (5Y.) 5.5015" 0.003" 10.8650" 10.2790" 10.2700" 0.005" 6.7000" 9 9 27
EE (6) 6.0015" 0.003" 10.8650" 10.2790" 10.2700" 0.005" 7.2470" 9 9 27

+NOTE: ONE HAlF OF TOTAl AIIOUNT OF GREASE MAY BE APPlIEO TO EACH SlOE OF ASSEMBLED BEARING (BEFORE SEAlS ARE APPLIEOl.

SEAl WEAR RING - FIT IN BACKING RING

@ Tho rilll 1 h.... Ii"" fll ift lJlt bacliftl riftl ....1·
_•• lsl'I 1 3).

.... c10M coor4inatiOli is llaintain. IS..... tItt lHIanltC r..

pai, lacillty ..d til. b••iq _Iinl facilitr. tIM _nl benchII". mill be SIt tD Ii_its ntCtSSIfY to ,midi sltisfKtary
_1ttI btorinll.._".

SEAl WEAR RING· OUTSIDE SURFACE
(';\ II tilt ...'si...rtact is crack.. or scrot_ or il tilt lip ....tact
\!J PIIlI hIS 00.. 10 ... of 0.005" (0.010" III 1Ii__•• tilt ....

_ rinlor backinl rinlllrlt Z otIsl bt scrappod.

SPACER IIOTH - BENCH LATERAL

® A "'_ IIIIsl bt stltcled 0' tIM __ mllJ bt IlllUnd 10 prO'

Yi. til. _nl _ Ill... pl., spocifittl btlo. lor til. trill
of I..... m..llUinl .....i_.SId:

YENT FITTING

iM' CIltcl lit , ..I finlnl to SIt lilal it is fttl clocltll. h_...
~ dot.. H_ or d........ , ..I -IS _1tI bt'IIII_

IPari No. Knn61

MUTE: c Tlotr c_aor"'_.......
p_ IIlIt.-..

BACKING RING· SIZE ANa RAOIUS (STYLES Z& 11

® CllKk majo, 1.0.

'l" Cbeck bart radius for 'IClSsi" conosiol. Lilftt ,itti"l ....st·
~ inl is acceptJblL

BACKING RING· FIT 011 THE SEAl WURIING

® Tho CllUlItdor. of til. backi.. ri.. (slyta 1 & 3) IIIlIsl h....
filllilil III 1110 sal ... rill. AAll_r .......__Is

IIIn.. ot Dainl rinls will"";"~s. 1.. A-Z4m ..
..atsl.. _ .....

BACKING RING· SIZE ANa RAOIUS lSTYlE 11
f'j\ Backinl rinls tlIaI •• bttl or iii...... _ ..~ Clltcl
\:!J til. bacliftl rine sizo and ... _ .- tor _ III. fiUtI

contKt oM. 'Itlssi,. comts.i. witlll .. AAR III' IS .­
in til. Roll_ -ne _ ...

H'" Up..tl"
0.020" to 0.02&"
0.021" 10 0.02'"
0.01." to 0.022"

Pow.. Op..tl"
0.023" 10 0.029"
0.027" t. 0.031"
0.021' to 0.025-

a.... O·ECI__ F·G

CI_EE

OUTER RING (CUP)

© lliai.... 0.0. to b'lIIusurld in .daPttr Pad •• _..s.

" .. out. rinl is distorted ift till art' of the c.rttfboft J close
" ... insPldlaa of 1M inside a'Ml outside surfacI is ...,;rllS.
011_ nnp tit. hi" hlir lin, crxks must b, strlCll'H.

@~ .SCRAP ALL USED SEAlS

ROLLER ASSEMBLY· CAGE .SPEtnOll
PI... roll_ "-1, .. _ ,... (1_11_ faco) _

cflltki,.. cllnllClS.

f'i:' ..... this du,.tl usine two sits of 'HI., .II'S. Insert Ute
~ I._ I..'S bttw... til....11 rib 0' tilt COllI .... CIIt liMp

II lwo 100000llls dhlttlrlClII, _sll.. II til. lOlJI 01 IJlo lwo
SIls 01 fotl_ III" is 0.090" or mo... til. roll_ as_I, _Id
MIt 1NI rltumld to strYiee.

"i' II tilt roll_ IlOCitl of til is 00.. 10 tilt ...tIIl tlllI .0.1liO"

\!!) !ttl_I'" ... bt in ed b_.. tilt roll_ and tilt c... brldl..
lilt roU_ .._III, _Id not bt rol...... 10 _i...

PART NUMBERS - BEARING COMPONENTS
OUTER SUI

ClASS ROUER RING WUR BACKING
AND SIZE ASSEMBlY (CU', SPACER SEAl RING RING
o S K 10 HMI27446 HMI27415XO HM121446X... 1(16160 KIS501 1(15525

•• 111 HMI29141 HMI291I"XD HMI2.....X... KI6161 1(1S501 KI5095
HM133....4 HM133416XD HMI33......X... 1(15520 K15509 KIS5l6

O. HMI36940 HMI36916XO HM136940X... K96501 K96531 K96539
H432640 H432614XO H4:J2640XA KI30n 1(522:151 K522159
H4J2649 H4326l4XO H412649XA Kll012 KI301 Kl3011

OCTOBER '0. 1910 THE TIMKEN COMPANY
Canton, Ohio 44706 - Cablo Add,e.. "TIMIOSCO"

Fig. 4.6
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RAM PLUG
~---------i

OTC PART NO. 21205

FORCING TUBE
OTC PART NO. 30419

----I (MODIFIED LENGTH TO

SUIT OTC PRESS 50209
OR SPM7.)

FORCING TUBE PLATE

ELEMENT REMOVAL

RETAINER NUT

"f4"--BEARING SUPPORT RING

Figure 4.7 Removing the Enclosure from the Bearing Cup
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Figure 4.8

Method of Checking Outside Diameter

SQUARE

---A
SEAL

Fig.4.9A

SQUARE--8
SEAL

Fig.4.9B

Figure 4.9

Method of Checking Enclosure Case
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RULES ON INTERCHANGEABLE ROLLER BEARING PARTS
(THIS SECTION NOT APPLICABLE TO AMTRAK PASSENGER CAR BEARINGS)

RULE 5.1
Interchangeable parts are listed in Figure 5.1 by part name and by certificate number I

of the bearings with which the part/s can be used. Part numbers are listed for backing
rings and seal wear rings which can be interchanged.

RULE 5.2
Interchangeable parts must be procured from manufacturers who have qualified in

accordance with the M-934. These are listed in Figure 5.2 by manufacturer and parts for I
which qualified.

RULE 5.3
Cap screws (except for AAR-20 bearings), cap screw seal rings (not required on

AAR-20, AAR-24, and AAR-25 bearings), and cap screw locking plates are interchange­
able on all bearings.

RULE 5.4
End caps for Classes 0, E and F size bearings, with the part numbers listed in Figure

5.3 may be interchanged between Timken Nos. 1 and 1A bearings, Brenco No.5 and 5A
bearings, New Departure Hyatt Nos. 6 and 6A bearings, FAG No. 13 bearings, Koyo No. 14
bearings, NTN No. 19 and SKF No. 23 bearings, if necessary. If the end cap applied is not
of the same manufacturer and approval number as the bearing to which applied, a
distinctively colored locking plate will be used to identify the bearings. Orange colored
locking plates will be used to identify Timken 1 and lA bearings, Green for Brenco 5 and
5A bearings, Blue for ND Hyatt 6 and 6A bearings, Red for FAG 13 bearings, White for
Koyo 14 bearings, Purple for NTN 19 bearings and Yellow for SKF 23 bearings. The
locking plate coloring medium used must be distinctively orange, green, blue, red, yellow,
purple or white, as the case may be, and of such permanence as to allow ready
identification of the bearing during the time in service. If, for any reason, a colored
locking plate is removed without also removing the bearing, it must be replaced with one
of the same color to maintain bearing identity. Only Timken 1 and lA, Brenco 5 and 5A,
ND Hyatt 6 and 6A, FAG 13, Koyo 14, NTN 19 and SKF 23 end caps may be interchanged.
Devices which are to be attached to standard locking plates and are intended to be used in
place of colored locking plates for identification must be approved by the AAR Mechanical
Division.

H-II-75
3/\184



SECTION 5
/

Association of American Railroads
RoUer Bearing Manual

Interchangeable Parts

I

Bearing I Fitted & Non-fitted Backing Rings·

I
seal War Rlnp·

Cerl No.j Seals Spacers 5~xl0 6x U 6~x12 5¥.z x 10
I

6xU 6¥.z x 12

1. 1A X X K127205 K127206 K125685 I K85507 K85508 K85509
K85525 K85095 K504082

IK85516

5. 5A X X 01015 Ell15 F1215 01006 I Ell06 F1206

6.6A X X

I
3R·1488

I
2R·1022 2R·1056

I
3R·1l29 3R·1493

8 I X X PD·106·C PO·131·0 PD·144·C

I
PO·104-C PO·l29·C

10 X

1l.IlA X

12 0-4A E·4A F·4

13 X X 120987/3 120988/3 120989/3 120987/4 120988/4 120989/4
149171/3

14 X X 703N20 704N20 705N20 703N40 704N40 705N40
704P20 705P20

1203P20 1204P20 1205P20
120320 120420 120520

16 X X E1115 F1215 E·ll06 F·1206

19 X X RT30011 RT30E21 RT30F21 RT40011 RT40E11 RT40Fll
RT30Ell RT30F11

20 X

21 X

22 X X JB5759 JB5760 JB5752 JB5755 JB5756 JB5707

23 X X 1637503·15 1637504-15 1637505·15 1637503·13 1637504-13 1637505·13

24 X

I25 X

I *SEAL WEAR RING AND BACKING RING PART NUMBERS NOT LISTED IN TABLE CANNOT BE INTERCHANGED.

Bearings Having Interchangeable Parts

Figure 5.1

Interchangeable Parts Qualification

Bearing
Manufacturer

The Timken Company
Brenco Inc.
NTN Bearing Corp. of America
NSK Corporation
American Koyo Corporation
SKF Canada Limited I

(AKTIEBOLAGET SKF)
FAG Kugelfischer Georg Schafer & Co. I

Seals

x
X
X
X
X
X

X

Manufacturer's Qualifying for Vending of
Interchangeable Parts

Figure 5.2
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Interchangeable End Cap Part Numbers

Bearing Class 0 Class E Class F
Certificate No. 5% X 10 6 X 11 6112 X 12

1, lA K85521 K85510 K85517
K523744 K523746 K523748

5, 5A 01011 E1111 Fl211

6,6A 4-R-3810 4-R-3811 4-R-3813

13 120987/2 120988/7 120989/7

14 703N60 704N60 705N60

19 RT20Dll RT20E11 RT20F11
RT20D31 RT20E31 RT20F31

23 1637503-11 1637504-11 1637505-11

Interchangeable End Cap Part Numbers

Figure 5.3

H-II-77
3/1184



Association of American Railroads
Roller Bearing Manual

THIS PAGE LEFT BLANK INTENTIONALLY

H-II-78
311/84



GENERAL

Association of American Railroads
Mechanical Division

Roller Bearing Manual

REMANUFACTURE OF BEARING COMPONENTS

SECTION 6

Authorization has been given bearing manufacturers for certain salvage or remanu­
facturing operations on specified bearing components and associated parts under their
responsibility. These remanufacturing operations are, in general, similar to certain steps
in the original manufacturing process and require facilities and controls beyond the scope
of this manual. These operations are the responsibility of manufacturers who have
qualified in accordance with Specification M-934 and are currently producing railroad
roller bearings or parts.

In some cases, the specified component must be returned to the original manufac­
turer for remanufacturing. The purpose of this section is to define components that may
be remanufactured, selection criteria (in order to eliminate unnecessary handling, ship­
ping and scrap costs) for salvage candidates, remanufacturing limits and marking re­
quirements. It should be recognized that these remanufacturing procedures may not
result in salvaging the component in every instance and some components returned for
remanufacture may have to be scrapped. Bearing manufacturers should be contacted to
determine if they are authorized and prepared to perform the remanufacturing pro­
cedures described before shipping components to them.

OUTER RINGS-REGRINDING RACES

RULE 6.1 DEFECT

Outer rings, or cups, of tapered roller bearings with certain raceway defects may
qualify for salvage by regrinding raceways by the original manufacturer.

RULE 6.2 SELECTION CRITERIA

The selection criteria below are general and the original manufacturer may publish
more specific criteria.

a. Outer ring defects which may be corrected by regrinding raceways are condemnable
brinelling, water etching, corrosion, scoring, indentations, pitting, smearing and peel­
ing described in Section l.

b. There is no limit on the area of the raceway defect permitted; however, if the depth of
the defect is greater than several thousandths the defect will generally not clean up.

c. Condemnable spalls are not suitable for remanufacturing. Outer rings with repairable
spalls must be repaired before selection for regrinding.

d. Outer rings with cracks in any surface must be scrapped.

e. The outer ring should not be selected for regrinding if it is condemnable for defects
other than those listed in (a) above.

f. Outer ring raceways can be reground only once and should not be returned if they
have been reground previously. (See Rule 6.4 for marking.) I
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RULE 6.3 REMANUFACTURING LIMITS

a. Regrinding of raceways is the responsibility of the original bearing manufacturer.

b. Raceway grinding limits are determined by the original manufacturer.

I c. After regrinding, the outer ring must meet requirements of Rule 3.20. Outer rings not
meeting these requirements will be scrapped.

I

I

I
I

I

I

RULE 6.4 MARKING

Bearing reconditioning marking must not be marked on the salvage candidate outer
rings before they are shipped for regrinding. The "remanufactured" symbol (an encircled
"R") and the date, as shown in Fig. 3.16, are to be marked at the time of regrinding. The
reconditioning marking, date and company initials and shop code letters, as shown in Fig.
3.16, -are to be applied by the shop which reassembles the bearing.

BACKING RINGS-REMANUFACTURING RADIUS

RULE 6.5 DEFECT

Backing rings with a corroded, worn, or pitted radius may qualify for salvage by
remachining the radius. Backing rings with other types of condemnable defects must be
scrapped. Remachining of backing rings is the responsibility of a bearing manufacturer or
a shop approved by the AAR. Bearing manufacturers or approved shops who contract for
remachining of backing rings must apply their markings and will be responsible for the
quality of the work done.

RULE 6.6 SELECTION CRITERIA

The selection criteria below are general, and individual bearing manufacturers may
publish more specific criteria.

a. Backing ring defects which can be corrected by remachining the radius of a backing
ring are corrosion or wear. Other types of defects cannot be corrected.

b. If backing ring does not pass inspection per Rule 3.24, use the "axle fillet contact
location gage" (shaded portion of gage in Fig. 3.10) and attempt to insert a 25 gage
(0.0204") diameter steel wire between the gage and the backing ring in top area of the
radius. If the wire enters, the backing ring should be scrapped. Also, pits or gouges in
the radius that are deeper than approximately .020" will not clean up and the backing
ring must be scrapped.

c. Backing rings designed for a press fit on the axle dust guard diameter cannot be
remanufactured.

d. Backing rings may be remachined more than once providing the remanufacturing
limits are not exceeded, see Rule 6.7. See Rule 6.8 for marking.

e. Certain Timken and all Brenco and Hyatt cast backing rings must be scrapped per
Rule 3.24.

RULE 6.7 REMANUFACTURING LIMITS

a. The table in Fig. 6.1 shows minimum length dimensions from the counterbore to the
face of the backing ring after remachining (dimension A), based on a nominal breakout
diameter equal to the axle dust guard diameter, (dimension B).

b. After remachining, the backing ring must meet the radius requirements of Rule 3.24
and Fig. 3.9. Backing rings not meeting these requirements must be scrapped.
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RULE 6.8 MARKING
Backing rings must not be marked before being shipped for remanufacturing. The

manufacturer or AAR approved shop must mark the remachined backing ring on the
vertical face above the seal wear ring fit area or the machined back face as shown in Fig.
3.16.

INNER RINGS - STRESS RELIEF HEAT TREATMENT AND PLATING

RULE 6.9 DEFECT
Inner rings with bores that exceed the manufacturers' limits, because of growth on

the bore, may qualify for remanufacturing by stress relief and/or plating. •

RULE 6.10 SELECTION CRITERIA
The selection criteria below are general, and individual bearing manufacturers may

publish more specific criteria.

a. If the bores are in excess of .002" beyond the manufacturer's condemning limit (see
manufacturer's specification), or are .003" or more out-of-round, the inner rings should
not be selected for remanufacturing. It should be understood that salvage rates will
vary with the amount of oversize and other factors.

b. Inner rings which are scored as a result of having turned on the axle journal cannot be
remanufactured.

c. Inner rings that have condemnable defects other than oversized bores must not be
selected for remanufacturing by stress relief or stress relief and plating.

RULE 6.11 REWORK LIMITS
a. Stress relief and plating are the responsibility of a bearing manufacturer. Such work

may also be performed by a bearing remanufacturer, only as authorized and certified
by a bearing manufacturer.

b. The bearing manufacturer will make no inspection of inner rings received from the
customer. After the inner rings are heat treated, these rings will be inspected and
those not within the prescribed service limit may be subjected to specified plating
procedures. After plating, the inner rings must be inspected for size prior to being
returned to the customer. Inner rings not usable will be scrapped or returned to the
customer upon request.

RULE 6.12 MARKING I
No marking is required for stress relief heat treatment. The shop doing the plating

must mark the inner ring with the plating symbol (an encircled "P"), the company marks
and the date as shown in Fig. 3.16.

INNER RINGS - REMOVAL OF CAGES FOR INSPECTION AND RACEWAY REGRINDING

RULE 6.13 DEFECT
Inner rings, or cones, (roller assembly nonseparable) with certain raceway, roller, or

cage defects may qualify for cage removal to permit adequate inspection and necessary
correction of defects, including regrinding operating surfaces.

RULE 6.14 SELECTION CRITERIA
The selection criteria below are general and individual manufacturers may publish

more specific criteria.

H-II-81
8/15/85



SECTION 6

Association of American Railroads
Roller Bearing Manual

I

a. Inner rings with the following defects may be selected for rework by cage removal,
inspection and repair within the criteria listed below:

1. Raceway spalls which exceed the reuse limits but which can be corrected within the
limits covered in Section 1.

2. Light raceway smearing and peeling which can be corrected within acceptable lim­
its by polishing as covered in Section 1. If the inner ring cannot be satisfactorily
repaired by polishing, see (b) below.

3. Staining and light etching on raceway which can be removed within acceptable lim­
its by polishing as covered in Section 1. Inner rings with significant depth of etch­
ing on the raceway which cannot be corrected by polishing may be reground on the
operating surfaces by the original bearing manufacturer, see (b) below.

4. Inner rings removed from bearings where mating outer ring raceway has condem­
nable brinelling. If inner ring has condemnable brinelling, see (b) below.

5. Defective rollers per Rule 3.22
6. Cage with clearances beyond limits in manufacturers' specification sheets (Figs.

3.4-1 to 25) or otherwise defective per Rule 3.23.

b. Inner rings with the following defects may be remanufactured by regrinding operating
surfaces within the criteria listed below:

1. Inner ring defects which can be corrected by regrinding operating surfaces are con­
demnable brinelling, water etching, corrosion, scoring, indentations, pitting, smear­
ing, and peeling described in Section 1. (This would include inner rings with operat­
ing surface defects listed in (a) above which cannot be acceptably repaired by
polishing.)

2. There is no limit on the area of the operating surface defect permitted; however,
if the depth of the defect is greater than several thousandths, the defect will gener­
ally not clean up.

3. Inner rings can have operating surfaces reground only once and should not be
returned for regrinding if they have been reground previously. (See Rule 6.16 for
marking.)

c. Inner rings with cracks in any surface, unrepairable oversize bores, excessive out-of­
round bores or unrepairable spalls should not be selected for salvage by cage removal
and inspection or regrinding. In addition, inner rings with any other defects, other than
those listed in (a) above, should not be selected for cage removal and inspection. Inner
rings with any other defects, other than those listed in (b) above, should not be selected
for regrinding operating surfaces.

RULE 6.15 REWORK LIMITS
a. Cage removal, inner ring inspection and/or correction are the responsibility of the orig­

inal manufacturer. Regrinding operating surfaces and new cage reassembly must be
done by the original manufacturer.

b. Salvage inspection and/or repair limits shall be according to Section 1.
c. Afer recaging, the inner ring must meet all requirements of Rules 3.21, 3.22, and 3.23.

Inner rings not meeting these requirements will be scrapped.

RULE 6.16 MARKING
a. Inner rings selected for cage removal, inspection and repair should not be marked prior

to shipment for remanufacturing.
b. The manufacturer who does the recaging will mark the inner ring on the back face as

shown in Fig. 3.16 (NOTE: The encircled 'R' is marked only when the operating
surfaces have been reground.)
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OUTER RINGS - STRESS RELIEF HEAT TREATMENT AND PLATING

SECTION 6

RULE 6.17 DEFECT
Outer rings with counterbores that exceed the manufacturers' limits, because of

growth, may qualify for remanufacture by stress relief and/or plating.

RULE 6.18 SELECTION CRITERIA
The selection criteria below are general and individual manufacturers may publish

more specific criteria.
a. If the counterbores are in excess of .0015" beyond the manufacturers' condemning limit

(see manufacturers' specification), or more than .005" out-of-round, the outer rings
should not be selected for remanufacturing. It should be understood that salvage rates
will vary with the amount of oversize and other factors.

b. Outer rings that have condemnable defects other than oversized counterbores must
not be selected for remanufacturing by stress relief or stress relief and plating.

c. Outer rings which show evidence of the seal turning in the counterbore, such as a
shiny appearance on the counterbore I.D., are less likely to be restored within limits
and should not be selected for remanufacturing.

RULE 6.19 REWORK LIMITS
a. Stress relief heat treatment and plating are the responsibility of a bearing manufac­

turer. Such work may also be performed by a bearing remanufacturer, only as
authorized and certified by a bearing manufacturer.

b. The bearing manufacturer will make no inspection of outer rings received from the
customer. After the outer rings are heat treated these rings will be inspected and
those not within the prescribed service limit may be subjected to specified plating
procedures. After plating, the outer ring counterbores must be inspected for size prior
to being returned to the customer. Outer rings not usable will be scrapped or returned
to the customer upon request.

RULE 6.20 MARKING
No marking is required for stress relief heat treatment. The shop doing the plating

must mark the outer ring with the plating symbol (an encircled "P"), the company marks
and the date as shown in Fig. 3.16.

SPACERS - REMACHINING END FACES

RULE 6.21 DEFECT
The spacer end face(s) can be remachined if a shorter length spacer is required or to

remove nicks and burrs if such defects cannot be stoned smooth.

RULE 6.22 SELECTION CRITERIA
Spacer(s) selected for remachining must meet all requirements of specification M-934.

RULE 6.23 REMANUFACTURING LIMITS
a. Remachining spacers is the responsibility of a bearing manufacturer or a shop certified

by AAR.
b. Remachined spacers must meet all requirements of Rule 3.18 and Figure 6.2.

RULE 6.24 MARKING
Mark the spacer on the outside diameter as shown in Figure 3.16.

H-II-83
8/15/85

I

I

I

I



SECTION 6

Association of American Railroads
Roller Bearing Manual

REMANUFACTURING LIMITS FOR BACKING RINGS

A*---------~ ...

*for AAR 3, 3A, 3B, U8 Bearings only

B

Nominal Breakout
Diameter of Fillet
Radius

Backing Ring Radius Finish: 125 Microinches Maximum

I I A (Min. dimension after Remanufacturing)
I AAR ,

MANUFACTURER APPROVAL
I

,

INUMBER 5. 1h x 10

I
6 x 11 . 6.% x 12

I
B = 6.375" B = 7.000" I B = 7.500"

I
I

Timken I 1, 1A ! 1.001 i 1.157
I

1.033,
SKF Sweden 3, 3A, 3B I 2.464 ! 2.663 2.770
Brenco 5, 5A 1.001 i 1.157 I 1.033
NOH 6, 6A 1.001 I 1.157 i 1.033
Bower 8 .. .. .. .. . 1.157 I

........
NTN 10 .990 1.143 1.143
NSK 11, 11A .990 1.143 I 1.143
FAG 13 1.001 1.157 ! 1.033
Koyo 14 .990 1.147 I 1.021I

I
Magnus 16 1.001 1.157

I

1.033
SKF Sweden U8 2.700 2.860 2.927
NTN 19 1.001 1.157 1.033
NSK 22 i 1.001 1.157

I
1.033

SKF (Tapered) 23
I

1.001 1.157 1.033I,

Fig. 6.1

These dimensions were selected to restrict the resulting shift in bearing center toward the wheel .030"
or less from the new minimum dimension.
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Section A-A

Parallel
Within 0.001

Chamfer or Break
Corners Both Sides I------.N

CLASS SIZE
A

(MIN)

B 4!A" x 8" Y16"
C 5" x 9" ~"

0 5%" x 10" W'

E 6" xlI" ~"

F 6%" x 12" %2"

G 7" x 12" %2"

NOTE: Spacer Must Be Free of Nicks and Burrs.

Fig. 6.2

Remanufacturing Limits for Spacers.
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Appendix of AAR Circular Letters

Circular letters forwarded between revisions of this section which affect Specifications,
Standards, or Recommended Practices should be inserted here until the affected portion has
been revised.
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