Koyo

Rolling Bearings: Failures, Causes and Countermeasures

o

v

UKAS
QUALITY
MANAGEMENT

001

1509001/QS-9000

Certificate No. 927265

K IKO CO.,LTD.
CAT.NO.322E g8 o=




Rollm Bearings :

Failures, Causes and Countermeasures

: 1. Time of fracture occurrence andcauses 1

I Bearmg F_ra., Aﬁ"‘e: 2. Abnormal operations, their causes and
countermeasures 2
1. Types of failure - 3
2. Types of failure and parts in which they occur _ .3
3. Failures and causes 4
[E Flaking, Pitting i Creep 13
2 Wear and Fretting 6 [lRustand Corrosion __ 10 [ Electric pitting __ 14
[El Cracks and Chips 7 [ Pear skin, Discoloration ____ 11 [ Seizure 15
7 Brinelling and Nicks _ 8 [ Smearing 12 [EFailureofCage 16

— Rolling bearing : Description of each part —

Inner ring bore surface

Cage
(Pressed cage)

Outer ring 0.D. surface

Quter ring
(Cylindrical) Roller

Inner ring

Rib

Guide rib face

Cage

(Machined cage with rivet) Rolling surface

Rivet Roller end face

(b) Cylindrical roller bearing

Inner ring raceway surface |
(Raceway groove) |

Inner ring raceway surface |

Quter ring {Cup) |

(Tapered) Roller

Outer ring front face
Large rib

Inner ring back face

Guide rib face

Cage

(Pressed cage)
Inner ring (Cone)
Inner ring

Small rib raceway surface

Roller small end face
sller gogeli cnd Toag Rolling surface

Inner ring front face
Roller large end face

Quter ring back face

(¢) Tapered roller bearing

Outer ring

Center rib

Inner ring Inner ring

raceway surface

Guide rib face Roller filling slot

(Spherical) Roller Small rib

O Rolling surface

(Machined cage) Roller large end face

(d) Spherical roller bearing




Introduction

Even when bearings are being used under ideal conditions,
failures of bearings are caused by deterioration of the material
due to rolling fatigue. Generally, the service life of bearings
is expressed either as a period of time or as the total number
of rotations before the occurrence of failures in the inner ring,
outer ring or rolling element because of rolling fatigue, due to
repeated stress.

Rolling bearings sometimes fracture earlier than expected.
The following causes should be considered ;

Inappropriate use of bearings
Faulty installation or improper processing
Improper lubricant, lubrication method or sealing device

@®

@

®

@ Inappropriate rpm and operating temperature

® Contamination by foreign matter during installation
®

Abnormally heavy load

1 Bearing #racture

1. Time of fracture occurrence and causes

For failure analysis, it is important to accurately determine
the time a fracture occurs, because the possible causes of

failure can be limited in according to the time of fracture
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When bearing failure is found, even if it is insignificant, it
Is important to investigate the phenomenon to determine the
causes. At this time, not only the bearing but also the shaft,
housing, and lubricant used with the bearing should be com-
prehensively investigated, together with the hearing.

To judge the causes of failure, sufficient knowledge and
experience in bearings and lubricants and a good understand-
ing of the characteristics of the equipment are necessary. In
addition, consideration of the installation conditions and opera-

tional process of the bearing is required.

(Reference) Rated service life of rolling bearing

e (Q)p L Rated service life, 10° rotations
P L. ' Rated service life, h
[m—;gb (I(%r); G- ° Basic dynamic load rating, N
t .

P> Dynamic equivalent load rating, N
n - Rotation speed, rpm
[ Ball bearing,

10/3-*-Roller bearing

For reference, time of fracture occurrence and related

causes are categorized and listed in Table 1—1.

occurrence.
Table 1=1 Time of Breakage Occurrence and Causes
Inappropriate | Faulty design of shaft, | Improper lubricant, | Defect in Mis-mounting | Defect in sealing device, con-
Ti £ Causes use of bear- | housing or other | lubrication method or | bearings of bearings tamination of water, dust or
ime o : : : = - -
Fiiaite occirrence ings mstallation aspects or | sealing device other foreign matters, or short-
improper processing age of lubricant
(1) Fracture occurring immediately after bear- )
ings were mounted or within a short time O O O @ @)
after mounting
(2) Fracture occurring immediately after over-
haul ~ .
au ) @
(3) Fracture occurring immediately after lubri-
cant was supplied O
(4) Fracture occurring immediately after repair
or removal of shaft, housing or other parts @) O @
(5) Fracture occurring during normal operation — 8 -
- O O O




‘2. Abnormal operations, their causes and countermeasures

Causes and countermeasures of abnormal operations are

categorized and listed in Table 1—2.

Table 1—2 Abnormal Operations, their Causes and Countermeasures

Abnormal operation

Causes

Countermeasures (supplementary countermeasures)

Increase in temperature

Excessively tight bearing
internal clearance
Creep on bearing ring

Excessively heavy load
Improper centering in
mounting

Defect in bearing
Improper volume of lubri-
cant

Improper lubricant

Improper lubrication
method

Qil seal

— Excessive interference

— Shortage of lubricant
— Improper oil seal

10. Abnormal contact with lab-

yrinth seal or other parts

| new parts.

Replace with a new bearing. (Correct bearing internal clearance
and interference.)
Replace with a nevyrpgaring. (Correct interference.)

Remounting (Correct load by adjusting housing.)
Remounting (Correct centering, or widen mounting clearance.)

Replace with a new bearing. (Take proper countermeasures,
after inspecting the causes.)

Correct lubricant volume.

"é’ﬁér’{gé to proper lubricant.
Correct lubrication method by remounting or replacement with

Correct interference by installing new seal or changing seal type.
Supply lubricant.

Correct oil seal type or sealing method.

‘ Remounting or modify parts.

Noise at uniform

intervals

Flaws including scratches,
brinelling, etc.
Electric pitting

Cracking of inner or outer
ring(s)

Flaking of raceway surface
Raceway surface rough-
ened by foreign matter(s)

Repair bearings or replace with new ones. (Care should be taken
in handling bearings.)
Repair bearings or replace with new ones. (Prevent electricity

Replace with a new bearing.

Replace with a new bearing.
Repair bearings or replace with new ones.

High-pitched
metallic noise

Excessively narrow inter-
nal clearance

Shortage of lubricant
Sliding of rolling element

Replace with a new bearing or widen internal clearance.

| Supply lubricant.
Change to proper lubricant or decrease operational clearance.

Excessively loud noise

or foreign noise

Noise at nonuniform

intervals

Contamination by foreign
matter(s)
Contact with another roll-

ngpart
Flaw or flaking on rolling | Replace with a new bearing.

element
Wear of cage

Change to proper lubricant.

Remounting or modify parts.

Replace with a new bearing.

Excessively high vibration

Contamination by foreign
matter(s)

Excessively wide clearance
Flaw on raceway surface or
rolling contact surface

Change to proper lubricant.

Remounting bearing or replace with a new one.
| Replace with a new bearing.

Excessively large rotational
torque

Improper mounting

Improper sealing device
Improper lubricant

Remounting (Widen internal clearance. Care should be
taken with centering.)
| Remounting (Reduce interference of oil seal.)
‘ Decrease lubricant volume. (Care should be taken not to supply
an excessive amount of lubricant.)
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1. Types of failure

Defects in the appearance of bearings are referred to as assigning a general term to each type of failure, then adding

bearing failures. Table 2—1 describes bearing failures, first more detailed classifications.

Table 2—1 Bearing Failure

Bearing failures = :
- : - Main cause (reference)
Failures Failure details
Rolling fatigue | Flaking, Pittin
B s SR (i S g """""""""""""" NSRS SRR st Unavoidable
Wear, Fretting
| Cracks, Chips
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, sl T S e s
7777777777 Brinelling, Nicks, Srcrrrartches, Scuffing N | Improper handling
Rust, Corrosion
Seizure | Seizure, Discoloration, Smearing Improper lubrication
Creep Creep Improper fitting
~ Electric pitting Electric pitting Passage of electricity

2. Types of failure and parts in which they occur

Table 2—2 describes bearing failures, parts where they
occur, and standards for judging the failures.

Table 2—2 Bearing Failures, Parts in which they Occur, and Standards for Judging Failures

Bearing ring?ﬁolliﬁg element . Bearmgong | Cage
* Roller guide surface
Bearing failure * Raceway surface . ” o - Pocket surface -
e + Cage guide surface | * Others + Fitting surface el st * Rivet .
* Roller end face

tens RdleE | A N SRS DR WU - = -
W S S N R IS T N < '

Fretting - A . () = V 7”—! e é““““ . - -

Cracks . X % X b X X
Chp: x x o x x 1 5

Brinelling O O o O - -
Nika | o o | © o | o
Scratches S O . SN S Qo] S

Scuffing £) O O I - -
Bt S S o .l o | .o . Q) O
Corresion 9 O 1 O Q _________ o

Pear skin . O = ‘ - - - ==
Discoloration [ O Q. ..o ] ..9. - e
Smesme | O | O | = e

Creep . - = ‘ - — )
Electriepitting | O | O I =T - —— O. -
Seure, . S X ] x| S S

Failure of cage == - = — O X

Notes) X [ In principle, not reusable.
F
) I Reusable in accordance with seriousness of failure, by repairing or meeting required conditions,
— © No failure of this part.














































