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UBC Foreword

This catalogue contains technical information on UBC bearings that are typically
used in industrial applications.

This catalogue is divided into two parts:

The first part (A1 to A98) is general technical information for bearings, which
contains basic knowledge and general information about bearings, how to select a
bearing, mounting and dismounting of a bearing, possible bearing failures and
countermeasures.

The second part (B1 to N20) is divided into sections by bearing type. In each type,
we sort the bearings by bearing inner diameter. You can find your desired bearing
structure sketch, basic dimensions, load ratings, limiting speed, and reference
weight.

We hope this catalogue will support you in selecting the optimum bearing for your
application. In case assistance is needed, please contact UBC or UBC's authorized
distributors for more details.

Every measure has been taken to ensure the accuracy of the information contained in
this publication, but . UBC accepts no liability due to errors or omissions. UBC reserves
the right to change any product designs and/or specifications without prior notice. The
reproduction of this catalogue by any means, even extracts, is subject to prior written
permission from UBC.

UBC Precision Bearing Manufacturing Company is a manufacturer of premium
products for OEM, distributors and MRO. Technology, know-how and vast
experience enable UBC engineers to provide adequate specific solutions for each
application,

By efficiently manufacturing its products, UBC provides top quality bearings at
competitive prices, becoming a perfect alternative for end users to reduce their
costs without compromising quality or performance.

In 2017, UBC became a 100% subsidiary of IKO Nippon Thompson Group of Japan.
Making the most of IKO’s know-how and its resources, UBC has significantly
boosted its performance, brand awareness and recognition worldwide.

Years of accumulated experience in the bearing industry has given UBC the
advantage, the know-how and necessary expertise for the development and
production of technological value-added bearings, particularly for the power
transmission industry like gearbox and speed reducer, air compressors and pumps,
heavy industry applications in construction machinery, cranes, oil & gas, steel,
mining, power generation, sugar mills, etc...

To ensure that customers receive exceptional engineering support, both and after
sales, our team of technical engineers provides technical support both online and
on site upon request.

Our factory is located in Suzhou, China with ISO 9001 and IATF 1

SGS together with Japanese quality control.

For more information about UBC, please visit our website at www.
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Rolling Bearing Types and Features uBC

1. Rolling bearing types and their features

Rolling bearings can be categorized as ball bearings and roller bearings by the rolling element or as
radial and thrust bearings.

The overall rules of bearing selection are that roller bearings are applicable for higher load and ball
bearings for higher speed. The differences between a radial bearing and a thrust bearing is that radial
bearings can take load from both the radial and axial direction in most cases but thrust bearings can only
take axial load. Based on the above bearing categories, rolling bearings can also be divided into radial ball
bearings, radial roller bearings, thrust ball bearings and thrust roller bearings. Detailed rolling bearing
variations and their key features can be found below in Tables 1-1 and 1-2.

Table 1-1 Bearing ranges and their features
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g g |2 |8 & | 3|9 &§|& |8
% | Poor J | Normal 2 | a = | © 2 3 T | 8 3
e & |3 |8 @ | &
%% | Unapplicable B - 3 g
& g =
Bearing Ranges %‘
singlerow | Y| v VIV VIV WV A X X | Y
DGBB | Dowblerow | ¥ | ¢ | v | v | v | ¥ |XxX|xXx| 4 |V
Insert
o Ly RN VA VAR IRV VIV VIR VIV Y VIV I
g singlerow | | v UV [V | W | [ x| o (XK
S | AcBB
@ Doublerow | Y, | v [V [V | & | |3X [xx | vd | ¥
Self-aligning ball bearing | X N A I Y A R A BV A VN VA I ¢ G BV VJ
p)
]
% 4 points contact ball bearing .i_ X [V |V VoA XX XX VY| X
o
2 non-rib
g. outerring | 25 | V| VYA IV YOV | XX |VVY
w
One rib o
. atarring | = | IV [N [V WYX VY|
o
© |non-rib
P % |inner ring KX | VNN AN I AN XX (VY
g |Cylindrical| 2
roller One rib N
5;5' bearings mnectiny | = VAN IRV VAV IRVIVAN RVAVAR 6~ G BV ISV IV
3
@ I Y IRV VYIS VIV IR VAV VIV ¥4 Yo Ol IRV I
9 |non-rib
g outerring | XX AVRVA IRV PVAVAVE IRVVER IVIVEVE -6 G BYAVIVE I 6 Gl FVEVAY)
@
3 -rib
g mgrrr'mg b O QI EVVINA IRVEV AR IVAVVA IRVVAN IVEVEVE b 0 QU EVAVIVA o QU IVRVEV)




uBC Rolling Bearing Types and Features Rolling Bearing Types and Features uBC

) o Table 1-2 Bearing categories, structure, and characteristics
Singlerow | YWY | JV | V[ AV |V VY XX XX WY XX .
Bearing Types Sketch Characteristics
O | 2inner | s |
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@ §- = Slewing ring bearings NN X J VoY X x| v | xx displacement within bearing clearance range.
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Bearing Types

Four row tapered
roller bearings

Characteristics

A spacer ring between inner ring and outer ring for
clearance adjustment;

Similar properties with double row taper roller
bearing;

High load capacity but lower limiting speed;

For use in heavy machineries, eg. steel rolling

mill.

sbuueaq |jeq 18Nyl

Single direction
thrust ball bearings

Dual direction
thrust ball bearings

Only accommodating axial load and supporting
single direction axial displacement; Low limiting
speed;

Bidirectional thrust bearing applied for bidirectional
axial loads and supporting bi-directional axial
displacement ; Low limiting speed.

sBuueaq jjeq anooib deag

Bearing Types

Single row deep
groove ball
bearings with
seals on both
sides

Characteristics

Non-contact sealing type deep groove ball
bearing's limiting speed is similar to that of open
type.

Already packed with grease for
two-side-sealed-type deep groove ball bearing, no
need to re-grease the bearing during usage.

Deep groove
ball bearings with
snap ring

Shield or Sealed type deep groove ball bearings

Easy to axially locate bearing in housing using a
snap ring

sBuueaq jjeq anooib deag

Single row deep
groove ball bearing

Accommodating radial load and limited axial load,
supporting shaft axial displacement within bearing
clearance range;

Permissible misalignment angle between inner and
outer ring: 8'~15'

Single row deep
groove ball
bearings
with single shield

Single row deep
groove ball bearing
with shields on both
sides

Shield type deep groove ball bearing

Narrow gap between shield and inner ring rib,
similar limiting speed with open type deep groove
ball bearing, but with better sealing performance,
Already packed with grease for
two-side-shield-type deep groove ball bearing, no
need to re-grease the bearing during usage.

Single row deep
groove ball
bearings with
single side seal

Sealed type deep groove ball bearing

Contact sealing type with suffix "RS” "2RS”
Non-contact sealing type with suffix “RZ" “2RZ"
Contact sealing type with better sealing
performance, but larger friction and lower limiting
speed.

sBuueaq ||eq joejuoo Jejnbuy

Single row angular
contact ball
bearings
(non-separable)

Single row angular
contact ball
bearings
(Separable)

Single row angular
contact ball bearings
with counterbored
inner ring

Carrying combined (radial and single-direction axial)
loads or only axial load;

Axial load carrying capacity increases as the contact
angle a increases;

High limiting speed;

Paired angular contact ball bearings mounted onto
the shaft, can supporting bi-directional axial
displacement. Usually paired in usage.

Inner ring and/or outer ring can be mounted
separately in separable angular contact ball
bearings, suitable for applications with limited
mounting conditions.

Four-point contact
ball bearings with
split inner rings

Four-point contact
ball bearings with
split outer rings

Inner ring and/or outer ring can be separated from
each other with 35" contact angle;

There are 4 contact points between balls and rings
if bearing is without loads or with pure radial load.
There are 2 contact points between balls and rings
if bearing has pure axial load. Can carry bi-direc-
tional axial loads, moment loads, functioning
somewhere between a single-row and a
double-row angular contact ball bearing.

This type of bearing can only work properly when
bearing has 2 points of contact.

uBC
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Bearing Types

Paired mounting
bearings with
face-to -face
arrangement

Sketch

Paired mounting
bearings with
back-to-back
arrangement

Paired mounting

Characteristics

Carrying combined radial and axial loads but
mainly radial load.

Tandem arrangement can only carry single
direction axial load, while the other two-row
arrangement can carry axial load from any
direction.

Generally, manufacturers supply this type of
bearing as a pair.

To improve bearing's stiffness and rotation
precision, end user should set preload after
mounting the bearing.

best:;i:gzr;wth \\\t\\\\?///)#f i;g;}ta%rlgoad, medium preload, heavy preload are
arrangement

Double row \ | Carrying combined radial and axial loads but
angular contact AESSRNERRAR mainly radial load, and also moment load. It
ball bearings supports bi-directional axial displacement of shaft

(housing).

sBuueeq Jajjol |eoUaYdS SNy L

Thrust spherical
roller bearings

Carrying combined radial and axial loads but
mainly radial load. Max. radial load should be less
than 55% of axial load.

Carrying single direction axial load, supporting
single direction axial displacement of shaft
(housing).

Thrust cylindrical
roller bearings

Carrying higher single direction axial load.
Supporting single direction axial displacement.
With low limiting speed.

Thrust taper
roller bearings

NN

Suitable for low speed applications.

Bearing types Sketch Characteristics
=
&5
@ = Needle roller and ) o
g 8  cage assembly ‘B | Suitable for low speed applications.
o =
3 @
o
<
Quter ring without
rib
Inner ring without
rib
Inner ring and outer ring are separable.
] I Easy mounting and dismounting.
o  Outerring with a \ <
“% rib = Normally carrying radial load only, while single row
=3 cylindrical roller bearings with rib on both inner ring
2 and outer ring, can carry limited small axial load or
E‘_> larger intermittent axial load.
3
o Bearings with single rib can only carry axial load
2 from one direction.
S Innerring with a
(=] >
@ rib

Inner ring with a
rib and L-shaped
separable rib

=
A

Inner ring with a
rib and a
separablerib

Bearings without an inner or outer ring are used for
applications with limited radial space, in which the
journal shaft and housing bore will act as the
raceway of the bearing, meaning these surfaces
must be finished to similar quality as a bearing's
inner and outer ring

uBC
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Bearing Types

Without inner ring

Sketch

Characteristics

As above

Four-row
cylindrical roller
bearings

PN | N5

R

A7
£

TR

22

Inner ring and outer ring are separable;
Only accommodating radial load;

Mainly applicable for Heavy machinery, e.g. steel
rolling mill;

Special designations differ from normal code rules.
® Two double-row outer rings and one inner ring

e Two double-row outer rings and two
double-row inner rings

e Two double-row outer rings and two
double-row inner rings, and outer ring with a
separable rib

sBuueaq ajpasN

Single row needle
roller bearing

Double row needle
roller bearing

[z

=] Bl

Ay

Carrying radial road with small outer diameter;

Special design for limited radial mounting space;
High limiting speed;

Bore diameter (d) of single row needle bearings
d<32mm;

If d==7mm, its outer ring has two ribs;
If d>7mm, its outer ring has two separable flange
rings;

The bore diameter of double row needle bearings
d=32mm

Bearing Types

Double row without

Characteristics

Without inner ring

Applicable for limited radial mounting space; Shaft
journal surface functions as inner ring raceway and
its hardness isbetween 58~64HRC;For single row
bearings, if FW<=10mm, its outer ring has two ribs;
if FW=> 10mm, its outer ring has two integral flanges;
For double row bearings, its FW=40mm;

Only accommodating radial load; High limiting speed.

inner ring Asiabiove
Low cost with high load carrying capacity;
Drawn cup
= needle bearings Applicable for limited mounting space and
2 with open ends uses shaft journal surface as raceway;
[=%
o
3 Directly pressed into bearing housing;
[0
% Avoid axial position adjustment;
o
é’ Drawn cup Lubricated with grease before mounting;
L2 needle bearings
with close end BK design is for when the shaft does not extend and
can accommodate small axial guidance forces.
Very small radial dimension with high load carrying
capacity;
Needle roller and For extremely limited radial space;
cage assembly Both surfaces of shaft journal and housing functions
as bearing raceway and their surface hardness should
be around 58~64HRC; Depth of surface hardened layer
should be 0.6~1mm; Surface roughness Ra should be
0.20 - 0.32 pm
Insert bearings with @ i
set screws i The spherical outer ring can match with a spherical
locking I housing to allow for self-alignment
Consists of adouble shielded ball bearing and one
cast iron housing;
2 o : Internal structure is similar to ball bearing;
2 Insert bearings with i g
g eccentric locking G ]
o collar I ‘
3J
(=]}
w

Insert bearings with
adapter sleeve

[ <
LR

LT 6

Inner ring is often mounted on the shaft by set screws
screws or eccentric locking collar or adapter sleeves
and rotate with shaft.
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Bearing Types

Pillow block units
with set screws

osssisipasesssotsdes

Pillow block units
with eccentric
locking collar

Pillow block units
with adapter
sleeve

Characteristics

Two designations with UC and UB;
For changing rotating direction of the machine shaft;

Has two designations: UEL and UE;

For non-changed rotating direction of the machine
shaft;

Various housing structures are available for different
applications.

2. General information of rolling bearing

2.1 Bearing designations

The bearing designations of roller bearing define its structure, main dimensions, material, clearance
and its configuration. Typical bearing designations consist of combinations of prefix, basic designation
and suffix.

The boundary dimensions of rolling bearings comply with ISO standards for rolling bearings. Please contact
UBC if any request for special dimensions.

Detailed coding rules of UBC bearings please refer to Table 2-1, Table 2-2 for prefixes, Table 2-3 for
basic designations and for suffixes please refer to (Table 2-4 for internal structure, Table 2-5 for seals,
shields and transformation rings, Table 2-6 for cage and its material, Table 2-7 for bearing material, Table
2-8 for tolerance and fitness, Table 2-9 for bearing clearance, Table 2-10 for bearing arrangement, Table
2-11 for other coding rules).

Table 2-1
Bearing Designations
Prefix Basic Designation
¢a| " |"2| & |5& §p &z |8@8| 2 | § | ¢ | ¢
S E o a2z | o2 o S 2
@ 3 g =
Table 2-2
Bearing Components
Code Definition
S Stainless steel material
F Ball bearing with flange on outer ring
GS Housing for thrust cylinder roller bearing
L Separable bearing inner ring or outer ring
LR Separable inner ring (or outer ring) with cage & rollers assembly
KOW- Thrust bearing without shaft washer
KIW- Thrust bearing without housing washer
Rollers & cage assembly without separable inner ring (or outer ring)
R For needle roller bearings, only valid for NA series
Thermoplastic housing for unit bearing
WS Shaft washer of thrust cylindrical roller bearings
K Rollers & cage assembly
Table 2-3
Type Code Dimension Series Code Size Code
Definition
Code Definition Code Definition Code
Size(mm)
0 Double row angular contact ball bearings Refer Table 2-1 1 1
1 Self-aligning ball bearings and Table 2-2 2 2
Spherical roller bearings 3 3
2 Spherical roller thrust bearings : :
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Internal Structure

Type Code Dimension Series Code Size Code
Definition
Code Definition Code Definition Code
Size(mm)
4 Double row deep groove ball bearings As above 9 9
% Thrust ball bearings 00 10
6 Deep groove ball bearings 0l 143
o Angular contact ball bearings 02 1:5
8 Cylindrical roller thrust bearings 03 17
N Cylindrical roller bearings 04 20
u Insert bearings 129 ko)
Ql Four point angular contact ball bearings 05 25
/28 28
06 30
/32 32
07 35
08 40
09 45
88 440
92 460
96 480
/500 500
/530 530
/560 560
Table 2-4
Internal Structure
Code Definition
1. Double row angular contact ball bearing or deep groove ball bearing without filling slots
A 2. Deep grove ball bearing of linear raceway
3. Needle roller bearing with 2 locking rings on outer ring (d>9mm, FW<12mm)
4. Enhanced internal structure
1. Angular contact ball bearing with a contact angle 40°
B 2. Taper roller bearing with increased contact angle
1. Angular contact ball bearing with a contact angle 15°
C 2. Spherical roller bearing with enhanced design, non-rib inner ring with centered
guide ring, press steel cage and symmetrical roller
1. Split type bearings
b 2. Double row angular contact ball bearing with contact angle of 45°, with two inner rings.
E Enhanced design

Code Definition
AC Angular contact ball bearing with a contact angle 25’
CA One-piece machined brass cage, with a floating guide ring centered on the inner ring
CcC Two-pieces window-type pressed steel cage guided by inner ring
MA Two-pieces machined brass cage guided by outer ring
MB Two-pieces machined brass cage guided by inner ring
E | o i B R e e
Table 2-5
Seals, Shields and Transformation Rings
Code Definition
K Tapered bore, taper 1:12
K30 Tapered bore, taper 1:30
R Integral flange on outer ring
N Snap ring groove in the outer ring
NR Snap ring groove in the outer ring with appropriate snap ring
RS Contact seal of acrylonitrile-butadiene rubber on one side
2RS Contact seal of acrylonitrile-butadiene rubber on both sides
RL Light contact seal of acrylonitrile-butadiene rubber on one side
2RL Light contact seal of acrylonitrile-butadiene rubber on both sides
RZ Sheet steel reinforced low friction seal of acrylonitrile-butadiene rubber on one side, non-contact seal
IRZ RZ low friction seal of acrylonitrile-butadiene rubber on both sides, non-contact seal
High temperature fluorine rubber seal
Z Shield of pressed sheet steel on one side
2Z Shield of pressed sheet steel on both sides
RSZ RS seal on one side, Z shield on the other side
ZN Shield on one side, and with snap ring groove on the other side of the outer ring
ZNR Shield on one side, and with snap ring groove and snap ring on the other side of the outer ring
ZNB Shield on one side, and with snap ring groove on the same side of the outer ring
2ZN Shield of pressed sheet steel on both sides with snap groove on outer ring
PP Soft rubber seal on both sides
2K Double tapered bores, taper 1:12
D 1. Double row angular contact ball bearing with double inner ring
2. Double row taper roller bearing without cone spacer, non-ground side surface
DC Double row angular contact ball bearing with double outer ring
D1 Double row taper roller bearing without cone spacer, ground side surface
DH Single-direction thrust bearing with double housing washer
DS Single-direction thrust bearing with double shaft washer
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Seals, Shields and transformation rings
Code Definition
p Spherical roller bearings with 2 split outer rings
PR P design, with spacer between 2 split outer rings
1. Bearing with spherical outer ring (insert bearing )
. 2. Needle bearing with adjustable clearance
WB Extended inner ring at both sides; WB1: extended inner ring at one side
wC Extended outer ring
N1 Outer ring with one locating notch
N2 Outer ring with two locating notches
N4 N+N2 with one snap groove at other side
N6 N+N2 with one snap groove at same side
X Needle bearing with cylindrical outer ring
Table 2-6
Cage and Its Material
Code Definition
Cage Material
F Steel, cast iron or powder metallic cage
Q Machined one piece bronze cage
M Machined one piece brass cage
L Machined light alloy cage
T Phenolic resin cage
TH Fiberglass reinforced phenolic resin cage
TN Plastic cage
1 Pressed steel cage
Y Pressed brass cage
Cage structure and surface process (Jointed with above code)
H Self-locking pocket cage
w Welded cage
R Riveted cage for large size bearings
E Phosphate coated cage
D Carbonitrided cage
D1 Carburized cage
D2 Nitrided cage
c Coated cage (C1: Silver coated)
A Outer ring guide
B Inner ring guide
No cages
%S I il anmanlamant rallar hanvies

Table 2-7
Bearing Material
Code Definition
/JHCA Inner ring and outer ring carburized
/HC2 Quter ring carburized
/HC3 Inner ring carburized
/HC4 Inner ring, outer ring and rollers carburized
/HC5 Rollers carburized
/HC6 Quter ring and rollers carburized
/HC7 Inner ring and rollers carburized
/HQ1 Ceramic balls
Table 2-8
Tolerance Table
Code Definition
/PO Dimensional tolerance precision is according to 1SO tolerance class 0,equal to ABEC1
/P6 Dimensional tolerance precision is according to ISO tolerance class 6,equal to ABEC3
P6X Dimensional tolerance precision is according to 1SO tolerance class 6x
/P5 Dimensional tolerance precision is according to 1SO tolerance class 5,equal to ABEC5
/P4 Dimensional tolerance precision is according to 1SO tolerance class 4 ,equal to ABEC7
/P2 Dimensional tolerance precision is according to I1SO tolerance class 2 equal to ABEC9
/ISP Dimensional precision is according to P5, and rotation precision is according to P4
/Uup Dimensional precision is according to P4, and rotation precision higher than P4
Table 2-9
Bearing Clearance
Code Definition
/Cl1 Bearing internal clearance smaller than C2
/C2 Bearing internal clearance smaller than Normal
CO0 (CN} | Normal internal clearance
3 Bearing internal clearance greater than Normal
/C4 Bearing internal clearance greater than C3
/C5 Bearing internal clearance greater than C4
/C9 Bearing internal clearance different from current standards
/CM Deep groove ball bearing internal clearance for motor
Table 2-10
Bearing Arrangement
Code Definition
/DB Paired bearing in a back-to-back arrangement
/DF Paired bearing in a face-to-face arrangement
/DT Paired bearing in a tandem arrangement
/TBT 3 bearings with two in a tandem and one in back-to-back arrangement
/TFT 3 bearings with two in a tandem and one in face-to-face arrangement
/TT 3 bearings in a tandem arrangement
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Preload for Bearing Arrangement Code Definition
G Special preload, followed by information on specific preload value requested YA4: The raceway is different from standard design

GA Light preload YAS5: The roller is different from standard design
GB Medium preload YB: Modified technical conditions
GC High preload Y YB1: Coated rings

Table 2-11 YB2: Modified dimension and tolerance

Other Codes YB3: Modified surface roughness

Code Definition YB4: Modified heat treatment process i.e. Hardness

Max. vibration noise (by acceleration) with additional number to represent different maximum value

Z1: Bearing's max. vibration noise level (by acceleration) is in Z1 group Besringwidih eres

1Z Z2: Bearing's max. vibration noise level (by acceleration) is in Z2 group 8 0 1 2 3 4 5 |6
Z3: Bearing's max. vibration noise level (by acceleration) is in Z3 group eg :
S
Z4: Bearing's max. vibration noise level (by acceleration) is in Z4 group 82 o—— ! )
g o ¥ =] 7
Groups of maximum vibration velocity with additional number to represent different maximum value s— " H- H ErH = HE )
! | | | 111
\ L Ll

V1:Bearing's max. vibration noise level (by velocity) is in V1 group

sayas
uoisusLLg
824

st+—taes B-B8B—

v V2: Bearing's max. vibration noise level (by velocity) is in V2 group

V3: Bearing's max. vibration noise level (by velocity) is in V3 group

V4: Bearing's max. vibration noise level (by velocity) is in V4 group

Figure 2-1 Dimension series of radial bearings (excluding TRB)

EMQ Very low running noise (for miniature ball bearings)
EMQ5 Very low running noise (for deep groove ball bearings)
/80 Tempered rings with maximum running temperature of 150° C Bearing height series
/S1 Tempered rings with maximum running temperature of 200° C ~ @ - o~ ‘
/82 Tempered rings with maximum running temperature of 250° C 4g h ‘
/83 Tempered rings with maximum running temperature of 300" C Eé ; — J
1S4 Tempered rings with maximum running temperature of 350° C f\\” JI ? J | \
/W20 3 lubrication holes in outer ring [ | | \
/W33 Annular groove with 3 lubrication holes in outer ring e ll\;.‘l | & ; ; ‘ ‘ | J
Grease fill for low and high temperatures 5% i ;:3': EURTaEGRN—S 9 e T "‘I £ o ﬁ )
LHT1: 40 to +150C @ ‘ | | 1 ‘ { \

AT LHT2: -40 to +200C
LHTS: -40 to +250C
LHT4: -40 to +300C

Figure 2-2 Dimension series of thrust bearings

Combination of Y and other letter or number to identify the special designs which
cannot be represented by available suffixes

YA: Altered structure

YA1: The outer ring surface is different from standard design

YAZ2: The bearing bore is different from standard design

YA3: The ring side surface is different from standard design
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2.2 Rolling Bearings Tolerances
2.2.1 Radial Bearings Tolerances

2.2.1.1 Symbol

d ——— Nominal bore diameter

d. ——— Single bore diameter

d, ————— Nominal diameter at theoretical large end of a tapered bore

d., ~———— Deviation of single mean bore diameter

A d., ——— Deviation of the mean bore diameter from the nominal = di.-d

A d. ——— Deviation of a single bore diameter from the nominal

A d;, ———— Deviation of the mean bore diameter at the theoretical large end of tapered bore from
the nominal = d,-d,

Vine ——— Mean bore diameter variation; Difference between the largest and smallest mean bore
diameters of one ring or washer = dmaeOmpmin

Vi ———— Bore diameter variation in single radial plane; Difference between the largest and smallest
single bore dia-meters in one plane

D ———Nominal outside diameter

D, ———— Nominal flange outer ring diameter

D,, ~———— Average bore diameter of single plane

A D, ———— Deviation of a single outside diameter from the nominal = Ds-D

A D,,, — Deviation of the mean outside diameter from the nominal = D,-D

Vo, — Outside diameter variation; Difference between the largest and smallest single outside
diameters in one plane

Vome ——— Mean outside diameter variation;

A D,, ——— Outer ring flange single outer diameter deviation

B,(C) ———— Nominal width of inner ring and outer ring, respectively

B.,(C.)—— Single width of inner ring and outer ring, respectively

A B,,(A C,) —— Deviation of single inner ring width or single outer ring width from the nominal

Ve{Ve) —— Ring width variation; Difference between the largest and smallest single widths of inner
ring and of outer ring, respectively

T ———— Nominal width of taper roller bearing

AT, ——— Deviation of measured single width of taper roller bearing from the nominal

A T,, ——— Deviation of measured single width of cone from the nominal

A T,, ———— Deviation of measured single width of cup from the nominal

K —— Radial runout of inner ring of assembled bearing

K. ~——— Radial runout of outer ring of assembled bearing

Sy —— Side face runout with reference to bore

Sp —— Qutside inclination variation; Variation in inclination of outside cylindrical surface to
outer ring side face

Sa —— Axial runout of inner ring of assembled bearing

Ses —— Auxial runout of outer ring of assembled bearing

2.2.1.2 Bearing tolerances for radial bearings, except taper roller bearing

(1) Class PO tolerances

d/mm

7 =
06 25
25 10
10 18
18 30
30 50
50 80
80 120
120 180
180 250
250 | 315
315 = 400
400 500
500 630
630 800
800 1000
1000 1250
1250 1600
1600 2000

00000 CO0o0OBDocao00o0CooOC o S

Ady,

-100
-125
-160
| -200

Table 2-12 Inner rings

Vip
Diameter Series v,
mp
9 0, 1 2. 3, 4
max max
10 8 6 6
10 8 6 6
10 8 6 6
13 10 8 8
15 12 9 9
19 19 1" 1
25 25 15 15
31 31 19 19
38 38 23 23
44 26 26
50 50 30 30
56 56 34 34
63 63 38 38

max

10
10
10
13
15
20
25
30
40
50
60
65
70
80
90
100
120
140

cooo0cooococo0oD oo oo o = 2—

o

pm
AB.
Normal Modfied”
max
-40 -250 12
120 | 250 | 15
120 | 250 | 20
20 | 250 | 20
-120 -250 20
450 | 250 | 25
200 | -380 25
250 | 380 | 30
300 | 500 30
350 | 500 | 35
400 | 630 | 40
450 | - 50
500 | - 60
750 | - 70
1000 | - 80
1250 | - 100
-1600 | - 120
|-2000 | - 140

(L Applicable to inner ring or outer ring of single bearing in case of paired arrangement. Also applicable to inner ring of

tapered bearings with d=50mm.
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Table 2-13 Outer rings Table 2-14 Inner nngs

----—- e IR e rn
8 6 15 25 | 10 | 0 =T 9 it 5 5 6 B -120 -2510 15

s 13 o v.a 10 8 6 10 s 15 L ) g . 2 I B D Letea L 2en | it

18 (30 | 0|9 [12 |9 | 7 12 |7 |15 i e B B e e L i s

0 50 0 1 14 1 8 16 8 20 30 50 0 -10 13 10 8 8 10 0 |-120 | -250 20

2 2ol Lo el e L2 Lt L= o0 (40 | 0 e15 | 8 (8| A1 | f |13 O 20 %0 ]| 2

80 | 120 0 =15 18 |18 " 26 " 35 ) » . . = £

120 150 0 18 | 23 |23 14 30 | 14 40 12D SQE R A Y e s T A e T s et T 0

150 180 0 25 31 31 19 38 19 45 Values are identical 180 250 I _2 8, 28 d ?: L G300 | 500 30

180 | 250 0 30 38 38 23 _ 23 | 50 to those for innar 250 | 315 0 -25 31 31 19 19 | 25 0 | -350 -500 35

250 315 0 _35 44 44 26 E 26 60 . £ b g 31.5 490 U -30 38 38 23 23 30 0 -400 -630 40

o ndlmniindnanltl. 40 |50 | 0 |-35 | 44 |44 | 26 | 26 |35 | 0 |45 |- 45

a4 e ) 40 <o o B . B i (AB, & Vo) 50.0 630 | O 40 50 50 3ﬁ 30 | 40 0 500 50

400 | 500 0 45 56 |56 34 - 34 | 80 : - -

500 630 0 -50 63 63 38 2 38 100 (L) Applicable to inner ring or outer ring of single bearing in case of paired arrangement.

630 | 800 0  -75 94 94 55 = 55 120

800 (1000 O | -100 125 (125 75 - 75 140 Table 2-15 outer rings um

1000 1250 O @ -125 - - - - 160

1250 1600 O -160 - - - - 190

1600 2000 O 200 | - - - - - 220

2000 2500 O =250 - - - - - 250

(1) Only applicable when the inner or outer snap rings are not mounted

6 0 7 g [7 ] s 9 5 |8

6 |18 |o| 7 |9 |7]s 9 .

18 | 30 0 8 10 8 6 10 6 |9

|50 [0 @ | 1|9 7 o B

50 | 80 o | -1 | 14 1] 8 16 g |43

80 (120 | 0 | 413 | 16 |16 10 20 REISEIN  \/.i0s are identical
120 | 150 0 -15 19 119 11 25 11 = to those for inner
150 180 @ 0 | -18 | 23 23| 14 30 14 | 23 i ;
- . 7 g ) 15 | 25 ring of same bearing
250 | 315 0 | 25 | 31 3 19 - famrEy @58 %)

315 (400 0 | 28 | 35 3 21 - 21 1 35

400 (500 O | -3 | 41 |#41| 25 - 25 | 40

500 (630 0 | -3 | 48 48 29 - 29 | 50

630 800 O | 45 | 56 56 34 - 34 | 60

800 (1000 0 | 60 | 75 75 45 - 45 | 75
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3) class P5 tolerances

zgg8zane

120
180
315

828z

180 |
250
315
400

8
OO0 O0OO0OO0COoOo0OoOOoO

o

o

o
(504}

-5
-6
-8
-9
-10
-13
-15
-18
-23

o ®» oo,

©w

10
13
15

18

23

Table 2-16 Inner rings

18

©

12

[T B

o]

10
13
15

(1) Only applicable for deep groove and angular contact ball bearing
2) Applicable to inner ring or outer ring of single bearing in case of paired arrangement.

2.5
6

18
30
50
80
120
150
180
250
315
400
500
630

6
18
30
50
80
120
150
180
250
315
400
500

630

OGO-DOQDDOGOOD

o

Table 2-17 Outer rings

© W W m~ N~

o [N .
o o w o

ss
'§

i
g
g

-5
-6
=1
-9
-10
=11
-13

o ~N g oA

8
10
1
14
15
17
21
26

o~NOGO R WwWww

©

10
12
14
18

(1) Only applicable for deep groove and angular contact ball bearing

o o o o

10
11
13
13
15
18
20

B

8

8

10
11
13
14
16
18
20
23
25
30

Values are identical
to those for inner
ring of same bearing
(5 By)

um

awamﬂmmmmmm

mmmmmmm

1

13
15
18
20

4) class P4 tolerances

Table 2-18 Inner ring

4 3 2.5 3 -40 -250
2_.5 10 o‘ -4 q- -4 4 3 '-z 2.5 3 | 3 u 40 | 250
10 (18 [0[-4 | 0|-4 | 4 3 |2 |25/ 3|3 o [s0 |-250
18 |0 |o|5 | 0|5 | 5 4 |25|3 | 4| 4| 0 |-120| 250
30 [50 (0|6 | 0|6 | 8 5 |3 |4 | 4|4 o [-120]-250
50 |80 |o|-7 | 0|7 | 7 5 35/4 | 5|5 0 |[-150 -250
80 (120 0|-8 | 0 |-8 | 8 6 4 |5 | 5|5 0 | -200| -380
120|160 | 0 [-10| o |-10| 10 | 8 |5 |6 | 8|7 | o |-260]-380
180|250 0 [-12| 0 |-12| 12 | 9 |6 |8 | 7 |& o |-300]-500

(L) Only applicable for diameter series 0, 1,2, 3 and 4
(2) Only applicable for deep groove and angular contact ball bearing

@) Applicable to inner ring or outer ring of single bearing in case of paired arrangement.

Table 2-19 Outer rings

L Ve
Diameter Series.
lﬂlllllllllllllﬂlﬂl
25 0 4 3 |2 |3 |4
6 18 0 -4 0 --4 4 3 2 3 4
18 30 @i =& 0 -5 5 4 2.5|4 4
30 |50 (0|6 | 0 |6 | & 5 |3 |5 |4
50 80 0|-7 0 | -7 T 5 3.5|5 4
80 |120| o |-8 [0 |-8 | 8 6 4 |6 |5
120 150 0 | -9 0 |-9 9 7 5 7 5
150.|180| 0 |-10| 0 |-10| 10 8 5 |8 5
180 | 250| 0O |-11 0 |- 11 8 6 10 | 7
250 | 315| 0 | -13 0  -13 13 10 7 1 | 8
315 |400| 0 |-15 0 -15 15 1 8 13 10

(I} Only applicable for diameter series 0, 1, 2, 3and 4
(2) Only applicable for deep groove and angular contact ball bearing

Values are identical
to those for inner
ring of same bearing

(& B)

2.5
25
25
25
3

[ B

pum

25
25
25
25

0 ~N~NO oA
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5) class P2 tolerances

d/mm Ad,,

> = h I
06 25 0 25
25 |10 | 0 | 25
10 | 18 0 25
18 |30 | 0 | 25
30 5 | 0 25
50 80 | 0 4
80 120 0 5
120 | 150 0 | 7
150 | 180 0 7
180 | 250 0 @ -8

=R~ ol el Hol - el

o

Table 2-20 Inner rings

Ad,

25
25
25
25
25
4
5
7
E
8

Vd_sp
max

25
25
25
25
25
4

5
1
7
8

V.

dmp

max

15
1.5
15
15
15
2

25
35
3.5
4

(1) Only applicable for deep groove and angular contact ball bearing

Dimm i)

> = | n |
25 | 6 0 25
6 18 0 | 25
18 30 0 4
30 50 0 4
50 80 0 4
80 120 0 @ 5
120 150 0 5
150 | 180 | 0 | 7
180 250 0 8
250 315 0 -8
315 400 | 0 @ -10

(=1l = R =M=l =l - i R

o

K

S,

59

max max max

1.5
1.5
1.5
25
25
25
25
25
5

5

Table 2-21 Outer rings

AD,
[

25
25
4
4
4
5
5
-7
-8
-8
-10

Vosd
max

25
25
4

® o~ U

10

v

Dmp

max

15
1.5
2
2
2
25
25
35
4
4
L}

(1) Only applicable for deep groove and angular contact ball bearing

K

max

1.5
1.5
25
2.5
4

o ~N~NGO,

1.5
15
1.5
1.5
15
1.5
25
25
4

5

max

1.5
15
15
15
1.5
25
25
25

1.5
15
15
25
25
25
25
25
5

5

s2

max
1.5

1.5
25

W~ ~N ;W

AB,

000000000 0O e

-40
-40

-120
-120
-150
-200
-250
-250

e

Values are

identical to those

for inner ring of
same bearing

(A B;)

nm
Vs,

max

1.5
158
15
15
15
15
25
25

Hm
es

max

15
16
15
15
15
25
2.5
25

2.2.1.3 Tolerances for taper roller bearing

(1) class PO tolerances

d/mm

> =
0 18

18 30

30 50

50 80

80 120
120 | 180
180 | 250
250 | 315
315 | 400
400 | 500
500 @ 630
630 @ 800
800 | 1000
1000 | 1250
1250 | 1600
1600 | 2000
d/mm

> =
0 18

18 30

30 50

50 80

80 120
120 180
180 250
250 315
315 400
400 500
500 630
630 800
800 1000
1000 1250
1250 1600
1600 2000

Table 2-22 Inner ring

OO CO 00000000000 C =

COcoo0o 00006 o0 oo ol

-120

pm
Vi Vimw  Ku D/mm
max max max
12 g9 15 18-30
12 9 18 30-50
12 9 20 50-80
15 1 25 80-120
20 15 30 120-150
25 19 35 150-180
30 23 50 180-250
35 26 60 250-315
40 30 70 315-400
45 34 80 400-500
60 40 90 500-630
75 45 100 630-800
100 55 115 800-1000
125 65 130 1000-1250
160 80 150 1250-1600
200 100 | 170 1600-2000
2000-2500
Table 2-24 Width
AC, AT
h | h I
0 -120 +200 0
0 -120 +200 0
0 | 120 +200 O
0 -150 +200 0
0 -200 +200 -200
0 -250 +350 -250
0 -300 +350 -250
0 -350 +350 -250
0 400 +400 -400
0 -450 +450 -450
0 500 +500 -500
0 -750 +600 -600
0 -1000  +750 -750
0 1250 +900 -900
] -1600 +1050 = -1050
0 -2000 +1200 -1200

Table 2-23 Outer ring

AD,,

o~ Holl~NMelll-Holl-llefii-Holl~loll-loli-oll -

pum

VDsp vnmp Kna

max max max

12
14
16
18
20
25
30
35
40
45
60
80
100
130
170
210
265

+100
+100
+100
+100
+100
+200

+200

9 18
i 20
12 25
14 35
15 40
19 45
23 50
26 60
30 70
34 80
38 100
55 120
75 140
90 160
100 180
10 | 200
120 = 220
wm
A TZS
|

0

0

0

0

-100

-100

-100

-100

-200

-225
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(2) Class P6x tolerances. The tolerances of diameter and radial runout of inner ring and outer ring refer to Table 2-27 Outer ring

class POvalues in table 2-22 and 2-23, and the width tolerances refer to table 2-25 _—-—_—

Table 2-25 Width of inner or outer ring and bearing assembly um ----_—_—

0 50 (] 9 7 | s 7 8
10 55 I ) P N I o o o | s 6 8 5
o (18] 0o | 50 0 | 100 | +100 0 +50 0 | +50 0 80 120 0 -13 e |7 10 9
18 30 | 0 | 50 0 | -100 | +100 0 450 0 |+50 0 120 150 0 -15 1 8 11 10
ap; ||s0 | o [ .50 0 | Aog || #oe [ g ] #50 0 |.+50 0 150 180 0 -18 “ o 9 13 10
50 (80 | 0 | 50 0 | -100 | +100 0 0 0 |+50 0 180 | 250 0 -20 15 10 15 11
80 120 0 | 0 0 -100 | +100 0 +50 0 | +50 0 250 | 315 0 -25 19 | 13 18 13
120 180 0 | 50 0 |-00 | +150 | o | +#50 | 0 |+100 0 315 400 0 -28 22 14 20 13
180 250 0 | 50 0 <100 | +150 0 +50 0 | +100 0 400 | 500 0 -33 % 17 24 17
250/|315| 0o | 50 0 | -100 | +200 0 #1000 | +00 0 500 | 630 0 -38 30 20 30 20
315 400 0 50 0 | -100 | +200 0 +100 0 | +100 0 630 | 800 0 -45 3 | 25 36 25
400 500 o | -50 0 | 100 | +200 0 | +100 0 | +100 0 800 1000 0 60 50 30 43 30

1000 | 1250 0 -80 65 | 38 52 38

1250 | 1600 0 -100 90 50 62 50
(3) Class PS5 tolerances 1600 | 2000 0 -125 120 | 85 73 65

Table 2-26 Inner ring

pm

0 18 0 7 5 5 5 7
18 30 o 8 6 5 5 8 o 10 0 -200 0 | 200 | +200 @ -200 +100 @ -100 = +100 @ -100
30 50 0 -10 8 5 6 8 10 18 | 0  -200 0 | -200 | +200 | -200 @ +100 | -100 & +100 | -100
50 80 oz 9 6 7 8 18 30 0 -200 0 | 200 @ +200 -200 4100 @ -100 @ +100 @ -100
80 120 0 -15 1 8 8 9 30 50 | 0 | -240 0 | 240 | 4200 @ -200 | +100 | -100 | +100 | -100
120 | 180 o | -8 14 9 11 10 50 80 0 -300 0 | 300 | +200 -200 +100 -100 = +100 @ -100
180 | 250 0 -2 17 11 13 11 80 120 0 | -400 0 | -400 | +200 | -200 @ +100 @ -100 & +100 | -100
250 | 315 o | 25 19 13 13 13 120 180 0  -500 0 | 500 @ +350 -250 4150 -150 @ +200 = -100
315 | 400 0 -30 23 15 15 15 180 250 0  -600 0 | 600 | +350 | -250 | +150 | -150 | +200 | -100
400 | 500 o | 5 28 17 20 17 250 315 0 -700 0 | 700 | +350 @ -250 +150 | -150  +200 @ -100
500 630 0 40 35 20 25 20 315 400 | 0 | -800 0 | -800 | +400 @ -400 @ +200 | 200 & +200 | -200
630 | 800 o | 50 45 25 30 25 400 500 O  -900 0 | 900 | +450 -450 4225 225 @ +225 @ -225
800 | 1000 0 -60 60 30 37 30 500 630 0 | -1100 0  -100  +500 500 | - | - | - -
1000 | 1250 o | 75 a7 45 40 630 800 0 -1600 0  -1600 +600 600 = - - - .
1250 | 1600 0 90 90 45 55 50 800 | 1000 © | -2000 0 | -2000 +750 | -750 - | - | - -

1000 1250 O 2000 0  -2000 +750 750 - < = =

1250 | 1600 | O | -2000 0 | -2000 | +900 & 900 | - | - | - -
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4) Class P4 tolerances
Table 2-29 Inner ring

pm
Camm Ve se e e K s S
S

0 - 4 4 3 3 3
18 30 o 0 6 | 5 4 3 4 4
30 50 o 8 0 -8 6 5 4 4 4
50 | &0 o | 9 0 9 7 5 4 5 4
80 120 | 0 10 0 -10 8 5 5 5 5
120 180 0 13 0 43 | 4o 7 6 6 i
180 250 | 0 | -15 0 -15 11 8 8 7 8
250 | 315 | 0 | -18 0 18 12 9 9 8 9

Table 2-30 Outer ring um

0 30 0 6 0 =] 5 4 4 4 5
30 | 50 0 = 0o | 7 5 & | s 4 5
50 80 0 -9 0 9 7 5 5 4 5
80 120 | 0 | -0 0o | -0 8 5|8 5 6
120 150 | 0 -1 0 -1 8 6 7 5 7
150 | 180 | 0O -13 0o | 43 10 7 | 8 5 8
180 250 | O 15 0 -15 1 8 10 7 10
250 | 315 | 0 -18 0o | -8 14 9 | 1 8 10
315 400 | 0 -20 0 -20 15 10 13 10 13

Table 2-31 Width o

5) Class P2 tolerances
Table 2-32 Inner rings

=
3

- 10 0 -4 25 1.5 2 1.5 2
10 18 0 -4 2k 1.5 2 1.5 2
18 30 0 -4 25 15 25 1.5 | 25
30 50 0 -5 3 2 25 ) | 25
50 80 0 -5 4 2 3 2 3
80 120 0 6 5 25 3 7z 3
120 180 0 7 7 35 4 35 4
180 250 0 -8 7 4 5 5 5
250 315 0 -8 8 5 6 55 6
Table 2-33 Outer rings (i
- 18 0 -5 4 25 25 15 25 4
18 30 0 5 4 25 25 | 15 2.5 4
30 50 0 -5 4 25 25 2 25 4
50 80 0 -6 4 315 4 | 25 4 6
80 120 0 -6 5 3 5 3 5 7
120 | 150 0 -7 5 55 5 | 35 5 7
150 | 180 0 -7 7 4 5 4 5 7
180 | 250 0 -8 8 5 7 | 8 7 10
250 | 315 0 9 8 5 7 6 7 10
315 | 400 0 -10 10 6 8 | 7 8 11
? not applicable for bearings with flanged outer ring
Table 2-34 Width um

- 10 0 -200 0 -200 +200 = -200 @ +100 @ -100 = +100 & -100
10 18 0 -200 0 -200 | +200 | -200 | +100 | -100 | +100 @ -100
18 30 0 -200 0 -200 +200 | -200 | +100 | -100 | +100 | -100
30 50 0 -240 0 -240 | 4200 | -200 | +100 @ -100 | +100 = -100
50 80 0 -300 0 -300 +200 | -200 | +100 | -100 | +100 -100
80 120 0 -400 0 -400 | +200 & -200 | +100 & -100 & +100  -100
120 180 0 -500 0 -500 +350 | -260 | +150 | -150 | +200 | -100
180 250 0 -600 0 -600 +350 | -250 | +150 | -150 | +200 | -100
250 | 315 0 -700 0 -700 +350 | -250 | +150 | -150 | +200 | -100

- 10 0 | -200 0 | -200 +200 | -200 @ +100 @ -100 | +100 | -100
10 | 18 0 | -200 0 | -200 | +200 | -200 | +100 | -100 | +100 | -100
18 | 30 0 | -200 0 | -200 +200 -200 @ +100 @ -100 | +100 | -100
30 | 50 0 -240 0 | 240 | 4200 @ -200 | +100 | -100 | +100 | -100
50 | 80 0 -300 0 -300 4200 -200 +100 @ -100 @ +100 | -100
80 | 120 0 | -400 0 | -400 | +200 | -200 | +100 | -100 | +100 | -100
120 180 0 | -500 0 -500 4200 -250 +100 @ -100 @ +100 | -150
180 | 250 0 | -60D 0 | -600 | +200 | -300 | +100 | -150 | +100 | -150
250 | 315 0 | -700 0 | -700 | +200 | -300 @ +100 | -150 | +100 | -150
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2.2.1.4 Outer ring flange of radial bearing

(1) Tolerance of flange's outer diameter of radial ball bearing and taper roller bearing

Table 2-35 Flanged outer ring tolerances um Table 2-37 tapered bore (1:30) pm
A i ab
d/mm Orientation Flange T Not Orientation FCClange i A ono A erog B amo Vi
5 = h 1 i | o = h | h | max
- 6 0 -36 +220 -36 - 50 +15 0 +30 0 19
6 10 0 -36 +220 -36 50 80 +15 0 +30 0 19
10 18 0 -43 +270 -43 80 120 +20 0 +35 0 22
18 30 0 -52 +330 52 120 180 +25 0 +40 0 40
30 50 0 62 +390 -62 180 250 +30 0 +46 0 46
50 80 0 -74 +460 -74 250 315 +35 0 +52 0 52
80 120 0 -87 +540 -87 315 400 +40 0 +57 0 57
120 180 0 -100 +630 -100 400 500 +45 0 +63 0 63
180 250 0 -115 +720 -115 500 630 +50 0 +70 0 70
250 315 0 -130 +810 -130 * Ao ) T
315 400 0 140 +890 140 . Pp! \cablle to any ?ore single radLaI plane;
Not applicable to diameter series 7 and 8
400 500 0 -155 +970 -155
500 630 0 -175 +1100 -175
630 800 0 -200 +1250 -200
800 1000 0 -230 +1400 -230 2.2.2 Thrust ball bearing tolerances
1000 1250 0 -260 +1650 =260 2.2.21 Symbol
1250 1600 0 -310 +1950 -310
1600 2000 0 370 +2300 -370 d —— Nominal bore diameter
2000 2500 0 -440 +2800 -440 d.  —— Single bore diameter
A d., — Deviation of single direction bearing the mean of bore diameter
2.2.1.5 Class PO tolerances of tapered bore A g Deviation of the mean bi-directional bearing bore diameter from the nominal
D —— Nominal outside diameter of bearing housing
Tatle 2:36 tepaced bars (1:42) {m A D,,, —— Deviation of the mean bearing housing outside diameter from the nominal
dimm A o A P Ad,,,p V,,,,s‘b S. —— variation of the housing washer raceway from housing base thickness
S = h | h | max Note —— Only applicable for thrust ball bearing (90°) and thrust cylindrical roller bearing
. 10 +22 0 +15 0 9 S —— variation of the shaft washer raceway from housing base thickness
10 18 +27 0 18 0 1 Nofe —— Only applicable for thrust ball bearing(80°) and thrust cylindrical roller bearing
18 30 +33 0 +21 0 13 T —— the height of single direction bearing
30 50 +39 0 +25 0 16 T, —— the height of bi-directional bearing
50 80 +46 0 +30 0 19 A T, —— Deviation of measured height of single direction bearing
80 120 +54 0 +35 0 22 A T, —— Deviation of measured height of bi-directional bearing
120 180 +63 0 +40 0 40 Vy, ~—— diameter variation of single direction shaft ring in one radial plane
180 250 +72 0 +46 0 46 Vi, —— diameter variation of bi-directional shaft ring in one radial plane
250 315 +81 0 +52 0 52 Vi, —— outer diameter variation of bearing housing in one radial plane
315 400 +89 0 +57 0 57
400 500 +97 0 +63 0 63
500 630 +110 0 +70 0 70
630 800 +125 0 +80 0 -
800 1000 +140 0 +90 0 -
1000 1250 +165 0 +105 0 -
1250 1600 +195 0 +125 0 -

@ Applicable to any bore single radial plane; ° Not applicable to diameter series 7 and 8
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2.2.2.2 Single and double directional thrust bearing tolerances

(1) class PO tolerances (2) class P6 tolerance
Table 2-38 Shaft washer and bearing height o Table 2-40 Shaft washer and bearing height 1
d, d,/mm Ady, Ady, LN S AT, AT, dy d./mm Ad,, Ady, L S AT, AT
==k h | max max h I h | ==K h | max max h | h |
--18 0 -8 6 10 +20 -250 +150 -400 -18 0 -8 6 5 +20 -250 +150 -400
18-30 0 -10 8 10 +20 -250 +150 -400 18-30 0 -10 8 5 +20 -250 +150 400
30-50 0 -12 9 10 +20 -250 +150 -400 30-50 0 -12 9 6 +20 -250 +150 -400
50-80 0 -15 " 10 +20 -300 +150 -500 50-80 0 -15 1 7 +20 -300 +150 -500
80-120 0 -20 15 15 +25 -300 +200 -500 80-120 0 -20 15 8 +25 -300 +200 -500
120-180 0 -25 19 15 +25 -400 +200 -600 120-180 0 -25 19 9 +25 -400 +200 -600
180-250 0 -30 23 20 +30 -400 +250 -600 180-250 0 -30 23 10 +30 400 +250 -600
250-315 0 -35 26 25 +40 -400 - - 250-315 0 -35 26 13 +40 -400 - -
315-400 0 -40 30 30 +40 -500 - - 315-400 0 -40 30 15 +40 -500 - -
400-500 0 -45 34 30 +50 -500 - - 400-500 0 -45 34 18 +50 -500 = =
500-630 0 -50 38 35 +60 -600 - - 500-630 0 -50 38 21 +60 -600 = »
630-800 0 -75 55 40 +70 -750 - - 630-800 0 -75 55 25 +70 -750 < .
800-1000 0 -100 75 45 +80 -1000 - - 800-1000 0 -100 75 30 +80 -1000 - -
1000-1250 0 =125 95 50 +100 -1400 - - 1000-1250 0 -125 95 35 +100 -1400 - -
1250-1600 0 -160 120 60 +120 -1600 - - 1250-1600 0 -160 120 40 +120 -1600 - -
1600-2000 0 =200 150 75 +140 -1900 - - 1600-2000 0 =200 150 45 +140 -1900 = =
2000-2500 0 -250 190 90 +160 -2300 - - 2000-2500 0 -250 190 50 +160 -2300 - =
Note: For bi-directional bearings, above tolerances are only applicable for bearings with d2<190mm Note: For bi-directional bearings, above tolerances are only applicable for bearings with d2<190mm
Table 2-39 Housing washer um Table 2-41 Housing washer um
D/mm AD,, Vi S, D/mm AD., Vi S,
> < h | max max > = h | max max
10 18 0 -1 8 10 18 0 -1 8
18 30 0 -13 10 18 30 0 -13 10
30 50 0 -16 12 30 50 0 -16 12
50 80 0 -19 14 50 80 0 -19 14
80 120 0 -22 17 80 120 0 -22 17
120 180 0 -25 19 120 180 0 -25 18
180 250 0 -30 23 Values are 180 250 0 -30 23 Values are
250 315 0 -35 26 identical to 250 315 0 -35 26 Kiantislto
315 400 0 .40 30 those for shaft 315 400 0 40 30 those for shaft
400 500 0 -45 34 ring of same 400 500 0 -45 34 ring of same
500 630 0 -50 38 bearing(S)) 500 630 0 -50 38 bearing(S))
630 800 0 -75 55 630 800 0 -75 55
800 1000 0 -100 75 800 1000 0 -100 75
1000 1250 0 -125 95 1000 1250 0 -125 95
1250 1600 0 -160 120 1250 1600 0 -160 120
1600 2000 0 -200 150 1600 2000 0 -200 150
2000 2500 0 -250 190 2000 2500 0 -250 190
2500 2850 0 -300 225 2500 2850 0 -300 225
Note: For bi-directional bearings, above tolerances are only applicable for bearings with D<360mm Note: For bi-directional bearings, above tolerances are only applicable for bearings with D<360mm
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3) Class P5 tolerances

--18

18-30
30-50
50-80
80-120
120-180
180-250
250-315
315-400
400-500
500-630
630-800
800-1000
1000-1250
1250-1600
1600-2000
2000-2500

OO0 0000000000000 C

o

Table 2-42 Shaft washer and bearing height

NN R R W W w

= ©
=

15

o
W

+20
+20
+20
+20
+25

+25
+30
+40
+40
+50

+60
+70
+80
+100
+120
+140
+160

-250
-250
-250
-300
-300
-400
-400
-400
-500
-500
-600
-750
-1000
-1400
-1600
-1900
-2300

+150
+150
+150
+150

Note: For bi-directional bearings, above tolerances are only applicable for bearings with d2<=190mm

630

800

1000
1250
1600
2000
2500

630

800

1000
1250
1600
2000
2500
2850

(=== ilel- el -N=l===ell- el e}

o

Table 2-43 Housing washer

=75

-100
-125
-160
-200
-250
-300

120
150
190
225

-400
-400
-400
-500
-500
-600
-600

Values are
| identical to
those for shaft
| ring of same
bearing(S;)

Note: For bi-directional bearings, above tolerances are only applicable for bearings with D<=360mm

4) Class P4 tolerances
Table 2-44 Shaft washer and bearing height

--18 0 -7 5 2 +20 -250 +150

18-30 0 -8 6 2 +20 250 | +150 | -400
30-50 0 -10 8 2 +20 | 250 +150 400
50-80 0 12 9 3 +20 300 | +150 | -500
80-120 0 15 1 3 +25 | -300 +200 -0
120-180 0 18 14 4 +25 | 400 | 4200 | -600
180-250 0 22 17 4 +30 | 400 +250  -600
250-315 0 25 19 5 +40 400 | - e
315-400 0 -30 23 5 +40 | -500 - -
400-500 0 35 2 6 +50 500 | - [
500-630 0 40 30 7 +60 | -600 . -
630-800 0 50 40 8 w0 | om0 | - | -

Note: For bi-directional bearings, above tolerances are only applicable for bearings with d2<=190mm

Table 2-45 Housing washer

10 0 5

18 30 0 -8 6 \

30 50 0 -9 7

50 80 0 -1 8 | Values are
80 120 0 13 10 identical to
120 180 0 -15 " " those for shaft
180 250 0 -20 15 ring of same
250 315 0 -25 19 | bearing(S)
315 | 400 0 -28 21

400 500 0 -33 25 |

500 630 0 -38 29

630 800 0 -45 34 |

800 1000 0 -60 45

Note: For bi-directional bearingss, above tolerances are only applicable for bearings with D<=360mm
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. Axial
2.3 Bearing Internal Clearance eaics | |EETRDE 2.3.2 Radial internal clearance of self-aligning ball bearings in Table 2-47 to Tab2-48
Bearing internal clearance is defined as the total distance T !
through which one bearing inner ring can be moved relative to L Table2-47 Radial internal clearance of self-aligning ball bearings (cylindrical bore)
the other in the radial direction (radial clearance) or in the - 1
axial direction (axial clearance).The bearing clearance can be ! ! Nomina;d?ﬁ]r;)mamater G2 CN c3 c4 C5
divided into several groups,1,2,0 (basic group)3.4,5etc -1 " 1 == . . . . =
group. The clearance in group 1 is minimum, and in group 5 is s = il — g s . Ll 8] s e | R B
maximum. The group number and the value of each bearing 2.5 6 1 8 5 15 10 20 15 25 21 33
clearance are different. Below is the clearance group and the 6 10 2 9 6 17 12 25 19 33 27 42
value. :C:Z 10 14 2 10 6 19 13 26 21 35 30 48
14 18 3 12 8 21 15 28 23 37 32 50
Fig 2 Bearing Clearance 18 24 4 14 | 10| 23| 17 | 30 | 25 | 39 | 34 | 52
S . F 24 30 5 16 " 24 19 35 29 46 40 58
2.3.1 Radial internal clearance of deep groove ball bearings in Table2-46 0 40 6 18 13 29 23 40 4 53 46 66
Table 2-46 Radial internal clearance of deep groove ball bearings 40 20 6 i3 i 3t 25 4 37, ol A0 il
) B 50 65 7 21 16 35 30 50 45 69 62 88
"°"“"*"(§,$‘:fn 'i'a"'s‘*" (57 CN c3 c4 c5 65 80 8 24 | 18 | 40 | 35 |60 | 54 | 8 | 76 | 108
> < min  max min  max min  max min max mn  max 80 100 9 27 22 48 42 70 64 96 86 124
e 8 0 - e v . - - . . 100 120 10 31 25 56 50 83 | 75 114 | 105 | 145
6 10 0 7 2 13 8 23 14 29 20 a7 120 140 10 38 30 68 60 100 80 135 125 | 175
10 18 0 9 3 18 1 25 18 33 25 45 140 160 15 44 35 80 70 120 110 161 130 210
16 24 0 10 5 20 13 28 26 35 28 48
24 30 1 11 5 20 13 28 23 4 30 53 Table2-48 Radial internal clearance of self-aligning ball bearings (tapered bore)
30 40 1 11 6 20 15 33 28 46 40 64 pm
40 50 1| 1 6 23 |18 |3 |30 |51 |45 |73 N"""'“a} d?;’;)"‘a’""t” 62 CN c3 c4 c5
50 65 1 15 8 28 23 43 38 61 55 20 > < min max min max min max min max min max
65 80 1 15 10 30 25 51 46 71 65 105
80 100 1 |18 |12 |3 |80 |58 |8& |8 |75 |120 L 24 7 - - R O O = .
100 120 2 20 |15 |41 36 | 66 61 | 97 90 | 140 4 20 A R R RN NN
120 | 140 | 2 |23 |18 |48 |41 |8 71 | 114 | 105 160 = 2 LR NN R R N
140 160 2 23 18 |53 46 | 91 | 81 | 130 120 180 20 &0 T S = O C D
160 180 2 |25 |20 |e1 |53 | 102 |91 | 147 | 135 |200 50 05 A S - I U O - - O .
180 200 2 3 |25 71 63 | 117 107 163 150 230 % 89 B B B B e B Rt
200 225 2 35 25 |8 75 | 140 125 195 175 265 50 100 | 29 [ A7 | A2 | 68 62 |0 oot 1B 08 ] 444
295 250 2 40 30 95 85 160 145 225 205 300 100 120 35 56 50 81 75 108 100 139 130 170
250 280 2 45 35 105 90 170 155 245 225 | 340 120 140 40 68 60 98 90 130 120 165 155 @ 205
T RN R R R R R SR T 140 160 | 45 | 74 65 | 110 100 | 150 | 140 | 191 = 180 240
315 355 3 60 45 125 110 210 185 300 275 410
355 400 3 70 55 145 130 240 225 340 315 460
400 450 £ 80 60 170 150 270 250 380 350 | 510
450 500 3 90 70 190 170 300 280 420 390 570
500 560 10 100 8 210 190 330 310 470 440 630
560 630 10 110 90 230 210 360 340 520 490 690
630 710 20 130 110 260 240 400 380 570 540 760
710 800 20 140 120 290 270 450 430 630 600 840
800 900 20 160 140 320 300 500 480 700 670 940
900 1000 20 170 150 350 330 500 530 770 740 1040
1000 1120 20 180 160 380 360 600 580 850 820 1150
1120 128N 2N 1an 17N 41N 2an RAN RN a?2n ran 12RN



uBcC Rolling Bearing Clearance Rolling Bearing Clearance uBC

2.3.3 Radial internal clearance of spherical roller bearings in Table2-49 to Table2-50

Table2-49 Radial internal clearance of spherical roller bearings (cylindrical bore) i Table2-50 Radial internal clearance of spherical roller bearings (tapered bore) i
Nnmin_a(ld?:’r; )Diamater c2 CN c3 c4 c5 Nnmina:d?:-lr; )Dlameler c2 CN &3 c4 c5

> < min max min max  min max min max min max > < min max min max  min max min max min max
14 18 0 20 20 |35 35 |45 45 60 60 75 18 24 15 | 25 |25 | 35 [35 |45 |45 |60 |60 |75
18 24 10 20 20 35 35 45 45 60 60 75 24 30 20 30 30 40 40 55 55 i) 75 95
24 30 15 25 25 40 40 55 55 75 75 95 30 40 25 35 35 50 50 65 65 85 85 105
30 40 15 30 30 45 15 60 60 80 80 100 40 50 30 45 45 60 60 80 80 100 100 130
40 50 20 35 35 56 55 75 75 100 100 125 50 65 40 55 55 75 75 95 95 120 120 160
50 65 20 40 40 65 65 90 90 120 120 150 65 80 50 70 70 95 95 120 120 150 150 200
65 80 30 50 50 80 60 110 110 | 1450 145 180 80 100 55 80 80 110 | 110 140 140 180 180 230
80 100 35 60 60 100 100 135 135 180 180 225 100 120 65 100 @ 100 135 | 135 | 170 170 | 220 220 280
100 120 40 75 75 120 120 160 160 210 210 | 280 120 140 80 120 120 160 160 200 200 260 260 330
120 140 50 95 95 145 145 190 190 | 240 240 | 300 140 160 920 130 | 130 180 | 180 | 230 230 | 300 300 380
140 160 60 10 110 170 170 220 220 @ 280 280 350 160 180 100 140 140 200 | 200 | 260 260 | 340 340 430
160 180 65 120 120 180 180 240 240 @ 310 310 390 180 200 110 160 160 220 | 220 | 290 290 | 370 370 470
180 200 70 130 130 200 200 260 260 @ 340 340 | 430 200 225 120 180 180 250 | 250 @ 320 320 410 410 520
200 225 80 140 140 220 @ 220 290 290 @ 380 380 | 470 225 250 140 200 | 200 270 | 270 | 350 350 | 450 450 570
225 250 90 150 150 240 240 320 320 420 420 | 520 250 280 150 220 | 220 300 300 390 390 490 490 620
250 280 100 170 170 260 @ 260 350 350 @ 460 460 570 280 315 170 240 240 330 | 330 | 430 430 540 540 680
280 315 110 190 190 280 @ 280 370 370 500 500 | 630 315 355 190 270 270 360 | 360 @ 470 470 590 590 740
315 355 120 200 200 310 @ 310 410 410 | 550 556 690 356 400 210 300 @ 300 400 | 400 | 520 520 650 650 820
355 400 130 220 220 340 340 450 450 600 600 750 400 450 230 330 330 440 440 570 570 720 720 910
400 450 140 240 240 370 | 370 500 500 @ 660 660 | 820 450 500 260 370 | 370 490 | 490 | 630 630 | 790 790 1000
450 500 140 260 560 410 | 410 550 550 | 720 720 | 900 500 560 290 410 410 540 | 540 @ 660 680 | 870 870 1100
500 560 150 280 580 440 440 600 600 | 780 780 1000 560 630 320 460 = 460 600 | 600 | 760 760 980 980 1230
560 630 170 310 310 480 480 65 650 @ 850 850 | 1100 630 710 350 510 540 670 | 670 | 850 850 1090 = 1090 1360
630 710 190 350 350 530 530 700 700 @ 920 920 | 1190 710 800 390 570 | 570 750 | 750 | 960 960 1220 | 1220 1500
710 800 210 390 390 580 @ 580 770 770 1010 10140 1300 800 900 440 640 640 840 | 840 | 1070 | 1070 1370 | 1370 1690
800 900 230 430 430 650 650 860 860 1120 1120 1440 900 1000 490 710 710 930 930 1190 | 1190 1520 | 1520 1860

900 1000 260 480 | 480 710 | 710 930 930 | 1220 | 1220 |1570
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2.3.4 Radial internal clearance of cylindrical roller bearings in table 2-51 to 2-52

Nominal Bore Diameter

>

10
24
30
40
50
65
80
100
120
140
160
180
200
225
250
280
315
355
400
450

Table 2-51 Radial internal clearance of cylindrical roller bearings (cylindrical bore)

(d/fmm)

<
10
24
30

110

70

75

90

105
110
125
130
145
190
210
220

CN

106
110
125
130
145
190
210
220

330

C3

min
35
35
35
45
50
60
65
75
85
100
115
120
140
160
170
190
200
225
280
310
330

max
60
60
60
70
80
920
100
110
125
145
165
170
195
220
235
260
275
305
370
410
440

c4
min
50
50
50
60
70
80
90
105
125
145
165
170
195
220
235
260
275
305
370
410
440

330
350
385
460
510
550

C5

min
65
65

80

95
110
130
155
180
200
225
250
275
305
330
370
410
455
510
565
625

max
90
90

105
125
140
165
190
220
245
275
300
330
365
395
440
485
535
600
665
735

Table 2-52 Radial internal clearance of double-row cylindrical roller bearing (cylindrical bore)

Nominal Bore Diameter
(dfmm)

> <
= 10
10 24
24 30
30 40
40 50
50 65
65 80
80 100
100 120
120 140
140 160
160 180
180 200
200 225
225 250
250 280
280 315
315 355
355 400
400 450
450 500

A40

c2

max
40
40
45
45

60
70

90

100
110
125
140
155
170
185
205
225
255
285
315

100

185
205
225
255
285
315

CN

max
55
55
60
65
75
80
95
105
130
145
160
175
195
215
235
256
280
305
345
385
425

c3

C4

um

245
275
305
335
365
400
435
495
555
615

2.3.5 Needle roller bearing clearance

For a needle roller bearing with inner ring, outer ring and cage, except for the pressed outer ring and
heavy bearing series, you can refer to the radial clearances of cylindrical roller bearings.For the
heavy-duty series needle roller bearings with inner and outer rings and cage, or needle roller bearings
with inner rings delivered as aseparate components, refer to the radial clearance of cylindrical roller
bearings, based on the inner raceway diameter or cage and roller assembly's inscribed circle
diameter.you can refer to the radial clearance of cylindrical roller bearings

2.3.6 Axial internal clearance of angular contact ball bearings in table 2-53

Table2-53 Axial internal clearance of double-row angular contact ball bearing

pum
Nomlnal(;]B',a“:le.rI [))lameter c2 CN c3

> = min max min max min max

- 10 1 1" 5 21 12 28
10 18 1 12 6 23 13 31
18 24 2 14 7 25 16 34
24 30 2 15 8 27 18 37
30 40 2 16 9 29 21 40
40 50 2 18 1" o3 23 44
50 65 3 22 13 36 26 48
65 80 3 24 15 40 30 54
80 100 3 26 18 46 35 63
100 110 4 30 22 53 42 73
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2.3.7 Radial internal clearance of tapered roller bearings in table 2-54 2.3.8 Radial internal clearance of insert bearing in table 2-55 and 2-56

Table2-54 Radial internal clearance of double row and four row tapered roller bearings Table 2-55 Radial internal clearance of insert bearings (cylindrical bore) i

um
Nominal Bore Diameter )
(dfmm) .01 c2 : N . &3 c4 €5 Nominal Bore Diameter 2,3 Series
> < min  max min max min max min max min max min max (d/mm) cz CN c3
s (Em e s sl s n| s n s uss 2 S T
40 50 0 15 15 30 30 45 45 65 65 80 80 110 a0 18 2 I8 10 25 18 =
5077|785 o |15 | 15|30 |30 |50 |s0 |70 |70 | 90 |80 |120 ] e o ) i 28 2t a5
65 80 0|20 | 20 | 40 |40 |60 | 60 |8 | 80 | 110 | 110 [150 24 30 B 20 12 28 23 i
60 100 0 20 20 45 45 | 70 70 @ 100 100 | 130 | 130 170 30 40 6 20 13 33 28 46
100 = 120 0|25 25 50 | 50 | 80 8 110 110 | 150 | 150 200 40 50 6 23 14 36 30 51
120 | 140 0| 30 | 30|60 |60 |90 |90 | 120/ 120 | 170 | 170 | 230 50 65 8 28 18 43 38 61
140 160 0 30 30 65 65 100 100 140 140 190 | 190 260 65 80 10 30 20 51 46 71
160 | 180 o | 3 | 35 | 70 | 70 | 110| 110 | 150 | 150 | 210 | 210 | 280 80 100 12 35 24 58 53 84
180 | 200 O | 40 | 40 80 | 80 | 120| 120 | 170 | 170 | 230 | 230 |310 100 120 15 41 28 66 61 97
200 225 0 40 40 90 | 90 | 140 140 190 & 190 | 266 | 266 340 120 140 18 48 33 81 71 114
225 250 0 50 50 100 100 150 150 | 210 210 290 @ 290 380
250 @ 280 o | 50 | 50 | 110 | 110 | 170 | 170 | 230 | 230 | 320 | 320 |420
280 315 0 60 B0 120 120 180 180 250 250 350 350 460
315 | 355 0 70 70 140 140 | 210 210 280 280 | 390 | 390 510
igg jgg g gg gg :?g 1?3 ;gg ;gg g;g ggg :;g :gg ggg Table 2-56 Radial internal clearance of insert bearings (tapered bore)
450 500 | O | 90 | 90 190 190 | 290 290 390 390 540 | 540 720 L
500 | 560 0 | 100 100 210 210 320 320 430 430 @ 590 | 590 790 Nominal Bore Diameter 2,3 Series
560 | 630 0 | 10 110 230 230 350 350 480 480 660 660 580 (d/mm) c2 CN c3
630 | 710 0O | 130 130 260 260 | 400 400 540 @ 540 | 740 | 740 910 - ; :
710 | 800 | O | 140 140 200 290 @ 450 450 610 610 | 830 | 830 1100 2 = o TR L L LEL mes
800 | 900 0 | 160 160 330 330 | 500 500 | 670 670 | 920 | 920 1240 10 18 10 25 18 33 25 45
900 1000 O | 180 180 360 360 540 540 720 720 980 980 1300 18 24 12 28 20 35 28 48
1000 1120 | O | 200 200 400 400 600 600 820 24 30 12 28 23 M 30 53
1120 1250 O | 220 220 450 450 670 670 900 ' 30 40 13 33 28 46 40 64
1250 | 1400 O | 250 250 500 500 @ 750 750 980 40 50 14 35 30 51 45 73
50 65 18 43 38 61 55 90
65 80 20 51 46 71 65 105
80 100 24 58 53 84 75 120
100 120 28 66 61 97 90 140

120 140 33 81 71 114 105 160
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2.4 Bearing vibration Table 2-58 The vibration (by velocity) limit
um/s

o \% Vi v2 v3 va
s e e BEl N e e 5 il (el e e ee it e e
65 300 260 420 180 |160 240 130 100 |150 105 80 |105 50 | 50 75

2.4.1 The vibration limit of deep groove ball bearing in table 2-57,2-58,2-59,and 2-60 70 360 |310 460 |200 [180 280 |150 [120 [200 110 | 90 |135 |58 |58 88
75 360 310 460 | 200 180 280 150 120 200 110 90 135 58 58 88

80 420 |360 540 | 240 210 (320 180 120 240 [130 110 160 |65 |65 100

Bearing vibration is defined as all periodic motion during bearing rotation between components except Nominal
motion that is determined by bearing operation and required for its function

Table 2-57 The vibration (by velocity) limit

um/s 85 420 360 (540 | 240 210 320 180 150 240 130 110 160 @65 65 110
Nominal
o 2 v iz L L 90 480 420 600 | 290 [250 370 210 180 270 145 125 (180 75 |75 | 115
(dmm) LF IF HF LF IF HF LF IF HF LF IF HF LF IF HF 95 480 420 600 |290 250 |370 210 |180 270 |145 125 180 |75 |75 115
3 80 44 44 (60 35 32 48 26 22 31 16 15 28 10 10 100 560 490 670 340 300 420 250 215 310 170 145 200 88 88 135
4 |80 |44 |44 60 |35 (32 48 26 |22 31 16 |15 28 10 10 105 560 490 |670 |340 300 420 250 215 (310 (170 145 200 88 88 135
5 |110| 72 |60 |74 |48 |40 |58 36 |30 | 35| 21 |18 [ 32| 11 | 1 110 640 570 750 400 350 480 290 260 350 190 175 225 100 100 160
6 |10 |72 |60 |74 (48 |40 |58 36 |30 | 35| 21 | 180| 32 11 | 1 120 640 570 750 | 400 350 (480 290 260 (350 190 175 |225 100 | 100 160
7 130 96 80 |92 66 54 72 48 40 44 | 28 | 24 38 12 | 12

8 130 96 | 80 | 82 | 66 54 72 48 | 40 44 | 28 | 24 38 12 12
9 130 96 | 80 | 92 66 54 72 48 |40 @ 44 | 28 | 24 38 12 12
10 160 120 100| 120 80 70 90 60 @ 50 55 35 | 30 45 14 | 15

12 | 160 | 120 100! 120 80 |70 90 60 | 50 55 | 35 | 30 45 | 14 | 15 Table 2-59 The vibration acceleration (dB) limit
15 210 150 120 150 100 85 110 78 | 60 65| 46 | 35 | 52 | 18 | 18 N%rg:ret.al Diameter (0) Diameter (2) Diameter (3)
Diameter
17 210 150 120 150 100 85 110 78 | 60 65| 46 | 35 | 52 | 25 | 25 i) Z £l = = &l e & & & - ok
20 | 260 | 190| 150 | 160 | 125 100 | 130 100| 75 80 | 60 | 45 | 60 | 25 | 25 65 49 48 46 50 49 47 47 51 50 48 43
22 260 190 150| 180 125 100 130 100 75 80 60 45 60 30 32 70 50 49 47 51 50 48 43 52 51 49 44
25 | 260 | 190| 150 | 180 | 125 100 | 130 100| 75 80| 60 | 45 | 60 | 30 | 32 75 51 50 48 52 51 49 44 53 52 50 45
28 260 190 150 180 125 100 130 100| 75 90 60 45 60 35 40 80 52 91 49 53 52 50 45 54 53 51 46
85 53 52 50 54 53 51 46 56 55 52 47
30 | 300 240 190| 200 150 130 150 120| 100 90 75 | 60 70 | 35 | 40 90 54 53 52 56 55 53 48 58 57 54 49
32 300 240 190 200| 150 130 150 120 100, 90 | 75 | 60 70 | 35 | 40 95 56 55 54 58 57 55 50 60 59 56 51
35 | 300 240 190| 200 150 130 150 120| 100 90 75 | 60 70 | 42 | 45 100 58 57 56 60 59 57 52 62 61 58 53
40 | 350 300 260 240 180 160 180 150 130 110 90 | 80 82 50 50 105 60 59 58 62 61 59 54 64 63 60 55
45 350 300 260 240 180 160 180 150 130 110 90 80 82 60 60 110 62 61 60 64 63 61 56 66 65 62 57

120 64 63 62 66 65 63 58 68 67 64 59
50 420 | 320| 320 | 280 200 200 210 160| 160 | 125 100 100 95 70 70
55 | 420 | 360| 360 | 280 220 200 210 180| 180 125 110 110 95 70 70
60 480 360 440 320 220 240 240 180 200 145 110 130 100 80 80
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2.4.2 The vibration limit of tapered roller bearings in table 2-61 to 2-62

Table 2-61 The vibration (by velocity) limit

m/s
Table 2-60 The vibration acceleration (dB) limit = d
Inner v V1 V2 V3
i Diameter (0) Diameter (2) Diameter (3) e e e e e R e R R e e e e
3 35/ 34| 32 28 24 44 40 36 35 3230 26 46 42 37 36 |33 31|27 47 43 17 330 550 | 550 | 240 @ 400 400 | 170 240 240 | 110 | 110 | 110
4 | 353432 28 24 44| 40 |36 35 32|30 26|46 42 37|36 (33 31 27 47|43 20 330 550 | 550 | 240 400 400 170 240 240 | 110 110 | 110
5 37/36| 34|30 26| 46 42 |38 37 3432 28 48 44 39 37 |35 33 29 49| 45 25 360 590 | 600 | 280 440 450 | 210 280 280 | 120 | 140 130
6 3736|3430 26 46 42|38 37 34|32 28 48 44 39 37 (35 33 29 49| 45 30 360 590 600 | 280 @ 440 450 210 = 280 280 | 120 140 130
7 3938 35 31 27 47 43 40 38 36|34 29 50 45 41 39 (37 35 30 51 46 35 400 640 @ 670 | 320 480 500 250 320 @ 300 | 150 = 180 | 160
8 39|38 35 31 27 47 43|40 38 36|34 29 50 45 41 39 (37 35 30 51|46 40 440 690 740 & 360 530 560 280 350 320 | 170 210 190
9 41, 40| 36|32 28 48 44 4240|3735 30 51 46 43 41 39 37 32 53 48 45 440 690 & 740 | 360 530 560 280 350 | 320 | 170 @ 210 | 190
10 | 43| 42|38 33 28 49| 44 44 42 39 35 30 51 |46 46 44 |40 37 |32 53 48 50 480 750 = 810 = 400 600 620 320 400 360 = 220 260 240
12 | 44 43 39 34 29 50 45 45 43 39|35 30 51 46 47 45 40 37 32 53 48 55 480 750 | 840 | 400 = 600 =680 = 320 400 360 | 220 | 260 | 240
15 | 45| 44|40 35 30 51 4646 44 4136 31 52 |47 48 46 |42 38 |33 | 54/ 49 60 530 | 850 | 1000 | 450 = 680 V60 & 370 = 460 = 420 | 300 & 330 | 300
17 | 46| 44| 40 35 30 51 46 47 45 4136 31 52 47 49 47 (42 38 |33 54 49
20 |47/ 45 41|36 31 52 47 |48 |46 42|38 33 54 49 |50 48 43 39 34 55 50
22 47 45/ 41 36 31 52 47 48 46 42 38 33 54 49 50 48 43 39 34 55 50 Table 2-62 The vibration (acceleration) limit
25 | 48|46 42 38 34 54 5049 |47 43 40|36 56 52 51 49 44 41|37 57| 53 dB
28 49 47 4339 35 55 51 50 48 44 41 37 57 |53 52 50 |45 42 |38 58 54
30 49| 47| 43 39 35 55 51|50 48 44 41 37|57 |53 52 50 45 42 38 58 54 :;;::e - 30200, 32200 Series 30300, 32300 Series
32 5048 4440 36 56 52 |51 49 45 42 38 58 54 53 51 |46 43 |39 59 55 i z z1 i) z Z1 72
35 | 51/49 45 41 37 57| 53|52 50 46 43 39 59 |55 54 52 |47 44 |40 60| 56
40 |53 51 46 42 38 58 54 54 52 47 44 40 60 56 56 54 |49 45 41 61 57 13 - - - 36 54 50
45 |55 53|48| 45 42 61 5856 |54/49|46 43|62 |59 58 56|51 47 44 63| 60 iy 20 5 2 o ab pd
50 | 57|54 50 47 44 63 60 58 55 51 48 45 64 61 60 57 53 49 46 65 62 au 57 a8 2t £l o 28
55 |59 56|52|49 46 65 62|60 |57 53 50 47|66 63 62 50|54 51 48| 67| 64 £ i 5 £ i 5i ol
60 |61 58|54 51 48 67 64 62 59 54 51 48 67 64 64 61 56 53 50 69 66 30 59 56 52 67 64 59
35 61 58 53 68 65 60
40 63 60 55 69 66 61
45 65 62 57 69 66 61
50 67 64 59 71 68 63
55 69 66 61 74 71 66

60 7 68 63 77 74 69
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2.4.3 The vibration limit of cylindrical roller bearings inTable 2-63 to 2-64

Inner

diameter

d/mm
15
AT
20
25
30
35
40
45
50
55
60

Inner

diameter

dimm
65
70
75
80
85
90
95
100
105
110
120

340
370
370
420
420
490
490
570
570
650
650

420
470

470 |

530
530
610
610
690
690
780
780

420
460
460
530
530
610
610
690
690
780
780

500
560
560
630
630
710
710
800
800
920
920

HF

420
460
460
530
530
610
610
690
690
780
780

LF

260
290
290
330
330
380
380
430
430
500
500

V1
IF

310
350
350
400
400
470
470
540
540
610
610

HF

310
350
350
400
400
470
470
540
540
610
610

LF

200
230
230
260
260
300
300
340
340
380
380

V2
IF

190
220
220
260
260
300
300
340
340
380
380

Table 2-63 The vibration ( by velocity ) limit

HF

190
220
220
260
260
300
300
340
340
380
380

LF

140
160
160
180
180
210
210
240
240
280
280

Table 2-64 The vibration ( by velocity) limit of single bearing

HF

500
560
560
630
630
710
710
800
800
920
920

LF

310
350
350
410
410
460
460
540
540
630
630

V1
IF

360
430
430
500
500
570
570
650
650
740
740

HF

380
430
430
500
500
570
570
650
650
740
740

LB

240
290
290
330
330
370
370
430
430
500
500

V2
IF

230
270
270
300
300
350
350
400
400
470
470

HF

230
270
270
300
300
350
350
400
400
470
470

LF

170
200
200
230
230
260
260
300
300
350
350

V3

100
110
110
130
130
150
150
170
170
190
190

120
140
140
160
160
180
180
210
210
240
240

um/s

HF

100
110
110
130
130
150
150
170
170
190
190

pm/s

HF

120
140
140
160
160
180
180
210
210
240
240
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3. Rolling bearing selection

3.1 The diagram of rolling bearing selection

Rolling bearings have been one of the most important mechanical parts due to the variety of applications it can
be used in, and the increasing needs of industry development. There are a variety of types of rolling bearings
supplied to match different needs of various applications. Selecting the right bearing has a significant
impact on its running capacity and its service life, meanwhile it's also not easy to select the right bearing for
one specific application from so many different bearings. Figure 3-1 illustrates the bearing selection process.
Please contact UBC for support in the case of special applications.

Figure 3-1 Diagram of rolling bearing selection

Understanding machine Function and structure of machine; bearing positions; load and its
and bearing application direction; rotating speed,; vibration and fluctuations; temperature of bearing
conditions and environment conditions
Select bearing Dimension limits; bearing load; rotation speed; bearing accuracy; stifiness;
category and types allowed misalignment between inner ring and outer ring; friction torque;

mounting and dismounting requirement; bearing price and stock volume

—

Select bearing size

—

Select bearing
precision
/

N T

Select bearing internal

Expected bearing life; Rated basic dynamic/static load; safety coefficient;
permissible speed and axial load; mounting space

Shaft tolerance; speed; torque range

Material and type of shaft/housing; fit; temperature difference between
inner and outer ring; allowed misalignment between inner ring and outer

G ring; load and preload; speed
Select bearing cage Speed; noise frequencies; vibration and variable load; shock load; lubricant
and its material relubrication schedule
.73 l 4
Selection of lubrication Operating temperature; speed; lubricant and relubrication schedule;
and seals seal type; maintenance and inspection
F 0 0 W

Operating environment (high/low temperature, vacuum, chemical

Select spedial healing environment); high reliability requirement

¥4

f—¢—\

Determine installation
method

——

End of selection

Mounting tolerance; procedure of mounting and dismounting

3.2 Selection of bearing type, tolerance and clearance

3.2.1 Selection of bearing type

When selecting a bearing for a specific application, both the characteristic properties and application
condition of the bearing must be taken into consideration, including load, speed, self-alignment,
allowable mounting space, accuracy, stiffness noise and vibration and axial displacement, meanwhile
without neglect of its cost and availability. Following are the key factors of bearing selection.

3.2.1.1 Bearing load

The main factor of bearing selection is the load and its magnitude, direction and type usually determines
the size of bearing.

(1) Magnitude and type of load. Generally, ball bearings are applicable for light to medium loads, as well

as static loads,while roller bearings are used for heavy and high vibration load.
(2) Direction of load.

1) Radial load
All radial bearings can accommodate radial load. NU and N design cylindrical bearings and
needle bearings can only support pure radial loads.

2) Axial Load
Thrust ball bearing and four-point contact ball bearings are suitable for light or moderate loads
that are purely axial. Thrust cylindrical roller bearings and thrust needle bearings are normally
used for heavy, purely axial load, Single direction thrust bearings can only accommodate axial
loads acting in one direction; for axial loads acting in both directions, bi-directional thrust ball
bearings are needed. For heavy alternating axial loads, two paired thrust cylindrical roller
bearings or self-aligning thrust roller bearings are needed.

3) Combined load
For combined loads, single and double row angular contact ball bearings and single row taper
roller bearings are most commonly used. Self-aligning ball bearings and NJ and NUP design
cylindrical roller bearings as well as NJ and NU design cylindrical can be used for combined
loads where the axial load is relatively small. For axial loads of alternating direction these
bearings must be combined with a second bearing.
Thrust angular ball bearings and four-point contact ball bearings as well as self-aligning thrust
roller bearings can be used for combined loads where the radial load is relatively small.

4) Moment load
Whena load acts eccentrically on a bearing, a titling moment will occur. Double row bearings, e.g.
deep groove or angular contact ball bearings, can accommodate titling moment,but paired single
row angular contact ball bearings or taper roller bearings arranged face-to-face, or back-to-back,
are more suitable.

3.2.1.2 Speed

Bearing limiting speed is the maximum rotating speed under certain load and lubrication conditions.

The limiting speed is dependent on a bearing's type, dimensions, accuracy, internal clearance, cage
material and structure, lubricants and relubrication schedule, the magnitude and direction of the load,
and heat dissipation, etc.

The limiting speed of different bearings can be found in its parameter table, and it's measured under
lubrication by oil or grease, equivalent dynamic load P<0.1C; normal lubrication and cooling; pure radial
load for radial bearings and pure axial load for thrust bearings; rigid bearing housing and shaft tolerance
of Grade 0. When the actual operation condition changes, the limiting speed can also be calculated,
e.g.,when a bearing accommodates heavy loads (P > 0.1C) or combined loads, its actual limiting speed
(rpm) would be calculated as,

n..<ffn,,

f: load coefficient refer to Figure 3-2, when a bearing is running at equivalent dynamic load P > 0.1C,
bearing contact stress increases and will generate more heat and worsen the effect of lubrication, thus
reducing the limiting speed of the bearing.
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Figure 3-2 Load coefficient Figure 3-3 Load distribution coefficient
f.: load distribution coefficient in Figure 3-3,when a bearingis running under a combined load , the number of
rollers taking load increases and will cause more friction with raceway and worsen its lubrication effect,
thus reducing the limiting speed of the bearing.
N,.: measured limiting speed from one batch of bearing sample.
To run the bearing at speeds higher values given in the bearing tables, some of the speed-limiting factors
need to be improved, such as the running accuracy, cage material and design, lubrication and heat
dissipation, and larger bearing internal clearance.
Following are some guidelines for bearing selection based on rotating speed,
(1) Ball bearings have higher limiting speed than roller bearings and ball bearings are the most
suitable selection for high speed applications.
(2) The smaller the bearing contact angle, the larger the centrifugal force subjected to the bearing.
So the limiting speed of thrust bearings are less than radial bearings and the limiting speed of single
row radial bearings is higher than double row self-aligning bearings. For light and moderate axial load,
angular contact ball bearings are the most suitable selection.
(3) For high speed applications, it's recommended to select the smaller outer diameter bearings if the
bore diameters are same. Two bearings in tandem arrangement or wide width bearings could be
used if the applied load is larger than can be supported by a single bearing

(4) The limiting speed of bearings with machined cage is higher than bearings with pressed sheet
steel cage.

3.2.1.3 Self-alignment

For the misalignment of the centerline of housing and shaft caused by manufacture and/or mounting
error, or deformation of shaft and housing, bearings with good self-alignment property would be the
preferred selection, such as self-aligning ball bearings and self—aligning roller bearings. U designation
bearings are the most suitable for when there is misalignment in bearing installation process. Needle
bearings and roller bearings are not recommended for applications where there may be shaft misalignment

3.2.1.4 Stiffness

Generally the stiffness of a rolling bearing is characterized by the magnitude of the elastic deformation
under load, which is very small and can be neglected. In some cases, however, e.g. spindle bearing
arrangements for machine tools or pinion bearing arrangements, stiffness is very important.

Because of the contact conditions between the rolling elements and raceways, roller bearings, e.g
cylindrical or taper roller bearings have a higher degree of stiffness than ball bearings. Bearing stiffness
can be further enhanced by applying a preload.

3.2.1.5 Axial displacement

UN design or N design cylindrical roller bearings and needle bearings are suitable for applications
which need the bearing moving forward or backward in the axial direction and one of the rings must
have an interference fit If non-separable bearings are used such as deep groove ball bearings or

self-aligning roller bearings, one of the rings must have a loose enough fit as to have enough freedom
of axial disblacement. Manv rollina bearinas can accommodate verv minor axial displacement bv its

3.2.1.6 Available space

When radial space is limited, bearings with a small cross section should be selected, such as needle
roller bearings, deep groove ball bearings, angular contact ball bearings, cylindrical roller bearings and
other low cross-sectional height bearings.

When axial space is limited, small width series bearings can be used, such as ball bearings or roller
bearings with width serial 0 or 1.

3.2.1.7 Mounting and dismounting

Separable bearings are preferable if frequent mounting and dismounting are required or in difficult
mounting or dismounting applications, e.g. cylindrical roller bearings and taper roller bearings. Tapered
bore bearings with an adapter sleeve can be easily mounted on a long shaft.

3.2.1.8 Others

Whether the bearings are chosen with snap ring, seal, shield or quiet running are dependent on actual
application conditions and their prices and availability.

3.2.2 Selection of bearing tolerance

Bearing tolerance selected must be matched with the accuracy of the machine. Machine's accuracy,
vibration and noise can not be fully improved by increasing bearing tolerance only, they also depend on
the precision and quality of manufacturing and mounting of the fitted components.

Each type of bearing is usually supplied with tolerance grade 0 which is applicable to general applications.
For most of machine applications, bearing with tolerance grade 0 can meet the application requirement.
For higher rotating precision, bearings with higher grade tolerance or special tolerance can be selected, e.g.
bearings for machine spindles, high precision machines and instruments. For high speed machines,
bearings with high grade tolerance are also preferable.

3.2.3 Selection of bearing clearance

Bearing internal clearance has a significant impact on its load capacity, service life and temperature
increase and noise level.Radial clearance can be defined as either initial clearance, mounting clearance or
operational clearance. Bearing initial clearance is greater than its operational clearance. The basic rated
dynamic load in the bearing table is based on zero operational clearance.

Correct selection of bearing clearance must consider the fit and temperature difference of bearing
rings and its carrying load as to achieve its best operation condition. Generally, bearings with normal
clearance are preferable for normal operating temperature and fit. Where operating and mounting conditions
differ from the normal, e.g. interference fit are used for both rings, unusual temperature differences,
external heat resource, etc, bearings with greater or smaller internal clearance are required,

For high rotating accuracy or limited axial displacement, smaller internal clearance is preferable.

For low speed or oscillating movement applications, bearings without internal clearance or preload
are often selected.

The operational clearance of angular contact ball bearings, taper roller bearings and tapered bore
bearings can be adjusted during mounting or handling process.

Under normal application conditions, bearings with Grade 0 clearance can be used if the fit tolerance of
bearing rings fall within the values given in Table 3-1.

Table 3-1 Fits for Normal internal clearance

Bearing Type Shaft Housing
Ball bearing jkeks J6
Roller bearing and needle roller bearing k5+--m3 K6
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4. Rolling bearing load and life, and limiting speed
4.1 Rolling bearing basic load rating

4.1.1 Temperature modification for bearing basic dynamic load rating

When a bearing is used in high temperature conditions , the structure of material will be changed, and
the rigidity will decrease,and then the bearing basic dynamic load rating will decrease compared with
use in normal conditions.

Once the structure of material has been
changed due to overheating, the structure
can't be recovered even if the temperature
returns to normal temperature.

Therefore, when a bearing is used in high | Bearing temperature C | 125 150 175 200 250
temperature situation, the basic dynamic e

load rating must be adjusted according to ~ Temperature coefficient 1 1 0.950.90 | 0.75
the temperature factor given in Table 4-1.

Table 4-1 Temperature coefficient

For bearings that are used in above
120 Celsius conditions, dimensional
changes will be large with normal heat

Table 4-2 Dimension stabilization treatment

treatment process, so the stabilization. e code ordimanaion The rangs of tsags
stabilization treatment temperature

treatment to maintain dimensions must be

taken.The code of dimension stabilization S0 Above 100C to 150C

treatment and the range of usage o o

temperature listed in Table 4-2, But after the 51 150C to 200C

dimension stabilization treatment, the S2 200C to 250C

rigidity of bearing will be reduced,
sometimes the basic rating dynamic load
will decrease.

4.1.2 Basic static load rating

Partly-permanent distortion will occur between rollers and the interface of raceway when the bearing
experiences too large of a static load, or is subjected to vibration at very slow speed.

The basic static load rating is calculated based on the contact stresses between the rollers and
raceway in the center of the raceway, where the roller is subjected to the greatest stress.

e Ball bearing  4200MPa (except self aligning bearing)
© Roller bearing 4000MPa i o R (formula 4-1)

The allowable value of bearing equivalent
static load depends on the bearing's
basic load rating. The limits of the
bearing's use fluctuate depending upon
the amount of plastic deformation and if
the requirements of performance and

Where : fs: Safety factor
Cy: Basic static load rating
Po: Equivalent static load

Table 4-3 Safety factor fs

operating conditions vary. f, (minimum)
Usage Conditions Ball Roller

Therefore,to analyze the degree of safety of Bearing Bearing

bearing basic load rating, the safety factor . General usage | 1.5

was established based on experience. General rotation condition

Formula 4-1 is the calculation method for Shock load 1.5 3

the safety factor and recommended safety . General usage 0.5 |

factors for various conditions are given in Infrequent rotation condition

Table 4-3 (sometimes oscillate)  Shock load or 1 2

Variable load

Note: For Thrust self-aligning roller bearing, the f,=4
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4.2 Rolling bearing equivalent load

4.2.1 Equivalent dynamic load

Many bearings encounter combined load which is a combination of radial load and axial load. Moreover,
there are various conditions of loading, for example, if the load is fluctuating

Therefore it is not possible to directly compare actual bearing load with basic dynamic load rating.The
nominal load can be used to estimate the value and direction of the actual load. In the case of neminal
load, the bearing has the life same as the condition of actual loading and speed.

The nominal load can be regarded as equivalent dynamic load, and can be expressed as P,

4.2.2 Equivalent static load

The equivalent static load is nominal load. When the bearing is stationary or rotates at very low speed, and
under the nominal load, it will cause a contact stress on the rolling elements, which is maximum at the
center of the raceway.This contact stress is the same as the actual load to which the bearing is subjected.

The radial load which goes through the center of bearing and the axial load which goes through the center
line of bearing are applied respectively for the equivalent of radial bearing and thrust bearing.

(Notes) The equation used for equivalent load is listed in table of dimension classified by bearing type.

4.2.3 Calculation of bearing load

The load to which the bearing is subjected includes the weight of bearing support , the inertia

of gear or belt and the load induced during machine rotation.

The actual exact load on a bearing is affected by many factors and as such, it is difficult to determine the
load actually applied to a bearing with a simple calculation

Therefore, we usually calculate the loading on a bearing multiplying the theoretical value by a operating
factor.

(1) Load

Though the radial load or axial load on bearing can be calculated by simple mechanical formulas, but
the actual load to which the bearing is subjected is larger than the nominal value due to shock, vibration
or a combination of the two. Therefore, we calculate the load on a bearing by multiplying the theoretical
value by a factor related to vibration or shock.

It is obtained from the equation 4-2, and the load factor listed in table 4-4.

F= f, . Fg ooooveenennnn (formula 4-1)

Where : F: Actual load, N
Fc: Theory load,N
fu: Load factor

(2) The load in belt or chain drives
The theoretical load on the belt axle can be obtained by calculation of effective belt drive force.

But the actual load can be obtained by multiplying by a theoretical load factor above and belt factor,
which is related to belt strain.

Table 4-4 Load factor f,,
Usage Condition Purpose fy
Almost no vibration or shock ~ Motor, Machine tool, Instrument 1.0-1,2

General rotation (Slight shock) Railway vehicle, Auto, Paper machine, Fan, Compressor, 1,2-2.0
Agriculture machine

Severe vibration or shock Rolling mill, Rock crushers, construction machinery, shaker screens  2.0-3.0
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4.2.4 Equivalent dynamic load in load change 4.3 Rolling bearing life
When the bearing is under a load which varies by magnitude or direction, it is necessary to calculate The life of a rolling bearing is defined as the number of revolutions at ideal condition, which the bearing
the average of the dynamic load which give the same life as the actual operating conditions. is capable of enduring before the first sign of metal fatigue occurs on one of its inner rings, outer ring or
The method for calculation of average equivalent dynamic load Pm illustrated in (1)-(4). rolling elements (or the number of operating hours at a given speed).
(3) Sine transformation Identical bearings operating under identical conditions, such as dimension, structure, material, the method
. . ; of manufacture, will have different individual operating lives . The life of a bearing can only be predicted
(1) Ladder transformation (2) Monotenously changing statistically, because the fatigue of material is not perfectly predictable. Life calculations refer only to
P 4 P a bearing population in same running condition, and a given degree of reliability, i.e. 90 %.
\ ! Pua Furthermore failures in the field are not generally caused by fatigue, but are more often caused by wear,
I A P, P, | P, / corrosion, fracture, Brinelling or overheating.
4.3.1 The calculation of bearing life
Py o [Prin Basic dynamic load rating
‘ gty ‘ s | ‘ oty ‘ Zn,l, _‘ The basic dynamic load rating is the ability to resist fatigue due to rolling. It is assumed that the load is
constant in magnitude and direction and is radial for radial bearings and axial, acting on the center of the
bearing (for thrust bearings), the basic rating life is 1, 000, 000 revolutions. The basic dynamic load rating
[ 5 b of radial bearing and thrust bearing is defined as the radial basic dynamic load rating and the axial basic
P, = \/ *l“—‘ g li L i “‘[* a o .. (5.2) P, = }7‘ e (5.3) dynamic load rating respectively, and can be defined asCr and Ca, and its value is listed in the table of
E T Era— nl, 3 bearing dimensions.
(3) Sine transformation | (4) Sine transformation (1/4 cycle of Sine wave) Basic rating life
The formula (4-3) explains the relationship between the bearing basic rating life, basic dynamic load
P B P B rating and equivalent dynamic load. If the speed is constant, it is often preferable to calculate the life
- - expressed in operating hours, using the equation (4-4).
X P / [ B, /
Cx P = b 2
(Revolution) Lo=(7) —— (formula 4-3)  (Time) Lyg= 2 (£)'—— (formula 4-4)
0 0 where: Lso. basic rating life, millions of revolutions P, equivalent dynamic bearing load, N
| iy \ | Zagly \ L1op: basic rating, operating hours n. rotational speed, r/min
C. basic dynamic load rating, N p. exponent of the life equation
3 for ball bearings  10/3 for roller bearings
P,= 0.68 P ...... (5.4) Po= 075P 0 ooenn (5.5)
4.3.2 Rating life modification
L10 is the basic rating life at 90% reliability, but sometimes a reliability of higher than 90% is needed
In (1)~(4) based on a different usage.
g
P.. The average of equivalent dynamic load, N Furthermore, the bearing life can be extended by using special materials, and also be influenced by

usage condition, such as lubrication.

P:. The equivalent dynamic load on loading time t, at speed n;, N T : i ;
' q Y o ! p ! Considering these factors mentioned above,the basic life rating is used to determine modified rated life

P, The equivalent dynamic load on loading time t, at speed n,, N

Ly=aaaly—— (formula 4-5)

P,. The equivalent dynamic load on loading time tn at speed nn, N
P The minimum of equivalent dynamic load, N where: Lna; modified rated life, millions of revolutions. Lna is life at 100-n%reliability considering bearing
" : characteristics and usage condition. N% is the failure rate.

Prax The maximum of equivalent dynamic load, N L1o. basic rating life (at 90% reliability), millions of revolutions
Y. The total rotation on ti+;+...1, aq. reliability coefficient
P Index az. bearing characteristic coefficient
Ball bearing........... p=3 az. usage condition coefficient
Roller bearing......... P=10/3 {Note} More attention should be paid to the tolerance of shaft and housing, when selecting a bearing

for a reliability of higher than 90%.
The average of speed can be calculated by
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(1) Reliability Factor a,

When calculating the bearing life based on the Reliability>=90% (Failure Probability<=10%), choose the
Reliability Factor a, in Table 4-5.

Table 4-5 Reliability factor a,

Reliability % Loy a
90 Liga 1
95 Lo 0.62
96 Ly, 0.53
97 Ls, 0.44
98 L,, 0.33
99 L, 0.21

(2) Characteristic Factor a;,

According to the material, designation and manufacturing process, the characteristic related to the life of
bearing may be changed. We use a, for correction.

According to testing, high quality vacuum carbon deoxidized steel, as a standard bearing material, can
obviously extend the bearing life. All the basic dynamic load ratings in the table of bearing dimension are
based on this material, and therefore a,=1.

Otherwise, for material which are designed for extending the bearing life, a, >1.

(3) Application Environment Factor a,

The application environment (especially the lubrication) has a direct influence on the bearing life. We
use a, for correction.

When lubricated correctly, a;=1. And we use a;>1 in situations with excellent lubrication.
But for the below conditions, a; <1.
» kinematic viscosity is decreasing when running.
[ For ball bearing, vis_cosit)_t isl less than 13mm?/s; ]
For roller bearing, viscosity is less than 20mm?/s.
o There is contamination in the lubricant.
* When inner ring is quite skewed compared with the outer ring, and the rigidity is decreases when
in high temperature environment, we must correct the basic dynamic load rating with temperature
factor. (according to the Table 4-1).
* The speed is quite low, as the pitch diameter of the roller element multiplied by the speed is less
than 10000.
[Note] Even with special material (a;>1), a;xa,>1 is not valid without proper lubrication. Consequently,
in this situation (a.<1), a,=1.
Because we can not separate a, with a;, it is sometimes recommended to use a combined correction factor
a23.

4.4 Limit Speed of Rolling Bearing

The speed of a bearing is restricted by the heat caused by friction. After exceeding limit speed, a bearing
will fail due to overheating.

The limit speed of a bearing is defined as that at which a bearing can run continuously rather than
overheat by the heat caused by friction.

Consequently, the limit speed of a bearing is determined by the type,dimension,precision of the bearing,
the type, quality, quantity of the lubrication, the material, type of the cage, the loads and so on.

The limit speeds of all kinds of bearings for grease and oil lubrication are shown separately on bearing
dimension table, the value represents the limit value when bearing in normal condition (C/P =13, Fal Fr
=0.25)

Besides, lubricants, according to their types and series, may excel at some functions, but is not
suitable for high-speed applications

4.4.1 Correction for Limit Speed

When C/P<13 (the equivalent dynamic load is larger than 8% of the basic load rating C), or the axial
load is larger than 25% of the radial load in combined load, we use formula 4-6 for correction.

n=f1:f2meeeees (4-6)

where:  n,: limit speed after correction, R/imin C: basic load rating, N {kgf}

f1: correction factor related to load P: equivalent dynamic load
f2: correction factor related to combined load Fr: radial load, N {kgf}
n: limit speed in normal condition, R/min Fa: axial load, N {kgf}

Plot 4-2 correction factor related
synthesize load f2

Plot 4-1 correction factor related load f1

1.0 — 1.0
0.
9 =
£ 08 09
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0.6
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C
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4.4.2 Limit speed of Sealed Ball Bearings

The limit speed of ball bearings with contact seals (type RS) is restricted by the surface speed of the
seals interface. This limit of the surface speed is determined by the rubber material of the seals.

4.4.3 Recommendations for High Speed Applications

When a bearing must run at high speed, especially when it's approaching or over the maximum listed

speed, recommendations are listed below.

(1) use of precision bearings;

(2) Reviewing the internal clearance (the internal clearance decreases as a result of increase in
temperature)

(3) Reviewing the material and type of cage (for high speed application,we prefer machined copper alloy

and phenolic resin cage, besides, molding synthetic resin cage is applicable )

(4) Reviewing the lubrication (we recommend lubrication methods that are suitable for high-speed rotation,

such as, cycle lubrication, injection lubrication, oil mist and oil air lubrication)

4.4.4 Friction Factor of Bearing (Reference)

Compared with a sliding bearing, the friction torque of the rolling bearing can be calculated according
to the inner diameter as following:

d
M=uP 75

where:  M: friction torque, Nm, M{kgf, mm} P: load, N{kgf}
u: friction factor, table 4-6 d: nominal bore diameter, mm

The type of the bearing, the load, the speed and the type of lubrication, all have a big influence on the

friction factor, Generally, when under constant speed, the friction factor listed in Table 7.1,
Generally speaking, for sliding bearing, y=0.01~0.02. Sometimes u=0.1~0.2.

Table 4-6 Friction coefficient of each type bearing

The type of bearing Friction coefficient 1
Deep groove ball bearing 0.0010-0.0015
Angular contact ball bearing 0.0012-0.0020

Self-aligning ball bearing

Cylindrical roller bearing 0.0008-0.0012

Full-complement 0.0025-0.0035
Needle roller bearing with cage 0.0020-0.0030
Taper roller bearing 0.0017-0.0025
Self-aligning roller bearing 0.0020-0.0025
Thrust ball bearing 0.0010-0.0015
Thrust self-aligning roller bearing 0.0020-0.0025

5. Basic types of rolling bearing support structures
5.1 Rolling bearing arrangements and common methods of bearing support

5.1.1 Bearing arrangements

The arrangements of mechanical drive shafts, the shafts of machine tool, generally require two supports.
Every support is composed of one or several bearings. The radial bearing, such as deep groove ball
bearing, can be used in two supports if the bearings support the radial load only, sometimes taper roller
bearings can be used for the convenience of mounting and dismounting. When supporting combined
load, generally taper roller bearing, angular contact ball bearing can be used, these two types bearings
can't be used singly or several bearings used in series in one direction, but two bearings must be used
together.The types of arrangements are listed in Table 5-1.

Table 5-1 The basic arrangements of bearings

The Type of Bearing Diagram Characteristic
The center of load acting outside the

center line of bearing, the span between

Back-to-back i @ supports is long, the length of cantilever
arrangement 7 is short, and the stiffness is large. It
(DB) / _\_ / does not readily seize as a result of
thermal expansion or change in clearance

The center of load acting inside the

center line of bearing, the span between

Face-to-face ST supports is short, simple structure, easy
arrangement - for mounting and dismounting. It readily
D \ A seizes with thermal expansion and therefore

is generally used for closely spaced supports,
be sure to carefully adjust clearance

The center of loading acts on the same
side as the center line of the bearing, This
@ arrangement usually applied in the

Tandem situation in which axial load is large, and
(DT) l\ l\_ requires multiple bearings to support the

load. It must be applied symmetrically,
such as face-to-face or back-to-back.

5.1.2 The basic structure of bearing support

Generally, locating in the radial direction needs two supports, and there are three types of axial locating:
two locating supports, one locating and one floating supports and two floating supports.

(1) Two locating supports.The position between bearing and shaft and bore of the housing (See plot 1
in table 5-3). Under the axial load, one bearing surface is in contact with a stop and there is a gap A
between another bearing surface and another bearing end plate, and the gap can be used to compensate
for thermal expansion. If the gap is too large, the vibration of the shaft will be too severe, but on the other
hand, if the gap is too small, it can't adequately compensate for thermal expansion. For a steel shaft, the
value of /A can be calculated by using below equation.

A= 12%16°LAt + 0.15, mm
Where, L : the length of shaft, mm
At: the change of shaft temperature, “C
Generally,the value of A is 0.5~1mm,and it can be adjusted with clearance during mounting.This support
is suitable where only radial load or small axial load is encountered.

If the shaft accommodates a combined load, it's typical to use the two locating supports,which are
composed of the arrangement of face to face or back to back pair of angular contact ball bearing or taper
roller bearing (See plot 4, 5, 6 in table 5-3). The clearance or preload can be modified by adjusting the

AB0
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axial ovement of bearing clearance relative to bearing stoppers. The structure is very suitable for

; ; : | Bearing Arrangement
machines that need high running accuracy. Support Di : il Axial Load Accum@odalte Olhers_ )
) ) ) o ) Type iagLa 3 18l Load ghatt Expansion Characteristics
(2) One locating and cne floating support. For this structure, the position between bearing and shaft or Locating Non-locating
housing bore is fixed at one shaft end so the shaft can be axially located (See plot 8 in table5-3) At Dynamic i High soaed
ancther shaft end, there is relative movement between bearing and‘shaft or housing bore, so that s 31 | Deep groove ball Deep groove between outer ring Sk,?]pée strickire
the thermal expansion and any error from manufacturing and mounting can be compensated for. Foi o, bearing ball bearing of radial ball and convenience
* e i : 1 ¢ 1 " (atright side) (at left side) bearing at right side  of mounting and
In this support,the precision of axial location depends on the axial clearance of the located bearing. and housing bore  dismounting
Therefore, the precision of locating support composed of a pair of angular contact ball bearing or taper
: : N s : : . P —
roller bearing or radial bearing is higher compared with using a pair of deep groove ball bearing. - = Deep groove ball Cylindrical aé";%gnsvg:ﬁel;rse
This structure is applicable to standard conditions and so this structure is widely used for the shafts of T = bearing roller bearing of mounting and
various machine tools, such as shafts that operate at high temperature or long shafts (at left side) (at left side) dismounting
(3) Two floating supports. For this structure, the axial position of the shaft does not need to be precisely Angular contact ball T Roller can move
located by two bearings, such as in the herringbone driving gear, this structure is generally used in the = Q0 EeaLI\:Q gair:d mounted w’,’l;’; k.mnec:ring ax\taily.relallve to
pinion shaft. The meshing portion of the gear can self-locate by floating as needed, and it helps to have = Q! (:]C,ié,?{s%ce) (at left side) oulerLing raoeway lTﬁmvem?m of
enough gap at the two sides of bearing. zdngﬁts@ Sl
Almost all bearings which do not require adjustment can be used as a floating support, except deep groove L e gggﬁ:‘a; ;:;;th ball Cyjindrical preload
ball bearing. = QQ’: mounted face-to-face {:ﬂfe’ﬂb:gg]‘g
The familiar type and characteristics of support structure listed in table 5-2, and the typical structure of b= (at right side)
bearing support listed in table 5-3. e —— High speed,
o . ball bearing and Cylindrical compact
Table5-2 Familiar type and characteristics of support structure i __, cylindrical roller bearing roller bearing structure and
E__._%_E—’: which outer ring has no  (at left side) Ca; can endure large
{ ) L ) commodate Shaft = =1 flange (at right side aengure radial loads
Siipadt Diagram Bearing Arrangement  Axial Load feny b i Sl gelgo ) axial loads
Type g lase] g Expansion haracteristics ) :
Lccagng Three points contact  Taper bore in both I,
an accomimodata ﬂoaar;ing | ball bearing and double rows | direction | Roller at left side il rE;diaul Ioa;ls
; axial loads in The clearance between = == cylindrical roller bearing cylindrical can move axially : 5 ¢
SR ';‘ pair of deep groove ball gioge girection | outer ring cover and end support | == == which outer ring has no roller bearing relative to outer :'gh zﬁffness of
o] T, bearings (one side which plates flange (at right side) (at right side) ring raceway Hep
has no clearance) High speed, Cylindrical
o) 31 | A pair of outer spherical simple structure : Taper roller bearing roller bearing
5 and = & &  paired mounted with outer ring i
‘g ' |deepgroove ball bearings Can convenient to = % &' back-to-back has external Ca('; e':"_’“lrf a;lal
A pair of angular contact mounting and (at right side) flange (at left and radial loads,
o & ball bearing with Acchmifaddic i dismounting side) simple structure,
o3 By fagoctont i a_xlaW t_oads in both | Bearing clearance &\ TdreaTraller and convenient
ace-lo-face arrangement | girections Taper roller bearing poaring with to adjust
0y 1 Apair of angular contact = g ?alrmtio r?cunted outer rng has
o &, ballbearing with = S ag,e; 3 a%a external flange
back-to-back arrangement (at right side) (atleft side)
" - Can i
0 A pair of cylindrical roller The clearance between Angular Dynamic fit
= =i bleing w)r‘wich outerring | 26Commodate | g ter ring cover and end SO 00 Angular contactball  contact ball between outer ring
= =l | has sing,ile flange small axial loads plates i y bearing paired mounted pearing paired of bearing at left  High speed
= 0 in both directions Simple QO o9 back-t&-b%ck mounted Can side and housing
locating = 1z &/ | Apair of taper roller structure and (at right side) (series) endure bore
supports % ; bearing with face-to-face CO"V“-t("'e"CGdLU e " - ﬁ:‘?olllﬁads
[ A mounting an rust angular contaci . . = 5
i 1 arrangement dismcun%ng ball bearing in both Cyl\ndncall diraction Rcllgr Dfle& ngh' running
A pair of 1l = -6 == directions and taper roller bearing bearing axial precision, can
S 2 pair of taper roller === e P with inner ring mave relatively to | endure axial and
= .| bearing with back-to-back = '©~0'3| |bore double rows having no inner ring raceway radial loads, high
& ' arangement cylindrical roller bearing 9 9 Y i + g
(at right side) flange stiffness
o o Twao sets combined of Can Used for
:EHE: deep groove ball bearing | accommodate vertical shaft Can Dynamicfit ~ Rollers of the bearings
an rust ball bearng i wi oW spee = ot accommeodat between outer ring i
d thrust ball b axial loads in ith | d & 0 | aiotanharionn idice s v d {‘ bf h‘Nh L t of the two sides move
both directions  Bearing clearance == o | A Parolspnercalrolerbearing. 18 ads i boih beang and relative o outer ring
OO "4y, | Angular contact ball increase because of shaft| ).y 1or shaft drsctions. | Bousia raceways
PRy o bearing series with thermal expansion, and with high speed 9
o back-to-back arrangement the preload depends on Applicable for a
the compressed spring. = == A pair of cylindrical roller bearings shaft which is under  Applied in
The combination of deep " = = Can not large radial load and ' situation that
; Stiffness of the Two
Ho == groove ball bearing, thrust support can be norHocating accommod | can self-align have
H ball bearing and double Bearing clearance pp supports ate axial requirements of
da ‘0= vl enhanced by PP Needle at two ina |
row cylindrical roller : — = | A pair of dl ller beari loads g shaft moving in
radial preload = = pair of needle roller bearings sides supports ial directi
baaring wih taper.bore = == | without inner rinas rniia Flaas i | BN AL Sirection
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Table5-3 The typical structure of bearing support

Number Structure Type

Characteristic and Application Number

Deep groove ball bearing, bearing axially fixed
by housing cover. There isn't large clearance
(0.5~1mm) between outer ring of right side
bearing and housing cover to move;This type
needs a felt seal and lubrication oil, it is suitable
for light load, the sliding speed of felt seal is
maximum of v<=4-5 m/s, and requires clean
environment.

Structure Type

Characteristic and Application

There are the below advantages compared to
design #5

1, The allowable shaft expansion is large.

2, The stifiness of structure is good.

The design is basically same as Number 1
design, the difference is embedded housing
cover; Necessary bearing axial clearance is
ensured by adjusting shim between outer ring of
right side bearing and housing shim; grooved
seal,

Cylindrical roller bearing, its inner ring has no
flange, and there is clearance between outer
ring (right side in diagram) of bearing and
adjustment shim; combined seal. It is suitable for
large, purely radial loads, difficult operating
environments and bearing span is less than
600mm.

v

.

7

an

Angular contact ball bearing, labyrinth seal; it
depends on adjustment shim between housing
cover and box, a suitable axial clearance is
needed when mounting; and can support radial
load and bidirectional axial load, It is suitable for
light load, high speed,and bearing span is less
than 300mm.

It is suitable to support a small taper gear, there
are the below advantages compared to design #
6

1, Bearing which supports small radial load
supports axial load.

2, Axial clearance of bearing adjusted by
adjusting the shim between housing cover and
ring.

3, Sir_ﬂpfe strucn{re, for_gexample, there isn't the

[i=]

7

g

)
II;}II

AT

L

The design is basically same as above design,
the difference is the shaft bi-directional axially
fixed on right-side of bearing; and can support
radial load and limited bidirectional axial load.
Adding an oil baffle can be used to prevent
grease loss. It is applicable to supports with a
large span,

Bidirectional thrust ball bearing and deep groove
ball bearing mounted at right side, and
removable deep groove ball bearing mounted at
left side. It can support very large bidirectional
axial load, and also support radial load
simultaneously.  Large  displacement is
permitted. Suitable axial clearance can be
achieved through the adjustment of the shim
between housing cover and housing bore.

Cylindrical Roller Bearing with no-rib outer ring.
In the double-helical gear drive, a shaft (often a
high-speed shaft) is required to use the scheme
that the shaft can travel bidirectionally, so that
the teeth on both sides can be automatically
adjusted to uniform force. Reversed oil seal is
adopted.

5.2 Axial fitting

Axial fitting includes both axially locating and axially retained types.

5.2.1 Axial locating

Generally, the inner and outer rings are located by the shoulder of
shaft or housing bore. To guarantee the contact between the
bearing end plates and shoulder, and to prevent friction between
fillet and transition angle (see diagram 5-1), the maximal of fillet
radius of shaft and housing bore should comply with the rules
listed

in table 54.

% i

The height of shoulder is not only to guarantee full contact L.
between shoulder and bearing end plates, but also convenient for

the usage of mounting and dismounting tools. Generally the
minimum shoulder height should be in accordance with the

reauirements listed in Table 5-5

Diagram 5-1 The relationship
between bearing fillet radius ra
and heiaht h of housina shoulder
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Table 5-4 the maximum value of fillet radius of shaft and housing bore

mm
The Minimum of Bearing Single r The Minimum of Bearing Single r
Direction Fillet % Direction Fillet 7
0.05 0.05 2.0 2.0
0.08 0.08 2.4 2.1
0.10 0.10 3.0 2.5
0.15 015 4.0 31
0.20 0.20 5.0 4.0
0.30 0.30 6.0 5.0
0.60 0.60 7.5 6.0
1.00 1.00 9.5 8.0
1.10 1.10 12.0 10.0
1.50 1550 15.0 12.0
Table 5-5 The minimum of housing shoulder height mm
Minimum of The Minimum of h Minimum of The Minimum of h
Bearing Single Normal Special Bearing Single Normal Special
Direction Fillet — Condition Conditior’ Direction Fillet ~ condition Conditiort”
0.05 0.2 - 2.0 5 4.5
0.08 0.3 - 2.0 6 5.5
0.10 0.4 - 3.0 7 6.5
0.15 0.6 - 4.0 ) 8.0
0.20 0.8 - 5.0 11 10.0
0.30 1.2 1.0 6.0 14 12.0
0.60 2.5 2.0 7.8 18 -
1.00 i3] 2.5 9.5 22 -
1.10 3.3 3.5 12.0 27 -
1.50 4.5 4.0 15.0 32 -

(1) Special condition means thrust load is very small, or small housing shoulder is required.

5.2.2 Axially retained

The axial retention of a bearing includes retained inner ring at shaft and outer ring in housing bore.
Although axially retained bearings are required for both inner and outer ring, but do not need to be fixed
simultaneously. For the structure of two locating supports, it only needs to be fixed in one direction because
every bearing only supports a single-direction axial load. For the structure of one locating and one floating
support, because the bearing in the locating support is under bi-directional axial loading, so it needs to be
secured in both directions, and the fixing structures for the floating bearing depend on the type of bearing
and the mode of floating.

There are many types of methods for axial retention. The selection depends on the axial load, speed, the
type of bearing, mounting position and dismounting environment, The higher the load and speed, the more
reliability is required for axial retention. In this situation, lock nuts and snap collar are often used for inner
ring, and end plates for outer ring. If the load is smaller and the speed is lower, spring collar and snap ring
are often applied for inner and outer ring. The general methods for inner and outer ring listed in table5-6
and table 5-7.

Table 5-6 Normal methods of fixing of bearing inner ring

Diagram Retention Type Application and Characteristic

Simple structure, convenient for
mounting and dismounting, takes up
minimal space, often applied for fixing
radial bearings.

’_ %—D Fixed by Spring collar

Diagram

Retention Type

Inner ring fixed by nut and
snap ring

Inner ring fixed by nut-2,and
loosening is prevented by set
screw-1, shim-3 is made of
soft metal to enhance the
effectiveness of prevention
of loosening and mitigate

against damage of the threads

Application and Characteristic

Simple structure, convenient for
mounting and dismounting, and
high fixed reliability.

Often applied in ends support or
middle support of machine tool
shaft.

Inner ring fixed by two nuts
and a sleeve.

Two nuts have a highly reliable
prevention of loosening and the
sleeve can prevent misalignment
of the nuts

d,
d;

Inner ring fixed by nut with
two grooves, bolt used to
prevent loosening.

Inner ring fixed by ladder

sleeve, interference fit for
sleeve and shaft diameter
d1 and d2.

It can guarantee the nut cover is
vertical to the center line of shaft,
applicable for a vertical shaft of
machine tool.

This type of fit is applicable for a
high-speed shaft of a high-precision
machine tool and it can compensate for
any misalignment between the end-face
of the nut and the axis. First mount the
sleeve on shaft by heating, after it has
cooled, expand the sleeveby injecting
pressurized oil between sleeve and
shaft. then adjust the position of sleeve
by nuts.

Bearing fixed by bolts and
plate, and looseness is
prevented by a spring shim.

This type can't adjust the bearing
clearance, often applied in the
condition of shaft diameter > 70mm,
high speed, and without turning
thread on shaft.

Inner bore with taper
matched to the taper
bearing, and fixed by shim
and nuts.

The bearing radial clearance can be
adjusted, and suitable for a bearing
with tapered bore.

inner ring fixed by set
sleeve, nuts, and snap ring.

Axial position and radial clearance of
bearing can be adjusted. It's
convenient for mounting and
dismounting, often applied for fixing
inner ring of self-aligning bearing.
This type is applicable to supports
with several pivots and when it is
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Table 5-7 Normal methods of fixing of bearing outer ring

Diagram

Retention Type

Quter ring fixed by cover

Quter ring fixed by Spring
collar

Characteristic

Simple structure, strong retention ,
convenient for mounting and
dismounting

Simple structure, convenient for
mounting and dismounting,
requires a small space, often

applied on radial bearings.

Quter ring fixed by snap ring

Quter located by housing
shoulder, and the support
fixed by bolt or plate.

Simple structure, Applicable when
axial space is limited

Simple structure and high reliability.

Quter located by shoulder
on sleeve, and the support
fixed by bolt or end plates.

QOuter ring fixed by bolt and
top cover

Simple structure, housing bore can
be a open bore, the axial position
can be adjusted by shims, and

has a simple assembly procedure

Convenient to adjust clearance,
and often applied for fixing
angular contact ball bearing and
taper roller bearing.

5.3 Rolling bearings preload

5.3.1 The characteristics, theory and types of bearing preload

Bearing preload is defined as a given quantity of initial force and elastic deformation which is maintained
between rolling elements and raceway when mounting to reduce the actual bearing deformation under
running load.

Suitable preload can increase the support stiffness, running accuracy, life, dampening, and can reduce
running noise. Research shows that preload can have both a positive and negative effect on accuracy, life,
dampening and noise. In moderation, preload has an obvious effect on running accuracy, stiffness, life,
dampening and reducing noise, but on the contrary, when the preload reaches a given degree, the
improvement will not be noticeable if the preload is further enhanced, and the more the preload, the higher
the temperature, and the faster bearing life declines. Therefore, the bearing preload should be appropriate.

For bearings in a precision machine tool, their temperature increase has a limit, table 5-8 lists permissible
temperature of each precision machine tool bearing under high speed, unloaded and continuous running.
The ambient temperature is 20 Celsius, and lubricated well. If the ambient temperature is not 20 centigrade,
an adjusted value can be calculated by the below equation because of the change of lubricant viscosity.

T:T:<a+K:(f‘20}
Where, K, is lubrication correction factor, and K, depends on the selected lubricant. K= 0.6~0.5 if
L-HM-L-HV.HS 662 and 32 liquefied oil are applied, and if applies 3~6 shaft lubricant, Then K=
0.85~0.8, and K. = 0.9 if grease applied.

Table 5-8 The permissible temperature of each precision

The precision level of machine tool

Normal Level small-type Machine tool 45 - 50
large-scale Machine tool 50 - 55
Precision Level 35-40
High Precision Level 28-30

The bearing preload depends on the relative movement between inner ring and outer ring, and for a thrust
bearing, the preload depends on the relative movement between bearing ring and seating. The preload can
eliminate the clearance and achieve suitable interference. Preload can be divided into radial preload and
axial preload based on the direction of preload, and and preload also can be divided into located preload and
static preload. In actual operation, located preload is applied for ball bearings where as static preload is
applied to cylindrical roller bearings.

5.3.2 Radial preload

Radial preload utilizes an interference fit between bearing and shaft seating, so that the radial clearance can
be eliminated and the pre-deformation can be achieved through the bearing inner ring expanding or outer
ring compressing.

For bearings with a tapered bore, different expansion can be achieved depending on the different locating of
bearing inner ring on the cylindrical shaft seating. The preload structure illustrated in the design of support
structure in this chapter.

5.3.3 Axial preload

(1) Located preload means the bearing is statically positioned in the axial direction, see figure 5-2. The
preload can be achieved by the difference in width of spacer sleeve between two bearings or through the
width of inner and outer ferrule on thin seating.

(2) Constant pressure preload means the bearing is under a static axial force, see figure 5-3. The preload
can be achieved through the spring compression.
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(6) Minimum axial preload. For angular contact ball bearing, taper roller bearing, thrust ball bearing,
thrust roller bearing, have centrifugal forces acting on them when in rotation and there is the possibility
of sliding between between roller and raceway.To ensure the bearing functions properly, a certain axial
preload must be used, the minimum axial preload Famin listed in table 5-11.

AG9
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Table 5-10 Bearing preload and gap distance

nm

A8 Ab:(Face-to-Face or Back-to-Back), 46, A8: (Tandem)

Bearing Ac &
[ T000A 7200A
Preload  S°1eS 7000C 7200C 7200B 73008
d/mm
< Ml-elgmm Heavy Ml;gmm Heavy Mligmm Heavy  Light Medium Heavy
> to min max min max min max min max min max min max min max min max min max
- 18 05+05 -1 | +1 -05+05 -1 +1 -05+0.5-05+05 -0.5+0.5-0.5 +0.5-0.5 +0.5
18 30 40+ A4+ 1+ 1+ |-05+05 -1 +1 -05+05-05+05 -1  +1
30 50 1+ 1+ 1+ -15+15-05+H5 1 +1 -05+H5 -1 +1 -1 +1
50 80 -1 +1 -1.5+15/-15/+15 -2 [+2 | -1 +1 |-15+15 -1 +1 | -1 |+ |-15+15
30 120 2 42 2 |42 2 | 42|-25+425 1+ A5 #15 1 +1 2 42| 2 | +2
120 150 2 |42 | 2 |+2|-25+25 -3 |43 |1 |#1 |2 |42 |1 |+1 |2 |42 | -3 |+3

Note:for these paired bearing with inner diameter d>150mm, the tolerance gap distance between two bearings is A5
1£A82, itis permitted that the gap distance is 1 pm larger than the value listed in the d = 120~150mm row.

Table5-11 Preload of angular contact ball bearing paired mounted

’ Under Load Famin .
Bearing Types _ Description
Pure Axial Load Combined Load
F 1 Radial load supported
Angular contact _ Z=1.7F,1+tanag - 3 by bearing |
ball bearing = = 0-35Fa P KN
Z1.7F jptanaq] =g F 1] — Radial load supported
by bearing Il
Taper roller 2[.9F‘]lanal-% Lt
E;Jpearr:'nge =0.5Fa M A1 , 91— Contact angle of
. Selec g
Z1.9F, || tanaj] - 3 P, bearing |, Il
Thrust ball n_y? £ Fidalload, KN
bearng  ~A(7000) F Radial load, KN
Cylindrical Coa _ . Coa — Bearing basic static
tay ::r :(')‘I:;r 1000 =Famin> load rating, KN (Listed
oL P iyl b2 in table of bearing
REREEENd A( IOO{]) dimension, 2 chapter)
Self-aligning Coa . A —— Minimum constant of
roller thrust = : L\ load (Listed in table of
bearing DG Famiel 'SF’JrA( 1000) bear‘[f'lg dimension, 2
Theust dl Cod i 2 chapter)
rust needle ; : .
bearing 2000 <Famin=1 'SF‘+A( IOOO) n Speed, r/min

5.3.5 The control of preload and design of preload structure

In actual operation, it's difficult to achieve optimal clearance by calculation and measurement. For the
last mounting step of angular contact ball bearing, taper roller bearing and taper bore double row
cylindrical roller bearing, it is required to adjust clearance precisely, that is to say to control the preload.
Especially, for these shafts that have a strict requirement of running accuracy, noise and temperature
increase, such as shafts of machine tools, clearance needs to be adjusted not only during first time
mounting, but also in operation, There are many methods for controlling preload. Several methods for
controlling preload and the issues related to the design of preload structures are explained below.

(1) Several methods for controlling preload.

=

. Measure the bearing rotational torque during acceleration. Measure the relationship between the
bearing rotational torque and axial load in advance, so that the preload can be adjusted by
controlling rotational torque. This method is often applied for the preload of a mounted pair of
tapered roller bearings

2. Measure the bearing axial displacement. For taper bore bearing, measure the relationship
between axial load and axial displacement in advance, so that the preload can be adjusted by
controlling the axial displacement.

3. Measure the deformation of preload spring. Measure the relationship between the spring
preload and deformation beforehand, so that the constant pressure preload can be adjusted
by controlling the deformation.

4. Measure the holding torque of the nut. Adjusting the preload to control the holding torque of the
nut when a bearing preloaded with a nut is used

5. Pad with bearing end plates (No.4 diagram in Table 5-3). Tightening the one bearing end
plate, not shimming another bearing, and screwing down the bolt. If the shaft can't rotate
freely, it means that there is no clearance between bearing and shaft, so measure the gap
between the end plate and housing cover using a gauge, then the thickness of shim can be
calculated by adding this gap and necessary clearance.

6. The length of the spacer sleeve of the inner ring can be calculated based on the length of the

spacer sleeve of the outer ring and bearing dimension, and it also can be directly measured.

(2) Measurement and control of preload. At present, it's difficult to measure a bearing's preload while in
operation with common tools, the most common method of measuring axial and radial displacement or
rotational torque is by using a dial gauge and rarely by using using special instruments, Some bearing
companies overseas detect and adjust the preload by using special instruments and have some tools for
controlling the preload, to achieve the optimal preload.

(3) Some problems should be paid attention in the design of preload structure.

1. Application of compressed spring to constant pressure preload, and the spring dimension and
parameter can be decided by calculation, the design is convenient for adjusting preload.

2. Though the located preload can meet the preload requirement, but the precision of initial
preload will be affected when the bearing is running due to friction.Therefore, the design of preload
structure should be convenient to adjust.

3. To achieve a simple and convenient means for adjusting preload, a spacer sleeve is placed between
two inner rings or two outer rings, and the preload can be adjusted by nuts.

4. When adjusting preload by nuts, the selection of the design of the nut and the precision of its
manufacture have a great impact on the control of preload and the adjustment precision.
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5.4 Rolling bearing fit
5.4.1 Purpose of the load

The purpose of the fit is to firmly seat the bearing inner ring and outer ring with shaft and housing, and
prevent harmful axial direction slippage of mating surfaces.

This will cause abnormal high temperature, mating surface wear (wear particles will enter the bearing)
and vibration and other problems which will prevent the full function of the bearing.

The bearing is generally rotating with the load.

5.4.2 Tolerances and fit of shaft and housing

Metric series tolerances of shaft and housing bore by GB/T275-93 <<roll bearings with shaft and shell
fit>> standardization .

For shaft and housing fit tolerances for bearing precision class PO, see figure 5-5

5.4.3 Selection of fit

General principles are below:
It must be taken into account whether the inner or outer ring is rotating and whether the load itself is

stationary or rotating. A ferrule is used when there is interference fit for rotating loads or the direction
of loading is indeterminate as well as for transition fit and clearance fit with a stationary load.

When the bearings have too large of a load, vibration and shock, the interference must be increased.
For a hollow shaft, thin-wall housing, light alloy or plastic housing, the interference must also be increased.
For high precision applications, which use a high-precision bearing, more carefully control shaft and housing
tolerances and avoid too large of an interference. If it is too large, it could it can affect the precision of
the shaft and housing and negatively affect bearing rotating precision.

Interference is used with a non-separable bearing but such a bearing is not easy to mount and dismount
as one using a clearance fit on the inner ring.

5.4.3.1 Property of the load
’ F7 : ;
Basic load types, thereare three interference fit
different conditions: inner ring
. . ; 6|G7 —
rotatingload, outer ring rotating g e | s o
load and direction of load R A e I ;\-‘Tlhw
: ; ; — oW
indeterminate, see figure 5-12. L [K6|k7 M6IMT| b | geviation of
| L N7 the bearing
clearance fit |7 | [_inner radial
transition fit L |
clearance fit
transition fit
k5| ke ADmp
A J53|js6 Tolerance
Tl_lﬂl hﬁ‘ 17 I_‘— of bearing
Precision | B0 inner
';'::r?n'g f6 interference fit | L_diameter
0 class

Figure 5-5 Shaft and shell fit relation of size tolerances
(Class PO precision for bearing)

Table 5-12 Property of the load and fit of Relationship
Operating Conditions Load Condition Schematic lllustration Recommended Fits
Rotating inner ring

Stationary outer ring
Constant load direction

stationary Rotating load Interference fit
load on inner ring for inner ring
Rotating load Stationary load Loose fit for
on outer ring outer ring
Stationary inner ring
Rotating outer ring
Load rotates with outer
ring
Stationary inner ring 7
Rotating outer ring
Constant load direction
stationary Stationary load Loose fit for
load on inner ring inner ring
N Rotating load Interference
Rotating load ; fit for outer
Rotating inner ring on outer ring ring

Stationary outer ring
Load rotates with outer
ring

5.4.3.2 Magnitude of the load

The influence of a rotating load on a ring may cause it to creep, the degree of interference must therefore
be related to the magnitude of the load.

Interference calculation:

[IfF,=<0.25C,] [fF, > 0.25C,]
Adp=0.0 8/ F, X 10° o (5-1) Ade=002E 5 10° o (5-2)

Adp : Interference decrease of inner ring, mm

d : Nominal bore diameter , mm

B : Nominal width of inner ring, mm

Fr: Radial load , N(kgf)

Cy : Rated stationary load , N(kgf)

So the heavier the load (Cy>25%), the greater the interference fit required, shock load needs to be
considered.
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5.4.3.3 Effect of surface roughness on mating surfaces

Taking into account the plastic deformation of matched surfaces, the quality of the surfaces will affect
effective interference
See formula:

[ ground shaft | Ada= d‘i_z,gd ............... (5-3) [ turned shaft] Ade= d%TAd (5-4)

Adeff : Effective interference, mm
Ad : Diametrical interference, mm
d : Nominal bore diameter , mm
5.4.3.4 Temperature influence

Generally speaking, the bearing's temperature is higher than its surroundings when running, and the

inner ring temperature is higher thanits shaft.So, the effective interferenceis diminished by heat expansion.

If At is difference in temperature between the bearing inner and diminished, so (0.10-0.15) At is
difference in temperature between inner and shaft.

So interference outer (Adt) can be calculated by formula(5-5)

dt=(0.10-0.15)At-a-d Adt=0.0015A1-dx 107...... (5-5)

Adt: Interference reduction, mm

At: Difference in temperature between the bearing inner and shaft, °C

a: thermal expansion factor of bearing steel, (12.5*10"5)11"0,

d : Nominal bore diameter , mm

So, when the bearing temperature is higher than shaft temperature, there must be an interference fit.

In addition, between the outer ring and the housing, due to the difference in temperature or different
coefficient of thermal expansion, sometimes the interference will increase. Therefore, it is necessary to
pay attention to this point when considering avoiding shaft's thermal expansion by taking advantage of
the sliding between the outer ring and the housing mating surface.

5.4.3.5 Ideal fit produced by bearing inner ring

When mounting a bearing using an interference fit, and siress is produced by the shrinking and expansion
of the ferrule,

The optimal stress for the bearing inner ring can be calculated by formula(table 5-13).In general, it is best

if the interference is not more than 1/1000 shaft diameter or the max. stress ¢ calculated as per table 5-13
should not be more than 120MPa.

5.4.3.6 Others

When high precision is required, shaft and housing tolerances should be controlled more carefully but it is
difficult to control housing bore tolerance, so a looser fit between housing bore and outer ring is allowable

When using hollow shaft, thin wall housing, light alloy and cast aluminum, that fitting must be tighter than
others.

When using a separable housing, it should be a loose fit with the outer ring.

Table 5-13 The ideal stress produced by inner ring fit

shaft and Inner Ring

Crust Bore and Inner Ring

2 2 D_1
(hollow shaft) o= = H0a, —[] _ %][] +%] o= E'%m' 7 DE ]
% i []Ad—“l] (Dy# ) [I'%é]
di?
(solid shaft) o:%-“j“"- |+C;i] (B} o= p-22

o: Target stress, MPa(kgf/mm2)
d : Nominal bore diameter , mm
di: diameter of inner raceway, mm
Ball bearing...di=0.2(D+4d)
Roll bearing ...di=0.25(D+3d)
Ades : Effective interference of inner ring, mm
dq: hollow shaft diameter, mm

De:Housing bore diameter,mm
Ball bearing...d=0.2(D+4d)
Roll bearing ...ds=0.25(D+3d)
D: Nominal outer diameter, mm
ADgg : Effectual interference of outer ring, mm
Dp: Housing outside diameter, mm
E: elastic modulus, 2.08*105MPa(21 200kgfimm2)
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5.5 Rolling bearings lubrication

During rolling bearing rotation,friction exists between the components, and the purpose of lubrication is to form
lubricating film on contact surfaces to reduce friction, and lubricant also inhibits wear and protects the bearing
surface against corrosion,and lowers vibration and cools the bearing. Therefore, if rolling bearings are to operate
reliably they must be adequately lubricated to increase the working performance, and to prolong service life. It's
very important to select appropriate lubricant, methods of lubrication and lubricant volume.

The main types of lubrication are greases, lubricating oil and dry lubricant used for rolling bearing lubrication.
5.5.1 Grease lubrication

5.5.1.1 The sorts, characteristics and applications of lubricating grease

Lubricating greases are a semisolid lubricant and is made of a base oil, thickener and additive, the base oil
makes up 70 - 95 percent of the volume, thickener is 5 to 30 percent of the volume, and the proportion of
additives is minimal. The base oil of lubricating grease is mineral oil or synthesized oil of silicone oil and
diester oil, the viscosity of base oil plays a key role in lubricating greases.

The thickening ingredient has an important effect on grease performance, especially for temperature
performance, water resisting property and decanted performance.

Thickeners can be divided into metal soap base and non-soap base.

The inclusion of additives is mainly used enhance the performance of the lubricating grease with regards
to oxidation resistance,rust prevention and extreme pressure. A lubricating grease with extreme pressure
additives should be employed for conditions of heavy or shock loading. If there is a requirement for the
grease to last for a long time and not be replenished, then a oxidation-resisting grease is preferred.

The lubricating grease can be divided into calcium base, sodium base, calcium-sodium base, aluminum
base, lithium base, barium base and alkyl base based on thickener type. The common |ubricating grease
types, general characteristics and applications are listed in table 5-14. We should pay attention to that,
even among the same type grease, the performance varies because of the different designation.

Different types of greases generally should not be mixed in an application because the greases' performance

will drop as a result of the mixing of different thickeners.

Calcium base lubricating grease: Water immiscible, lower drop point, and applicable to bearing components
under lower temperature, environmental moisture.

Sodium base lubricating grease: Good water resistance property, higher drop point, and applicable to
mechanical components exposed to moisture and in contact with water.

Aluminum base lubricating grease:Good water resistance property, and applicable to parts in water contact.
Suitable for the lubrication and corrosion prevention for centralized lubrication system and parts of shipping
machinery.

Barium base lubricating grease: Good water resistance, higher drop point, gasoline and alcohol immiscible
and is applicable for lubrication of friction part of oil pump and water pump.

Lubricating grease can be divided into several classes based on liquidity.

The larger the liquidity, the softer the lubricating grease. The application of lubricating greases with different
liquidities are listed in table 5-15. The application temperature range of special lubricating grease is listed
in table 5-16.

Table 5-14 General characteristics and applications of lubricating grease

Grease Penetration  poyr
Number Point Components Performance and Application
Name  Designation  (10-Tmm) '€=
201 | U030 B3 | L i o] 1o 0 end Farsbrigton
\ tty acid calci
Calcium ZG-2 | 265-295 80 sgatg < ﬁdﬂ(:::;? machine. Running temperature
g base ZG-3 | 220-250 85 | moderate viscosity :artypsegé agd 2 s o higher
2 grease  zG-4 | 170205 90 | Mmineralol higherthan 60°C, 5 grease no
= ZG-5 | 130-160 95 higher than 65C"
] i Synthesis fatty acid | Application as above, Runnin
@ Synthesis | 7ZG-2H | 270-330 75 | calcium soap terﬁperature for type 1 grease ho
base grease  ZG-3H | 220-270 g5 thickener with  higher than 55°C, 2 grease no
moderate viscosity | higher than 60°C,
mineral oil.
Smiest | ZFG-1H | 310-340 180
calclumbesel wom awr | azx 2ae ann

Grease Penetration i .
Number P&PP'M Components Performance and Application
Name Designation  (10"'mm) =
e ZFG-3H 220250 220 e e
S pom, ZFG-4H | 175-205 | 240 hih temperaire coniion
..9.: grease Ig| p ure it
5 ZFG-1 310-340 180 Fatty cell Applicable to running temperature
Compound atty calcium soap between120C-180T respectively, such
5 calcium ZFG-2 265-295 200 compaunded calcium | as machines before rolling mill, dyeing,
% basegrease ZFG-3 210-250 224 | acetate thickening oil | papermaking, plastic, roller for
- heating rubber.
ZFG-4 175-205 240
3 = 265-29 Applicable to various machine, thermo
¢ Sodium ZN-1 265-295 140 natural fatty acid stabilization and non water resisting the
g_ base ZN-2 220-250 140 sodium soap running temperature is 2 and 3 grease
£ grease - thickening ol no higher than 120C, 4 grease no higher
g ZN-3 | 175-205 150 than 1350,
& Synthetic thetic fath Applicable for the lubrication of
% sodium ZN-1H 225-275 130 :g; si:;uran :‘Dap automobiles, tractors and  other
base ZN-2H 175-225 150 # b 5 machinery that has no contact with
thickening oil .
grease moisture
Calcium-sodi Good pump over and extreme pressure.
gé‘ﬂg Grfeo'::se ZGN40-1 310-355 80 |h?ci:|r:?n;0cy:ll:|:nd::] 2!\] with Ag;lic:ble to calendar which cepmer
BEE ; X i hardened oil and sulfuration = supplied grease, 1 grease applied in
33| wlling mil ZONAO-2 230-295 85 cotton seed oil winter, and 2 in summer.
. itheti d Good mechanical stability and colloid
gﬁg foGr:%a”S: g 5 290 120 innwi; I:ai?g(ira ;r}\mglln;‘ stability, appl:cableh to bgaclrlybearing url'lder
a5 Il i . . . temperature less than 90T condition,
$§§ bearings 30 ilﬁd‘s“m s0ap thickening such as bearings used in guide rod
0.8 locomotive, auto and motor.
Aluminum . Good water resistance, and applicable to
Fatty acid aluminum 1 for lubricati b if
| base zu 230-280 75 | soaphickening oi. Shipping. machinery. and rust prevention
) grease of etay
§ Synthetic ZFU-1H 310-350 180 Low-molecular organics High pour point, Good mechanical stability
compound | 7 acid or aluminum soap and colloid stability, and applicable for
g alun?inum ZFU-2H 260-300 200 1hickenjing oil mmpuunde_d lubricating bearings used in railway
» base ZFU-3H 22() | benzoic acid and synthesis | machinery, auto, water pump, and motor,
@ grease ZFUAH 240 fatty acid. the running temperature is 150 -180°C,
Good water resistance, mechanical stability,
Clommon ZL-1 310-340 170 | Antioxidant mixed into = rust prevention and outgassing stability,
ithium natural fatty acid lithium = applicable to rolling and sliding bearings and
base ZL-2 265-295 175 soap thickining with others wearing part of various machine
grease ZL-3 265-295 180 moderate viscosity oil equipment with -20C-120Cusage
" | temperature.
Good water resistance, mechanical stability,
E:g;i?; 0 355-385 rust prevention, extreme pressure
b b anti-wear and pumpability. Applicable to
hlt)huum 1 310-340 170 As above bearings and gears of rolling mill, forging
C ase 2 265-295 machine, reducer and other heavy
2 grease equipment with -20°C -120C usage.
3
ZL-1H  310-340 170
g Synthetic Synthetic fatty acid . .
21 ithium | ZL-2H | 265-295 180" | fithium soap thickening &Zs:;;Za:aJ;;h:J;igi%nand
Jase |ZL-3H| 220250 | 190 | wihmoderse 2 :
viscosity oi
ZL-4H  175-205 200
Grease for Lithium soap thickening _— . -
shaft of #2 265-295 180 oil with lowar viscosil Anllcxidgnt, cnIh?[d s(ablh'ty and
ty
recision Pt mechanical stability, applicable to
P! . ] and lower solidifyin - B P
machine #3 220-250 180 = 9 various precision machine tools.
tool point.
Grisase for " Applicable to precision instrument and
precision ZT 537 35 160 | Harden fatty acid lthium | qtryment bearing. The running
instrument  ZT 53-75 45 140 soap ozocerite thickening temperature is -70°C -120C for special

oil applied for instrument.

No.7, -75°C-80°C for special No.75.
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Grease o P
Penetration L%, Components Performance and Application
Name Desig- sl PR
nation (10"'mm) c=
. . Resistant to water, and resistant to
Fatty acid barium | heat handles extreme pressure.
Batlum soap thickening Applicable to suction pump,
iy base ZB-3 200-260 | 150 with moderate marine propeller and heavy
3 viscosity oil. machines under high
% temperature, high pressure and
g | | | wet working condition.
[ . . Harden fatty acid Applied forjuncllon seal
@ Multi effective barium soa between alonol, engine ol
seal grease Z810-21  260-330 il thickening i o ater and air, it alsogapphed in
W|‘ghtlowe(rist,_oigd|fylng rolling bearings with rapidiy
| rgWng?r%eror changing speed.
et for instnamen " o Ozocerite Applicable to instruments with
Alkyl G forinet '-ZT 32 3- ot i thickening -4p ‘C-160°C running
hase Greasaorpecsininsinent 7T 53 | 30 . 70 instrument oil. | temperalure
I : licable to precssmn bearings
e dei g 190 {2 thﬁ high speed and the running
Grease for high speed bearings| 7018 64-78 260 temperature is -45C-160C.
Table5-15 Penetration number and usage condition
Penetration Number 0 1 2 3 4
fenetationValuel | | 3a5.a65 340-310 295-265 250-220 205-175
—_— Low temperature Common High High
Application Easy to and sasviis sealed ball temperature temperature
circumstances smear on smear gn beari sealed ball and sealed
earings ;
bearings by grease

Table5-16 Usage temperature range of special lubricating grease
Designation of Lubricating Grease 7001 7007 7008 7011 7012 7013 7014 70141

.. |-60- | -B0- | -60- | -B0-  -B0- | -70-| -B0-  -40-
Usage Temperature Range (°C) | .120 4120 | +120 | +120  +120  +120| +200 +200

Designation of Lubricating Grease 7014-2 7015 7016 7017 7018 7019 7020 221

. 50- | -70- | 60- | 80- | -45- | 20- | -20-| -60-
Usage Temperature Range (°C) ' 1200  +180 | +230 | +250 +160  +150  +300 +150

5.5.1.2 The injection volume of lubricating grease

The injection volume of lubricating grease has an important effect on bearing working performance,
and It has been verified in theory and practice that it is acceptable to inject grease to 1/3 to 1/2 of the total
free internal volume,If more lubricating grease is injected, there is a waste of grease, increased bearing
friction and temperature, the grease softens due to frothing, the result is worsening lubrication.

Generally the volume of grease applied should decrease as speed increases, the injection volume of grease
should be only 1/3 or less when at high speed (>3000rpm). If speed is very low, pack the bearing full of
grease to prevent external contaminants from penetrating.

5.5.1.3 The replenishment and renewing of lubricating grease

There is a limit of lubricating grease service life, and because of shearing force and ageing, its lubrication
performance is gradually reduced and breakdown increases during operation, Therefore, lubricating grease
must be replenished or renewed at a given interval. The cycle of replenishing grease is related to bearing
structure, dimension, speed, temperature, environment condition.

Figure 5-6 is the cycle of replenishment for lubricating grease. The time for replenishment of lubricating grease
can be found out based on bearing inside diameter and speed.

AT79

This figure was diagramed at conditions when the temperature of bearing outer diameter surface was 70°C,
therefore this figure is applicable to the conditions in which the bearing's temperature is below 70° C,if
the temperature exceeds 70°C, the replenishment cycle will be half for each increase of 15°C. The
replenishment cycle will be shortened to 1/2-1/10 of illustrated value under significant contamination
in the bearing and low seal reliability.
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Figure 5-6 The interval of replenishment of lubricating grease

5.5.2 Oil lubrication
5.5.2.1 Method of oil lubrication

The velocity of bearing/r-min’'

(1) Oil bath. This method often applied for low and moderate speed bearing lubrication. Part of the bearing
is soaked in the oil sink, the oil, which is picked up by the rotating components of the bearing, is distributed
within the bearing and then flows back to the oil bath, The oil level should be such that it almost reaches
the centre of the lowest rolling element when the bearing is stationary.

(2) Oil Wick This method often applied for high speed small size bearing lubrication, the oil transported by
a rotating collar at given intervals. The minimum quantity can be obtained by test.

(3) Splash lubrication.Through the turning of gear or simple vane, the bearings are lubricated.This method
is widely applied in auto gear box, differential gear box and machine tool gear-box. The surface velocity
of splashing wheel does not exceed, 12m/s, and oil immersion depth is 10-20mm.

(4) Circulating oil. The filtered lubrication is transported to bearing components by oil pump. Filtered
lubrication oil which has passed through the bearing again,, and the lubricating oil can be reused after it
has cooled.The bearing temperature decreases as the oil circulation removes some heat, so this method
is applicable to bearings with high speed. Filter equipment of circulating oil system can eliminate debris
and contamination from upper system, and can keep viscosity in optimal range by installation of a
control valve for constant temperature.

The circulating oil quantity can be seen in figure 5-7. If the application of circulation oil is not needed for a
larger system, but for bearing lubrication, a small quantity of oil is needed. If the application is for a larger
system, a large quantity of oil needed to prevent oil from accumulating inside of the bearing because of
resistance induced by oil passing through the bearing, the upper limit of oil quantity can be determined by
b and ¢ in diagram. The oil quantity supplied in a given time to achieve satisfactory working temperature
depends con the rates of heat emission and radiation, and often needs test runs.

(5) Oil jet. High pressure oil applied by a jet into bearing by oil pump, and flowing into an oil sink after
passing through the inside of the bearing.In a high-speed bearing, while rotating, rolling elements and cage
also rotate at high speed so that an air flow is created, thus increasing resistance.

So this method must be used because it's very difficult to input oil into bearing by general method. The
position of the nozzle should point to the gap between inner ring and cage.

A80
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The oil quantity required for oil injection mainly depends on heat emission from oil. Table 5-17 lists the
approximate oil quantity that oil injection requires, and the quantity related to bearing diameter. The
diameter of nozzle and oil pressure depends on the oil quantity. if oil pressure before nozzle isn't larger
than 10MPa, ozzle diameter can be 0.7-2mm. In oil injection system, an oil filter is needed to avoid the
nozzle becoming clogged

(6)0il Mist. Clean, filtered, dried, compressed air is mixed into the lubricating il to form mist, and then applied
using a jet into bearing Airflow in bearing housing can cool the bearing, and the pressure induced in housing
can prevent contamination entering. The quantity can be accurately adjusted, and the churning resistance
is small. This method is applicable for lubricating bearings with high speed and high temperature.

(7) Oil metering system is applied to transport a small quantity of oil into compressed airflow in a pipe at
given intervals, in order to form a continuous oil flow on pipe wall, to supply to the bearing. The oil should
not be old as it must be replenished frequently. External contamination does not easily enter the bearing
because of compressed air. The pollution to the environment is greatly decreased because a smaller
quantity of oil is supplied in comparison to oil mist. Lubrication oil quantity is small and stable, smallrotational
torque, low temperature increaseand this method is especially applicable to high speed bearing.

Attention should be paid to the oil pump effect, and the oil lubrication point should be placed between bearing
cage and inner ring in the design and be directed to the contact of inner ring raceway and rolling elements.

5.5.2.2 The selection of oil lubrication

Generally, mineral oil without additives included is used for rolling bearing lubrication. Only in some special
circumstances, a mineral oil with an additive is used to enhance lubrication performance, such as
withstanding extremely high pressure and protecting against degradation, Synthetic oil is applied only in
some special case,such as the temperature or speed is extremely high or low.
Viscosity is one of the important performance indexes, and is the main basis for selection suitable oil
lubrication.
The viscosity of oil is temperature dependent, becoming lower as the temperature rises. In order for a
sufficiently thick oil film to be formed in the contact area between rolling elements and raceways, the oil must
retain a minimum viscosity at the operating temperature, If viscosity is too low, il film can't be formed,and it
can lead to abnormal bearing friction and service life lower. If viscosity is too high, the dynamic loss is
increased because of the heat emission induced by viscosity resistance. &

a-Lubrication with sufficient oil

b-The upper limitation of symmetrically bearing

c-The upper limitation of asymmetric bearing *~ The increase qugntity of oil for spreading
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Figure5-7 The quantity of circulating oil

Table 5-17 Quantity of injection oil

Bearing inside diameter > 50 120
fmm < 50 120
Quantity of oil < L/min 0.5-1.5 1.1-4.2 2.5

Generally speaking, low viscosity oil is applicable for high speed applications and viscosity changes as
bearing size and applied load increase. Under bearing running temperature, the viscosity of lubricant is
generally no less than 13mm?/s for ball bearings, and 20mn?/s for roller bearing, and 32mmé/s for
thrust self-aligning bearing.

The requirements of bearing dynamic viscosity at running temperature are listed in Figure 5-8. If running
temperature is given, the viscosity of lubrication oil can be found by referring international standard
reference temperature 40°C (or other temperatures) through figure5-9.The figure 5-9 diagramed at
viscosity index VI is 85.
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Figure5-8 Suitable lubricating oil (Left)

Figure5-9 The relationship of viscosity
and temperature (Right)
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5.5.2.3 Bearing oil

Bearing oil.Used for on a shaft, bearing and clutch, L-FC is the designation for anti-oxidant and anti-rust;
L-FD is designation of antioxidant, antirust and anti-wear. The standard listed in Table 5-18.

Table 5-18 Bearing oil

Description Quality Index

Variety L-FC

The Class of Quality One Level Production

Motion level (GB 3141) 2|8 |6 | ¥ |10]|46 | 22 |22 (46 | 68 100
Dynamic viscosity 1.98 2.88 4.14 6.12 9.00 13.5 19.8 28.8 41.4 61.2 90

(40°C)/mm°s” - - - - - - - - - o
2.42/3.52/5.06 7.48 11.0 16.5]/24.2/35.2 50.6 74.8 110

Pour point/*C No higher than -18 -12 -6
Flash point {open point)/ . No less than - 115 114 160 180
(close point) No less than 70 80 90
The Class of Quality One Level Production Quality Production

Motion level(GB3141) 2 3 5 7 10 15 22 | 2 36| 710|158 | 22
Dynamic viscosity | 1-98 2.88 4.14 6.12 9.00 13.5/19.8 1.98 2.88 4.14 6.12 9.00 13.5 19.8

(40C) /mm* s

2.42 3.52 5.06 7.48 11.0 16.5 24.2 2.42/3.52 5.06 7.48 11.0 16.5/24.2

Pour point/: No higher than| -12 -
Flash point (open B
point)/"CNo less than s L
close point)No less than| 70 = 80 90 60 70 80 90 100 110 120

5.5.2.4 The frequency of bearing oil replacement

The frequency with which it is necessary to change the oil depends mainly on the operating conditions
and the quantity of oil.

With oil bath lubrication it is generally sufficient to change the oil once a year, provided the operating
temperature does not exceed 50 °C and there is little risk of contamination. Higher temperatures call for
more frequent oil changes, e.g. for operating temperatures around 100 °C, the oil should be changed
every three months. Frequent oil changes are also needed if other operating conditions are arduous.
With circulating oil lubrication, the period between two oil changes is also determined by how frequently
the total oil quantity is circulated and whether or not the oil is cooled. It is generally only possible to
determine a suitable interval by test runs and by regular inspection of the condition of the oil. The same
applies for oil jet lubrication. With oil mist and oil air lubrication the oil only passes through the bearing
once and is not recirculated.

5.5.3 Solid lubricant

Solid lubricant is applied under some special situations such as applications which limit the use of lubricating
grease and oil. This method can be divided into five types:

(1) Solid lubricant mixed into lubricant. Generally, 3% or 5% of No.1 supramoly mixed into lubricating grease.
(2) Lubricant adhered to the raceway, cage and rolling elements by adhesives to form solid lubrication film.
(3) Solid lubricant mixed into engineering plastics and powder metallurgy material, and made into bearing
components with self lubrication function,

(4) Small groove or gouge carved on sliding part of bearing, then embedded in combined materials of
solid lubricant with relevant shape, or directly inlaid into the combined material of solid lubricant on retaining
surface or raceway.

(5) With techniques such as electroplating, high frequency sputtering, ion plating, chemical deposition and etc,
solid lubricant or soft metal is formed into a uniform dense film on the rubbing surface of bearing components.

A83

5.6 Rolling bearings seals

5.6.1 Type of seals and performance

The purpose of a seal is to help the bearing to reach its maximum service life and reliability, and to retain
lubricants, preventing contamination and water entering into bearing.
Seals can be divided into static seals and dynamic seals, and the dynamic seals can be divided into rotation
seals and moving seals, and the rotation seals also can be divided into contact rotation seals and non-contact
rotation seals based on whether there is gap between two adjoining planes. There are many types of seal
structure, and Table 5-19, Table 5-20, table 5-21 list common seal types and performances.
Additionally, there are bearings with shield or seal, and are prepacked with a suitable quantity of grease before
mounting. These bearings can retain lubricant as well as prevent contamination from entering into bearing
under normal working condition without external seals. These types of bearings have a simple structure and
save space.

Table 5-19 Non-contact rotation seal type and performance

Seal Types Diagram Performance and Application

The effectiveness of the seal increases as the gap between

Gap shaft and end plates gets smaller and the axial width

type becomes longer. It is suitable for clean running condition

seal with grease lubrication. Generally the size of gap is

' 0.1-0.3mm.

Seal There are 2-4 grooves on the cover arrangement surface,
groove and prepacked grease to enhance seal effectiveness. The
type dimension can be found in Table 6-40, generally, radial gap

8] eals is 0.1-0.3mm.

@

2’—, W Applied for oil lubrication. There is oil groove on the shaft or
shape sleeve to return leaking oil. A return chute on the wall of the
groove bore of the cover recovers it into the bearing (or housing) .

seals
Helical The vertical surface of oil groove seals is perpendicular
groove to thg direction of oil flow. It's very suitable for shaft of
sanls machine tool.
Axial labyrinth seals feature a gap between sleeve and
Axial cover. But the labyrinth extends radially and so the number
abiifitti of circuits isn't able to be too many. The axial labyrinth seals
Apynn are more widely used than radial labyrinth seals because of
seals easy mounting and dismounting and not requiring a split
housing.

— Radial labyrinth seals are composed of gap between

E sleeve and cover and labyrinth exiends axially but is

S Radial radially compact. The effectiveness of seal reliability

Z labyrinth increase as the number if circuits rises. The radial labyrinth

2 Seals seals are applicable for dirty condition, such as working end

2 of machine tool for metal cutting,seal dimension listed in

w Table 6-41.

Labyrinth seals made by thin steel plate,and it is possible to

stack any number of labyrinth seals, They are simple in

. structure, low cost and space saving. The seals must be
Sealing mounted with special care, and pay attention to whether
washers there is interference between labyrinth seal and the axial
space consiraints of bearing,and whether there is

' interference between seals and shaft deflection when
applied to self-aligning bearings.
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Seal Types Diagram Performance and Application Seal Types Diagram Performance and Application
i Qil flange disk rotates with shaft, the effectiveness of the o § % ; m:inslﬁ :ffpslic:eb{Ije ;c{))r g:lﬁri&egaor; fﬁ:lsa ;c;r f‘iat;at;c;g;su\;veitr;g
ol _;14 Sk begotties, Qrastsr witl loher spiced, and Hicen ot g Single s higher thanp‘FOO C.ltis gﬁso applicable for reass lubrication
flange only retain oil, but also exclude contamination entering into 2 lip i= S 9 Cih i PP 1ot % Py ie (1h
disk Ibearing_:’s, mainly applicable for bearing seals with grease @ Ez:i;: tyg;es aliirs?esl':llxin ?:Eetygi%)o 'I[z :rgoiblae IiI;’JJ :ﬁgusld( b:
brication. 5 : -43).
LRicaton ==° v applied under the condition of more external dust, water and
= ) contamination, seal ring is suitable for large scale and
§ ] E(’S_"'”T l';:’ precision equipment.
o . . . 2, ice-li
5 | Stamped from thin metal plate, dynamic seal rings rotate @ P
& Dynamic with the shaft and are applicable to sealed bearings with oil — - - -
3 seals lubrication, relying on centrifugal force to eject oil and - Thtﬁ d?;ngmrf i e madegfg;aphlttel or plastlc_ang réﬂatmg
impurio, o provntextemal polun. Th st sedls :
o=l . u . . . ’ seals nng seals ring i '
ning ﬂxe_d with outer ring are mainly applicable for bearing nza- dynamic ring and the static ring are tightly compressed to
seals thh grease Iubnce_ation. ) =5 achieve sealing. The structure types and material varies
Seal rings integrated with the shaft by turning on a lathe o, depending on usage condition and types of seal structure
Static also can act as an effective seal. ] structure. The mechanical seal has high seal reliability and
seals ;"T less leakage, and can work under harsh conditions. The shaft
speed should be no larger than 150 rpm,it can handle
pressure larger than 35 MPa, the running temperature is
[seems incorrect value]
Stamped from thin spring steel plate, and fixed on inner ring
o or outer ring cover of bearing, held to another outer ring Table 5-21 Compound seal
Sanls cover by its own spring force. It is often  applied for Seal Types Diagram Performance and Application
bearings with grease lubrication, and structure is compact,
and has good effectiveness.
combination 7 Good seal effectiveness, and applicable for oil or
= It is a newly developed type of seal and the basic theory is of iﬁa?!']["“h [ grease, the contact circular velocity no higher than
D permansnt magnel to use ferromagnetism particulate (0.2-1)*102um to form a and felt seals 7m/s.
; 7 X7 e, X i
% soft iron plat 'z*‘\\\\\f stable solvent gel (magnetic fluid) in lower volatility liquid, I _].
g S = She and can form tenacious liquid film by the action of a r///
2 222 | : ;
g magnetic fluid L magnetic ﬁ_e}d in gap between segls'to prevelnt Igakage, its sorbihaliGher L g
a = == advantage is that it has almost unlimited service life, and no i = I
@ Area of low Vﬂ//// Area of ;s : oil flange and grease, the contact circular velocity can be larger
@ pressure /W? high leakage under larger pressure difference, and no strict lip ring seals i 7-115m1‘s
= ik < pressure | requirement on roughness of shaft surface and runout. -
combination of No lose due to friction, Good seal effectiveness, and
Table 5-20 Contact rotation seal type and performance oil slinger W a‘pplilcablelto'toilthor %;'ea?e seals, fno I:mitati::n of
" ) shape and circular velocity, the effectiveness of seal greater as
Seal Types Diagram Performance and Application Slit seals circular velocity rises.
N
7 \\\\ Groove filled with felt ring to achieve seal contact surface
Single }"\>\>0,| between felt ring and shaft surface, and applicable to combination Stamped from sheet metal, and there is contact seal
felt %‘:\\Q\\'. grease lubrication, the circt,_llar \feloci@y is less than 5m/s, of stamped laid in the middle. Good seal effectiveness, and
;.!1 ring — and relative groove dimension listed in Table 6-31. and Iabyrinth oomp[ex structure, not app“came to h|9h Epeed’ and
;,—T seals suitable for mass production.
& Double The gap can be adjusted by felt ring, good effectiveness of
= felt seal, and convenient to replace. combination Labyrinth seal combined by two ‘" shape gasket, compact
ring labyrinth seals size, lower cost, and suitable for mass production. The
gaskets can be installed simultaneously.
The compression of the seal by the mounﬁn% groove, the
o effe_ctniegess of Io;)ﬁt‘am{ll? pgevenlworg andht e rréltllg);at\tgn
[ against damage of the threads can be enhanced by the combination of Combining the merits of labyrinth, felt and oil groove
g force of gravity. Rubber o-ring has sealing ability in”both f ; e
g Rubber qirecﬁong anglthere Il Gatl e g @ dotyu_ble boh labyrinth felt seals, Good seal effectiveness, contact seal, and isn't
3. | ofring rlnp. The' effectiveness of Rreventlon of loosening and and oily groove applicable to high shaft speed, and its structure is
2 mifigate against damage of the threads of double seal rin seals complex.

is greater than for a single ring, and the dimension of seal
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5.7 Mounting and dismounting of rolling bearings

The quality of rolling bearing mounting and dismounting will directly impact bearing precision, life and
performance, so, bearing mounting and dismounting must be done according to requirements with the
correct procedure and tools,

5.7.1 The preparation for bearing mounting.

1) Be familiar with installation drawing and technical files and be sure to be familiar with mounting techniques
and have the proper tools. By analysis of drawing and technical file, it is possible to determine bearing
characteristic and requirement, draw out a mounting scheme, plan, program and tools. When there is a
special requirement for bearing mounting, choose the best mounting technique to guarantee mounting
quality.

2) Checking bearing type. Check bearing casing type is the same as the installation drawing before mounting.
For a bearing with special requirements, for example: high temperature bearing, bearings with no basic
clearance and bearings with special class, it is the same as with general bearings but they need to be
checked more carefully and/or separated in storage.

3) Cleaning bearing. A bearing should be installed in a dry, clean environment. Mounting should be away from
machining metalworking or other machines praducing chips and dust.

The bearings need to be left in their original packages until immediately before mounting so that they will not
be exposed to any contaminants, especially dirt.

Use gasoline or kerosene to clean corrosion-resistant bearings, but for corrosion-resistant bearings with
anti-rust grease or thick oil, first clean by dissolving the grease / oil in 95 -100 C light mineral oil. After anti-rust
grease has melted, then use gasoline or kerosene to clean.

When cleaning a few bearings, put immediately in an oil bath. When cleaning lots of small and medium
bearings, put into a wire net and immerge this in an cil bath. When cleaning lots of large size bearings, the
best method is using a cleaning machine.

4) In addition to cleaning the bearings, careful check if the face has a burr, markings or contaminants on the
shaft bore, lining, end closure and separate ring, and these must be cleaned with gasoline or kerosene to
prevent contaminants from entering the bearing.

5) Measuring and matching bearings and its parts, The precision of the fit between the bearing, inner ring and
interrelated parts must be maintained. When mass produced, the the precision of fit is ensured in the
manufacturing process.

For sensitive applications, such as the bearings of steel rolling machine, railway locomotive, high speed
diesel engine, High-accuracy CNC machines and so on,it is important to carefully check that all parts match
drawing prior to mounting.

For low-runout shatft, for example, the principle axis of a high-accuracy machine tool, so as to increase runout
accuracy of principal axis parts, in addition to choosing a high-accuracy bearing, choose a high-accuracy
shaft and more accurate housing bore to match accuracy of the bearing.

Measure the inner ring diameter and shaft prior to mounting, make a mark at the point of largest diameter,
then match these with one another and install them to improve runout accuracy.

5.7.2 Rolling bearings mounting method

There are many methods for mounting rolling bearings, there is several methods for general use, Lusing
hand hammer and sleeve (2lusing pressure/3lusing temperature difference(4 the oil injection method

5.7.2.1 Mounting bearing with a cylindrical bore

1) Using pressure

The method is simple in that it is uses only hand tools, it can be used to mount a bearing with only a hammer
and a sleeve or a pressure fitting.

2) Mounting bearing using pressure method and
note the proceeding:

1. To ensure mounting pressure and bearing fit, per Figure
6-14. Be sure not to damage the other bearing components
during mounting and dismounting by causing deformation
with the applied pressure.

2. Axial pressure can not be imposed on the bearing rings,
Use a soft metal sleeve or pad to apply uniform pressure on
the face, prevent a force which may cause tilting which can
cause damage or failure.

7

Gt

2

_— . (a) Mounting (b) Mounting with
3. Must be based bearing's structure. size. accuracy, type with inner ring both inner ring and
and location of the installation, considering bearing mounting pressed outer ring pressed

tools and methods.
4. Bearing should be cleaned prior to installation and after then after some times, apply some lubricant in
between to reduce the pressure during dismounting.

5. with separable cylindrical roller bearing- taper roller bearing. thrust ball bearing ,the outer rings and inner
rings can be installed separately, so make sure there is no misalignment on the shaft.

5.7.2.2 Mounting and adjusting bearings with tapered bores

For bearing having a tapered bore, the degree of interference is not determined by the chosen shaft tolerance,
as with bearing having a cylindrical bore, but by how far the bearing is driven up onto the tapered shaft seating,
or onto the adapter or withdrawal sleeve. Generally, there are three methods for fitting this bearing.

1. Method of measure-fit for mounting a taper-bore bearing
1) Controlling the reduction in radial internal clearance .The bearing's internal clearance is reduced due to the
expansion of the inner ring.

2) Directly control the axial movement. Figure 5-10, the bearing was pushed onto the cone shaft .Measuring
inner ring side and axial drive-up A. Force the bearing to the appropriate location per requirements .

A,
=

Standard ring

go to ring

Figure 5-10 control of axial travel Figure 5-11 control orientation ring length

3) Control orientation ring length figure 5-11, orientation of the bearing per the seal ring. Check measurements,
choose and control orientation ring length before mounting. Keep orientation ring A-A face shaft tolerance. To
ensure the same as interference of the bearing.

L-orientation ring length

A-form standard ring measure face to shaft distance

x-form measure face to orientation ring face distance
y-measure clearance ,ensure positive tolerance of the taper
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2. Notes for mounting tapered bore bearing

i Axial Movement (s/mm
1)The fitting quality of tapered bore bearing and shaft diameter depends on the movement of the bearing up Bo(r:lg?dlal <8 I?E:?Erln?leawnoe is ) _

the shaft and as a result, it produces different measurements, it is very difficult to achieve the best quality fit and g No Taper Sleeve Taper Sleeve

precise requirements using only the three methods listed above. 225-250 70-85 1.10-1.30 1.20-1.45

2) Tuning of the mounting and clearance adjustment is ideally performed using a lock nut as per Figure 5-12. 250-280 75-95 1.15-1.45 1.30-1.60

Generally this method is used for the bearing of machine tool. 280-315 80-100 1.25-1.55 1.35-1.65

3) How to count number of turns.Formula relating interference and number of turns W 315-355 95-115 1.45-1.75 1.60-1.90

s- number of turns = L\Sﬁ 355-400 100-125 1.55-1.90 1.65-2.05

§= % % 107 5-fitting interference -~ N 400-450 115-140 1.80-2.20 1.90-2.30

¢ —taper angle of inner bore c=1:12 450-500 130-160 2.00-2.50 2.10-2.60

Formula relating number of turns and bearing interference or clearance. | | | : 500-560 140-180 2.20-2.80 2.30-2.90

d ~ Au- bearing diametric clearance / interference \ 560-630 150-200 2.40-3.10 2.50-3.20

A= =X 107 o bearing Innerdlarmeter | 630-710 180-230 2.80-3.50 2.90-3.60

£ dE- Bearing inner diameter of the equivalent —> / 710-800 210-270 3.20-4.10 3.30-4.20

fabfe 2 matd 800-900 230-300 3.60-4.60 3.70-4.70

s B s 3 900-1000 260-340 4.00-5.20 4.10-5.20

Self -aligning bearing : Au= 15 = 10 Figure 5-12 Use of lock nut for muting 1000-1120 280-370 4.30-5.60 4.40-6.70

and to adust clearance 1120-1250 300-400 4.60-6.10 4,70-6.20

Table 5-22 dE and DE formula
Table 5-24 Tapered bore self-aligning (1:12) roll bearing Au and s relationship

e Bore Radial Radial Internal Clearance Axial Movement (s/mm)
S IEVES d. De (mm) (Aufum) No Taper Sleeve Taper Sleeve

Degp groove ball bearing, gngular‘contact ball bearing, 0.250+0.75d 0.75D40.25d 45-50 30-35 0.50-0.55 0.60-0.70
cylindrical roller thrust bearing no rib 50-65 35-40 0.55-0.65 0.70-0.75
Self-aligning ball bearing 0.25D+0.75d 0.73D+0.27d 65-80 40-50 0.65-0.80 0.75-0.90
Cylindrical roller bearing(rib), taper roller bearing 0.30D+0.70d 0.70D+0.304 80-100 50-60 0.80-0.95 0.90-1.05
— - - - 100-120 55-65 0.85-1.00 1.00-1.15
Cylindrical roller bearing(rib), taper roller bearing 0.300+0.70d 0.70D+0.30d 120-140 60-70 0.95-1.10 1.05-1.20
Self-aligning roll bearing 0.300+0.70d 0.73D+0.27d 140-160 70-85 1.10-1.30 1.20-1.45
When considering the uses of adapter sleeve or withdrawal sleeve, which has clearance between the outer 160-180 75-90 1.15-1.40 1.30-1.50
ring and shaft and require preload, interference needs to increase 0.1 - 0.2 mm for calculating s. In the 180-200 85-100 1.30-1.55 1.45-1.65
calculation of the radial clearance reduced to /.u , itis still practical and effective to determine the value of 's' 200-225 100-115 1.565-1.75 1.65-1.90
To control and adjust the decrease in radial clearance, ensure the quality of the procedure for tapered-face 225-250 105-25 1.60-1.90 1.75-2.05
bearings in accordance with technical drawing and conditions. Per Table 5-23 and 5-24, there are two kinds of 250-280 120-140 1.80-2.15 1.95-2.25
relationships between bearing radial intemnal clearance and axial movement 280-315 130-150 2.00-2.30 2.10-2.50
315-355 150-170 2.20-2.60 2.50-2.70
Table 5-23 Tapered bore cylindrical (1:12) roll bearing Au and s relationship 355-400 160-190 2.40-2.90 2.55-3.00
Bore Radial Radial Internal Clearance axial movement s/mm 400-450 180-210 2.60-3.20 2.85-3.30
(mm) (Aufum) no taper sleeve taper sleeve 450-500 200-240 3.05-3.65 3.15-3.75
45-50 25-30 0.40-0.50 0.55-0.60 500-560 220-270 3.30-4.10 3.50-4.20
50-65 30-35 0.50-0.55 0.60-0.70 560-630 250-300 3.80-4.50 3.90-4.70
65-80 30-40 0.50-0.65 0.60-0.75 630-710 290-350 4.40-5.30 4.50-5.40
80-100 35-45 0.55-0.70 0.70-0.85 710-800 330-400 5.00-6.00 5.10-6.20
100-120 40-50 0.65-0.80 0.75-0.90 800-900 360-450 5.40-6.80 5.60-6.90
120-140 45155 0.70:0.85 0:85:1.00 900-1000 400-500 6.00-7.50 6.20-7.70
140180 45:80 0.78.0.85 RE51.08 1000-1120 440-550 6.60-8.30 6.80-8.40
AHCE1Ee i Lo E0Y el Gty 1120-1250 480-600 7.20-9.00 7.40-9.20

180-200 55-70 0.85-1.10 1.00-0.20 ' ’ ’ ’

200-225 65-80 1.00-1.25 1.15-1.35
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5.7.2.3 Mounting and Dismounting force calculation Table 5-25 Tapered bore self-aligning (1:12) roller bearing As and s relationship

With regards to the bearing mounting and dismounting force, it is important to choose the appropriate method

and tools. Mounting and dismounting force can be calculated for critical bearings from the interference. structural style of mating surface process A
Mounting and dismounting force of solid shaft and thick housing: Cylindrical bore bearing mounting 40-50
F=f/.5 B, N dismounting 60-80
S 0B,
. - . . . i mountin 5-
fi- resistance coefficient of mounting and dismounting, data please check table 5-25; Tapgr i e 7 g. 2303
radial and adapter sleeve) dismounting 45-70
f~- geometry size coefficient of the bearing: > when mounting and dismounting inner ring, ) . mounting 100-120
el withdrawal sleeve of taper bore bearing dismounting 102150
Calculation of de refer to table 522 /=1~ ]_‘)D 3 »when mounting and dismounting outer ring, Calculation of
E
De refer to table 5-22
&. -effective interference of the bearing after mounting,pm. 1.0 1.0
]
B -the bearing width fro 2.0 S ——— . 20
Mounting and dismounting force of hollow shaft and thin-wall housing: — =16 __::: %.g
 FEE T 14 ’
F=f.f.f8 B \“‘-—-»___ -
the meaning of f,, f, 8¢, B same as previous D/D=12 —— D/D=1.2
d, D 0.5 0.5
coefficient for hollow shaft i, determined d and 7 by figure 5-13; thin-walled coefficient
FEG of thin-walled steel housing, Deep groove ball bearing,angular contact ball A A
D D 9 beaﬂng,c_y‘lindrical rollfar thrust bearing(no rib), +—— rF DC:Q::;C:e::é:i:"r:ﬁ(s:;‘ﬁ?r 1o%c
determined a,—" and b by figure 5-14; thin-walled coefficient fes of thin-walled cast iron housing, Self allgring ball buaxing .
determined _annd by figure 5-15;
when d, /d<0.5, hollow shaft and solid shaft approximate as same ,f,;=1; when D,/D>2, steel housing 0,_0 12 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 0[_0 12 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
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5.7.2.4 Hot mounting

When the bearing is larger or the interference is large, the mounting pressure will increase, so many times for
the mounting and removal or replacement of bearings, surface damage is possible particularly for bearings and
housings without taper and with interference fit. Therefore these require the use of a shrink fit

The shrink fit method is based on the principle of thermal expansion and contraction in which the shaft or
housing is set at a temperature different than the operating temperature. When the bearings are mounted to
the shaft, the bearing expands as it is heated and is thus mounted as the bearing cools, the diameter reduces
and produces an interference fit with the shaft.

When installing the bearing in a housing bore, the bearing can also be cooled so that when it returns to normal
temperature an interference fit is produced.

The requisite difference in temperature between the bearing ring and shaft or housing depends on the degree
of interference and the diameter of the bearing seating.

During operation, bearings are generally lower than the tempering temperature, about 60° - 70° C or else there
may be deformation and a reduction in hardness. For ordinary bearings, heat to 80° -100° C and not more than
120°C

For cooling bearings, in order to prevent brittleness, the temperature should not usually be lower than -50° C
but sometimes can as much as -80° C. See Table 5-26 for heating and cooling method.

Table 5-26 Heat and cool method see table
Heat and Cool Method Feature and Applicable

The bearing can be heated by oven and hothouse with temperature
adjustment and strict control. The benefits of this method is that it is

Oven and hothouse heating consistent, clean and has strict temperature control; it is used for general
equipment on other occasions.The drawbacks of this method are long
heating time, limited space capacity and difficulty heating large quantity
or large-sized bearings

Bearings can safely be heated on a heater plate with accurate
heater plate heating temperature adjustment which provides even heating, convenience and
gives signs of overheating. It is suitable for small bearings.

The best oil is transformer oil, temperature controlled at 80 - 100° C, it
oil bath heating offers even and fast heating and can be used for large bearings but not
for bearings with seals, dust covers or prepacked grease

A fast and very efficient way to heat a bearing for mounting is to
Induction heating use an induction heater. At the end of each heating cycle, the
bearings are automatically demagnetized.

The bearings can be cooled by kinds of cryogenic box with

Cold method refrigeration, and put in intermixture of dry ice and alcohol.

5.7.2.5 The oil injection method

When there is interference between the bearing and shaft, there is large surface friction. When the interference
is large, there may be damage to the mating surfaces and as such it is necessary to reduce friction which can
be done by pressure injecting oil. Figure 5-16 shows the method of injecting pressurized oil into a hole in the
cone.

When mounting bearings, the bearing is first put onto the cone and when it is close to final position, tighten the
nut, with a manual pump or oiling to meet the injection pressure between the surface of the oil, while pushing
the bearing to the appropriate location by tightening the nut using a wrench

This method is typically used when mounting bearing directly on tapered journals. but is also used to
mount bearings on adapter and withdrawal sleeves that have been prepared for the oil injection method
.A pump or oil injector produces the requisite pressure the oil is injected between the mating surfaces via
ducts and distributor grooves in the shaft or sleeve.

A93

Figure 5-16 Mounting bearing using the oil injection method

5.7.3 Dismounting of rolling bearing
Choose the bearing dismounting method and tools according to the type, precision, mounting structure,
position, size and if the bearing is to be used again.

It is more difficult dismounting than mounting, because of rust and deformation of the bearing. If the bearing
must be used again, there must not be any force transmitted through the rolling elements but if it is not to be
used, the cage and rolling elements are allowed to be damaged.

A puller is used in the center of the bearing with the pressure method. See figure 5-17

(A

Figure 5-17 Puller disassembly

Larger bearings with an interference fit that must be dismounted generally require a greater force to remove
them, See figure 5-18 dismounting cushion block. It is made up for two semi-circle cushion blocks and an outer
ring. The method is to evenly distribute pressure to the bearing ferrule head face.

The ferrule must be must be locked with the pull rod when dismounting the bearings and so the physical design

requires that there be space for that. See figure 5-19, a groove in the shaft and housing is made before
installation.

o)

(b) bore shoulder

Figure 5-18 puller disassembly Figure 5-19 extraction groove for outer ring disassembly
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When dismounting bearings outer ring if the housing bore has a high enough shoulder, in which can be made
a screw hole or unthreaded hole to push out the bearing, the outer ring can be conveniently pushed out, see
Figures 5-19(b) and 5-20.

Figure 5-20 Outer ring disassembly bolt Figure 5-21 Press disassembly

When dismounting inner ring of separable bearings or with interference fit between inner ring and shaft, shaft
and bearing inner bore is easily damaged due to high dismounting force. It's recommended to heat the
bearings inner ring with Induction heater as figure 5-21.

For large bearings using hydraulic removal methods, per Figure 5-22, First, loosen the nut, then use the
manual high-pressure pump to the cone axis of the hole to apply oil to expand the bearing inner ring to allow
for removal.

For small to medium bearings installed using an adapter sleeve are removed by loosening the locking nut,
placing a block on the edge of inner ring as shown in Figure 5-23(a), and tapping with a hammer. Bearings
which have been installed with withdrawal sleeves can be disassembled by tightening down the lock nut as
shown in Figure 5-23(b).

SN =t . ST

777D

/

(a)disassembly of bearing with  (b)disassembly of bearing with
adapter sleeve withdrawal sleeve

Figure 5-22 Induction heater Figure 5-23 Disassembly of bearing with tapered bore

5.8 Bearing damage and corrective measures

If handled correctly, bearings can generally be used for a long time before reaching their fatigue life. If damage
occurs prematurely, the problem could base from improper bearing selection, handling or lubrication. If this
occurs, take note of the type of machine on which the bearings is used, the place where it is mounted, service
conditions and surrounding structure. By investigating several possible causes surmised from the type of
damage and condition at the time the damage occurred, it is possible to prevent the same kind of damage from
reoccurring. In the table below gives the main causes of bearing damage and remedies for correcting the

problem.
Descpription

Surface of the
raceway and rolling
elements peels
away in flakes.
Conspicuous hills
and valleys form
soon afterward.

Flaking

Causes

- Excessive load, fatigue life,
improper handling

+ Improper mounting.

- Improper precision in the shaft or
housing.

- Insufficient clearance.

- Contamination.

- Rust.

+ Improper lubrication

- Drop in hardness due to
abnormally high temperatures.

Corrective Measures

- Select a different type of bearing.

- Reevaluate the clearance.

- Improve the precision of the shaft and
housing.

- Review application conditions.

- Improve assembly method and
handling.

- Reevaluate the layout (design) of the
area around the bearing.

- Review lubricant type and lubrication
methods.

The bearing heats
i up and becomes
Seizure  giscolored.
Eventually the
bearing will seize up.

+ Insufficient clearance
(including clearances made
smaller by local deformation).
- Insufficient lubrication or
improper lubricant.

- Excessive loads (excessive
preload).

- Skewed rollers.

- Reduction in hardness due
to abnormal temperature rise

- Review lubricant type and quantity.

- Check for proper clearance.

(Increase clearances.)

- Take steps to prevent misalignment.

- Review application conditions.

- Improve assembly method and handling.

Cracking Localized flaking
and oceurs.

. Little cracks or
notchlng notches appear.

- Excessive shock loads.

- Improper handling (use of steel
hammer, scratching from large
contaminant particles)

-Creation of a worn surface
layer due to improper lubrication
+ Excessive interference.

- Large flaking.

- Friction cracking.

- Imprecise mounting surfaces
(oversized fillet radius)

- Review lubricant (friction crack
prevention).

- Select proper interference and

review materials.

- Review service conditions.

- Improve assembly procedures and take
more care in handling.

Rivets break or

Cage become loose
damage  resulting in cage
damage.

- Excessive moment loading.

- High speed or excessive speed
fluctuations.

- Inadequate lubrication.

- Impact with foreign objects.

- Excessive vibration.

- Improper mounting. (Mounted
misaligned)

- Reevaluation of lubrication conditions.
- Review of cage type selection.

- Investigate shaft and housing rigidity.
- Review service conditions.

- Improve assembly method and
handling.

Abrasion or an

. irregular, rolling

Rolling path skewing left by

path . rolling

skewing  elements along
raceway surfaces.

- Shaft or housing of insufficient
accuracy.

- Improper installation.

+ Insufficient shaft or housing
rigidity.

- Shaft runout caused by excessive
internal bearing clearances.

- Reinspect bearing's internal
clearances.

- Review accuracy of shaft and
housing finish.

- Review rigidity of shaft and housing.

The surface becomes
Smearing rough and some small
deposits form.
and Scuffing generally
scuffing refers to roughness
chn the race collar and
the

- Inadequate lubrication.

- Entrapped foreign particles.

- Roller skewing due to a
misaligned bearing.

- Bare spots in the collar oil film due
to large axial loading.

- Reevaluation of the lubricant type
and lubrication method.

- Improve sealing performance.

- Review preload.

- Review service conditions.

- Improve assembly method and
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Description

The surface becomes
either partially or fully

Causes

- Poor storage conditions.
- Poor packaging.

Corrective Measures

- Take measures to prevent rusting while
in storage.

Rust and gﬁ:::i‘cigﬂy rusteven * Insufficient rust inhibitor. - Periodically inspect the lubricating oil
COMOSION 1 curs along the * Penetration by water, acid, etc. A :F"DFUVE SEE"”Qb?ETfW{';‘agCEa
ralling element pitch - Handling with bare hands. ha":g;'i‘;“e assembly method an
lines. o
There are two types
of frelting. In one, a . Insufficient interference. - Select a different kind of bearing
rusty wear powder | . small bearing oscillation angle. - ; bl
i : L Select a different type of lubricant.
: forms on the mating | . |psufficient lubrication S .
Fretting surfaces. In the : ! - Review the interference and apply a coat
4 {unlubricated) f lubri :
ther. brinellin ! : of lubricant to fitting surface.
R f 9 Fluctuating loads: - Pack the inner and outer rings
indentations form + Vibration during transport, separately for transport ;
on the raceway atthe yipration while stopped. :
rolling element pitch.
The surfaces wear . ' .
and dimensional : Entrapmgnl of foreign particles Iuﬁﬁz:mliu::;ﬁgsgpe and
deformation results,  in the lubricant. - Imorove sealing performance
Wear Wear is often - Inadequate lubrication. . TmEr Vt tl 9 p sl i
accompanied by . Skewd rollrs. ake steps to prevent misalignment.
roughness and
scratches.
Pits form on the
Electrolytic| raceway. - Electric current flowing through - Create a bypass circuit for the current.
corrosion | The pits gradually the rollers. + Insulate the bearing.
grow into ripples.
: i + Improve handling and assembly
Sadring during + Entrapment of fareign objects. methods.
assembly, gouges - Galling on the flaked-off side. - Bolster sealing performance.
Dents and | 9ue to hard foreign - Dropping or other mechanical (measures for preventing foreign matter
scratches | ©Piects, and shocks due to careless handling. from getting in)
surface denting due - Assembled misaligned. - Check area surrounding bearing.(when
to:mechanical shack; caused by metal fragments)
Surface becomes
mirrored by sliding - Insufficient interference in the .
of inside and outside | mating section. - Reevaluate the interference.
Creeping | diameter surfaces. | - Sleeve not fastened down - Reevaluale usage conditions.
PING | May by properly. : Rc?\;.:ew the precision of the shaft
accompanied by - Abnormal temperature rise. and housing.
discoloration or - Excessive loads.
scoring.
Luster of raceway
SUHECES. 5. gone, * Reevaluation of lubricant type
Speckles | surface is matted, - Infiltration of bearing by foreign an relubrication method.
and rough, and / matter. o . Review sealing mechanisms.
discoloration g:;f;ighé:\:r;g:d. + Insufficient lubrication. . Examine lubrication oil purity.(filter may
with minute dents. be excessively dirty, etc.)
Patches of minute
flaking or peeling. - Reevaluation of lubricant type
Innumerable hair-line - Infiltration of bearing by foreign and lubrication method.
Peeling cracks visible though ~ matter. - Improve sealing performance. (to

not yet peeling,

(This type of damage
frequently seen on
roller bearings.)

+ Insufficient lubrication.

prevent infiltration of foreign matter)
+ Take care to operate smoothly.




