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Introduction — general information

Bearings are components that reduce friction during the relative motion of parts, enabling the
transfer of forces and moments while allowing precise motion only in the required direction.

The first and simplest form of bearing was the journal (plain or sliding) bearing. The surfaces of the
connected parts were shaped to move smoothly relative to one another, without the need for
additional components. Over time, journal bearings evolved into various types, and their designs can
be highly sophisticated. Rolling bearings, in the form known today and capable of competing with
journal bearings, were produced in the twentieth century. Their development was initially limited by
the availability of high-quality materials and the machining precision required to ensure reliable and
long-term operation.

As mentioned previously, bearings can be classified according to their operating principle into journal
bearings and rolling bearings. ‘
Journal (plain or sliding) bearings operate on the principle of
one element sliding over another with or without an
intermediate medium. In rolling bearings, the elements roll
during motion. The basic idea behind rolling bearings is that
rolling friction is lower than sliding friction.

In general bearings enable components to perform rotational
motion and translational motion (linear bearings).

There are other types of commercially produced bearings such
as air and magnetic bearings which can be classified as journal

bearings. Fig. Thrust ball bearing design (ca. 1500) in Codex
Madrid by Leonardo da Vinci [Harris 2007]
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Rolling bearing advantages are determined by the following
characteristics:

Low friction at operating speeds, resulting in lower temperatures,
higher efficiency, and suitability for low-speed applications.
Availability in a wide range of standardised types and sizes, with
unified dimensions, allowing use in most applications.

Relatively low cost, especially for small bearings.

Well-established bearing selection methods and high reliability.
High motion accuracy.

Ability to operate without or with minimal maintenance.

Small axial space requirement. Fig. Crankshaft with bearing shells
Capability of being preloaded, which increases stiffness and eliminates
internal clearance. o

Rolling bearing disadvantages are determined by the following limitations:

Limited maximum rotational speed.

Low resistance to impulsive (shock) loads.

Higher cost compared with journal bearings, particularly for medium and large sizes.
Rolling bearings generate vibration and noise, whereas journal bearings with an
intermediate medium damp vibrations.

Requirement for radial space.

Limited operating life, whereas journal bearings with hydrodynamic lubrication can
operate for an almost unlimited duration.
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The nomenclature and structure of rolling bearings are
illustrated using a ball bearing as an example. A typical rolling
bearing consists of four main elements: rolling elements, an
inner ring, an outer ring and a cage (separator or retainer).
Additional components may be present such as steel shields
or rubber seals, an aligning seat washer, a snap ring or a
thrust collar depending on the type of rolling bearing.

In general, lubrication is required for the proper operation of
rolling bearings. Only ceramic bearings have minimal
lubrication requirements, and some polymer bearings can
operate without lubrication.

The simplest rolling bearings may consist of only two
elements such as rolling elements and a ring or rolling
elements and a cage. This configuration typically occurs in
needle roller bearings.
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Fig. Nomenclature of ball bearing [Budynas 2008]

~ —Chamter Dimension

Fig. Needle roller bearing [https://www.skf.com]
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1. Classification

Rolling bearings are most often classified according to two criteria: the direction of the applied load and

the shape of the rolling elements.

u Types of bearings ]

u Radial ] U Angular (radial-thrust) u Thrust ]

Radial bearings primarily carry radial loads and may
have a limited capacity to support small axial (thrust)
loads — contact angles of up to 15°.

Angular (radial-thrust) bearings carry both radial and
axial (thrust) loads — contact angle 15° + 75°.

Thrust bearings primarily carry axial (thrust) loads
and may have a limited capacity to support small
radial loads — contact angles 75° + 90°. Currently
standard thrust bearings carry only axial (thrust)
loads.

Types of bearings* — bearings are also classified as
radial (contact angle 0° + 45°) or thrust bearings
(contact angle 45° + 90°) as adopted in SKF or NSK
nomenclature.

Contact angle = 90°
(for axial load) 75° 60°

i,
M, v

45°

30°

Radial load

Contact angle = 0°
(for radial load)

Thrust load

Fig. Application of bearings based on load type [SKF 2018]
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1. Classification

Most parts are supported by two bearings. When a single bearing is used to support a component,
moment loads also need to be considered. The application of a single rolling bearing is generally limited to
two or more row bearings. Multi-row bearings function like two or more separate bearings, but the
bearing is more compact in size and easier to use.

(&) Radial Loads (b) Axsd Loacs

Fig. Double row angular contact
|/\| \‘ ,/\ \ ball bearing [www.skf.com]

Fig. Types of bearing loads [NSK 2011]
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1. Classification )
U Types of rolling bearings
[
I N 1 )
U Ball bearings ] U Roller bearings
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Fig. [NTN 2024]
The most used type of rolling bearing is the ball bearing. It is suitable for standard applications due to the following
features: good load capacity, the ability to carry both radial and axial loads in most bearing designs, low friction, quiet
operation, high-speed capability, price, precision and the option to be sealed with grease allowing maintenance-free
operation.

The main reason for using roller bearings is their higher load capacity and the associated increased rigidity and resistance
to shock loads compared with ball bearings of similar dimensions. If space is limited, roller bearings are the better choice.
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2. Properties of rolling bearings
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Introduction — general information

Dimension
3. Bearing designation series
A\
/ A\
\ A\ 7
- - . . v V
Designations for SKF rolling bearings Bearing series Size
d/5
EYATries R| | Nu2212 | | ECML
W 6008 |l/ £Z —T—
23022 |f-| 2CS ~—g= ; ry [C "‘ \
i g T . T
t ) () _‘
| ol
I I
Prefix s ;“;.,-
D +——+ d D +—++ d
Space or non-separated
Basic designation ! i
{J

Space, oblique stroke or hyphen i .

Suffix Figs. [SKF 2018] Fig. Boundary dimensions [SKF 2018]
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Bearing series

6(0)4
. . . 546 623 (0)4
3. Bearing designation 223 526 6(0)3 33
213 543 622 23
232 523 6(0)2 (0)3
222 542 630 23 22
241 522 6(1)0 2 12
231 16(0)0 22 (0)2
240 323 534 639 s A «
230 313 514 619 31 30 31
i 249 303 533 609 60 20 60
Bearing type 139 239 332 513 638 7(0) 814 50 10 50
130 248 322 532 628 7(0)3 8% 40 39 40 23
] (123 238 302 512 618 7(0)2 874 30 29 30 (0)3
Bore diameter code 1(0)3 331 511 608 7(1)0 813 69 19 69 12
()22 29 330 510 637 719 893 59 38 49 (0)2
033 1(0)2 293 320 423 591 627 718 812 49 28 39 10
(032 1(1)0 292 329 422 590 617 708 811 39 18 48 19

NC, NCF

NU[2212
NF, NFP NNF

08 s = e

@O O 8 L) °! NU,NUH  NNCL
= NUP, NUPJ  NNU

: — =9 [~ Il = =
DR OERNTC0IT0D 00
2 30 2 {0) 1 P4 3 4 5 6 7 8 C N NN QJ
Radial bearings Thrust bearings
Width (B, T} Height (H)
ey BE@EEOIEICE ] I @ @ =
B r r L .
i *u’ \!- 4 l.( ‘H r
@i ‘ ::L_/:-/:"]l\ ! ;I o| Diameter series
rA / 7 o ‘... I‘ 7% ; EI B
f— R A % = 0 i 2
S Dimension 3 4
D - d 0 1 } d series 7“‘»»-‘__;‘\7‘
i @: | -‘: .\‘_il Figs. [SKF 2018] Bearing series Size

lj ." ‘_:v
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3. Bearing designation
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Bearing senes

6(0)4
. . . 544 623 (0)4
3. Bearlng des:gnatlon 223 524  6(0)3 33
213 543 622 23
232 523 6(0)2 (0)3
222 542 630 23 2
241 522 6(1)0 32 12
231 16(0)0 2 (02
240 323 534 639 41 3 41
230 313 514 619 31 30 31
; = 249 303 533 609 60 20 60
Bearing series = 139 239 332 513 638 7(0)4 814 50 10 50
; 130 248 322 532 628 7{0)3 894 40 39 40 23
bearing type (123 238 302 512 618 7(0)2 874 30 29 30 (0)3
1(0)3 331 511 608 7(1)0 813 69 19 69 12
) ) (122 29 330 510 637 719 893 59 38 49 (0)2
() — values in brackets are most often omitted. (0)33 1(0)2 293 320 423 591 627 718 812 49 28 39 10
(032 1(1)0 292 329 4(2)2 590 617 708 811 39 18 48 19
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H|
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|

Boos LT

XXX]X X

Figs. [SKF 2018]  Bearing series s;}f
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3. Bearing designation

Bore diameter d < 10 mm f—
Bearing type Usually uncoded —B—, ri 6 \
Dimension series e.g. 629 ‘ % — e
Bore diameter code d=9mm. - i
: | il
N U 2 212 Bore diameter 10 mm £ d <20 mm !
00-d = 10 mm, ..*B;‘\-
01-d =12 mm, D +———% 4d D aﬂ%'xﬁ, d
aD|D8 02-d =15 mm,
03-d =17 mm. ;
2“3 0||2 2 Bore diameter 20 mm < d £ 450 mm : ' ’ L !
d = XX x5 [mm], . . '

e.g.
Dimer_ision d=12x5=60mm,
series d=08x5=40 mm.

Custom manufacturer designation

e ——
X X X X X Bore diameter 450 mm<d
\ / /

Vv

Bearing series Size
d/5

Figs. [SKF 2018]
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3. Bearing designation

Suffix

‘ = : 6 2 N8 1 (3 & NS7S
Examples | R NU 2212 ECML
, W 6008 / C3 1Bearing type symbol _ BiGrease symbol
23022 - 2CS
2Dimension symbal | DNSKHPS symbol
J'Bore number &/Internal clearance symbol
Prefix 4)Cage Design — - RiSeals, Shields symbol
Space or non-separated Fig. [NSK 2011]

Basic designation

Space, obligue stroke or hyphen

Suffix

Fig. [SKF 2018]
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r N i 5

3. Bearing designation

—seals and shields
The type and properties of shields and seals may
vary depending on the bearing manufacturer.

Type Shielded Type Non-Contact Contact Rubber Sealed Type -
(11 Type) Rubber Sealed Type (DOU Type) Shielded Wpe Non-Contact
il (17 Type) Rubber Sealed

Type (VV Type)

Higher than ZZ, VV types

Torque Low Low
9 ' ! due to contact seal
4 =X
Speed capability Good Good Limited by contact seals
Grease sealing . I ) ) B )
: Good Better than 77 type A little better than W type
effectiveness
Better than 77 type 2 i
: Best (usable even in very dusty
Dust resistance Good (usable in moderately
¢ \ Pﬂ'«'lml“r‘.'lél“:f) - -
dusty environment)
Water resistance Not suitable Not suitabl RODU ((Sate VBN B 2011
NOL SUIaDIE NOL Suiatie 2 i
splashed on bearing) Figs. [NSK 0 ] (Oﬂtact
Rubber Sealed

i -10 1«
Operating ey 10 t0 +110°C 10 to +100°C

temperature (1) +110°C 7 . Type (DDU TYDQ)
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3. Bearing designation

— seals and shields Shields y
C @
Figs. [SKF 2018] 7 i Z VAS

Non-contact seal Low-friction seals, RSL Low-friction seals, RST

:

RZ D<25mm 25<D <52 mm D<25mm 25<D <70 mm D>70mm
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3. Bearing designation

—seals and shields

Selection guidelines for SKF capping devices

Regquirement Shields Non-contact seals Low-friction seals Contact seals

L2S RZ RSL RST RSH RS1
Low friction 4+ +4+ ++ +4+
High speed +4+ +4+ +4+ + o o
Grease retention o + +4+4 +4+ 4+ ++
Dust exclusion + ++ 4+ +44 P

Water exclusion

StatiC — p— o +4++ + 44 + 4
dynamic - - o + ++ +
high pressure - - o 4+ o
Symbols: +++ = best ++ = very good + = good o = fair —=not recommended

Fig. [SKF 2018]
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Radial internal

3. Bearing designation clearance
! e

— internal clearance '

Bearings are produced with variations in internal radial and axial ,
clearance. As a result of mounting and temperature changes during |
operation, the internal clearance usually becomes smaller than the ' }
value specified. Typically, an interference fit between the bearing,

housing and shaft alters the dimensions of the rings and l
temperature differences cause thermal dimensional changes. |
Selecting the appropriate internal clearance for the operating
conditions is important due to its influence on bearing fatigue life, -

vibration and noise or heat generation. Axial internal
Internal clearance classes Giearanie
nter rance classe .
Figs. [SKF 2018] Dimensional stability
ISO clearance = SKF designation Internal clearance
class suffix Stabilization Stabilized up to
class
= C1 Smaller than C2 _ °oC oF
Group 2 C2 Smaller than Normal
SN 120 250
Group N - Normal SO 150 300
51 200 390
Group 3 C3 Greater than Normal
S2 250 480
Group 4 Cé Greater than C3 S3 300 570
S4 350 660

Group 5 C5 Greater than C4
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3. Bearing designation

— internal clearance
Nominal Bore Clearance
Diameter
d
(mm) Q (N aG
over ind. | min. max. min. max. min. max.
10 only o 7|2 wB|8§ 3
10 18 0 9 3 18 1 25
18 24 0 10 5 20 13 28
24 30 1 " 5 20 13 28
30 40 1 R 6 20 15 33
40 50 ] 11 6 23 18 36
50 65 1 15 8 28 23 43
65 80 1 15 10 30 25 51
80 100 1 18 2 36 30 58
100 120 2 20 15 41 36 66
120 140 ; 23 18 48 | 4 81
140 160 2 23 18 53 46 9
160 180 i 25 20 61 53 102
180 200 2 30 25 I3 63 117
200 225 2 35 25 85 ) 14
225 250 2 40 30 95 85 160
250 280 i 45 35 105 90 170
280 315 2 S5 | 40 115 | 100 190
315 355 3 60 45 125 | 110 210
355 400 3 70 55 145 | 130 240
400 450 3 80 60 170 | 150 270
450 snn k| an mn 190 17N N

Fig. Radial internal clearance of deep groove ball bearings [NSK 2011]

107
125
145
155
175
195
225
250

280

4

29

33

130
147
163
195
225
245
270
300
340
380
470

20
25
28
30

an
a0

(&)

min. _max. | min. max.

37
45
48
53

Symbol

§
Q2
Omitted
G
(4
&)

(8
Q2
(¢
a
(c4
(&)

Meaning (radial clearance)
Clearance Less than
Clearance Less than (2 | MC1 MC2
& | than (N o
= M3 52| Normal Clearance
= | (N (learance © Y '
) =< = (learance Greater
5 Clearance Greater M4 < £ |than MC3
< than CN MCS * S| Clearance Greater
S | (learance Greater < | than M(4
than (3 MC6 (learance Greater
Clearance Greater than MC5
than (4
! (learance in Deep Groove
Clearance Less CM  Ball Bearings for Electric
[han ((:2 Ni(_)lU‘S
= «| Clearance Less .
© = than CC €I Clearance in Cylindrical
g = Roller Bearings for Electric
== Normal Clearance (M  Motors
2—|Clearance Greater |
=<2 than CC Preload of Angular
S8 i Contact Ball Bearing
Z £ | (learance Greater ,
53 than (3 EL  Extra light Preload
Clearance Greater Light Preload

than CC4

Fig. [NSK 2011]

Medium Preload
Heavy Preload

Partially the
same as JIS(5)/
BAS(¢)

= =~

NSK Symbol
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3. Bearing designation

63082 G

—— Radial Clearance (3
(Internal Clearance Symbol)

— Shields on Both Sides
(Shield Symbol)

Bearing Bore 40 mm
(Bore Number)

Diameter Series 3

Single-Row Deep
Groove Ball Bearing

A DB G

L Axial Clearance (3

Back-to-Back Arrangement

: Contact Angle 30°
Bearing Bore 100 mm
Diameter Series 2

Bearing
Series
Symbol

Single-Row Anqular Contact Ball

NU 3 18 M (M

T Radial Clearance for
Electric-Motor Bearings CM

Machined Brass (age

Bearing Bore 90 mm
Diameter Series 3

NU T"'De ("’ll”(j”(dl
Roller Bearing

NN 30 17 K 1 P4

l Accuracy of 1SO Class 4

Radial Clearance in Non-
Interchangeable Cylindrical
Roller Bearings CC1

Tapered Bore (Taper 1:12)
— Bearing Bore 85 mm
Diameter Series 0
Width Series 3

NN Type Cylindrical
Rolier Bearing

Radial Clearance (3

— Quter Ring with 0il Groove
and 0il Holes
— Tapered Bare (Taper 1:30)

Machined Brass Cage

— Bearing Bore 1000 mm
- Diameter Series 0

Width Series 4
- — Spherical Roller Bearing

51 2 15

Bearing Bore 75 mm
Diameter Series 2

Height Series 1
Thrust Ball Bearing

Bearing HR 302 07 )
LI AT Figs. [NSK 2011]
1206 K

+H206X Small Diameter of Cup

Raceway and Contact Angle

[ Adapter with 25 mm Bore
Tapered Bore (Taper 1:12)
—— Beanng Bore 30 mm

Diameter Series 2
Self-Aligning Ball Bearing

Conform to I1SO
Bearing Bore 35 mm
Diameter Series 2
———— Width Series 0
Tapered Roller Bearing

—

High Capacity Bearing
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3. Bearing designation

The information presented provides e

only a basic overview of bearing e s

designation. There are exceptions and Suffixes

detailed guidance depends on the S o
manufacturer. Not all data is included Group 2: External design (seals, snap ring groove, etc.)
in the bearing designation. For further Group 3: Cage design

information refer to for example ISO
355, JIS B 1513 and manufacturers’
catalogues.

Group 4.1: Materials, heat treatment

Group 4.2: Tolerance, clearance, preload, quiet running
Group 4.3: Bearing sets, matched bearings

Group 4.4: Stabilization

Group 4.5: Lubrication

Group 4.6: Other variants

Fig. Detailed designation of a rolling bearing [SKF 2018]

E—— B
-z BE T H T A A

18 19 oo 10 30 02

22
2 E. B . _B i g

Fig. Space required for rolling bearings with the same
bore diameter and different dimension series [SKF 2018]
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Bearing selection

1. General information

Bearings are selected during design process. In most cases the shaft geometry is already defined. This means that
decisions regarding the number of supports (anchors), their positions and bearing bore diameter have already
been made. In addition, the load parameters required for shaft design and bearings selection are determined.
However, design is an iterative process. During each iteration knowledge is gained and improvements are made.
The design process is completed then assumed properties are achieved.

As mentioned earlier, a single bearing may be used to support a component, in such cases, it is most often a
double-row or multi-row bearing, for example a wheel hub bearing in cars. However, the most common solution
is to use two supports. Each support typically contains one or two bearings. With a rigid shaft and no preload,
this configuration most often forms a statically determinate system. The use of three or more supports is
uncommon. Nevertheless, for long shafts and high loads, it may be unavoidable. Such arrangements result in a
statically indeterminate system. The calculations are more complex and to achieve higher load capacity
proportional to the additional supports, very high manufacturing precision of the housing holes and shaft is
required.

The following considerations will therefore focus on cases with two supports.

a
lp Ball Bearings

N

;\7\1 Roller Bearings T ——
% —m— —-XL— e |
% | I “ hrl
£ 7

T ST
- Iy 2 by = . __ s

Fig. Arrangement with three supports [Harris (Advanced) 2007] Fig. Single support arrangement: wheel bearing [https://www.mevotech.com/
article/wheel-bearings-and-hubs-101-what-you-need-to-know/]




Bearing selection

2. Two support arrangements

In enginnering practice two support arrangements are commonly designed in three configurations:
1. Fixed-free end.

2. Fixed-fixed end (preloaded arrangement).

3. Free-free end.

Certain types of bearings can be used in fixed end support, free end supports and in preloaded
arrangements. For simplicity, the following general guidelines may be stated:
* free end — cylindrical bearings,

 fixed end — single ball bearings and double- — - — = —————— — = ——— . —.—. 1
direction angular contact bearings, /\

* preloading — single-direction angular contact 1
bearings.

Note: One bearing per support is assumed and
exceptions apply: — e — 1.
* Free end — single ball bearings and double

direction angular contact bearings may be used, 2

provided that an appropriate fit is applied to

allow axial displacement between the bearing
ring and most commonly the housing or more - -3

rarely the shaft.
* Fixed end — cylindrical bearings may be used 3

with additional components, such as a thrust
collar, to locate the shaft axially.

Further details are provided in the table from NSK 2011 Fig. Modified from SKF 2018
presented at the beginning of this presentation and in manufacturers’ catalogues.



Bearing selection

2. Two support arrangements
2.1. Fixed-free end

This is most common configuration and is used when:

— precise positioning of one end of the shaft is required,

— small to moderate axial forces must be carried by the shaft,

— thermal expansion is significant and must be compensated for (long distance between bearings, large
temperature variations),

— dimensional tolerance accumulation must be compensated for.

‘-_f{i‘{:: i [ W:{ —[:HE LIS 1B ; I_, |
_QJLJ—-H e f(—:% | ulr:d e h:,UQ xl B J:,t

' l‘:f = 1l J_%T_ i e s _@'

Figs. [SKF 2018]
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2. Two support arrangements
2.1. Fixed-free end

Examples of fixed-free end arrangements show that the bearing or bearings at one support may be preloaded. In such
cases, this support acts as the fixed end and carries the axial load.

A less common solution is the application of preload to the bearings at both supports in a fixed—free end arrangement.

In figure from SKF 2018 preload is applied by means of a wave spring. The spring acts on the outer ring of a bearing that
is able to move axially, providing light preload to both bearings. This solution is used to reduce noise or prevent damage

to the bearings caused by external vibrations during standstill and not intended to carry axial load. It is typically applied
in small devices, such as small electric motors.

In the figure from NTN 2024 preload is applied to increase rigidity, accuracy and suppress vibration. This solution is used,
for example in milling machines or measuring instruments.

0 L 1 W e

>0 § I _JEi*))
\_-J |
|

P [ |

| ] /] U I

: \ J g } \
// \ . 44‘:. :
/ | ) : \
| ‘l l' \
— 1 , \ x Z

Figs. Vertical shaft [NSK 2011] Fig. Preloaded bearings at both supports [NTN 2024]
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Bearing selection

2. Two support arrangements
2.2. Fixed-fixed end (preloaded arrangements)

This configuration is used when:

— the axial force is closed to or greater than the radial force,
— high stiffness of bearings is required,

— resistance to shock loads must be high,

— no internal clearance is permitted.

Special care must be taken with this arrangement. The amount of preload is critical from the perspective
of bearing life. Excessive preload overloads the bearings and significantly reduces their service life, while
insufficient preload results in only a small number of rolling elements carrying the load, which also greatly
shortens bearing life. In addition, even if the correct preload is set during assembly, thermal expansion
under operating condition may alter it. This situation occurs most often when the distances between the
bearings is significant.

Angular contact ball bearings, tapered roller bearings and spherical roller thrust bearings are mainly used.
The bearings applied to the shaft are of the same type but may be of different sizes.

y_

Figs. [www.skf.com]



Bearing selection

2. Two support arrangements
2.2. Fixed-fixed end (preloaded arrangements)
Angular single row bearing can carry axial load only in one direction. For proper work preload is necessary

thus to applied it at least two bearings in opposite position to each other must be used. Two possible
solution are obtained: O arrangement (back-to-back or indirect mounting ) and X arrangement (face-to-

face or direct mounting). AN RN irection of load
O and X arrangements of angular contact bearings . | | P - transmission
differ not only in the method of mounting and the N\ & \ 'A—J//
way preload is applied, but also in how the load is [ e l ‘ R
transferred from the shaft to the housing. —'ﬁ—'_i'i—uy N |a

| SN

|
WY &

Fig. O arrangement [Mazanek 2005]

SO \\\Q NN

//AV//

| ]
RN RN

[ T
|

Y s \| S

Flg X arrangement [I\/Iazanek 2005]




Bearing selection

2. Two support arrangements
2.2. Fixed-fixed end (preloaded arrangements)

Properties of the O arrangement (back-to-back): Back-to-back

— better resistance to (tilting) moment loads due to the greater

distance between pressure centres compared with the X B A
arrangement. This is especially important when the distance

between the bearings is relatively small, : j Q

— greater thermal expansion of shaft than of the housing results in — N
a decrease in preload, Ks

— greater stiffness compared with X arrangements, I i

— high manufacturing accuracy of the housing and shaft is required Fra

due to the very small tolerance for misalignment. Fra
Properties of the X arrangement (face-to-face): Face-to-face

— greater tolerance to misalignment than O arrangements,

— greater thermal expansion of the shaft than housing results in an A B

increase in preload,
— the inner ring has an interference fit which is usually desirable if o =

the inner ring is non-stationary.
s
|
\ FrA "

Fig. [SKF 2018]
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Bearing selection

2. Two support arrangements
2.3. Free-free end

The shaft has the possibility of limited axial movement in both
directions. A situation in which the clearance s becomes zero, for
example due to thermal expansion, must be avoided as this would
cause abnormal loading that could result in premature bearings

wear or distortions. This configuration can support only limited
axial force.

This configuration is used when:

— the position of the shaft is determined by a component mounted
on the shaft and must remain fixed or be adapted regardless of
thermal expansion or dimensional tolerances, for example a gear in
a double-helical gearbox,

— interference fits on both the inner and outer rings are required,
this is applicable to cylindrical roller or needle bearings.

'l

1 1

2 Fig. [NSK 2011]

Figs. [SKF 2018]




Bearing selection

3. Selection criteria

The process of bearing selection to meet the required performance and operating conditions is multifactorial. Only
limited information will be provided in this section. More details can be found in manufacturers’ catalogues; specialist
literature and some manufacturers provide software for bearing selection and direct support.

Criteria

DEEDID

Performance and operating conditions

Bearing type and arrangement
Bearing size

Lubrication

Operating temperature and speed
Bearing interfaces

Bearing execution

Sealing, mounting and dismounting Fig. Modified from SKF 2018

2o li]-]elal 1 &



Bearing selection

3. Selection criteria

— — — — —

Fits

Component temperature

Input data S~ e T

i -
\\\ \\\\»
. & o
Operating conditions and NG B
application requirements . e .
-
g "_/ —/////
= =
S -
. ousing
n
- - -
e Viscosity @ -
e [perati nperatur . ¢ Reu n
e Minimum load - 2 =
e Permissible axial load . P e Lubricant < . 0
o Static load .5 W | o Vibration ~ x ng
v e Dynamic load e | oad direction e Speed ® ~pees = " - "
o Required life e Load « Operating temperature i

Fig. Modified from SKF 2018



Bearing selection

3. Selection criteria
3.1. Bearing type

The type of bearing can be chosen based on solutions used in the same or similar devices. For the
improvement of an existing design, the development of a new type of device or the achievement of
ultimate performance all possible types of bearing should be considered. Based on weighted selection
criteria the range of suitable bearing types should then be narrowed.

The bearing type defines the following properties:

load capacity (type and direction of load, resistance to shock loads, space requirements and load to
space ratio, rigidity and the possibility of preloading),

precision (friction, noise and vibration, maximum speed and accuracy of motion),

misalignment (tolerance of static and dynamic misalignment),

easy of mounting (possibility of bearing division),

lubrication (possibility of applying internal seals and shields).

More than one bearing can be used in a support to achieve specific performance characteristics.



Bearing selection

. o . ; Relative permissible speed
3. Selection criteria Bearing Types | 4 7 10 13

H Deep Groove o e
3.1. Bearing type Ba”DBeaqu A -

Anqular Contact V———
Ball Bearings g

Cylindrical Roller oy e -t
Bearings

Needle Roller R T,
Bearings
Radial load capacity ~ Axial load capacity Tapered Roller

. — = = D
1 20 3 i 1 2 3 4 Bearings

Bearing Type
Single-Row Deep Spherical Roller L

Groove Ball Bearings Bearings
Thrust Ball Bearings ==

Single-Row Angular s
Contact Ball Bearings Remarks == Qi bath lubrication

=== With special measures to increase speed limit
Cylindrical Roller(") L1 |

Bearings N—— Highest Tolerance comparison of
earing Types accuracy ' ' [
Tapered Roller g 1yf spe(ifle’d mn(;r nngzradla;runoz! :
Bearings
Deep Groove Ball Class 2 —
Spherical Roller Bearings
Bearings
g An?ula[ Contact Class 2 —_—
: : — : . Ball Bearings
Note(') The bearings with ribs can take some axial loads. Figs. [NSK 2011]
Cylindrical Roller Class 2 —
Bearings
Bearings '
Spherical Roller Normal "

Bearings



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

On this stage bearings type and hole diameter of bearings are determined (it is depend on the designing
strategy). Designer select bearing size, more precise has at his disposal the following choice:

- dimension series of bearing, that is outside diameter and width,

- number of rows in bearing (depend on the type of bearing),

- number of bearings (depend on the type of bearing).

Bearing size determines mainly minimum and maximum dynamic load, maximum static load and at
some point, maximum speed.

[Nawmter_

series

Width
series

OO=N W

e 1*

o | |
N | N m O N M O N

Fig. 5.5 Dimension series for tapered roller bearings (based on JIS B 1534) [NTN 2024]




Bearing selection

3. Selection criteria
3.2. Bearing size — general information

In general, the task of an engineer at this stage is to select an appropriate size of bearing that will be
able to carry the working load under operating conditions for a required period of time (service life).
There is an almost infinite combination of loads (characterised by direction, sense and magnitude which
may vary over time), operating conditions (rotational speed that may change in magnitude and direction
over time including standstill, temperature etc.) and required service life (understood as the required
operating hours, number of revolutions or distance in kilometres).

In catalogues the data tables provide two basic parameters that are essential for the selection of an
appropriate bearing size: the basic load ratings and the limiting speed. Owing to the almost countless
combinations of load, speed and required life it is not possible to provide data for all cases. The basic
load ratings and limiting speed are determined under specific conditions defined in standards and
adopted by manufacturers. Based on empirical and theoretical research a models have been developed
that enables the required bearing life to be determined by adjusting real operating conditions to those

specified in the catalogues. /"\ —

The limiting speed provided in catalogues is usually given as / /[ A
. . . L. . ’ Bearing Operatmg Lubrscaton

more than one value in revolutions per minute, as it is specified ( size * .'temperilur( ' condition: k /
for different operating conditions. The maximum speed is limited S ~__

by the bearing construction (such as the cage, seals or strength I I

of the rolling elements) and by temperature (which depends on .
. . . . / y / / \

lubrication conditions, temperature of ambient components and [ Bearing "‘I [ Bearing "-| [ Lubricant I"I
\ load | \ speed | \ viscosity |

/ /

load). More details can be found in manufacturers’ catalogues. ‘ " ‘ |
Fig. [SKF 2018] R & L



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

The basic load ratings are provided as two parameters: static load rating and dynamic load rating.

Static load rating C

The static load rating is defined as the force, expressed in newtons, that does not cause permanent
plastic deformation of the raceway and rolling elements exceeding 0.0001 Dy, where Dy is the diameter
of the rolling elements. Based on experience, this level of deformation does not negatively affect the

bearing’s service life or accuracy.

Static conditions occur when:

- there is no rotation or rotational speed does not exceed 10 rpm,

- impulsive (shock) loads are present.

Under these conditions, bearings must be checked with respect to static load.

Dynamic load rating C
The dynamic load rating is defined as the force, expressed in newtons, that will
cause fatigue failure in the form of spalling (flaking) in 10% of a group of
seemingly identical bearings when the number of revolutions reaches one million.
Testing is carried out under ideal conditions. No manufacturing or assembly
defects are present, lubrication is adequate, and both speed and load are
constant. The outer ring is stationary, while the inner ring is the rotating
component.

Fig. Spalling (flaking) [NSK 2011]

| ]
\ !
-v.._<_..“_. ..... 7 o

Fig. Load during the determination
of the static load rating [NSK 2011]

Nhase = CONStant

Fig. Load during the determination of
the dvnamic load rating [INSK 2011]



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

The force applied during the determination of the static load rating Co and the dynamic load
rating C has a constant direction and magnitude. For bearings with a contact angle a« = (0%;45°)
the applied load is a purely radial force, while for bearings with a contact angle a = (45%,90°) it

is a purely axial force.

The direction of the applied force during testing is the same for radial bearings (& = 0°) and
thrust bearings (o« = 90°). For angular contact bearings however, the test load direction differs
from that occurring during operation, where the bearing is subjected to a combination of radial

and axial loads acting simultaneously.

In practice, real load conditions are most often different from those
used during the determination of basic load ratings. To relate real
operating loads to the conditions used in testing, equivalent bearing
loads are introduced (Fig.). The equivalent bearing load is theoretical
load that has the same effect on bearing life as the actual load but has a
constant direction and magnitude. It is a purely radial load for bearings
with a contact angle a = (0°;45°) and a purely axial load for bearings
with a contact angle a« = (45°;90°).

Equivalent bearing loads are determined for both static €y, and dynamic
C load ratings as the equivalent static bearing load P,and equivalent
dynamic bearing load P.

Fig. Pure axial load —
thrust bearing [SKF
2018]

Fig. Real radial F, and axial F,load converted

to equivalent bearing radial load P [SKF 2018]

1
-y

L

Fig. Pure
radial load -
radial bearing
[SKF 2018]

».

o




Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

I. Operation at constant speed and load
In the case of operation at constant speed and load, changes are required only for angular contact
bearings. The combined radial and axial forces are replaced by a single equivalent load acting in either the

radial or axial direction, according to the equation below. ﬂTJﬁ ':}'IH{J—
a) Equivalent static bearing load P, l 2 |

- radial bearings n 1 b - ﬂ | B t‘ —
P, =F, Z - — |

- angular contact bearings

P,=VXy\F,.+Y,F, ff |
- thrust bearings s I"‘ |
P,=F, ]
where: _ ) !
P,— equivalent static bearing load in N or kN, T I :FE!{— o
F,. — constant radial load in N or kN, " ‘ | ; Il )
F, — constant axial load in N or kN, 4 . B
IV — rotation factor, Fig. [Budynas 2008]

IV = 1 —inner ring rotates (as during load rating determination),

V' = 1,2 — outer rings rotates (the length of the loaded raceway on the inner ring is smaller than in the case of a
rotating outer ring),

X, —radial load factor (value depends on the bearing type and is given in the manufacturer’s catalogue),
Y, — axial load factor (value depends on the bearing type and is given in the manufacturer’s catalogue).




Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

I. Operation at constant speed and load T
b) Equivalent dynamic bearing load P Ehr

- radial bearings _'f;f‘g—_w ' h_ R
P=F, / I‘L |

- angular contact bearings

F i i !< 4 Beanng B

P=VXF.+YF, Z |
- thrust bearings I’ 1
P=F, Fur

where: B +— Bearing B E +— Bearing A
P— equivalent dynamic bearing load in N or kN, 2 s N O A 4 -
F,. — constant radial load in N or kN, l | Z |

i '." ‘

F, — constant axial load in N or kN, Fig. [Budynas 2008]

IV — rotation factor,

IV = 1 —inner ring rotates (as during load rating determination),

IV = 1,2 — outer rings rotates (the length of the loaded raceway on the inner ring is smaller than in the case
of a rotating outer ring),

X —radial load factor (value depends on the bearing type and is given in the manufacturer’s catalogue),

Y — axial load factor (value depends on the bearing type and is given in the manufacturer’s catalogue).

1)



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads
I. Operation at constant speed and load

The values of parameters X (Xy) and Y (Y,) depend on the bearing
type and its construction.

Figure shows the diagram for a ball bearing. On the x-axis is VF?:
T

and

P . : :
_— The diagram can be interpreted as influence of
T

axial load on the equivalent bearing radial load.

At low axial loads, the axial force has no noticeable influence, and the
results may be approximated by a horizontal line. Beyond a certain
point, as the axial load increases, the resulting values also rise. This
second region may also be approximated by a straight line.

The intersection of these two lines indicates the point at which the
axial load begins to have an observable influence on the equivalent
radial load and, consequently, on bearing life. This boundary value is
denoted by e and its value is given in manufacturers’ catalogues.
Based on the diagram it may be concluded that:

Fa
VF,
Fq
VF,

on the y-axis is

<e->X=1Y=0->P=VF,

>e >P=VXF,+YF,

=3
~11

0 €

Fig. [Budynas 2008]



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads P o
I. Operation at constant speed and load VF.
Once again, we consider the diagram and the two lines that o
approximate real results. 0
The equation of straight line can be written as linear function of | O /9
el
the form: 7
s |
y=ax+b - :
If the linear function is a constant function (a horizontal line) it has - Slopcl)'
the form: Xt |
y=D>b |
. . P
According to the figurey = = and b = 1 thus: :
T
I
1=P—>P=VFT for —% <e |
V Fy V Fy |
The second line is approximated by a function with a non-zero |
slope a # 0. Based on the figure it can be written as: |
I
y = a x 4+ b |
! b V' S P=VXE+YFE for 22>e¢ |
s v |
VFT‘ VFr | \l’
-

The equations for the equivalent bearing load were derived. U fig. (Budynas 2008]



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

Il. Operation at variable speed and load
Then load is varying, that is magnitude, direction or sense is change in time, or rotational speed is not

constant it must be consider. In formula on equivalent bearing load forces F. and F, are constant values. It
can be distinguished common situation:

i.  constant load with occasional and significant peaks,
ii. loadis changing during time,

iii. load and speed is changing during time,

iv. forces with constant and changing direction.

Diagram 4 ) Diagram 5

Load averaging Rotating load

Figs. [SKF 2018]



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads
Il. Operation at variable speed and load
When rotational speed is steady and load vary due to principle of machine operation an equivalent

dynamic bearing load P may be obtain using a load factor f,, (f; or f;). It is also applied when information
about the load characteristics is limited or when this is a preliminary iteration of the bearing size

assessment. Table 4.1 Load factor fyy  Fig. INTN 2024]
P = f P
wlt :
where: A";ﬂg?.t( gt ’ Jw Machine application examples
P —equivalent dynamic bearing load in N or kN, Very little or | 1.0 to | Electric machines, machine tools,
fw —load factor, no shock 1.2 | measuring instruments.
P; —theoretical (design) equivalent dynamic bearing load in N or kN, Railway vehicles, automobiles,

rolling mills, metal working

2 to | machines, paper making

5 machines, printing machines,
aircraft, textile machines, electrical
units, office machines.

ST < b
o Light shock 1

Time

s et | 1.5 10 | Crushers, agricultural equipment,
: . Hieawy shock 3.0 construction equipment, cranes
Table 4.6 Chain or belt factor fy, Fig. [NTN 2024] : - : 5 ik :
Chain or belt type Jo Table 4.2 Gear factor f; Fig. [NTN 2024]
Chain (single) 1.2t0 1.5 Gear type Iz
V-belt 15t02.0 Precision ground gears 1.05 to
Timing belt 11to1.3 (Pitch and tooth profile errors of less than 0.02 mm) | 1.1

Flat belt (w / tension pulley) 25t03.0 Ordinary machined gears 1to
: " 11C c = -
3

-
Flat belt 30t04.0 (Pitch and tooth profile errors of less than 0.1 mm) | 1.




Bearing selection

]
3. Selection criteria
3.2. Bearing size — general information
. . !
Equivalent bearing loads
Time
Il. Operation at variable speed and load
. . . . oo Guideline values for the static safety factor s, - for continuous and/or occasional
i. Constant load with occasional and significant peaks loads - ball bearings
The force-time graph illustrates a situation in which force has a  frtantofieadievel -~ Continuous motion bl et
constant value, with occasional peaks of significantly higher SRS it
magnitude. These peaks occur intermittently and usually do not
noticeably change the mean force value. Although their duration By 0 : g
is very short, they may lead to permanent deformation of bearing " "n
components. b oancic vmkiaadog - S SRS 1
For this reason, the load must be compared with the static load _ . : _
. i . . X Guideline values for the static safety factor s, — for continuous and/or occasional loads —
rating C,. Precise information about the magnitude of peak loads  roller bearings®
is often unavailable. In such cases, an equivalent static bearing Certainty of load level Contintous motion Infrequent motion
Permanent deformation Permangnt deformation
load P, may be adjusted by a peak load factor f, (fs or so): acoponc sccEgiance
PO = fWPtO High certainty ] 15 3 0.8
. For example, gravity loading
th US. and no '.‘in ._n'i:_xu :
CO < fWPtO Low certainty 225 >3 =4 22
. For example, peak loading
where: _ _ _ _ e Tt Figs. [SKF 2018]
Py— equivalent static bearing load in N or kN,
Lower Limit of f;
fw — load factor, Operating Conditions .
P, — theoretical (design) equivalent dynamic bearing load in N or Joh Suomiags ot Deadess
kN' Low-nolse applications 2 3
Fig. [NSK 2011 {£716# SWbiected fo vbation and 15 2
For spherical thrust rofler bearings, the values of 1, should be St hoecating condiibes 5 15

qreater than 4



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

Il. Operation at variable speed and load
ii. Load is changing during time

Load may vary periodically over time. In a force-time diagram it may appear
as a simple function (e.g., linear or sinusoidal) or as a more complex
waveform. In such cases the equivalent dynamic bearing load P is defined as
the mean (constant) load that produces the same fatigue effect as the actual
time-varying load. This approach is based on the linear damage hypothesis.
Load in the form of a linear periodic piecewise function (Fig. 1)
Pmin + 2Pmax
B 3

Load in the form similar to sine function (Fig. 2)

(@) P =0,75P,4x

(b) P =0,65P,4x

Load in the form of a general periodic function

l j P()7d,

q = 3 for ball bearings, g = 19/; for roller bearings.

1/q

F

Finax

l min

I
Fig. 1. Linear fluctuating load [NTN 2024]

I

Finax

1'.m

(b) ’
Fig. 2. Sinusoidal fluctuating load [NTN 2024]
/.

Fig. General regular fluctuating load [NTN
2024]



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

Il. Operation at variable speed and load
iii. Load and speed is changing during time

Load and speed may change gradual over time. In such cases
the equivalent dynamic bearing load P is defined as:

1
tlanlq + tznszq + e+ tnnnP,f’ /q
ting +tony, + -+ tyn,

where:

P — equivalent dynamic bearing load in N or kN,

P, — equivalent dynamic bearing load acting during time period t,, in N
or kN,

t,, — time period of machine operation at rotational speed n,,

n, — rotational speed during which equivalent dynamic bearing load P,
acts,

q = 3 for ball bearings, g = 19/; for roller bearings.

The mean rotation speed n,,e0qn, required for the
determination of bearing life, is given by:

t1n1 + tznz + .-+ tnnn
n =
mean ty+ty+ -+ ity

!

P

P=XVF,\+YF,,

=~ | Q.

sr

Fig. Gradually changing load [Mazanek 2005]



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads
Il. Operation at variable speed and load

iv.  Forces with constant and changing direction
Two type of forces may act on a bearing during operation: stationary and rotating. A
stationary force has a constant direction and is always present as a result of load
transmission or gravity. A rotating force most often results from centrifugal effects
due to unbalance. In some types of machines unbalance is a basic principle of
operation, while in others it is unavoidable.
According to the Fig. the combine (resultant) load F based on the law of cosines is:

F = \/R,% + R%Z — 2FzFg cos 6

where:

Fp —rotating force in N,
Fs — stationary force in N,
6 — angle between forces.

The average load F;,;, may be estimated as follows:

2
when Fp = Fq Fn = Fg +0,3Fs + 02
R
2
when Fp < Fq Fn = Fs +0,3Fg + 0,22
S

More detailed information can be found in NSK 2011 catalogue.



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

lll. Axial load in single row bearings mounted in X and O arrangements

Angular contact and thrust bearings, as well as tapered bearings, must be mounted at least in pairs on a shaft in opposite
directions to operate properly. In this type of bearings, even when subjected to purely radial load, an internal axial
reaction force is generated. This is due to the bearing's construction and the proportion between radial and axial
reaction forces depends on the contact angle. Angular contact ball bearings

This internal axial reaction is Axial loading of bearing arrangements incorporating two single row angular contact ball bearings and/or bearing pairs in tandem

taken into account during the Bearing arrangement Load case Axial loads
estimation of bearings axial load

Back-to-back Case1a
K, — external axial force acting on the 8 Faz2Fa F..=RF.s Fa Pt
shaft, gl o
. . =y .ﬁ: K,zU
F, 4, —radial load on bearing A, | Pty
. . K
F,5 —radial load on bearing B, l —_
F, 4 —resultant axial load on bearing A, i I;. :
F,p —resultant axial load on bearing B. Cabe ki
Face-to-face
r F F 4 =1 f Faa=F.,+K
A B L
Contact angle a - load transmission O — Ka2R(F B” Fra)
— 1o |
Figs. [SKF 2018] I; I.
For bearings with Case 1c
e Z20° contactangle » R = 0,50 ‘.
e 25°contactangle » R = 0,57 Fa<Fg e F.a=RF
e 30° contact angle > R=0,66 ;
e 40° contact angle > R - 0,88 continued { K, <R{F.5—Fs)




Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

lll. Axial load in single row bearings mounted in X and O arrangements

The presented formulas for determining the resultant axial loads F,4, and F,p are defined under the following
conditions:

— the bearings before loading have neither clearance nor preload and are in the boundary position,

— the radial loads are always taken as positive, regardless of their sense,

— the bearings have the same contact angle. Angular contact ball bearings
Back-to-back Case 2a

B A FasFa Faa=Fag+K Fas=RFg

s o 14 N ! 1t

o o K,20

—] C

Ky
lF.c

K, — external axial force acting
on the shaft, Face-to-face
F,. 4, —radial load on bearing A, Fa>Fig Fia=F.a+K F.a=RFg

Case 2b

F,p —radial load on bearing B, A 8 K. >R(FA—F.l
H BN, Z2R{FaA—T,
F,4 — resultant axial load on - _— A '
. -y T
bearing A, s )
F,p — resultant axial load on Ka
bearing B. ' l._ y
Fig. [SKF 2018] Fre
‘ Case 2c
For bearings with
e s F.a>Fg Faa=RFa Faa=Fa-K;

25° contact angle > R = 0,57
30° contact angle > R= 0,66

40° contact angle » R = 0,88 continued T Ks<R{Fa~Fea)



Bearing selection

3. Selection criteria
3.2. Bearing size — general information

Equivalent bearing loads

lll. Axial load in single row bearings mounted in X and O arrangements :
Tapered roller bearings

Axial loading of bearing applications incorporating two single row tapered roller bearing arrangements and/or bearing pairs in tandem

. Bearing arrangement Load case Axial loads
K, — external axial force
aCting on the Shaft' Back-to-back Case 1a
F, 4, —radial load on bearing A, A A
. . = : Fa Fu 0.5Fa
F,p —radial load on bearing B, s — 1SN Fap= Faa=Faa+K
. < et Ya: = Ya Yi ] ; 8
F,4 — resultant axial load on 5 e ¥
. K,
bearing A, E — ‘ K >0
F,p — resultant axial load on ? lz i
bearing B - : e
. ace-to-face ase 1b
Y, - axial load factor for
. A B .
bearing A (from table). Fa  Fis £ . 05Fn EoCF 4K
Y — axial load factor for — =&, g,-\jj Ya Y ) Ya
bearing B (from table). K
IF K .),—.'R'Fr?}_FrA‘
IL‘““ g = U2 ‘ Y v
Figs. [SKF 2018]
; " Case 1c
K, 1s the external axial force acting on the
shaft or on the housing. Load cases 1c and B F.o 05 F.q
2c are also val dwhenK,=0 | Y & Yb, Fan=Fa =K, Fag= Ya =
Values of the calculation factorY are listed N i
n the product tables. <
Fre  FrA ]
H K < D.C —J—-
continued , 23 Ys |



3. Selection criteria

Bearing selection

3.2. Bearing size — general information

Equivalent bearing loads

lll. Axial load in single row bearings mounted in X and O arrangements

K, — external axial force
acting on the shaft,

F,., —radial load on bearing A,
F,p —radial load on bearing B,
F,4 — resultant axial load on
bearing A,

F,p — resultant axial load on
bearing B

Y, - axial load factor for
bearing A (from table).

Yy — axial load factor for
bearing B (from table).

Figs. [SKF 2018]

K, is the external axial force acting on the
shaft or on the housing. Load cases 1c and
2c are also valid when K, =0

Values of the calculation factorY are listed

n the product tables.

Back-to-back

8 A
=3 =
v
F.a
Face-to-face
A B
" = =
i ud g i ==

K

| 3 ] !
b~ ke

_

"- 1)

continued

Tapered roller bearings

Case 2a

A
™
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<
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T

K.20

Case 2¢
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Bearing selection

) ) . Fig. [FAG 2025] l l
3. Selection criteria I ] b | J
3.2. Bearing size — general information | - [l | | C )
9oEe ! & O _UA;O;. )J

Minimum load

Rolling bearings require a minimum load to ensure that the rolling

elements rotate rather than slide. If the load is too small, slippage S 5 % &
may occur and the bearing may fail prematurely due to skidding
and smearing. This situation may arise when the shaft dimensions
determine the bearing size (for example, when a large shaft
diameter is required due to critical speed considerations) or when
618 619 60 62 63

a very long bearing life has been assumed in the design.

Possible solutions include:

— using a smaller bearing within the bearing series.

— applying preload,

— reducing bearing friction by selecting a special low-friction
bearing design (available from some manufacturers) or by using
a special lubrication system.

NoWear coated bearing

-

. . .. .. . Figs. [SKF 2018]
The importance of maintaining the minimum load increases when

rotational accelerations are high. General guidance for minimum

Preloading with springs

load is as follows: \| @

— ball bearings P = 1%, {’T[_)_’%__II

— roller bearings P = %. ‘1 |

More precise values are provided in manufacturers’ bearing O 1' i W |

catalogues. e |



Bearing selection

3. Selection criteria
3.2. Bearing size — basic rating life L

The experimental data, according to Palmgren, are presented in the figure. The x- axis shows the bearing
life L and the y-axis shows the force F applied to the bearing. A clear trend is visible in this plot: as the
force decreases, the rated life increases. The data are approximated by the function developed by
Palmgren [Palmgren 1951]:

F L1/ = constant

Because of logarithmic scale of the axes, the
approximation looks like a line.

The power g has value that depends on the
bearing type, base on the test adopted:

q = 3 for ball bearings, S
q = 19/, for roller bearings.

log F

The dependency between bearing load and
bearing life is expected. The higher the load the
lower the bearing life but the relationship is not
linear. Doubling the force will causes a several
times shorter life.

Information that product of force F and life L1/ is
constant for any logically limited values is log L
important. 0

Fig. [Budynas 2008]



Bearing selection

3. Selection criteria
3.2. Bearing size — basic rating life L

Therefore, it can be written:
Fr L;/q = Fp Li)/q = constant

where the subscript R means rated (known or measured) and D means desired (required). After

reordering:
Lp (Fr\’
Lr  \Fp

log F

Recalling the previous information on bearing life L and
the dynamic load rating C, as given in manufacturers’
catalogues where tests are conducted at a 10% probability
of bearing failure (90% reliability), it may be stated that:

Fr = C[N],

Lr = 1 million revolutions,

and the pure radial or axial force is replaced by the
equivalent bearing load:

L—D = <£>q log [
Lp P 0 -

Thus:
Fig. [Budynas 2008]




Bearing selection

3. Selection criteria
3.2. Bearing size — basic rating life L

The life of a bearing is usually required to be expressed in terms of the number of operating hours. Units
based on the number of revolutions can be converted according to the following equation:
Lr

L, =
" 60n

where:

Ly, — bearing life in hours,

Lr = 10° rated bearing life expressed in revolutions (typically 10°revolutions, as
defined by test conditions, although other values may be used, e.g. Ly= 9 x 107),
n — actual or average rotational speed, in revolutions per minute.

o

Failure Prabability

Fig. [NSK 2011]
Typically, two problems are considered:

— when the bearing has been selected and the bearing life in hours must be determined from the
equivalent dynamic bearing load and the dynamic load rating:

Lo e (C 1
Ph—60n\P
— Determination of the minimum dynamic load rating, when the equivalent dynamic bearing load and the

required bearing life are known:
1/q 1/q
L 60nL
c=p(22) =p[—_=Dh
Lp Lp




Bearing selection

3. Selection criteria
3.2. Bearing size — basic rating life L

The relationship between bearing life and load is often expressed in a different form from that given

previously:
Ly (C\*
Ly \P

If the rated life is assumed to be 10° revolutions and signed up Lr = 1 million revolutions, L, denoted
as L the equation may be written as: Uit converson factosfo beacog e

c\1 . .. )
L = (;) millions of revolutions

and
106 /c\?
Lh =\ = 1 million revelutions
60n\P
C _ P L 1/q . P 60 n Lh 1/q 1 million kdometres
- o\108) 106
where:

L or Ly — basic rating life corresponding to a 10% probability of bearing failure (90% reliability). Fie. [SkF 2018]



Bearing selection

3. Selection criteria Figs. [FAG 2025]
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Bearing selection

3. Selection criteria
3.2. Bearing size — modified rating life L,,,

The basic rating life L (or Lq,) is defined for a 10% probability of bearing failure (90% reliability), standard
guality bearings, adequate lubrication and other conditions considered favourable.

In practical applications, operating conditions may significantly differ from those assumed during testing.
To adopt basic rating life L, to such conditions appropriate life adjustment factors are applied. The
resulting value is referred to as the modified rating life, denoted as L,,, (also written as L, or L,):

Ly, = a4y az az Lig= a; ajsp Ly

where: log £
a, — life adjustment factor for reliability,

a, — life adjustment factor for special bearing properties,
a; — life adjustment factor for operating conditions,

L1 — basic rating life corresponding to a 10% probability
of bearing failure (90% reliability),

a;so = a, az — life modification factor according to ISO.

Rated line

esign line

|
1
|
l
|
|

Y10

Dimensionless life measure x

Fig. [Budynas 2008]



Bearing selection

3. Selection criteria
3.2. Bearing size — modified rating life L,,,

The life adjustment factor for reliability a,

A reliability level of 90% is most often considered the minimum
acceptable value in engineering applications. For more demanding
applications, such as those in the aviation industry, higher reliability
levels are required. The table presents reliability levels and the

corresponding values of the life adjustment factor for reliability a, .

The life adjustment factor for special bearing properties a,

For standards bearings a, = 1. For bearings with improved properties
resulting from enhanced materials and manufacturing processes
a, > 1. If a bearing operates at elevated temperatures a, < 1. The

Reliability % |

S0

96

Life adjustment factor
for reliability @

Lo ‘ 1.00

Ls | |

LA )

L

L2

J
1]
J
)
/,l ) | 0.25
i)
.
)
]

Ly

N aAd
f

f 5%

55
0.47
A9

Lok
Loe
Lo
Lo2

Lo 0.093

19
0.16

1L

[.U,(Jh
Lo.os

Lo.os

0.087
0.080

0.077

table presents values of the factor a, for bearings with temperature
stabilisation treatment (TS) and the corresponding maximum operating
temperatures, according to the NTN catalogue.

Fig. [NTN 2024]

Life adjustment factor for
special bearing properties a2

Max. operating
temperature °C

$2 160 1.00

1S3 200 0.73

The life adjustment factor for operating conditions a3

For adequate lubrication conditions a; = 1. Lubrication conditions may

be considered severe due to the following factors [NTN, 2024]:
- insufficient dynamic viscosity,

- to low rotational speed,

- lubricant contamination.

Under such conditions a; < 1.

0.48

Fig. [NTN 2024]



Bearing selection

3. Selection criteria
3.2. Bearing size — modified rating life L,,,

The life modification factor a; g

Previously the factors a, and a; were considered separately. In the ,
Table 3.4 Value of contamination factor e,

ISO 281:2007 standard these two factors are combined into a single

€

factor. This approach is more practical, as the factors are not Level of contamination Dy < ';”pw-z

independent; for example, increased temperature affects both the | 200 mrn{ 100 /m
. . . . E leanli

bearing material properties and the lubricant performance. S e ARI] (B

Assessment of life modification factor a; g requires four parameters: '™ fhickness; laboratory conditions
High cleanliness
Oil filtered through extremely fine

e, C'u filter; conditions typical of bearing

0.8-0.6 | 0.9-0.8

— greased for life and sealed
aiso = f K wihasisech
p Normal cleanliness
where: Oil filtered through fine filter; 06-05 | 08-06
) ) . conditions typical of bearings 20TV | VAU
P — equivalent dynamic bearing load [N] greased for life and shielded
C,,— fatigue load limit, value from manufacturer’s catalogue [N] . =
. . . . Slight contamination 05-032 | 06-04
e.— contamination factor from the Table 3.4. D,,, — rolling element pitch siight contamination in lubricant .5-0.3 | 0.6
diameter [mm]: Typical contamination
—\Ji H H Conditions typical of bearings
k — viscosity ratio. without integral seals; course 0.3-0.1 | 0.4-0.2
filtering; wear particles and ingress
. . . . . frf-) 1 SUr -(‘,'.“"",-’I NES
The viscosity ratio is defined as: bbibraboaf
K= U/U Severe contamination
1 Bearing environment heavily 0.1-0 0.1-0
where: contaminated and bearing R Ty g AR

arrangement with inadequate sealing

v — dynamic (rather kinematic) viscosity [mm?2/s or m?/s],
v, — reference dynamic viscosity [mm?2/s or m?/s ]. Figs. [NTN 2024] Very severe contamination 0 0




Bearing selection

3. Selection criteria

3.2. Bea”ng Size = mOdlfIEd rat'ng Ilfe Lna Table 11.8 Required lubricating oil viscosity
for bearings

The life modification factor a; g Bearing type Dynamic viscosity mm?/s
There are minimum requirements for dynamic viscosity as given in ?j’fi‘_’,j;"ﬂﬁj]'l"’;‘,jf‘;,l;_., bearines s

Table 11.8. From Figure 11.5 dynamic viscosity can be assessed. Needle roller bearings

. . . . Soherical roller bearings 20 or above
Finally, the reference dynamic viscosity value may be read from bbbl

Dlagram 3 2 Thrust needle roller bearings

Thrust spherical roller 30 or above

bearings

Viscosity mm?/s

RN NN

—

W N

50 100 200 500 1000 2000

-30 20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 16f 32 2z
Temperature °C > R R

Fig. 3.2 Diagram for reference dynamic

Fig 11.5 Relation bet lubricati il vi it dt t ViSCOSity 1

. elation petween iubricating ol SCOs an emperature

'8 ' RS NS S Figs. [NTN 2024]



Bearing selection

3. Selection criteria
3.2. Bearing size — modified rating life L,,,

The life modification factor a;g aisa

Once all required data are available, the parameter 501 - _ k=421080605

eC Cu
P

i

can be calculated and the life modification factor
a;sodetermined.

0.2

0.1

-
0005 001002 005 01 02 05 1 2 5 ecCy/P

Fig. 3.3 Life modification factor aiso
Figs. INTN 2024] (radial ball bearing)



Bearing selection

3. Selection criteria
3.2. Bearing size — remarks on bearing life

In addition to the introduction to bearing life, two further aspects should be considered:
the reliability of a group of bearings and bearing failure modes.

Group of bearings

The reliability of a single bearing does not represent the reliability of several bearings
operating within a machine or a complete unit. As the number of bearings increases, the
likelihood of failure within the bearing system increases. The overall bearing life of a
group can be assessed using the following equation [NTN 2024] :

1

b= 1 1 1\"¢

where:
L — total basic rating life of the entire group of bearings,
L,, — basic rating life of nth individual bearing,
e: e = 10/9 — exponent for ball bearings.
e = 9/8 — exponent for roller bearings.

Fig. [NSK 2011]



Bearing selection

Spalling The surface of the raceway and rolling elements peel away In
(Flaking) flakes leaving a highly irregular and very poor surface

3. Selection criteria
3.2. Bearing size — remarks on bearing life

sasne)
LR N R N J LR J L ]

Bearing failures modes

The basic and modified rating life are e ioner g ofspharcal rollerbearig @ e ong of 3agule co n..l.“.
established for very good operating conditions @i T etk ey e 8
from the bearing perspective. Under such oimproper handing i the causy S e

conditions bearing naturally wear in the form of | Grcaon methods

fatigue failure manifested as spalling (flaking). Seisure G e thrmal conditions. exntusily mpuiting b sstaise of ®hufficient clasmo (echuind
Other types of bearing failure also exist; i
however, they are most often considered to
result from errors in bearing selection, handling,
lubrication or manufacturing. This means that
such failure modes should be avoided through o1 g of

proper design, installation and production. oSeaure cavs gacso

sasne)
°

uoIALI0D)
* o o @

Cracks,"chnps Localized spalling occurs. Little cracks or notches appear

sasne)

see
°

[LPRENT )
°

Fig. INTN 2024] ' ® These cracks were initia



Bearing selection - bearing failures modes

Cage damage Rivets break or becomne loose resulting
Fracture of riveted stoel cage at the co

In cage Samage

Rust/ The surface becomes either partially or fully rusted, and occasianally
4 mer radius.

COrmosion  Tust occurs spaced at e between rolling elements.

lling elem

1% O wurface

Fretting There are twa types of fretting. In one, a rusty woar pawder forms
on the mating surfaces, In the ather, brinefng indentations form on

the raceway correspondng to rollng element spacing

Rolling path skewing Abrasion or an irregular, rolling path skewing dus to
rolling elements

n results
scratek

Wear is aften

SIE0RD

=

sasnNey

woiPaln)

WO

P
embly method and
Smearing, The surface bacomes rough and some small deposits farm . cua
‘ Scuﬂing Scuffing generally refess 1o roughness on the race nb face L4 ubrCaty
Electrolytic corrosion  Pits form on the raceway. The pits gradually grow into ripples and the ends of the rollers . ton INRTess
L

sasneD

saEne

wOIFIRI0Y
UoIIRI0D




Bearing selection - bearing failures modes
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Selected issues in bearing arrangement design

1. Selection of bearing fits

Proper fits between the shaft and bearing bore, as well as the
housing and the outer ring, are essential. Two extreme cases
may occur:

1. Fittoo loose:

— bearing life is reduced due to creeping (micro sliding) and
fretting corrosion. The shaft or housing seats will wear and
become damage. Wear particles may enter the interior of
bearing causing additional wear, vibration and
temperature increase,

— lost of accuracy.

2. Fit too tight:

— damage of the bearing,

— difficulties during mounting and dismantling,

— additional stresses in the bearings and shaft, when the fit
should allow axial movement to compensate for shaft
thermal expansion or dimensional tolerance accumulation.

To prevent bearing damage due to excessive interference, an
approximate rule states that the maximum interference
should not exceed 1/1 000 of the shaft diameter.

Fig. [NSK 2011]



Selected issues in bearing arrangement design

1. Selection of bearing fits

Bearings are manufactured with tolerances in accordance with standards. According to ISO standards the
minimum accuracy class is the Normal Class (Class 0) used for standard bearings. Other classes define

precision bearings.

In the metric system the upper
deviation for the inner ring
bore ES and the outer ring
outside diameter es is equal to
zero. The lower deviations E/
and ei have negative value.
Accuracy of rolling bearings is

[

Table 7.1 Bearing Types and Tolerance Cla

Deep Groove Ball Bearings
Angular Contact Ball Bearings

Self-Aligning Ball Bearings

Cylindrical Roller Bearings
Needle Roller Bearings
Spherical Roller Bearings

Metric Design
Tapered g

Roller
Bearings

Inch Design

) Series
Magneto Bearings
Thrust Ball Bearings
Thrust Roller Bearings
Thrust Spherical Roller Bearings

SSes

.......

defined by dimensional
tolerance and running
accuracy.
Nominal Deviation of mean bore diameter in a
bore single plane
diameter
d A dmp
mm Class 0 Class Class 5 Class 4V Class 2%
Ove Ine | Upper Lower Uppef Lomer Upper Lawer Upper Lowar Upper Lower

Fig. [NTN 2024]

J15(’)

DIN(?)

 Tapered Roller Bearings | Metric Design

Ball Bearings

Roller Bearings
ANSI/

AFBMA(?)

(Reference)

Instrument Ball Bearings

Equivalent standards

Tapered Roller Bearings  Metric Design

BAS  Tapered Roller Bearings  Metric Design

Notes (1) JIS : Japanese industrial Standards

(?) DIN : Deutches Institut fuer Normung
(') ANSI/AFBMA

Multi/

| Four-Row

The American Bearing Manufacturers Association

Fig. [NSK 2011]



Selected issues in bearing arrangement design

1. Selection of bearing fits

One bearing required to settle two fits: between the shaft and the inner ring as well as between the
housing and the outer ring. Based on previous information it may be concluded that loose fit should
generally be avoided due to its disadvantages and that a properly selected tight fit should be used.
However, in practical applications a loose fit is applied under certain conditions. It is necessary to
facilitate assembly and disassembly in the case of non-separable bearings and when axial displacement

of bearing relative to seat is required.
Guidance on the appropriate type of
fit is presented in the table. In
general, if the load may cause a ring
to rotate relative to its seat, a tight fit
is required. When high peak loads
occur, significant vibrations are
present, unbalance exist at high
rotational speed or direction of load
cannot be determined this type of
load is referred to as an
indeterminate load. In this case a
tight fit should be applied to both
bearing rings.

Bearing Operation

Applicati
Load Application Inner Ring Outer Ring

Load Fitting

Conditions Inner Ring Outer Ring

=N

U ]

v - : 4

| U

) =3 7|

Bm B
Statonary

l:n.v' ] Reeating

. -

=

Stationary Rotating

el

Stationary ROAtING

)
(SIRRIsV R (S1hgI!]

s

— :r,-_,_-'—,%

[lu.«: Statioary

]
]

.

1
:
- pram v .
5 B

\otating

Rotating Statwnary

Direction of load indeterminate due to Rodating af
vaniation of direction or unbalanced load Stationary

Rodating af

Stationary

Fig. [NSK 2011]



Selected issues in bearing arrangement design

1. Selection of bearing fits

Three types of fits are presented in the figure. This applies to rolling bearings of medium size with
Normal tolerance according to ISO standards. The tolerance classes for the shaft (e.g. f6) are shown at
the bottom and those for the housing bore (e.g. F7) at the top. In combination with bearing tolerances,
they enable the selection of loose, transition or interference fits.

9 |
Shaft and housing fits s
for rolling bearings . =
D = nominal bearing W : 7 '
oumdg d/mne.ef. b tapmp B,
d = nominal bearing '
bore diameter 1) e e e — ——— o | e——
tapmp = deviation of mean bearing | !

l‘l* 6

outside diameter

(in accordance with I1SO 492)
tadmp = deviation of mean bearing

bore diameter

(in accordance with ISO 492)

1) Zero line

2) Housing R
3) Shaft (1)
4) Clearance fit y

Transition fit
Interference fit

w

@

)
iJ
I\

0001905E

Fig. [FAG 2025] -



Selected issues in bearing arrangement design

1. Selection of bearing fits

A more precise assessment of the required
minimum interference of the bearing inner ring
may be performed using formulas that take into
account the reduction of interference caused by
radial load:

Required
Circumferential  effective Surface
F, stress interference pressure
for C_O S 0’25 (O max) (.Jl” ,\; [/ij
kgf/mm? MP3a mm ; MPa kgf/mm?
0.070 | | I | |
F’r‘ X 20+
Ap = (0,08 12 | No creeping zone 0
1k 110 ¢ 0.060 1
10 |
i on | 0.050
Fr ? ‘
for—> 0,25 " 80 -
Co i 0.040
F |
AP= 0,0ZE 6 o 0,030
where: ‘7 ’} (reeping zone i
. . . . " 0.020 1 |
Ap —required effective interference in um, i
d — bearing bore diameter in mm, i
F. —radial force (load) in N, , 0l
C, — static load rating in N, 0 ol 0 . . | g |
. . . 0 20 40 60 80 100 120€10° N
B —bearing width in mm. : : 2 ;
| |
0 ) ] 12x10 kal

Radial load (F,) Fig. [NSK 2011]



Selected issues in bearing arrangement design

Table 7.2 General standards for radial bearing fits (JIS Class 0, 6X, 6)
Table 7.2 (1) Tolerance class of shafts commonly used for radial bearings (Classes 0, 6X and 6)

1. Selection of bearing fits
Cylindrical
roll);: bearing l} Spherical

Ball bearin, <
Conditi g Tapered roller | roller bearing . 'Shaft f k
ondition : olerance emarks
Recommended shaft tolerance bearing _ | yersabvart
Shaft diameter (mm)
ClaSS Over | Incl. | Over | Incl I Over | Incl
Cylindrical bore bearing (Classes 0, 6X and 6
Light load ! o= 18 = = = = hS
or 18 | 10¢ 4 jsb o
Fluctuating 100 | 201 14 — - k6
load 140 20 mb
Inner ring = 18 = = = = (s5
rotational 18 | 100 — A _ 10 kS
load or load 100 | 140 40 100 10 65 m5
Normal S ¢ G A A -
of load 1) 8 FaAblS 10N 144 05 LOU mb
undetermined 200 | 280 140 200 100 140 nG
direction = = 200 0 140 | 280 pb
)0 SO0 b
Heavy load * 14( 50 100 nb 3|
or - 140 200 100 140 pb
Impact load 140 200 rb
Inner ring
must move d )
' Overall shaft diameter gb
easily over -
Staticinner |  shaft |
ring load Inner ring
| does not have et N TN e - When g r acCurac
| A Overall shaft diameter hG >
| to move easily realirad h
over shaft
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Table 7.2 (3) Tolerance class of housing bores commonly used for radial bearings (Classes 0, 6X and 6)

1. Selection of bearing fits ~ bl dorersiiail e

: Outer ring axial
Ao Load type, etc. direction movement class

Recommended housing hole

f load f H7
Single housing {ight "
or LN (.‘_.: Qinary Yes ..“..\.
Split housing
Static outer Shaft and inner ring =57 7
ring load become hot SER Y =
\ | an
Hequires precise K6 bearings
rotation uf \?v_| 13'1'
or ordinary loads 156 Primaril PP ;
bear|
Requires n ¢ Ve HG —
{'ly-! 1
I ro nan 157 If high accu IS
)ad Y»'"y[y ¥ | | ;f,"! ‘k I
Indeterminate = A | ed In place of JS7 and
Ordinary heavy As a rule, It cannot - i teoh morsatedéhincloniary
Single housing load {5 K7 K7
30
High impac ) N M7
Light or Huct
’ | M7
0y
_ q = p arily appl y bal
Rotating outer ad N N7 H 3
ring load e :
eay 3 Of - 1
o = Primanly app roll
mpar N F
I bearing
nin wa
? } . )
y 3 SC
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av L4 3
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Selection of bearing fits — general remarks

The presented information applies for favourable conditions and does
not consider all aspects that influence the required fit. The following
aspects should be considered:

O

material — the recommended fits apply to steel and iron cast shaft
and housing. If a softer material, such as light alloys is used, a tighter
fit should be selected.

hollow shaft — a tighter fit should be used because contact pressure
is reduced compared to a solid shaft,

split housing — in this case, a loose fit is most often used. A tight fit
may deform the outer ring into an oval shape. For tighter fits, higher
geometrical accuracy and greater seat stiffness are required,
temperature — due to friction bearing rings usually operate at a
higher temperature than the shaft and housing seats. This reduces
the tightness of the inner ring fit and increases the tightness of the
outer ring fit. It also affects internal bearing clearance,

surface roughness — during assembly, the theoretical interference is
reduced due to flattening of surface irregularities. The lower the
surface roughness R,of the seats, the smaller the reduction in
interference.

continuity of seats — slots, grooves, or other discontinuities in the
seats may reduce the tightness of the fit and cause non-uniform
support of the bearing rings. Bearing seats should have continuous
and sufficient wall thickness ensuring uniform support.

More detailed information can be found in specialised literature and
manufacturers’ catalogues.

Surface roughness of bearing seats

Seat diameter Ra {guideline values for ground seats)
d. D Diameter toleranca grade

< IT7 ITé6 ITS
mm pm
- 80 1,6 0.8 0.4
80 500 1.6 1.6 08
500 1250 3,21 1.6 16

14 should not exceed 1.6 um.
Figs. [SKF 2018]
Relationship of interforence A, needed for a hollow steal shaft, to the known interference A<
for a solid steel shaft
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2. Sealing of bearing

Contamination of a bearing has a destructive effect on its performance. It may lead to
premature wear, lower accuracy, increased noise and vibration. The progression of bearing
degradation depends on the severity and type of contamination. Therefore, appropriate seal
design should be implemented to prevent deterioration caused by contamination. The type,
quantity, and configuration of the seal are influenced by the following conditions:

— type of bearing lubricant (oil or grease),

— severity and nature of contamination (fluid, particulate matter or both),

— operational temperature,

— rotational speed,

— shaft orientation (horizontal or vertical),

— available installation space,

— cost, 11

Principle of a sealing position

— maintenance requirements. & wbricant

(Y\

Figs. [FAG 2025]
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2. Sealing of bearing

Seals are most often classified according to the presence of contact
between their elements: contact seals, in which two mating surfaces
are in contact, and non-contact seals, in which there is no contact
between the mating surfaces.

non-contact
(elastomer),

Non-contact seals have following advantages: for Gen. C
— absence of friction, resulting in: no wear of the seal and the
mating component, no power losses, no temperature increase
that could affect for example the bearing clearance,
— no rotational speed limitation, contact
. o (elastomer),
— no inherent temperature limitation then manufactured from forEemn: €

metal.

The principal disadvantage of non-contact seals is their lower sealing
effectiveness compared with contact seals. Fig. [FAG 2025]
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2. Sealing of bearing — internal sealing

A bearing may be sealed either by internal seals or external
sealing arrangements. Internal sealing may take the form of
shields (designated ZZ in the figure) or seals (designated 2RS
in the figure). Internal sealing may be provided on one or
both sides of the bearing. It is made during the
manufacturing process and in the case of sealing on both
sides, the bearing is filled with grease that is usually sufficient
for its service life. Internal sealing offer the following
advantages:

— itis cost effective,

— it requires little or no additional installation space,

— depended on the type of seal it may be selected to suit
specific operating conditions such as the type and
intensity of contamination, operating temperature or
rotational speed.

The limitations of internal sealing include the fact that not all
type of bearings are produced with internal sealing.
Furthermore, in cases of severe contamination, multi-stage
sealing may be required. Internal sealing is also commonly
used in combination with external sealing arrangements.

The types and properties of internal seals have been
presented in the preceding section.

Fig. Internal seals and the absence of sealing
[https://www.sdtflbearing.com /blog/understanding-ball-
bearing-seal-types-and-their-codes/]

Fig. External seals [https://cowseal.com/types-of-shaft-seals/]
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Sealing of bearing — external non-contact sealing

Non-contact sealing performs most

Application of a gap seal.: ' _ :
effectively during shaft rotation.

suitable for dry and dust free environment,

used with grease lubrication (without or without concentric grooves) or with oil lubrication (with
helical grooves), grooves provide an increased level of protection,

the sealing performance is enhanced when the grooves are filled with grease,

simple and cost-effective solution.

External gap-type seal with concentric External gap-type seal with helical

External gap-type seal
grooves grooves

Figs. Gap seals [SKF 2018]

The approximate groove parameters are as follows:

width: 2 -5 mm,

depth: 4 -5 mm,

gap between shaft and housing:

o 0,25-0,4 mm for shaft diameters up to 50 mm,

o 0,5-1,5 mm for shaft diameters between 50 and 200 mm,
the minimum number of grooves is three when used solely.
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2. Sealing of bearing — external non-contact sealing

Application of a baffle plate:
— suitable for dry and dust free environment (provides minimum protection),
— intended for grease lubrication,

— requires minimal installation space.

Baffle plates and
integrated sealing shields

1) Baffle plate : : : : e : =
braced on outer edge - W

2) Baffle plate ! [
braced on inner edge { s

3) Sealing shields
integrated on both sides

Figs. Baffle seals [FAG 2025]

Application of a finger shield (collar):

— used as additional protective solution,

— depend on place of mounting can be used to prevent contamination of bearing or prevent oil to get
outside,

— simple and cost-effective solution.

Flinger shields

Figs. [FAG 2025]
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2. Sealing of bearing — external non-contact sealing

Application of labyrinth seal:

suitable for wet and dust environment especially when filled with grease,

radial arrangement gives better results, but it can be used in split housing,

inclined passage type (taper type lubrication nipple) is applied when angular misalignment is
considerable,

intended for grease lubrication.

External labyrinth seal, passages (%) External labyrinth seal, with inclined
arranged axially g - passages
- = 6)
; | = ®
Fig. [SKF 2018] | Fig. Radial arrangement [FAG 2025] Fig. [SKF 2018]

Table 13.5 Labyrinth Seal Gaps [NSK 2011]

Units : mm
Nominal Shaft Labyrinth Gaps
Diameter Radial Gap Axial Gap
Under 50 0.25t0 0.4 1102

50-200 05 to15 2105
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2. Sealing of bearing — external contact sealing

Application of a radial seal (simmering, lip seal):
— provides highly effective sealing for oil and grease lubrication in wet and dusty operating environments,
— standard seals may be exposed to limited pressure; specialised types are available for higher pressure

applications,
— subject to specific limitations and requirements regarding mating components and operating
conditions. Fig. [SKF 2020] Fig.26  — Cautionary points regarding selection —
/ Ratdi.]tt'{-ha" seal, mounted for lubricant Shaft Surface roughness (referpncg‘j
ot retention
| —5 | Peripheral | Surface roughness
= = ‘ = speed m/s Ra Rz
b | Upto 5 0.8 3.2
=2 / 3 " i S
L[ e 5to 10 0.4 1.6
] e ! , 10 or more 0.2 0.8
.f" ,f, f; ‘ Shaft material (reference)
Y \ Machine structural
: : carbon steel
Fig. [SKF 2018] Material Low carbon alloy steel
Fig. [NTN 2024] Fig. 15 Stainless steel
| I [ | ial (reference)  Radial shaft seal, ted fi tami- )
Allowable speed/temperzltlure;ccordmg to seal type/material (reference) nin:aoxstlssios:\ mounted for contam . HRC 40 or more
owable oy Surface | necessary
: . . axd(mm)xn(mint)y | Allowable y
Seal type/material peripheral m/s[F(m/s) = =28 ‘ 3 T IR
speed m/s [ 60 000 *| temp®C l_. hardness :iCRVC 2(19' more
o> by - agvisabile
Nitrile rubber 16 or below [-20t0 120 [ ‘ ‘ f 3 -1
v Acrylic rubber | 26 or below [-15t0 150 12 I ' Final grinding without
Oil seal Flu;ynmw i f | o4 [ ' Processing | repeat (moving), or
ated 29 or below ~720ta 230 TP I
rubber S2-ar below 201p:230 method | buffed after hard
Z grease seal Nitrile rubber 6 or below [-20to 120 ' chrome plating
V-ring Nitrile rubber 40 or below 2010120 Fig. INTN 2024]
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2. Sealing of bearing — external contact sealing

Radial seal (simmering, lip seal)

Fig. [SKF 2020]

Seal deswgns Design Operating tesmperature range Shaft-1n-bore mis Dynamic ransut Pressure Masimum shaft
seire W g b slignment (STEM)TH  (DRO)TIR ditferentinl surfare spend
ol
= = [HMS
) }‘ a

AWL  CRWH
= =
bty Lol
AWAL WA
- . =~
¢o 2O
A )
el = ﬂ‘
- =]
|2 f.‘

* PTFE designs are made to order ta handle temperatures, pressures and speeds that may exceed those stated for rubber sealing lip designs
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2. Sealing of bearing — external contact sealing

Application of a felt seal.

— suitable for dust environment,

— used with grease lubrication,

— simple and cost-effective solution.

During assembly, the felt should be impregnated with oil at
a temperature of approximately 80°C. The permissible
rotational speed is below 4 m/s. The mating surface should
have a roughness of R, < 3,2um. The operating
temperature should not exceed 100°C. Dimensions are
standardised for example in DIN 5419.

Application of a metal seal: R
— suitable for dust environment, R0,
— used with grease lubrication,
— simple with minimum requirement of installation space,
— may be applied during the repair of existing machines,
— cost-effective solution.

Metal sealing washers

Figs. [FAG 2025]




Selected issues in bearing arrangement design

2. Sealing of bearing — external contact sealing

Application of a V-ring seal:

— suitable for wet and dust environment,

— used with grease and oil lubrication for axial shaft sealing,

— often used as a secondary seal to prevent the ingress of larger contaminants,
— suitable for application with limited space,

— capable of accommodating shaft misalignment.
a b c d Figs. [SKF 2020]

V-rings in a labyrinth seal

V-ring used as a secondary seal

NG| LAy Ly LR

N T

7l “l//i__] _*Tr-tﬂj— = ’ o

- L - 1 [
! | | ! ~ l
_ﬂ—\/_ iL B % g |
ji J o/

Fig. Oil retention [SKF 2020] Figs. Contamination exclusion [SKF 2020]
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