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1. ISO Dimensional system and bearing nhumbers

1.1 ISO Dimensional system

The boundary dimensions of rolling bearings,
namely, bore diameter, outside diameter, width,
and chamfer dimensions have been
standardized so that common dimensions can
be adopted on a worldwide scale. In Japan,

JIS (Japan Industrial Standard) adheres to the
boundary dimensions established by ISO. ISO is
a French acronym which is translated into
English as the International Organization for
Standardization. The ISO dimensional system
specifies the following dimensions for rolling
bearings: bore diameter, d, outside diameter, D,
width, B, (or height, 7) and chamfer dimension,
r, and provides for the diameter to range from a
bore size of 0.6 mm to an outside diameter of
2500 mm. In addition, a method to expand the
range is laid out so that the bore diameter, d,
(d>500 mm) is taken from the geometrical ratio
standard R40.

When expanding the dimensional system, the
equation for the outside diameter equals
D=d+fd" and the width equals B=fs (D-d)/2.
Both of these are to be used for radial bearings.
Dimensions of the width, B, if possible, should
be taken from numerical sequence R80 of
preferred numbers in JIS Z 8601. The values of
factors fi, and fi are respectively specified for
the diameter series and width series in Table 1.
Minimum chamfer dimension, 7 .., should be
selected from ISO table and in principle be that
value which is nearest to, but not larger than
7% of the bearing width, B, or of the sectional
height (D-d)/2, whichever is the smaller.
Rounding-off of fractions has been specified for
the above dimensions.

The outside diameter can be obtained from
the factor f; in Table 1 and bore d. Incidentally,
the diameter series symbols 9, 0O, 2, 3 are used
most often. The thickness between the bore
and outside diameters is determined by the
diameter series. The outside diameter series
increases in the order of 7, 8, 9, O, 1, 2, 3, and
4 (Fig. 1) while the bore size remains the same
size. The diameter series are combined with the
factor f and classified into a few different width
series. The dimension series is composed of
combinations of the width series and diameter

series.

In the United States, many tapered roller
bearings are expressed in the inch system
rather than the metric system as specified by
ISO. Japan and European countries use the
metric system which is in accordance with ISO
directives.

The expansion of thrust bearings series
(single-direction with flat seats) is laid out in a
similar manner as the radial bearings with the
boundary dimensions as follows: outside
diameter, D=d+f,d"®, and height, T=fr-
(D—-d)/2. Minimum chamfer dimension, 7 i,
should be selected from ISO table and in
principle be that value which is nearest to, but
not larger than 7% of the bearing height, 7', or
(D—d)/2, whichever is the smaller. Values for
the factors f;, and fr are as shown in Table 2.

Fig. 1 Cross-sectional profiles of radial bearings by dimensional series

Table 1 f» and f: values of radial bearings

Diameter series 7 8 9 0 1 2 3 4
So 0.34 0.45 0.62 0.84 112 1.48 1.92 2.56

Width series 0 1 2 3 4 5 6 7
S 0.64 0.88 1.15 1.5 2.0 2.7 3.6 4.8

Table 2 i, and f: values for thrust bearings

Diameter series 0 1 2 3 4 5
Jo 0.36 0.72 1.20 1.84 2.68 3.80
Height series 7 9 1
Sr 0.9 1.2 1.6

NSK



ISO Dimensional system and bearing numbers

1.2 Formulation of bearing nhumbers

The rolling bearing is an important machine
element and its boundary dimensions have
been internationally standardized. International
standardization of bearing numbers has been
examined by ISO but not adopted. Now,
manufacturers of various countries are using
their own bearing numbers. Japanese
manufacturers express the bearing number with
4 or 5 digits by a system which is mainly based
on the SKF' bearing numbers. The JIS has
specified bearing numbers for some of the
more commonly used bearings.

A bearing number is composed as follows.

The width series symbol and diameter series
symbol are combined and called the
dimensional series symbol. For radial bearings,
the outside diameter increases with the
diameter series symbols 7, 8, 9, 0, 1, 2, 3, and
4. Usually, 9, 0, 2, and 3 are the most
frequently used. Width series symbols include
0,1, 2,8, 4,5, and 6 and these are combined
with the respective diameter series symbols.
Among the width series symbols, 0, 1, 2, and 3
are the most frequently used. Width series
symbols become wider in this ordering system
to match the respective diameter series symbol.

00000

Bore number

Diameter series
symbol

Width series
symbol

Dimensional
series symbol

Bearing

Type symbol

series symbol

For standard radial ball bearings, the width
series symbol is omitted and the bearing
number is expressed by 4 digits. Also, it is
common practice to omit the width series
symbol of the zero for cylindrical roller bearings.

For thrust bearings, there are various
combinations between the diameter symbols
and height symbols (thrust bearings use the
term height symbol rather than width symbol).

The bore diameter symbol is a number
which is 1/5 of the bore diameter dimension
when bores are 20 mm or greater. For
instance, if the bore diameter is 30 mm then
the bore diameter symbol is 06. However,
when the bore diameter dimension is less than
17 mm, then the bore diameter symbol is by
common practice taken from Table 1. Although
bearing numbers vary depending on the
country, many manufacturers follow this rule
when formulating bore symbols.

Numbers and letters are used to form
symbols to designate a variety of types and
sizes of bearings. For instance, cylindrical roller
bearings use letters such as N, NU, NF, NJ
and so forth to indicate various roller guide rib
positions. The formulation of a bearing number
is shown in Table 2.

Table 1
Bore No. Bore diameter d
(mm)
/0.6(") 0.6
1 1
/1.5(") 1.5
2 2
/2.5(") 2.5
3 3
4 4
5 5
6 6
7 7 Notes
8 8 (") NSK 0.6 mm
9 9 bore bearing is not
available. 1X and
00 10 2X are used for the
01 12 NSK bearing
02 15 number instead of
/1.5and /2.5
e 7 respectilely.

NSK

Table 2 Formulation of a bearing number
. Sample Width or height(') | Dia. Series
Bearing types brg Type No. series No. No. Bore No.
629 6 [0] omitted 2 9
Single-row deep groove type 6010 6 [1] omitted 0 10
6303 6 [0] omitted 3 03
Radial - :
ball Single-row angular type 7215A 7 [0] omitted 2 15
- 3206 3 [3] omitted 2 06
bearing "
Double-row angular type 5312 5 (3] omitted 3 19
_ 1205 1 [0] omitted 2 05
Double- If-al t
ouble-row seff-aligning type 2011 P 2] omitted P 11
NU 1016 NU 1 0 16
i Cylindrical roller N220 N [0} omitted 2 20
Radial | & NU2224 | NU 2 2 24
roller NN 3016 | NN 3 0 16
beari
sl Tapered roller 30214 3 0 2 14
Spherical roller 23034 2 3 0 34
Thrust Single-direction flat seats 51124 5 1 1 24
ball Double-direction flat seats 52312 5 2 3 12
bearin Single-direction self-aligning seats 53318 5 3(3) 3 18
9 Double-direction self-aligning seats 54213 5 4(2) 2 13
Thrust
roller Spherical thrust roller 29230 2 9 2 30
bearing

Notes (') Height symbol is used for thrust bearings instead of width.
(3) These express a type symbol rather than a height symbol.



ISO Dimensional system and bearing numbers

1.3 Bearing numbers for tapered roller
bearings (Inch system)

The ABMA (The American Bearing
Manufacturers Association) standard specifies
how to formulate the bearing number for
tapered roller bearings in the inch system. The
ABMA method of specifying bearing numbers is
applicable to bearings with new designs.
Bearing numbers for tapered roller bearings in
the inch system, which have been widely used,
will continue to be used and known by the
same bearing numbers. Although TIMKEN
uses ABMA bearing numbers to designate new
bearing designs, many of its bearing numbers
do not conform to ABMA rules.

A bearing number is composed as follows.

Load limit |Contact angle| Series | Auxiliary | Auxiliary
symbol number number | number | symbol

AA O OO0 | OO AA

A indicates an alphabetical character.
Q" indicates a numerical digit.

10

NSK

Tapered roller bearings (Inch system)

The outer ring of a tapered roller bearing is
called a “CUP” and the inner ring is a “CONE”.
A CONE ASSEMBLY consists of tapered rollers,
cage and inner ring, though sometimes it is
called a “CONE” instead of “CONE ASSEMBLY”.
Therefore, an inch-system tapered roller bearing
consists of one CUP and one CONE (exactly
speaking, one CONE ASSEMBLY). Each part is
sold separately. Therefore, to obtain a complete
set both parts must be ordered.

In the example of page 11, LM11949 is only a
CONE. A complete inch-system tapered roller
bearing is called a CONE/CUP and is specified
by LM11949/LM11910 for this example.

Load limit symbol
Terms such as light load, medium
load, and heavy load and so forth are
used for metric series bearings. The
following symbols are used as load
limiting symbols and are arranged
from lighter to heavier: EL, LL, L, LM,
M, HM, H, HH, EH, J, T
However, the last symbol “T” is
reserved for thrust bearings only.

Contact angle number

The number expressing the contact angle is
composed as follows.

-
‘d
©
F
©

Cup angle (contact angle x 2) Number
0’ to Less than 24° 1
24° to Less than 25°30°
25°30" to Less than 27°
27° to Less than 28°30°
28°30" to Less than 30°30°
30°30" to Less than 32°30’
32°30° to Less than 36°
36° to Less than 45°
Higher than 45°

(Other than thrust bearings)

O©oO~NOOWN

Auxiliary symbol
The auxiliary symbol is a suffix
composed of 1 or 2 letters and used
when the appearance or internal
features are modified.
B Outer ring with flange
X Standard type, modified slightly
WA Inner ring with a slot at the back
Others Omitted

Auxiliary number
Excluding the auxiliary symbols, the last and
second to last numbers are auxiliary numbers
which are peculiar to the inner or outer ring of
that bearing.
The numbers, 10 to 19, are used for outer
rings with 10 used to label the bearing with
the minimum outside diameter.
The numbers, 30 to 49, are used for inner
rings with 49 used to label the inner ring with
the largest bore diameter.

Series number
A series number is expressed by one, two, or
three digits. The relationship with the largest
bore diameter of that series is as follows.

Maximum bore diameter
in series (mm (inch)) Series number
over inch
0 25.4 (1) 00to 19
25.4 (1) 50.8 (2) 20to 99
000 to 029
50.8 (2) 76.2 (3) 039 to 129
...... (omitted)......
11



ISO Dimensional system and bearing numbers

1.4 Bearing numbers for miniature ball
bearings

Ball bearings with outside diameters below 9
mm (or below 9.525 mm for bearings in the
inch design) are called miniature ball bearings
and are mainly used in VCRs, computer
peripherals, various instruments, gyros, micro-
motors, etc. Ball bearings with outside
diameters greater than or equal to 9 mm
(greater than or equal to 9.525 mm for inch
design bearings) and bore diameters less than
10 mm are called extra-small ball bearings.

As in general bearings, special capabilities of
miniature ball bearings are expressed by
descriptive symbols added after the basic
bearing number. However, one distinction of
miniature and extra-small ball bearings is that a
clearance indicating symbol is always included
and a torque symbol is often included even if
the frictional torque is quite small.

NSK has established a clearance system for
miniature and extra-small ball bearings with 6
gradations of clearance so that NSK can satisfy
the clearance demands of its customers. The
MC3 clearance is the normal clearance suitable
for general bearings.

As far as miniature and extra-small ball
bearings are concerned, the ISO standards are
applied to bearings in the metric design
bearings and ABMA standards are applied to
inch design bearings.

Miniature ball bearings are often required to
have low frictional torque when used in
machines. Therefore, torque standards have
been established for low frictional torque.
Torque symbols are used to indicate the
classification of miniature bearings within the
frictional standards.

The cage, seal, and shield symbols for
miniature ball bearings are the same as those
used for general bearings. The material symbol
indicating stainless steel is an “S” and is added
before the basic bearing number in both inch
and metric designs for bearings of special
dimensions. However, for metric stainless steel
bearings of standard dimensions, an “h” is
added after the basic bearing number. The
figure below shows the arrangement and

12

meaning and so forth of bearing symbols for
miniature and extra-small ball bearings.

Symbol Contents
Z7S Shield
Z7 Shield
Symbol Contents
J Pressed-cage
W Crown type cage
T Non-metallic cage
Symbol Contents
Omitted Bearing steel (SUJ2)
h Stainless steel (SUS4400)
S Stainless steel (SUS440C)
I Material
Classification symbol

Inch design bearings

S

Special metric design bearings

Standard metric design
bearings

Table 1 Formulation of bearing numbers for miniature ball bearings.

NSK

Symbol Radial clearance (pm)
MC1 0~ 5
MC2 3~ 8
MC3 5~10
>
McC4 8~ 13
MC5 13~20
MC6 20~ 28
ANSI/ABMA Std. ISO Std.
Accuracy Accuracy
Symbol Symbol olass
Omitted ABEC1 Omitted Class 0
—
3 ABEC3 P6 Class 6
5P CLASS5P P5 Class 5
7P CLASS7P P4 Class 4
Symbol Contents
AF2 Aero-Shell Fluid 12
NS7 NS Hilube grease
A
Basic bearing | Material Cage Seal/shield | Clearance | Accuracy Torque Lubricatdon
number symbol symbol symbol symbol symbol symbol symbol
FR133 — J 778 MC4 7P L AF2
MR74 — w 778 MC3 P5 — NS7
692 h J 77, MC3 P5 — NS7
602 — J 778 MC4 — — NS7

13
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1.5 Auxiliary bearing symbols Currently, manufacturers use a combination of
their own symbols and specified symbols. The
internal clearance symbols and accuracy
symbols are two sets of symbols which are
widely used and specified by JIS. The auxiliary
symbols employed by NSK are listed in

Rolling bearings are provided with various
capabilities to meet a variety of application
demands and methods of use. These special
capabilities are classified and indicated by
auxiliary symbols attached after the basic

alphabetical order as follows.

bearing number. The entire system of basic and Symbol Contents Example
auxiliary symbols should be completely unified D(") Tapered roller bearing with contact angle of about 28° HR30305D
but lthIS level of standardization has not been DU A contact rubber seal on one side 6306DU
achieved. -
DDU Contact rubber seals on both sides 6205DDU
L A
Symbol Contents Example DB 2-row combination (back-to-back combination) @ ®I 7208ADB
) . . 6307A 7 A
A Internal design differs from standard design HR32936A PR
A Angular contact ball bearing with standard contact angle of @ =30° 7215A DBB 4-row combination ¢ Q Q 7318ADBB
T A Al
AH Removable sleeve type symbol AH3132 I N
A5(") Angular contact ball bearing with standard contact angle of @ =25° 7913A5 DBD 3-row combination @ ® ® 7318ADBD
Cylindrical roller bearing: the allowance of roller inscribed circle diameter NU306B ’ : '
B or circumscribed circle diameter does not comply with JIS standards R 3 A
Inch series tapered roller bearing with flanged cup 779/772B DBT 4-row combination ¢ Q Q ® 7318ADBT
7 Y A) Al
B(") Angular contact ball bearing with standard contact angle of @ =40° 7310B PN \ N \
o0 Angular contact ball bearing with standard contact angle of @ =15° 7205C DBTD 5-row combination ¢ ® ® ® ® 7318ADBTD
Tapered roller bearing with contact angle of about 20° HR32205C ’ - N : :
- w3
CA Spherical roller bearing with high load capacity (machined cage) 22324CA DF 2-row combination (front-to-front combination) Q ¢ 7320ADF
CD Spherical roller bearing with high load capacity (pressed cage) 22228CD m
Cl C1 clearance (smaller than C2) A =t
c2 C2 clearance (smaller than normal clearance) DFD 3-row combination Q ¢ ¢ 7320ADFD
©3 C3 clearance (larger than normal clearance) 6218C3 T
) i
C4 C4 clearance (larger than C3) o Q Q d ¢
ch C5 clearance (larger than C4) DFF 4-row combination 7320ADFF
A) Al T LA
CC Normal matched clearance of cylindrical roller bearing \ / 4 1
CC1 C1 matched clearance of cylindrical roller bearing DFT 4-row combination Q ¢ ¢ ¢ 7320ADFT
CC2 C2 matched clearance of cylindrical roller bearing N238CC2 —+ 4 +
CC3 C3 matched clearance of cylindrical roller bearing PR
CC4 C4 matched clearance of cylindrical roller bearing DT 2-row combination (tandem combination) ¢ @ 7320ADT
CC5h C5 matched clearance of cylindrical roller bearing 7 7
i v L
Matched clearance of cylindrical roller bearing with tapered bore (smaller
ceo than CC1) g ¢ ? ( NN3017KCC9 DTD 3-row combination ¢ ¢ ¢ 7320ADTD
CG15 Special radial clearance (indicates median clearance) 6022CG15 - - - - -
cM Special clearances for general motors of single-row deep groove ball NU312CM DTT 4-row combination ¢ ¢ ¢ 7320ADTT
bearing and cylindrical roller bearing (matched) 7 # 4

Note (") Part of the basic bearing number

14
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Symbol Contents Example Symbol Contents Example
i i i 22230CAMKE4
E Bearing with notch or oil port 6214E S11 Heat stabilized for operation up to 200°C
High load capacity type cylindrical roller bearing NUSO9ET Cssii
E4 Cylindrical roller bearing for sheave and spherical roller bearing with oil 230/560 ME4 r Synthetic resin cage 7204CT
groove and oil holes in the outer ring . No cage NA4905V
F Steel machined cage 230/570F A non-contact rubber seal on one side 6204V
g Case hardened steel (SAE4320H, etc) 4569/4549g Non-contact rubber seals on both sides 6306VV
h Stainless steel bearing rings and rolling elements 6203h W One-piece pressed-steel cage NU210W
Adapter type symbol H318X Inch design tapered roller bearing with notch at bearing ring 456W/454
H 22210H B tsi iamet idth ified less than 1 10X
Radial and thrust spherical roller bearings of high load capacity 59418H ore or outside diameter or width modified less than 1 mmn 6310
9418 X Shaft washer’s outside diameter is smaller than housing washer’s outside 51130X
HJ L-type loose collar type symbol HJ210 diameter
- . . . . 23032CD
HR () High load capacity type tapered roller bearing HR30308J %26 Bearing operating temperature below 150°C .
Tapered roller bearing with the outer ring raceway small end diameter HR30308J ) .
J and angle in conformity with ISO standards Bearings Wlt.h , ) B 23032CD
X28 enhanced dimensional Operating temperature below 200°C
Pressed steel cage, 2 pieces ReJzz stability C4xz8
% Tapered inner ring bore (taper: 1:12) 1210K X29 Operating temperature below 250°C éi?zzCD
With outer ring spacer 30310DF+K
- - Y Pressed-brass cage 608Y
K80 Tapered inner ring bore (taper: 1:30) 24024CK30 - -
— - - - - - VA A pressed-steel shield on one side 62032
KL With inner and outer ring spacers (Figure just after KL is spacer width) 7310ADB+KL10
- - A pressed-steel shield on one side and a locating-snap-ring groove on
L With inner ring spacer 30310DB+L 2N the ofher side 6208ZN
M Copper alloy machined cage 6219M ZNR A pressed-steel shield on one side and a locating-snap-ring on the other 6208ZNR
MC3 Small size and miniature ball bearings of standard clearance 683MC3 side (c.f. NR2)
N With locating snap ring groove in outer ring 6310N 7z Pressed-steel shields on both sides 6208727
NR Bearing with locating snap ring 6209NR
NRX Locating snap ring of special dimension 6209NRX
NRZ Pressed-steel shield on one side and locating snap ring on the same side 6207NRZ
(c.f. ZNR)
PNO Accuracy class of inch design tapered roller bearings, equivalent to 575/572PNO
Class 0
PN3 Accuracy class of inch design tapered roller bearings, equivalent to 779/772BPN3

Class 3

Note (?) HR is added before bearing type symbol.

NSK
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2. Dynamic load rating, fatigue life, and static load rating

2.1 Dynamic load rating

The basic dynamic load rating of rolling
bearings is defined as the constant load applied
on bearings with stationary outer rings that the
inner rings can endure for a rating life (90% life)
of one million revolutions. The basic load rating
of radial bearings is defined as a central radial
load of constant direction and magnitude, while
the basic load rating of thrust bearings is
defined as an axial load of constant magnitude
in the same direction as the central axis.

This basic dynamic load rating is calculated
by an equation shown in Table 1. The equation
is based on the theory of G. Lundberg & A.
Palmgren, and was adopted in ISO R281 : 1962
in 1962 and in JIS B 1518 : 1965 in Japan in
March, 1965. Later on, these standards were
established respectively as ISO 281 : 1990 and
JIS B 1518 (under revision) after some
modification.

The fatigue life of a bearing is calculated as
follows:

cy .
L:(F) for a ball bearing -« vevieninins 1)

C 1073 .
L:(F) for a roller bearing -« eeeveeeeens )

where, L: Rating fatigue life (10° rev)
P: Dynamic equivalent load (N), {kgf}
C: Basic dynamic load rating (N), {kgf}

The factor f. used in the calculation of Table
1 has a different value depending on the
bearing type, as shown in Tables 2 and 3. The
value f. of a radial ball bearing is the same as
specified in JIS B 1518 : 1965, while that of a
radial roller bearing was revised to be the
maximum possible value. In this way, the factor
f. determined from the processing accuracy and
material has been at about the same level for
the past 20 years.
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During this period, however, bearings have
undergone substantial improvement in terms of
not only material, but also processing accuracy.
As a result, the practical bearing life is extended
considerably. It would be easier to use the
above equations for calculations with improved
bearings because the dynamic load rating
already reflects the life extension factor. This
concept of ISO 281 : 1990 and JIS B 1518 (under
revision) has led to the increase of the basic
dynamic load rating by multiplying by the rating
factor b,. The value of the rating factor b,, is as
shown in Table 4.

Table 1 Calculation equation of basic dynamic load rating

NSK

Classification Ball bearing

Roller bearing

Radial bearing bu f.(i cos )" Z** D,*

bmﬂ(’i Lue COS a,)m VA Dw.\ZMT

Single-row @=90°  buf. Z” D)} bu fo L™ 27 D"

thrust bearing @=90° b, f.(cos @) tan @ 27 D,'* b fo(Lwe cos @)™ tan @ Z7* D,
Quantity symbols in bw: Rating factor depending on normal material and manufacture quality
equations fe: Coefficient determined from shape, processing accuracy, and material of

bearing parts

4: Number of rows of rolling elements in one bearing

«@: Nominal contact angle (*)
Z: Number of rolling elements per row

D,: Diameter of ball (mm)

D,.: Diameter of roller used in calculation () (mm)

L. Effective length of roller (mm)

Note (') Diameter at the middle of the roller length

Tapered roller: Arithmetic average value of roller large and small end diameters assuming the roller without

chamfers

Convex roller (asymmetric): Approximate value of roller diameter at the contact point of the roller and ribless
raceway (generally outer ring raceway) without applying load

Remarks When D,>25.4 mm, D,"* becomes 3.647 D,
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Dynamic load rating, fatigue life, and static load rating NSK

Table 2 f. value of radial ball bearings Table 3 f. value of radial roller Table 4 Value of rating factor b
1 bearings Bearing type b
Single-row deep Double-row deep Self-aligning ball Radial Deep groove ball bearing 1.3
_Dycosa groove ball bearing, | groove ball bearing | bearing _Dwcosa 1 Bearings Magneto bearing 1.3
D (') single/double row Dy (?) Angular contact ball bearing 1.3
angglar contact ball Ball bearing for rolling bearing unit 1.3
beamns o 521532} Self-aligning ball bear 13
gning ball bearing .
0.05 46.7 {4.76) 44.2 {451} 17.3 {1.76) 0.02 60.8 {6.20} T R 115
0.06 49.1 {5.00} 46.5 {4.74) 18.6 {1.90} 0.03 66.5 {678} Filling slot ball bearing 11
0.07 51.1 {621} 48.4 {4.94) 19.9 {2.03} 0.04 70.7 {1.21} Cylindrical roller bearing 1.1
0.08 52.8 {6.39} 50.0 {5.10} 21.1 {2.15} 0.05 74.1 {7.56} Tapered roller bearing 1.1
Ol 54.3 {5.54} 51.4 {624 223 {221 0.06 76.9 {7.84) Solid needle roller bearing 1.1
0.10 55.5 {5.66} 52.6 {5.37} 23.4 {2.39} 0.07 79.2 {8.08} Thrust Thrust ball bearing 1.3
0.12 57.5 {5.86} 54.5 {5.55} 25.6 {2.61} 0.08 81.2 {8.28} Bearings Thrust spherical roller bearing 1.15
0.14 58.8 {6.00} 55.7 {5.68} 27.7 {2.82} 0.09 82.8 {8.45} Thrust tapered roller bearing 1.1
0.16 59.6 {6.08} 56.5 {5.76} 29.7 {3.03} 0.10 84.2 {8.59} Thrust cylindrical roller bearing 1
0.18 59.9 {6.11} 56.8 {5.79} 31.7 {3.23} 0.12 86.4 (8.81) Thrust needle roller bearing 1
0.20 59.9 {6.11} 56.8 {5.79} 33.5 {3.42} 0.14 87.7 {8.95}
0.22 59.6 {6.08} 56.5 {5.76} 35.2 {3.59} 0.16 88.5 {9.03}
0.24 59.0 {6.02} 55.9 {5.70} 36.8 {3.75} 0.18 88.8 {9.06}
0.26 58.2 {6.93} 55.1 {5.62} 38.2 {3.90} 0.20 88.7 {9.05}
0.28 57.1 {5.83} 54.1 {552} 39.4 {4.02} 0.02 77.2 {9.00}
0.30 56.0 {5.70} 53.0 {5.40} 40.3 {4.11} 0.24 87.5 {8.92}
0.32 54.6 {557} 51.8 {5.28} 40.9 {4.17} 0.26 86.4 {8.81)
0.34 53.2 {6.42} 50.4 {5.14) 41.2 {4.20} 0.28 85.2 {8.69)
0.36 51.7 {6.27} 48.9 {4.99} 41.3 {4.21} 0.30 83.8 {8.54}
0.38 50.0 {5.10} 47.4 {4.84) 41.0 {4.18} : —
Note (?) D, is the pitch diameter of
Note (') D,. is the pitch diameter of balls. rollers.
Remarks Figures in { } for kgf unit calculation Remarks 1. The f. value in the above

table applies to a bearing in
which the stress distribution
in the length direction of
roller is nearly uniform.

. Figures in { } for kgf unit
calculation

\SJ
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Dynamic load rating, fatigue life, and static load rating

2.2 Dynamic equivalent load

In some cases, the loads applied on bearings
are purely radial or axial loads; however, in most
cases, the loads are a combination of both. In
addition, such loads usually fluctuate in both
magnitude and direction.

In such cases, the loads actually applied on
bearings cannot be used for bearing life
calculations; therefore, a hypothetical load
should be estimated that has a constant
magnitude and passes through the center of the
bearing, and will give the same bearing life that
the bearing would attain under actual conditions
of load and rotation. Such a hypothetical load is
called the equivalent load.

Assuming the equivalent radial load as P,
the radial load as F', the axial load as F,, and
the contact angle as «, the relationship

between the equivalent radial load and bearing
load can be approximated as follows:

PrmXF 4 YF, eoeeeereeeiinieieiineesess e 1)

where, X: Radial load factor
Y: Axial load factor

The axial load factor varies depending on the
contact angle. Though the contact angle
remains the same regardless of the magnitude
of the axial load in the cases of roller bearings,
such as single-row deep groove ball bearings
and angular contact ball bearings experience an
increase in contact angle when the axial load is
increased. Such change in the contact angle
can be expressed by the ratio of the basic
static load rating Cy, and axial load F,. Table 1,
therefore, shows the axial load factor at the
contact angle corresponding to this ratio.
Regarding angular contact ball bearings, the
effect of change in the contact angle on the
load factor may be ignored under normal
conditions even if the contact angle is as large
as 25°, 30° or 40°.

For the thrust bearing with the contact angle
of @=90° receiving both radial and axial loads
simultaneously, the equivalent axial load P,
becomes as follows:

} See Table 1

Bearing type

C[ir
F.

Table 1 Value of factors X and V'

NSK

Single-row bearing

Double-row bearing

Single-row deep groove

ball bearings

10
15
20
25
30
50

Angular contact
ball bearings

10
15
20
25
30
50

Self-aligning ball bearings

Magnet ball bearings

Tapered roller bearings

Spherical roller bearings

Thrust ball
bearings

45°
60°

Thrust roller bearings

F./F.=e F./F.>e F./F.=e F./F.>e e

X Y X Y X Y X Y
1.26 0.35
1.49 0.29
1.64 0.27

1 0 0.56 1.76 — — — — 0.25
1.85 0.24
1.92 0.23
2.13 0.20
1.10 1.23 1.79 0.51
1.21 1.36 1.97 0.47
1.28 1.43 2.08 0.44

1 0 0.44 1.32 1 1.48 0.72 2.14 0.42
1.36 1.62 2.21 0.41
1.38 1.55 2.24 0.40
1.44 1.61 2.34 0.39

1 0 0.41 0.87 1 0.92 0.67 1.41 0.68

1 0 0.39 0.76 1 0.78 0.63 1.24 0.80

1 0 0.35 0.57 1 0.55 0.57 0.93 1.14

— — — — 1 0.42cotar 0.65 0.65cota 1.5tan

1 0 0.5 2.5 — — — — 0.2

1 0 0.4 0.4cota 1 0.45cotar 0.67 0.67cotar 1.5tana

— — 0.66 1 1.18 0.59 0.66 1 1.25

— — 0.92 1 1.90 0.55 0.92 1 217

— — tana 1 1.5tana 0.67 tana 1 1.5tana

Remarks 1. Two similar single-row angular contact ball bearings are used.
(1) DF or DB combination: Apply X and Y of double-row bearing. However, if obtain the axial load ratio of

Cu/F., Co: should be half of Cq, for the bearing set.
(2) DT combination: Apply X and Y of single-row bearing. Co: should be half of Cq. for the bearing set.

2. This table differs from JIS and ISO standards in the method of determining the axial load ratio Co./F.
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Dynamic load rating, fatigue life, and static load rating

2.3 Dynamic equivalent load of triplex
angular contact ball bearings

Three separate single-row bearings may be
used side by side as shown in the figure when
angular contact ball bearings are to be used to
carry a large axial load. There are three patterns
of combination, which are expressed by
combination symbols of DBD, DFD, and DTD.

As in the case of single-row and double-row
bearings, the dynamic equivalent load, which is
determined from the radial and axial loads
acting on a bearing, is used to calculate the
fatigue life for these combined bearings.

Assuming the dynamic equivalent radial load
as P, the radial load as F,, and axial load as
F,, the relationship between the dynamic
equivalent radial load and bearing load may be
approximated as follows:

PomXF ot YE, ceoveieieniniiisississ s 1)
where, X: Radial load factor
Y: Axial load factor } See Table 1

The axial load factor varies with the contact
angle. In an angular contact ball bearing, whose
contact angle is small, the contact angle varies
substantially when the axial load increases.

A change in the contact angle can be
expressed by the ratio between the basic static
load rating C,, and axial load F,. Accordingly, for
the angular contact ball bearing with a contact
angle of 15°, the axial load factor at a contact
angle corresponding to this ratio is shown. If the
angular contact ball bearings have contact
angles of 25°, 30° and 40°, the effect of change
in the contact angle on the axial load factor may
be ignored and thus the axial load factor is
assumed as constant.
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DBD

Y

DFD

NSK

Table 1 Factors X and Y of triplex angular contact ball bearing

DTD

Arrangement

Load direction

3 row matched
stack, axial load
is supported by
2 rows.

DBD or
DFD

Symbol )

DBD

DFD %é@

| =

DBD
3 row matched
stack, axial load F
is supported by -
1 row. l
F,
Symbol DFD =Ry
DBD or
DFD f
—_—
3 row tandem l I
matched stack DTD l
( Symbol ) Py
DTD =

Contact Ca F <o F Se Basic load rating of
angle j — F. F, e 3 row ball bearings
a JE X y X Y C: Cor
5 0.64 1.46 0.51
10 0.70 1.61 0.47
15 0.74 1.70 0.44
15° 1.5 20 1 0.76 0.58 1.75 0.42
25 0.78 1.81 0.41 2.16 times 3 times
30 0.80 1.83 0.40 ofsingle | of single
50 0.83 1.91 0.39 bearing | bearing
25° — — 1 0.48 0.54 1.16 0.68
30° — — 1 0.41 0.52 1.01 0.80
40° — — 1 0.29 0.46 0.76 1.14
5 2.28 2.37 0.51
10 2.51 2.61 0.47
15 2.64 2.76 0.44
15° 3 20 1 2.73 0.95 2.85 0.42
25 2.80 2.93 0.41 2.16 times 3 times
30 2.85 208 0.40 of single of single
50 298 311 0.39 bearing | bearing
25° — — 1 1.70 0.88 1.88 0.68
30° — — 1 1.45 0.84 1.64 0.80
40° — — 1 1.02 0.76 1.23 1.14
5 1.10 0.51
10 1.21 0.47
15 1.28 0.44
15° 1 20 1 0 0.44 1.32 0.42
25 1.36 0.41 2.16 times 3 times
30 1.38 0.40 of single of single
50 144 0.39 bearing bearing
25° — — 1 0 0.41 0.87 0.68
30° — — 1 0 0.39 0.76 0.80
40° — — 1 0 0.35 0.57 1.14
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Dynamic load rating, fatigue life, and static load rating

2.4 Average of fluctuating load and
speed

When the load applied on a bearing
fluctuates, an average load which will yield the
same bearing life as the fluctuating load should
be calculated.

(1) When the relation between load and rotating
speed can be partitioned into groups of
rectangles (Fig. 1),

Load F; Speed n,; Operating time t,
Load F.; Speed m.; Operating time ¢,

Load F,; Speed n.; Operating time t,

then the average load F,, may be calculated
using the following equation:

F _p\/FlnnltﬂLsznzzz +o 4 Bt
m=
ﬁﬂltl‘Fnztz Foeeene + nntn

where, F,.: Average of fluctuating
load (N), {kgf}
=3 for ball bearings
p=10/3 for roller bearings

The average speed n,, may be calculated
as follows:

= Tl ok e A0t @)

Litloteeees +1,

(2) When the load fluctuates almost linearly
(Fig. 2), the average load may be calculated
as follows:

P (Pt 2P v ®

where, Fi,: Minimum value of fluctuating
load (N), {kgf}

Flax: Maximum value of fluctuating
load (N), {kgf}
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(8) When the load fluctuation is similar to a sine
wave (Fig. 3), an approximate value for the
average load F,, may be calculated from the
following equation:

In the case of Fig. 3 (a)

Fi=0.85 Fiay oveereerssn @
In the case of Fig. 3 (b)
Fuzm0.75 Flypy coeeereeoeeereesniessnisissinnias (5)

mi, Mty Mala

Fig. 1 Incremental load variation

Fonax

e
o
=

St

4

NSK

Fmax

Fmin

ik

Fig. 2 Simple load fluctuation

qu.\'

[ 2y f;

(b)

Fig. 3 Sinusoidal load variation
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Dynamic load rating, fatigue life, and static load rating

2.5 Combination of rotating and
stationary loads

Generally, rotating, static, and indeterminate
loads act on a rolling bearing. In certain cases,
both the rotating load, which is caused by an
unbalanced or a vibration weight, and the
stationary load, which is caused by gravity or
power transmission, may act simultaneously.
The combined mean effective load when the
indeterminate load caused by rotating and static
loads can be calculated as follows. There are
two kinds of combined loads; rotating and
stationary which are classified depending on the
magnitude of these loads, as shown in Fig. 1.

Namely, the combined load becomes a
running load with its magnitude changing as
shown in Fig. 1 (a) if the rotating load is larger
than the static load. The combined load
becomes an oscillating load with a magnitude
changing as shown in Fig. 1 (b) if the rotating
load is smaller than the stationary load.

In either case, the combined load F' is
expressed by the following equation:

F=AF+F$=2FRFsCOS @ wovvveveeiiniiiiinns (1)

where, F: Rotating load (N), {kgf}
Fs: Stationary load (N), {kgf}
6: Angle defined by rotating and
stationary loads

The value F' can be approximated by Load
Equations (2.1) and (2.2) which vary sinusoidally
depending on the magnitude of Fz and Fy, that
is, in such a manner that Fr+Fs becomes the
maximum load F.. and Fr—Fs becomes the
minimum load F. for Fx>Fs or Fr&KFs.

FyDFs, F=Fg—FsC0S @ vveveevveeiiiieiiiiinin, 2.1)
Fp&KFs, F=FsFRCOS @ -vvveevvveeiiiiiiiiiiinn, 2.2)

The value F' can also be approximated by
Equations (3.1) and (3.2) when Fy=Fs.
Fr>F,

F:F.e—Fs+2Fssm% ................................ (3.1)
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Fp>Fs,
F=F—Fyt+2Fssin % ............................... (3.2)

Curves of Equations (1), (2.1), (3.1), and (3.2)
are as shown in Fig. 2.

The mean value F,, of the load varying as
expressed by Equations (2.1) and (2.2) or (3.1)
and (3.2) can be expressed respectively by
Equations (4.1) and (4.2) or (5.1) and (5.2).

Fo=F i +0.65 (Fruax—F i)
FRZFs, FumFyt0.83F s ceoevverererenacianinion, 4.1)
FuSFs, FumFt0.3F g oo, 4.2)
Fo=Fun +0.75 (FracFum)
FuZFs, FomFrt0.5F oo, (5.1)
FySFy, FomFst0.5Fy coveeerneeensinnniens (5.2)

Generally, as the value F' exists somewhere
among Equations (4.1), (4.2), (56.1), and (5.2),
the factor 0.3 or 0.5 of the second terms of
Equations (4.1) and (4.2) as well as (5.1) and
(5.2) is assumed to change linearly along with
Fs/Fy or Fx/Fs. Then, these factors may be
expressed as follows:

03+02- L5 o< s <4

R R

or o.mo.z%, o= <4

S S

Accordingly, F,, can be expressed by the
following equation:

FrZFs,

Fs
Fr

—Ft0.8F 02— L5 i, 6.1)

R

Fo=FeH{0.3+0.2-25) F

FR=Fs,
Fr

S

F.=Fs+(0.3+0.2 ) Fx

2

—F4+0.3Fx+0.2 ];f ........................... 6.2)

S

=y

Finax

Fr

Fanin

(a) Rotating load > stationary load

Rotating
load

Combined
load

Stationary
load

(b) Rotating load < stationary load

Fig. 1 Combined load of rotating and stationary loads

For Equation (2.1) Fy > F,
For Equation (1) Fy=0.6 Fy

For Equations (3.1) and (3.2)
Fr=Fs

Fig. 2 Chart of combined loads

1 1 L
120 150° 180°
§

NSK
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Dynamic load rating, fatigue life, and static load rating

2.6 Life calculation of multiple
bearings as a group

When multiple rolling bearings are used in
one machine, the fatigue life of individual
bearings can be determined if the load acting
on individual bearings is known. Generally,
however, the machine becomes inoperative if a
bearing in any part fails. It may therefore be
necessary in certain cases to know the fatigue
life of a group of bearings used in one machine.

The fatigue life of the bearings varies greatly
and our fatigue life calculation equation

b
L=(%) applies to the 90% life (also called

the rating fatigue life, which is either the gross
number of revolution or hours to which 90% of
multiple similar bearings operated under similar
conditions can reach).

In other words, the calculated fatigue life for
one bearing has a probability of 90%. Since the
endurance probability of a group of multiple
bearings for a certain period is a product of the
endurance probability of individual bearings for
the same period, the rating fatigue life of a
group of multiple bearings is not determined
solely from the shortest rating fatigue life among
the individual bearings. In fact, the group life is
much shorter than the life of the bearing with
the shortest fatigue life.

Assuming the rating fatigue life of individual
bearings as Li, L, L, ... and the rating fatigue
life of the entire group of bearings as L, the
below equation is obtained:

1 1 1,1 ™)

=—+
L L Ly L5

where, e=1.1 (both for ball and roller bearings)

L of Equation (1) can be determined with ease
by using Fig. 1.
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Take the value L, of Equation (1) on the L,
scale and the value of L, on the L, scale,
connect them with a straight line, and read the
intersection with the L scale. In this way, the
value L, of
11 1
Ly L Ly

is determined. Take this value L, on the L,
scale and the value L; on the L, scale, connect
them with a straight line, and read an
intersection with the L scale.

In this way, the value L of

11,1 .1
L° L Ly Ly

can be determined.

Example

Assume that the calculated fatigue life of
bearings of automotive front wheels as follows:

280 000 km for inner bearing

320 000 km for outer bearing

Then, the fatigue life of bearings of the wheel
can be determined at 160 000 km from Fig. 1.
If the fatigue life of the bearing of the right-hand
wheel takes this value, the fatigue life of the left-
hand wheel will be the same. As a result, the
fatigue life of the front wheels as a group will
become 85 000 km.

L, L L,
100 100
50 50 F 20
20 10
15 8
10 6
8 5
7 4
8
5 3
4 2
1.8
3 16 +
4 +1.2 X
o4 +1.1 !
1.9+ 4 L
1.8+ 4 L
1.7 4+ 4+ 0.9 L
1.6 @ ' 3
1.5 0.8 i
141 5
1.3 1 0.7 |
1.2+ L
0.6
1.1+ L
0.55
I R

Fig. 1 Chart for life calculation

— - =

5 o~ oo

NSK
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Dynamic load rating, fatigue life, and static load rating

2.7 Load factor and fatigue life by
machine

Loads acting on the bearing, rotating speed,
and other conditions must be taken into
account when selecting a bearing for a
machine. Basic loads acting on a bearing are
considered normally to include the weight of a
rotating body supported by the bearing, load
developed by power transmitted gears and belt,
and other loads which can be estimated by
calculation.

Actually, in addition to the above loads, there
are loads caused by unbalance of a rotating
body, load developed due to vibration and
shock during operation, etc., which are,
however, difficult to determine accurately. In
order to assume the dynamic equivalent load P
necessary for selection of the bearing, therefore,
the above basic load F'. is converted into a
practical mean effective load by multiplying it by
a certain factor. This factor is called the load
factor f., which is an empirical value. Table 1
shows the guideline of load factor f., for each
machine and operating conditions. For example,
when a part incorporating a bearing is subject
to a radial load of F'.. and an axial load of F\.,
the dynamic equivalent load P can be
expressed as follows, with load factors assumed
respectively as f,; and fi.:

PX et Ufalfoe +oissssssssisssssssssssssssssisssss )

Setting an unnecessarily long fatigue life
during selection of a bearing is not economical
because it will lead to a larger bearing.
Moreover, the fatigue life of a bearing may not
be the sole standard in certain cases in view of
the strength, rigidity, and mounting dimensions
of the shaft. In general, the bearing design life is
set as a guideline for each machine and
operation conditions to ensure selection of an
adequate yet economical bearing.
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Such a design life requires an empirical value
called the fatigue life factor f. Table 2 shows
the fatigue life factors which are summarized for
each machine and operating conditions. It is
therefore necessary to determine the basic load
rating C from the fatigue life factor f, appropriate
to the bearing application purpose while using
the equation as follows:

where, C: Basic dynamic load rating (N), {kgf}
fu: Speed factor

The bearing must satisfy the calculated basic
dynamic load rating C as shown above.

Table 1 Value of load factor f.

NSK

Running conditions Typical machine S
Smooth operation free Electric motors, machine tools,
. L 1 tol.2

from shock air conditioners

Air blowers, compressors,
Normal operation elevators, cranes, paper making 1.2t01.5

machines
Operation exposed to Construction equipment, crushers, 15103
shock and vibration vibrating screens, rolling mills :

Table 2 Fatigue life factor f. for various bearing applications

Operating Fatigue life factor fi and machine
periods <3 2t04 3t05 4t07 =6
Infrequently or only *Small motors for | ®Agricultural
for short periods home appli- equipment
ances like
vacuum cleaners
*Hand powered
tools
Only occasionally *Motors for e*Conveyors
but reliability is home heaters eElevators
important and air con-
ditioners
*Construction
equipment
Intermittently for *Rolling mill *Small motors eFactory motors | *Crane sheaves
relatively long periods  roll necks *Deck cranes *Machine tools eCompressors
*General cargo eTransmissions *Specialized
cranes *Vibrating transmissions
*Pinion stands screens
ePassenger cars | *Crushers
Intermittently for eEscalators *Centrifugal *Mine hoists *Papermaking
more than eight separators *Press fly-wheels | machines
hours daily *Air conditioning | *Railway traction
equipment motors
*Blowers e .ocomotive axle
*\Woodworking boxes
machines
el arge motors
*Axle boxes on
railway rolling
stock
Continuously and *Waterworking
high reliability is pumps

important

eElectric power
station

*Mine draining
pumps
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2.8 Radial clearance and fatigue life For cylindrical roller bearing Table 1 e and f(e), Le/L
A, Ly”*

As shown in the catalog, etc., the fatigue life J (8):—F”” Deep groove ball bearing Cylindrical roller bearing
calculation equation of rolling bearings is 0.000077 (27‘) """"""" (N) £ L Le
Equation (1): v - S - S -

........ 3

P o ) r (g)zi 0.1 33.713 0.294 51.315 0.220
‘(E) 0 0006( F, )“9 .................. kef) 0.2 10.221 0.546 14.500 0.469
. . ) 5 ' YAY) 0.3 4.045 0.737 5.539 0.691
where, L: Rating fatigue life (10rev) 04 1.408 0.889 1.887 0.870

C: Basic qynam!c load rating (N), {kef} where, 4,:  Radial clearance (mm) 05 0 1.0 0 1.0
P: Dynamic equivalent load (N), {kgf} F: Radial load (N), {kgf) 06 o850 080 C s o7
p: Index  Ball bearing p=3, Z: Number of rolling elements 07 _ i ass 1098 ~ 189 1096
i 10 7 No. of rows of rolling elements OI8 _ 1I862 1'094 _ 2'455 1.065

Roller bearing p= D,: Ball diameter (mm) : ' ' ' '

3 L. Effective roller length (mm) 09 T 219 1041 - 2929 0-968

The rating fatigue life L for a radial bearing in L‘:. Life with clearance of 4 1.0 — 2.489 0.948 — 3.453 0.805
this case is based on a prerequisite that the L:  Life with zero clearance, obtained 1.25 — 8.207 0.605 — 4.934 0.378
load distribution in the bearing corresponds to from Equation (1) 1.5 — 3.877 0.371 — 6.387 0.196
the state with the load factor e= 0.5 (Fig. 1). 1.67 — 4.283 0.276 — 7.335 0.133
The load factor e varies depending on the The relationship between load factor ¢ and f(e), 18 — 4.59 0.221 — 8.082 0.100
magnitude of load and bearing internal and the life ratio L./L, when the radial internal 2.0 — 5.0852 0.159 — 9187 0.067
oleargnce. Their relationship is described in 5.2 clearance is 4, can also be obtained as shown 05 — 6114 0,078 —11.904 0.029
(Radial Internal Clearance and Load Factor of in Table 1. 3 — 7002 0.043 —14.570 0.015
Ball Bearing). , , 4 — 8.874 0.017 —19.721 0.005

The load distribution with £=0.5 is obtained Fig. 2 shows the relationship between the radial 5 —10.489 0.008 —24.903 0.002
when the bearing internal clearance is zero. In clearance and bearing fatigue life while taking 10 —17.148 0.001 —48.395 0.0002
this sense, the normal fatigue life calculation is 6208 and NU208 as examples.
intended to obtain the value when the clearance
is zero. When the effect of the radial clearance
is taken into account, the bearing fatigue life P
can be calculated as follows. Equations (2) and L| 1.2
(8) can be established between the bearing f
radial clearance 4, and a function f (¢ of load 1.0 +4 o 8308

. ! =C
factor : - ,' il P:C,/10}C:29 100N
ety P=C/15
. 0.8 (4 = £
For deep groove ball bearing D T = : 1 :I \:\ q
. 3 - RTH IR
_ 4,-D,"” D 3 ' “\ AN % S~
I e)= FO\2B e (N) o 0.6 N~
O.OOO44(7) E ~—L
5

: 1 \| ~
L 1] \\\ N
i NN
0.4 4 S
4D / 1! NS
o APy B A =
S (e DB arreeerriereriaaas (kgf} / ARt
‘NU208——¢{P:C,/5

- F. )z/s
0.2
0'002( A Fig. 1 Load distribution with ¢=0.5 7 /! C.=43 500N P=C,/1OA
L , P=C/15
’/,':L, I ,
0

—-60 —40 -20 c 20 40 60 80 100 120

N
1,

Radial clearance (<), pm
Fig. 2 Radial clearance and bearing life ratio
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2.9 Misalignment of inner/outer rings
and fatigue life of deep-groove ball
bearings

A rolling bearing is manufactured with high
accuracy, and it is essential to take utmost care
with machining and assembly accuracies of
surrounding shafts and housing if this accuracy
is to be maintained. In practice, however, the
machining accuracy of parts around the bearing
is limited, and bearings are subject to
misalignment of inner/outer rings caused by the
shaft deflection under external load.

The allowable misalignment is generally
0.0006 ~ 0.0083 rad (2' to 10") but this varies
depending on the size of the deep-groove ball
bearing, internal clearance during operation, and
load.

This section introduces the relationship
between the misalignment of inner/outer rings
and fatigue life. Four different sizes of bearings
are selected as examples from the 62 and 63
series deep-groove ball bearings.

Assume the fatigue life without misalignment
as Lg-o and the fatigue life with misalignment as
Ly. The effect of the misalignment on the fatigue
life may be found by calculating Ly /L¢-o. The
result is shown in Figs. 1 to 4.

As an example of ordinary running conditions,
the radial load F, (N) {kgf} and axial load F, (N)
{kgf} were assumed respectively to be

6200 F.=b10NB2kgf],

1.0
0.9}
0.8
0.7
0.6
0.5
0.4}
03¢
0.2}

-0

Life ratio {Lgy/Ly

approximately 10% (normal load) and 1% (light
preload) of the dynamic load rating C. (N) {kgf}
of a bearing and were used as load conditions
for the calculation. Normal radial clearance was
used and the shaft fit was set to around jb.
Also taken into account was the decrease of
the internal clearance due to expansion of the
inner ring.

Moreover, assuming that the temperature
difference between the inner and outer rings
was 5°C during operation, inner/outer ring
misalignment, Ly/L¢-o was calculated for the
maximum, minimum, and mean effective
clearances.

As shown in Figs. 1 to 4, degradation of the
fatigue life is limited to 5 to 10% or less when
the misalignment ranges from 0.0006 to 0.003
rad (2’ to 10’), thus not presenting much
problem.

When the misalignment exceeds a certain
limit, however, the fatigue life degrades rapidly
as shown in the figure. Attention is therefore
necessary in this respect.

When the clearance is small, not much effect
is observed as long as the misalignment is
small, as shown in the figure. But the life
decreases substantially when the misalignment
increases. As previously mentioned, it is
essential to minimize the mounting error as

much as possible when a bearing is to be used.

F,=51N6.2kgf}

11.1pum (max.)

0.1 . .
o 1 2

3

\ '\
\ \, 5.6um (mean)
v\ P4
N X
\ 8
Ao\
NN
0. 1pm(min) N ™
<
~
a5 6 7

Inner/outer ring misalignment, x 107 rad
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Fig. 1

=0)

Life ratio (Le/Ly

())

Life ratio (Ly/Lg

o)

Life ratio (Lg/Lg

09

08t
0.7¢F
06F
05¢F

0.4

0.3}
0.2}

0.1

1.0

0.9

08}

0.7

06
05

0at

0.3

6202 F.=76bN{78kgf}, F,=76.5N{7 8kgf]

15.2um {max.)

0 1 2 3 4 5 6

\
\
\
\
\
N »,
N \, 7. 7um (mean)
2.0um (min.} S
\s
0 1 2 3 4 5 6 7
Innerfouter ring misalignment, x 107° rad
Fig. 2
6300 F,=809N{82.bkaf}, F,=80.9N8.20kef]

.
=
~
-~
-

S 10.5um (max.)
= -

N\
/ “\5.0pm (mean)

—0.5u1d (min.) '\
\
AY

A " X " . L

~

Innerfouter ring misalignment, x 107% rad

Fig. 3

6302 F.=1 147N{17kgf}, F,=114.7N{11.7kgf]

15.2pm (max.)
/

\ o
7.7um (mean)
R

\

\
\ 3
\\ \

\

2.0 urd (min.) \\\

" L n L N n

0 1 2 3 4 5 6 7

Inner/outer ring misalignment, x 107° rad

Fig. 4

NSK
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2.10 Misalignment of inner/outer rings
and fatigue life of cylindrical roller
bearings

When a shaft supported by rolling bearings is
deflected or there is some inaccuracy in a
shoulder, there arises misalignment between the
inner and outer rings of the bearings, thereby
lowering their fatigue life. The degree of life
degradation depends on the bearing type and
interior design but also varies depending on the
radial internal clearance and the magnitude of
load during operation.

The relationship between the misalignment of
inner/outer rings and fatigue life was
determined, as shown in Figs. 1 to 4, while
using cylindrical roller bearings NU215 and
NU315 of standard design.

In these figures, the horizontal axis shows the
misalignment of inner/outer rings (rad) while the
vertical axis shows the fatigue life ratio Lg /L.
The fatigue life without misalignment is Lg-, and
that with misalignment is L.

NSK

Figs. 1 and 2 show the case with constant
load (10% of basic dynamic load rating C., of a
bearing) for each case when the internal
clearance is a normal, C3 clearance, or C4
clearance. Figs. 3 and 4 show the case with
constant clearance (normal clearance) when the
load is 5%, 10%, and 20% of the basic
dynamic load rating C..

Note that the median effective clearance in
these examples was determined using m5/H7
fits and a temperature difference of 5°C
between the inner and outer rings.

The fatigue life ratio for the clearance and
load shows the same trend as in the case of
other cylindrical roller bearings. But the life ratio
itself differs among bearing series and
dimensions, with life degradation rapid in 22
and 23 series bearings (wide type). It is
advisable to use a bearing of special design
when considerable misalignment is expected
during application.

NU215  F,=9 660 N ({985 kgf} (0.1 C,)

=0}

Life ratio (Lg/Le

22um (Normal clearance)

0.6
o 2 4 6 8

10 12 14 16 18 20

Inner/outer ring misalignment, x 107 rad
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Fig. 1

o)

Life ratio {Lgy/Lg

=0)

Life ratio (Le/Lg

=0)

Life ratio (Lg/Lg

NU315 F,=17 950 N {1 830 kgf} (0.1 C)

72um (C4 clearance)

~
0.7 52um (C3 clearance) o
~
~
06 22um (Normal clearance) “~
0.5

0 2 4 6 8 10 12 14 16 18 20
Inner/outer ring misalignment, x 10~* rad

Fig. 2

NU215 22um (Normal clearance)

1o F,=19 320 N {1 970 kgf}
0.9 0.2 C)
‘\\ ~.

0.8} \\\ \.\.
0.7 \\\\ /3\-\.\

~. F.=9 660 N (985 kgf)
o6 \\\ (0.1 c,)
05F F.=4 830 N (492.5 kgf) /4\‘\\

(0.05 G}

0.4 . . . N .

0O 2 4 6 8 10 12 14 16 18 20
Inner/outer ring misalignment, x 10~ rad

Fig. 3

NU315 22um{Normal clearance)

F.=35 890 N {3 660 kgf}
0.2 C)

~ .

~
< .
Sso LN

0.6 ~. s
~_ Fi=17 950 N {1 830 kef}
0.5 F,=8 970 N {915 kgf]j\\ 0.1 C)
(0.05 ¢, SS
0.4 L >

0 2 4 6 8 10 12 14 16 18 20

Inner/outer ring misalignment, x 107 rad

Fig. 4
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2.11 Fatigue life and reliability

Where any part failure may result in damage
to the entire machine and repair of damage is
impossible, as in applications such as aircraft,
satellites, or rockets, greatly increased reliability
is demanded of each component. This concept
is being applied generally to durable consumer
goods and may also be utilized to achieve
effective preventive maintenance of machines
and equipment.

The rating fatigue life of a rolling bearing is
the gross number of revolutions or the gross
rotating period when the rotating speed is
constant for which 90% of a group of similar
bearings running individually under similar
conditions can rotate without suffering material
damage due to rolling fatigue. In other words,
fatigue life is normally defined at 90% reliability.
There are other ways to describe the life. For
example, the average value is employed
frequently to describe the life span of human
beings. However, if the average value were
used for bearings, then too many bearings
would fail before the average life value is
reached. On the other hand, if a low or
minimum value is used as a criterion, then too
many bearings would have a life much longer
than the set value. In this view, the value 90%
was chosen for common practice. The value
95% could have been taken as the statistical
reliability, but nevertheless, the slightly looser
reliability of 90% was taken for bearings
empirically from the practical and economical
viewpoint. A 90% reliability however is not
acceptable for parts of aircraft or electronic
computers or communication systems these
days, and a 99% or 99.9% reliability is
demanded in some of these cases.

The fatigue life distribution when a group of
similar bearings are operated individually under
similar conditions is shown in Fig. 1. The
Weibull equation can be used to describe the
fatigue life distribution within a damage ratio of
10 to 60% (residual probability of 90 to 40%).
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Below the damage ratio of 10% (residual
probability of 90% or more), however, the rolling
fatigue life becomes longer than the theoretical
curve of the Weibull distribution, as shown in
Fig. 2. This is a conclusion drawn from the life
test of numerous, widely-varying bearings and
an analysis of the data.

When bearing life with a failure ratio of 10%
or less (for example, the 95% life or 98% life) is
to be considered on the basis of the above
concept, the reliability factor a, as shown in the
table below is used to check the life. Assume
here that the 98% life L. is to be calculated for
a bearing whose rating fatigue life L, was
calculated at 10 000 hours. The life can be
calculated as L,=0.33xL,,=3 300 hours. In this
manner, the reliability of the bearing life can be
matched to the degree of reliability required of
the equipment and difficulty of overhaul and
inspection.

Table 1 Reliability factor

Reliability, % 90 95 | 96 | 97 | 98 | 99
. Llﬂ

Llfe, La rating life Ls Ly Ls Lo L
Reliability

factor. ax 1 0.62]0.563]0.44|0.33|0.21

Apart from rolling fatigue, factors such as
lubrication, wear, sound, and accuracy govern
the durability of a bearing. These factors must
be taken into account, but the endurance limit
of these factors varies depending on application
and conditions.

Failure probability (F), %

20
. /
<
=
2 /
©
o 10
=
£
3
@ 4
r/
7/
L
0
100 50 0
Residual probability (S), %
Fig. 1 Bearing life and residual probability
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2.12 Oil film parameters and rolling
fatigue life

Based on numerous experiments and
experiences, the rolling fatigue life of rolling
bearings can be shown to be closely related to
the lubrication.

The rolling fatigue life is expressed by the
maximum number of rotations, which a bearing
can endure, until the raceway or rolling surface
of a bearing develops fatigue in the material,
resulting in flaking of the surface, under action
of cyclic stress by the bearing. Such flaking
begins with either microscopic non-uniform
portions (such as non-metallic inclusions,
cavities) in the material or with microscopic
defect in the material’s surface (such as
extremely small cracks or surface damage or
dents caused by contact between extremely
small projections in the raceway or rolling
surface). The former flaking is called sub-surface
originating flaking while the latter is surface-
originating flaking.

The oil film parameter (), which is the ratio
between the resultant oil film thickness and
surface roughness, expresses whether or not
the lubrication state of the rolling contact
surface is satisfactory. The effect of the oil film
grows with increasing /1. Namely, when A is
large (around 3 in general), surface-originating
flaking due to contact between extremely small
projections in the surface is less likely to occur.
If the surface is free from defects (flaw, dent,
etc.), the life is determined mainly by sub-
surface originating flaking. On the other hand, a
decrease in A tends to develop surface-
originating flaking, resulting in degradation of the
bearing’s life. This state is shown in Fig. 1.
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NSK has performed life experiments with
about 370 bearings within the range of
A=0.3 ~ 3 using different lubricants and bearing
materials (@ and 4 in Fig. 2). Fig. 2 shows a
summary of the principal experiments selected
from among those reported up to now. As is
evident, the life decreases rapidly at around
A=1 when compared with the life values at
around A1=3 ~ 4 where life changes at a slower
rate. The life becomes about 1/10 or less at
A=0.5. This is a result of severe surface-
originating flaking.

Accordingly, it is advisable for extension of
the fatigue life of rolling bearings to increase the
oil film parameter (ideally to a value above 3) by
improving lubrication conditions.

Life ratio

Fatigue life

0.02

0.5

NSK

!

Life with a crack starting from

Life with a crack starting . ;
minute protrusions in the surface

- from an inclusion or nick

Combined cracking life

Oif film parameter (A)

Fig. 1 Expression of life according to 1 (Tallian, et al.)

NSK
@ A Takata, et al.(NSK) Takata * Athara

OSkurka A / < a\\""’f -
(D Danner -

T
N

(]
Y Takata, et ai. b
20 NSK
o
1 1 1 1 | i 1 I
0.0 0.1 0.2 0.5 1 2 5 10

Qil film parameter {4}

Fig. 2 Typical experiment with 4 and rolling fatigue life
(Expressed with reference to the life at 1 =3)
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2.13 EHL oil film parameter calculation
diagram

Lubrication of rolling bearings can be
expressed by the theory of elastohydrodynamic
lubrication (EHL). Introduced below is a method
to determine the oil fim parameter (oil film —
surface roughness ratio), the most critical
among the EHL qualities.

2.13.1 Oil film parameter

The raceway surfaces and rolling surfaces of
a bearing are extremely smooth, but have fine
irregularities when viewed through a
microscope. As the EHL oil film thickness is in
the same order as the surface roughness,
lubricating conditions cannot be discussed
without considering this surface roughness. For
example, given a particular mean oil film
thickness, there are two conditions which may
occur depending on the surface roughness.
One consists of complete separation of the two
surfaces by means of the ail film (Fig. 1 (a)). The
other consists of metal contact between surface
projections (Fig. 1 (b)). The degradation of
lubrication and surface damage is attributed to
case (b). The symbol lambda () represents the
ratio between the oil film thickness and
roughness. It is widely employed as an oil fim
parameter in the study and application of EHL.

where h: EHL oil film thickness
o Combined roughness (Vo *+0")

oy, 0z Root mean square (rms) roughness of
each contacting surface

The oil flm parameter may be correlated to
the formation of the oil film as shown in Figs. 2
and the degree of lubrication can be divided
into three zones as shown in the figure.
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2.13.2 Oil film parameter calculation
diagram

The Dowson-Higginson minimum oil film
thickness equation shown below is used for the
diagram:

0547 70.7

Hyy =265~ L @)
The oil film thickness to be used is that of the
inner ring under the maximum rolling element
load (at which the thickness becomes
minimum).

Equation (2) can be expressed as follows by
grouping into terms (R) for speed, (A) for
viscosity, (') for load, and (J) for bearing
technical specifications. ¢ is a constant.

R and A may be quantities not dependent on
a bearing. When the load P is assumed to be
between 98 N {10 kgf} and 98 kN {10 tf}, F
changes by 2.54 times as Foc P *". Since the
actual load is determined roughly from the
bearing size, however, such change may be
limited to 20 to 30%. As a result, F' is handled
as a lump with the term J of bearing
specifications [F'=F" (J)]. Traditional Equation (3)
can therefore be grouped as shown below:

where, T Factor determined by the bearing
Type
R: Factor related to Rotation speed
A: Factor related to viscosity (viscosity
grade a: Alpha)
D: Factor related to bearing Dimensions

Oil film forming rate, %

100

80

60

40

20

(a) Good roughness

(b) High roughness

Fig. 1 Qil film and surface roughness

Oil film parameter (A1)

Fig. 2 Effect of oil film on bearing performance

Normal bearing
operating conditions ~
\
Surface damage | Surface damage
range range when
sliding is large
Long-life range
(Short life)
| | | | | |
04 06 1 2 4 10

NSK
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The oil flm parameter A, which is most vital
among quantities related to EHL, is expressed
by a simplified equation shown below. The
fatigue life of rolling bearings becomes shorter
when A is smaller.

In the equation A=T"-R-A-D terms include A
for oil viscosity 1, (mPa-s, {cp}), R for the speed
n (min™'), and D for bearing bore diameter d
(mm). The calculation procedure is described
below.

When it is not known whether the mineral oil
is naphthene or paraffin, use the paraffin curve
shown in Fig. 4.

(4) Determine the D value from the diameter
series and bore diameter d (mm) in Fig. 5.

(5) The product of the above values is used
as an oil flm parameter.

Table 1 Value T’

(1) Determine the value T from the bearing Bearing type Value T'
type (Table 1). Ball bearing 1.5
(2) Determine the R value for 7 (min™') from Cylindrical roller bearing 1.0
Fig. 3. Tapered roller bearing 1.1
(8) Determine A from the absolute viscosity Spherical roller bearing 0.8
(mPa-s, {cp}) and oil kind in Fig. 4.
Generally, the kinematic viscosity v, (mm?/s,
{cSt}) is used and conversion is made as
follows:
TUmf0 - Vo evesreesssmsansnsniseaitn i (5)
p is the density (g/cm”) and uses the
approximate value as shown below:
Mineral oil  p=0.85
Silicon oil  p=1.0
Diester oil  p=0.9
100
70
50
30
20
10 il
R 3
2
)
. "
0.7 Z
0.5
0.3 |
0.2 I
20 50 100 500 1 000 5000 10 000 100 000

Speed (), min!

Fig. 3 Speed term, R
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Examples of EHL oil film parameter calculation
are described below.

(Example 1)

The oil flm parameter is determined when a
deep groove ball bearing 6312 is operated with
paraffin mineral oil (7,=30 mPa-s, {cp}) at the
speed 7 =1 000 min".

(Solution)

d=60 mm and D=130 mm from the bearing
catalog.

7=1.5 from Table 1

R=3.0 from Fig. 3

A=0.31 from Fig. 4

D=1.76 from Fig. 5

Accordingly, A1=2.5

(Example 2)

The oil flm parameter is determined when a
cylindrical roller bearing NU240 is operated with
paraffin mineral oil (,=10 mPa-s, {cp}) at the
speed 7=2 500 min .

(Solution)

d=200 mm and D=360 mm from the bearing
catalog.

7=1.0 from Table 1

R=5.7 from Fig. 3

A=0.13 from Fig. 4

D=4.8 from Fig. 5

Accordingly, A1=3.6

2.13.3 Effect of oil shortage and shearing
heat generation

The ail film parameter obtained above is the
value when the requirements, that is, the
contact inlet fully flooded with oil and isothermal
inlet are satisfied. However, these conditions
may not be satisfied depending on lubrication
and operating conditions.

One such condition is called starvation, and
the actual oil film paramerer value may become
smaller than determined by Equation (4).
Starvation might occur if lubrication becomes

limited. In this condition, a guideline for adjusting

the oil film parameter is 50 to 70% of the value
obtained from Equation (4).
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Another effect is the localized temperature
rise of oil in the contact inlet due to heavy
shearing during high-speed operation, resulting
in a decrease of the oil viscosity. In this case,
the oil film parameter becomes smaller than the
isothermal theoretical value. The effect of
shearing heat generation was analyzed by
Murch and Wilson, who established the
decrease factor of the oil film parameter. An
approximation using the viscosity and speed
(pitch diameter of rolling element set D, x
rotating speed per minute . as parameters) is
shown in Fig. 6. By multiplying the oil fim
parameter determined in the previous section by
this decrease factor Hi the oil film parameter
considering the shearing heat generation is
obtained.

Nameny;

A=HE T R-AD oo, ®)

Note that the average of the bore and outside
diameters of the bearings may be used as the
pitch diameter D, (d.) of rolling element set.

Conditions for the calculation (Example 1)
include d.n=9.5 x 10" and 7,=30 mPa-s, {cp},
and Hi is nearly equivalent to 1 as is evident
from Fig. 6. There is therefore almost no effect
of shearing heat generation.

Conditions for (Example 2) are d,n=7x10

and 1,=10 mPa-s, {cp} while Hi=0.76,

which means that the oil film parameter is
smaller by about 25%. Accordingly, A is actually
2.7, not 3.6.

H

0.8

0.6
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02

0.1

-~ T TT 1.0
- 11
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2.14 Fatigue analysis

It is necessary for prediction of the fatigue life
of rolling bearings and estimation of the residual
life to know all fatigue break-down phenomena
of bearings. But, it will take some time before
we reach a stage enabling prediction and
estimation. Rolling fatigue, however, is fatigue
proceeding under compressive stress at the
contact point and known to develop extremely
great material change until breakdown occurs.
In many cases, it is possible to estimate the
degree of fatigue of bearings by detecting
material change. However, this estimation
method is not effective in the cases where the
defects in the raceway surface cause premature
cracking or chemical corrosion occurs on the
raceway. In these two cases, flaking grows in
advance of the material change.

2.14.1 Measurement of fatigue degree

The progress of fatigue in a bearing can be
determined by using an X-ray to measure
changes in the residual stress, diffraction half-
value width, and retained austenite amount.

These values change as the fatigue
progresses as shown in Fig. 1. Residual stress,
which grows early and approaches the
saturation value, can be used to detect
extremely small fatigue. For large fatigue,
change of the diffraction half-value width and
retained austenite amount may be correlated to
the progress of fatigue. These measurements
with X-ray are put together into one parameter
(fatigue index) to determine the relationship with
the endurance test period of a bearing.

Measured values were collected by carrying
out endurance test with many ball, tapered
roller, and cylindrical roller bearings under
various load and lubrication conditions.
Simultaneously, measurements were made on
bearings used in actual machines.
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Fig. 2 summarizes the data. Variance is
considerable because data reflects the
complexity of the fatigue phenomenon. But,
there exists correlation between the fatigue
index and the endurance test period or
operating hours. If some uncertainty is allowed,

the fatigue degree can be handled quantitatively.

Description of “sub-surface fatigue” in Fig. 2
applies to the case when fatigue is governed by
internal shearing stress. “Surface fatigue” shows
correlation when the surface fatigue occurs
earlier and more severely than sub-surface
fatigue due to contamination or oil film
breakdown of lubricating oil.
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2.14.2 Surface and sub-surface fatigues

Rolling bearings have an extremely smooth
finish surface and enjoy relatively satisfactory
lubrication conditions. It has been considered
that internal shearing stress below the rolling
surface governs the failure of a bearing.

Shearing stress caused by rolling contact
becomes maximum at a certain depth below
the surface, with a crack (which is an origin of
break-down) occurring initially under the surface.
When the raceway is broken due to such sub-
surface fatigue, the fatigue index as measured
in the depth direction is known to increase
according to the theoretical calculation of
shearing stress, as is evident from an example
of the ball bearing shown in Fig. 3.

The fatigue pattern shown in Fig. 3 occurs
mostly when lubrication conditions are
satisfactory and oil film of sufficient thickness is
formed in rolling contact points. The basic
dynamic load rating described in the bearing
catalog is determined using data of bearing
failures according to the above internal fatigue
pattern.

Fig. 4 shows an example of a cylindrical roller
bearing subject to endurance test under
lubrication conditions causing unsatisfactory oil
film. It is evident that the surface fatigue degree
rises much earlier than the calculated life.

In this test, all bearings failed before sub-
surface fatigue became apparent. In this way,
bearing failure due to surface fatigue is mostly
attributed to lubrication conditions such as
insufficient oil film due to excessively low oil
viscosity or entry of foreign matters or moisture
into lubricant.
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Needless to say, bearing failure induced by
surface fatigue occurs in advance of that by
sub-surface fatigue. Bearings in many machines
are exposed frequently to danger of initiating
such surface fatigue and, in most of the cases,
failure by surface fatigue prior to failure due to
sub-surface fatigue (which is the original life limit
of bearings).

Fatigue analysis of bearings used in actual
machines shows not the sub-surface fatigue
pattern, but the surface fatigue pattern as
shown in the figure in overwhelmingly high
percentage.

In this manner, knowing the distribution of the
fatigue index in actually used bearings leads to
an understanding of effective information not
only on residual life of bearings, but also on
lubrication and load conditions.
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2.14.3 Analysis of practical bearing (1)

Bearings for automotive transmissions must
overcome difficult problems of size and weight
reduction as well as extension of durable life to
meet the ever increasing efforts to conserve
energy.

Fig. 5 shows an example of fatigue analysis
of bearings used in the transmission of an
actual passenger car. Analysis of the
transmission bearings of various vehicles reveals
the surface fatigue pattern as shown in Fig. 5,
but almost no progress of sub-surface fatigue
which is used as a criterion for calculating the
bearing life.

In other words, these bearings develop less
fatigue under external bearing loads but they
eventually suffer damage due to fatigue by
surface force on the rolling surface though they
can be used for a long time.

This may be attributable to indentations
caused by inclusions of extremely small foreign
matters from the gear oil, which in turn cause
excessive fatigue of the surface.

As is evident from Fig. 5, the fatigue index is
heaviest in the counter front bearing where the
load is most severe, followed by the counter
rear bearing where the load is lightest. This
surprising fact may be due to the fact that the
counter shaft bearings are immersed in gear oil
which often has many foreign particles suspend
in it. Thus, metal chips in the gear oil eventually
contact and abrade the counter shaft bearings.
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Fig. 6 shows the result of the durability test
and fatigue analysis data with two kinds of
bearings used in a transmission of an actual
vehicle.

As is known from above the analytical result,
a bearing with a special seal (sealed clean
bearing), which prevents entry of foreign matter
in gear oil while allowing entry of oil only, offers
remarkably extended life. In this way, the life is
extended by more than ten times when
compared with an open type bearing without a
seal.

The fatigue pattern shows change in the sub-
surface fatigue pattern in the sealed clean
bearing, indicating that reduction of surface
fatigue contributes greatly to the remarkable life
extension.
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2.14.4 Analysis of practical bearing (2)

As shown in the above examples, the cause
of fatigue failure can be presumed through
measurement of the fatigue index. There are
also other applications. Namely, prediction of
residual life, prediction of breakdown life by
parts (inner and outer rings, rolling elements,
etc.), and understanding of surface or sub-
surface fatigue are possible. This information
can be utilized for improved design. Specifically,
this information may be used to reduce the size
and weight, to optimize lubrication conditions,
expand the applications for sealed clean
bearings, and to enhance the load rating.
Measurement of the fatigue index begins also to
be applied in roller bearings to prevent the edge
load of rollers to obtain a more ideal linear
contact state. Improvements in the accuracy of
fatigue index measurements can lead to better
bearing designs.

In the future, prediction of residual life may be
used to shorten the durability test period and
optimize the interval between replacements.

Fig. 7 shows the measurement of the fatigue
index distribution on the raceway surface of a
pinion gear shaft incorporating a needle roller
bearing. Heavy fatigue is observed on the
raceway end nearest to the gear, indicating the
necessity of a countermeasure against edge
load of the roller.

Fig. 8 shows an example of estimating the
durable life on the Weibull chart while
interrupting the bearing durability test and
predicting the life from the respective
measurements of the fatigue index.

Practical examples as above introduced are
expected to increase as fatigue analysis
technology moves forward.
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2.15 Conversion of dynamic load
rating with reference to life at
500 min— and 3 000 hours

The basic dynamic load rating of rolling
bearings is the load without fluctuation in the
direction and magnitude, at which the rating
fatigue life of a group of similar bearings
operated with inner rings rotating and outer
rings stationary reaches one million revolutions.
The standard load rating is 33.3 min" and 500
hours (33.3x500x60=10"). The calculation
equation is specified in JIS B 1518. Some other
makers, however, are using a calculation
equation of dynamic load rating unique and
different from ours, and comparison may
encounter difficulties due to difference in
standards. One of these differences is
concerned with the gross number of revolutions.

For example, TIMKEN of the USA determines
the dynamic load rating of tapered roller bearing
by using the gross number of revolutions for the
rotating speed of 500 min™ for 3 000 hours,
that is, 500x3 000x60=90 000 000 revolutions,
as a standard.

TORRINGTON uses 33.3 min"' and 500 hours,
that is, 33.3x500x60=1 000 000 revolutions as
a standard as in the case of JIS. Assuming that
the dynamic load rating calculation

equation is basically similar between both
companies, except for the gross number of
revolutions standard, the difference in the gross
number of revolutions may be converted as
follows in terms of dynamic load rating:

LT:( Cr

T

) PSTUp wereeiersiens s essraens st ian )

_[Cr )’

LR*( P, ) XNg @

where, L: Rating fatigue life as expressed by
gross number of revolutions

: Basic dynamic load rating (N), {kgf}

. Load (N), {kgf}

. Power

. Standard of gross number of
revolutions

A suffix “T” stands for TIMKEN while “R” for

TORRINGTON.

3T vQ
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Assuming that the internal specification of a
bearing is completely similar between both
companies, setting loads Pr=Px lead to the
following equation from Equations (1) and (2):

()
Ly _\ Py '
= S =T 3)
Ly ( Cr ) XM
Py
Cl= T O @)

Set 72:=90 000 000, nx=1 000 000, and

power p= %(applicable to roller bearings) in

Equation (4):
1
Cr= (ﬂ) v Oy

n,

R

3
:( 90 000 000 )WCT
1 000 000

Namely, the value 3.857 times the dynamic
load rating C of TIMKEN is equivalent to Cy of
TORRINGTON. Actually, however, the internal
specification is not necessarily the same
because every bearing maker undertakes design
and manufacture from its unique viewpoint. In
case of a difference in the units (SI unit and
pound), simple conversion is enough.

Relationship among Equations (3) to (5) can
be established only when the dynamic load
rating calculation equation is basically the same
as described.

If it is evident that the equation is based on
different standards, comparison or conversion
using apparent numerical figures should be
considered only as reference. Reasonable
judgement is possible only by performing
recalculation according to a similar calculation
method.

NSK
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2.16 Basic static load ratings and
static equivalent loads

(1) Basic static load rating

When subjected to an excessive load or a
strong shock load, rolling bearings undergo a
local permanent deformation of the rolling
elements and raceway surface if the elastic limit
is exceeded. The nonelastic deformation
increases in both area and depth as the load
increases, and when the load exceeds a certain
limit, the smooth running of the bearing is
impeded.

The basic static load rating is defined as that
static load which produces the following
calculated contact stress at the center of the
contact area between the rolling element
subjected to the maximum stress and the
raceway surface.

For self-aligning ball bearings

4 600 MPa {469 kgf/mm®)

For other ball bearings

4 200 MPa {428 kgf/mm?}
For roller bearings
4 000 MPa {408 kgf/mm®*)

In this most heavily stressed contact area, the
sum of the permanent deformation of the rolling
element and that of the raceway is nearly
0.0001 times the rolling element’s diameter. The
basic static load rating C, is written Cy, for radial
bearings and C,, for thrust bearings in the
bearing tables.

In addition, following the modification of the
criteria for the basic static load rating by ISO,
the new C, values for NSK’s ball bearings
became about 0.8 to 1.3 times the past values
and those for roller bearings about 1.5 to 1.9
times. Consequently, the values of permissible
static load factor f, have also changed, so
please pay attention to this.

In the above description, the static load rating
is not the load for failure (crack) of rolling
element and bearing ring. Since the load
necessary to crush a rolling element is more
than seven times the static load rating, this is a
sufficient safety factor against failure load when
considering general machine equipment.
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(2) Static equivalent load

The static equivalent load must be considered
for radial bearings exposed to synthetic loads or
axial loads only and for thrust bearings exposed
to axial loads and slight radial loads.

The static equivalent load is a hypothetical
load of a magnitude causing a contact stress
(equivalent to the maximum contact stress
occurring under actual load conditions) in the
contact between the rolling element and
raceway under maximum load when the bearing
is stationary (including extremely low speed
rotation and low-speed oscillation). This
equivalent load is the radial load acting through
a bearing center for radial bearings and the axial
load in a direction aligned to the central axis in
the case of thrust bearings.

(a) Static equivalent load of radial bearings
The static equivalent load of radial bearings is
taken as the larger value of the two values
obtained from the two equations below:

PrrXFoFy omsmsmsssssssissssssisssssis (1)

where, Py: Static equivalent load (N), {kgf}
F.: Radial load (N), {kgf}
F.. Axial load (N), {kgf}
X,: Static radial load factor
Y,: Static axial load factor
(b) Static equivalent load of thrust bearings
Po=XoFAF, @#90° oo @)

where, P;. Static equivalent load (N), {kgf}
a : Nominal contact angle
Note that the accuracy of this equation
decreases when F.<X,F..
Values X, and Y, of Equations (1) and (3) are as
shown in Table 2.
Note that P,=F, for a thrust bearing with
a=90°

(3) Static allowable load factor

The static equivalent load allowed for
bearings varies depending on the basic static
load rating, requirements of the bearings and
bearing operating conditions.

The allowable static load factor f; for review
of the safety factor against the basic static load
rating is determined from Equation (4).
Generally recommended values of f; are shown
in Table 1.

Due care must be taken during application
because the value of f; for roller bearings
(particularly, with the large C, value) has been
changed along with the change of the static
load rating.

where, C,: Basic static load rating (N), {kgf}
P,. Static equivalent load (N), {kgf}

Normally, f.=4 applies to spherical thrust roller

bearings.

Table 1 Value of permissible static load
factor, f.

Running conditions Ball Roller
bearings | bearings

Low-noise applications 2 3
Vibration and shock loads 1.5 2
Standard running conditions 1 1.5

Table 2 Static epuivalent load

Single row Double row
Bearing type
Xn Yu Xu Yu
Deep groove ball bearings 0.6 0.5 0.6 0.5
a =15° 0.5 0.46 1 0.92
a =20° 0.5 0.42 1 0.84
a =25° 0.5 0.38 1 0.76
Angular contact ball bearings a =30° 0.5 0.33 1 0.66
a =35° 0.5 0.29 1 0.58
a =40° 0.5 0.26 1 0.52
a =45° 0.5 0.22 1 0.44
Self-aligning ball bearings a +0
Tapered roller bearings a +0 0.5 0.22 cot 1 0.44 cot
Spherical roller bearings a +0
Cylindrical roller bearings a =0 Py=F,
Thrust ball bearings a =90° Pu=F.
Thrust roller bearings @ =90° ’
Thrust ball bearings @ #90° Pu=F,+23F, tan
Thrust roller bearings a #90° (where, F,>2.3 F, tan )
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3. Bearing fitting practice

3.1 Load classifications

Bearing loads can be classified in various
ways. With respect to magnitude, loads are
classified as light, medium, or heavy; with
respect to time, they are called stationary,
fluctuating, or shock; and with respect to
direction, they are divided into rotating (or
“circumferential”), stationary (or “spot”), or
indeterminate. The terms, “rotating”, “static”,
and “indeterminate”, do not apply to the bearing
itself, but instead are used to describe the load
acting on each of the bearing rings.

Whether an interference fit or a loose fit
should be adopted depends on whether the
load applied to the inner and outer rings is
rotating or stationary. A so-called “rotating load”
is one where the loading direction on a bearing
ring changes continuously regardless of whether
the bearing ring itself rotates or remains
stationary. On the other hand, a so called
“stationary load” is one where the loading
direction on a bearing ring is the same
regardless of whether the bearing ring itself
rotates or remains stationary.

As an example, when the load direction on a
bearing remains constant and the inner ring
rotates and the outer ring stays fixed, a rotating
load is applied to the inner ring and a stationary
load to the outer ring. In the case that the
majority of the bearing load is an unbalanced
load due to rotation, even if the inner ring
rotates and the outer ring stays fixed, a
stationary load is applied to the inner ring and a
rotating load to the outer ring. (See Table 1).

Depending on the actual conditions, the
situation is not usually as simple as described
above. The loads may vary in complex ways
with the load direction being a combination of
fixed and rotating loads caused by mass, by
imbalance, by vibration, and by power
transmission. If the load direction on a bearing
ring is highly irregular or a rotating load and
stationary load are applied alternatively, such a
load is called an indeterminate load.

The fit of a bearing ring on which a rotating
load is applied should generally be an
interference fit. If a bearing ring, on which a
rotating load is applied, is mounted with a loose
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fit, the bearing ring may slip on the shaft or in
the housing and, if the load is heavy, the fitting
surface may be damaged or fretting corrosion
may occur. The tightness of the fit should be
sufficient to prevent the interference from
becoming zero as a result of the applied load
and a temperature difference between the inner
ring and shaft or between the outer ring and
housing during operation. Depending on the
operation conditions, the inner ring fitting is
usually kb, mb, n6, etc. and for the outer ring, it
is N7, P7, etc.

For large bearings, to avoid the difficulty of
mounting and dismounting, sometimes a loose
fit is adopted for the bearing ring on which a
rotating load is applied. In such a case, the
shaft material must be sufficiently hard, its
surface must be well finished, and a lubricant
needs to be applied to minimize damage due to
slipping.

There is no problem with slipping between
the shaft or housing for a bearing ring on which
a stationary load is applied; therefore, a loose fit
or transition fit can be used. The looseness of
the fit depends on the accuracy required in use
and the reduction in the load distribution range
caused by bearing-ring deformation. For inner
rings, g6, h6, jsb(jb), etc. are often used, and
for outer rings, H7, JS7(J7), etc.

For indeterminate loads, it cannot be
determined easily, but in most cases, both the
inner and outer rings are mounted with an
interference fit.

Table 1 Rotating and stationary load of inner rings

Rotating load
on inner ring

(1) When bearing load direction is constant, the
inner ring rotates and the outer ring remains
fixed.

(2) When the inner ring remains fixed, the outer
ring rotates, and the load direction rotates with
the same speed as the outer ring (unbalanced
load, etc.).

Static load
on inner ring

(1) When the outer ring remains fixed, the inner
ring rotates, and the load direction rotates with
the same speed as the inner ring (unbalanced
load, etc.).

(2) When the load direction is constant, the outer
ring rotates, and the inner ring remains fixed.

NSK
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3.2 Required effective interference due
to load

The magnitude of the load is an important
factor in determining the fit (interference
tolerance) of a bearing.

When a load is applied to the inner ring, it is
compressed radially and, at the same time, it
expands circumferentially a little; thereby, the
initial interference is reduced.

To obtain the interference reduction of the
inner ring, Equation (1) is usually used.

Ady=0.08 %de 0° N)

-0.25 %Fm 0° (kef}

where 4dy: Interference reduction of inner ring
due to load (mm)
d: Inner ring bore diameter (mm)
B:  Inner ring width (mm)
F.. Radial load (N), {kgf}

Therefore, the effective interference 4d should
be larger than the interference given by
Equation (1).

The interference given by Equation (1) is
sufficient for relatively low loads (less than about
0.2 Cy, where Cy, is the static load rating. For
most general applications, this condition
applies). However, under special conditions
where the load is heavy (when F; is close to
Cy), the interference becomes insufficient.

For heavy radial loads exceeding 0.2 C,, it is
better to rely on Equation (2).

ad= o.oz%m 0’ N)
T @
2025510 (kef)

where 4d: Required effective interference due to
load (mm)
B: Inner ring width (mm)
F: Radial load (N), {kgf}
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Creep experiments conducted by NSK with
NU219 bearings showed a linear relation
between radial load (load at creep occurrence
limit) and required effective interference. It was
confirmed that this line agrees well with the
straight line of Equation (2).

For NU219, with the interference given by
Equation (1) for loads heavier than 0.25 C,,, the
interference becomes insufficient and creep
OCCurs.

Generally speaking, the necessary interference
for loads heavier than 0.25 C,, should be
calculated using Equation (2). When doing this,
sufficient care should be taken to prevent
excessive circumferential stress.

Calculation example

For NU219, B=32 (mm) and assume
F,=98 100 N {10 000 kgf}

C,=183 000 N {18 600 kgf}

£ _ 98100 536500
Cy 183 000

Therefore, the required effective interference is
calculated using Equation (2).

Ad:o.ozx%xw*:o.om (mm)

This result agrees well with Fig. 1.
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Bearing fitting practice

3.3 Interference deviation due to
temperature rise (aluminum
housing, plastic housing)

For reducing weight and cost or improving
the performance of equipment, bearing housing
materials such as aluminum, light alloys, or
plastics (polyacetal resin, etc.) are often used.

When non-ferrous materials are used in
housings, any temperature rise occurring during
operation affects the interference or clearance of
the outer ring due to the difference in the
coefficients of linear expansion. This change is
large for plastics which have high coefficients of
linear expansion.

The deviation 4D- of clearance or interference
of a fitting surface of a bearing’s outer ring due
to temperature rise is expressed by the
following equation:

ADr=(a,* AT =y AT5)D (ININ) coeevverrnveeeeenne 1)

where 4D;: Change of clearance or interference

at fitting surface due to
temperature rise

a;:  Coefficient of linear expansion of
housing (1/°C)

AT, Housing temperature rise near
fitting surface (°C)

as:  Coefficient of linear expansion of
bearing outer ring
Bearing steel .... a,=12.5x10"
(1/°0)

AT,: Outer ring temperature rise near
fitting surface (°C)

D: Bearing outside diameter (mm)

In general, the housing temperature rise and
that of the outer ring are somewhat different,
but if we assume they are approximately equal
near the fitting surfaces, (47'=A4T.=A4T),
Equation (1) becomes,
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ADr=(a1=@z) AT D () coeveeeeeenme @

where AT: Temperature rise of outer ring and
housing near fitting surfaces (°C)

In the case of an aluminum housing
(0:=28.7x10), Equation (2) can be shown
graphically as in Fig. 1.

Among the various plastics, polyacetal resin is
one that is often used for bearing housings. The
coefficients of linear expansion of plastics may
vary or show directional characteristics. In the
case of polyacetal resin, for molded products, it
is approximately 9x107. Equation (2) can be
shown as in Fig. 2.
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3.4 Fit calculation

It is easier to mount a bearings with a loose
fit than with an interference fit. However, if there
is clearance between the fitting surfaces or too
little interference, depending on the loading
condition, creep may occur and damage the
fitting surfaces; therefore, a sufficient
interference must be chosen to prevent such
damage.

The most common loading condition is to
have a fixed load and fixed direction with the
inner ring (i.e. shaft) rotating and the outer ring
stationary. This condition is referred to as a
rotating load on the inner ring or a stationary
load on the outer ring. In other words, a
circumferential load is applied to the inner ring
and a spot load on the outer ring.

In the case of automobile wheels, a
circumferential load is applied to the outer ring
(rotating load on outer ring) and a spot load on
the inner ring. In any case, for a spot load, the
interference can be almost negligible, but it
must be tight for the bearing ring to which a
circumferential load is applied.

For indeterminate loads caused by
unbalanced weight, vibration, etc., the
magnitude of the interference should be almost
the same as for circumferential loads. The
interference appropriate for the tolerances of the
shaft and housing given in the bearing
manufacturer’s catalog is sufficient for most
cases.

If a bearing ring is mounted with interference,
the ring becomes deformed and stress is
generated. This stress is calculated in the same
way as for thick-walled cylinders to which
uniform internal and external pressures are
applied. The equations for both inner and outer
rings are summarized in Table 1. The Young’s
modulus and Poisson’s ratio for the shaft and
housing are assumed to be the same as for the
inner and outer rings.
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What we obtain by measurement is called
“apparent interference”, but what is necessary is
“effective interference” (4d and 4D given in
Table 1 are effective interferences). Since the
effective interference is related to the reduction
of bearing internal clearance caused by fit, the
relation between apparent interference and
effective interference is important.

The effective interference is less than the
apparent interference mainly due to the
deformation of the fitting surface caused by the
fit.

The relation between apparent interference
4d, and effective interference 4d is not
necessarily uniform. Usually, the following
equations can be used though they differ a little
from empirical equations due to roughness.

For ground shafts: dd=—2 _ aq, (mm)
a+2

For machined shafts: dd= ddS

+.

Ad, (mm)

Satisfactory results can be obtained by using
the nominal bearing ring diameter when
estimating the expansion/contraction of a ring to
correct the internal bearing clearance. It is not
necessary to use the mean outside diameter (or
mean bore diameter) which gives an equal
cross sectional area.

Table 1 Fit conditions

NSK

Inner ring and shaft

Outer ring and housing

Hollow shaft Housing outside diameter
_d 1 ) 1
D= . o =7
d |:’mh—1 7n(—1J+2|: ki 1 :I D |:me—1 mh—1:|+2|: oo :|
Surface pressure pn mks  mk; E(1-k)  E(1-k) mE  mb E(=1) " E(1=h)
(MPa) {kgf/mm?} Solid shaft
p=2 W
tod [m,—W m—W:|+ 2
mE.  mE; E(1-K)
Expansion of inner ,
_ DPn k _ P h
ring raceway ADi=2d “p= 55 AD.=2D g~ 7
AD,; (mm) _ 1 — ke _ 1—=hy
Contraction of outer =dd-k 1=Kk (hollow shaft) =4D-h 1—nne
ring raceway
=dd-k (solid shaft)

AD. (mm)

Maximum stress

Tt max

(MPay {kgf/mm?)

Circumferential stress at inner ring bore
fitting surface is maximum.

14k

11—k

O ax =Pm

Circumferential stress at outer ring bore
surface is maximum.

=T

Symbols

d : Shaft diameter, inner ring bore
do: Hollow shaft bore
D Inner ring raceway diameter
k = d/D;, ko= do/d
E;: Inner ring Young’s modulus,

208 000 MPa {21 200 kgf/mm®}
E: Shaft Young’s modulus
m;: Inner ring poisson’s number, 3.33
ms: Shaft poisson’s number

D : Housing bore diameter, outer ring
outside diameter

Dy: Housing outside diameter

D.: Outer ring raceway diameter

h = D./D, hy = D/D,

E.: Outer ring Young’s modulus,
208 000 MPa {21 200 kgf/mm®}

E\: Housing Young’s modulus

m.: Outer ring poisson’s number, 3.33

mu: Housing poisson’s number
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3.5 Surface pressure and maximum
stress on fitting surfaces

In order for rolling bearings to achieve their
full life expectancy, their fitting must be
appropriate. Usually for an inner ring, which is
the rotating ring, an interference fit is chosen,
and for a fixed outer ring, a loose fit is used. To
select the fit, the magnitude of the load, the
temperature differences among the bearing and
shaft and housing, the material characteristics of
the shaft and housing, the level of finish, the
material thickness, and the bearing
mounting/dismounting method must all be
considered.

If the interference is insufficient for the
operating conditions, ring loosening, creep,
fretting, heat generation, etc. may occur. If the
interference is excessive, the ring may crack.
The magnitude of the interference is usually
satisfactory if it is set for the size of the shaft or
housing listed in the bearing manufacturer’s
catalog. To determine the surface pressure and
stress on the fitting surfaces, calculations can
be made assuming a thick-walled cylinder with
uniform internal and external pressures. To do
this, the necessary equations are summarized in
Section 3.4 “Fit calculation”. For convenience in
the fitting of bearing inner rings on solid steel
shafts, which are the most common, the
surface pressure and maximum stress are
shown in Figs. 2 and 3.
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Fig. 2 shows the surface pressure p, and
maximum stress o ... Variations with shaft
diameter when interference results from the
mean values of the tolerance grade shaft and
bearing bore tolerances. Fig. 3 shows the
maximum surface pressure p,, and maximum
stress o wx When maximum interference
occurs.

Fig. 3 is convenient for checking whether
O max €XCeeds the tolerances. The tensile
strength of hardened bearing steel is about
1570 to 1 960 MPa {160 to 200 kgf/mm®}.
However, for safety, plan for a maximum fitting
stress of 127 MPa {13 kgf/mm?}. For
reference, the distributions of circumferential
stress o, and radial stress o, in an inner ring
are shown in Fig. 1.

Or max = Pm

b

[}
~
Ot max
pm
+

Fig. 1 Distribution of circumferential
stress o, and radial stress o,

oy

kgf/mm? MP,

Surface pressure (m)

Fig. 2 Surface pressure p,, and maximum stress 0 ... for

kgf/mm* MP,

10

o1

Surface pressure (Pm)

0.5
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0.3

0.
0.

0.
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3
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.

T T T T T
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Fig. 3 Surface pressure p,, and maximum stress o .. for
maximum interference in various tolerance grades

NSK
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3.6 Mounting and withdrawal loads

The push-up load needed to mount bearings
on shafts or in a housing hole with interference
can be obtained using the thick-walled cylinder
theory.

The mounting load (or withdrawal load)
depends upon the contact area, surface
pressure, and coefficient of friction between the
fitting surfaces.

The mounting load (or withdrawal load) K
needed to mount inner rings on shafts is given
by Equation (1).

K=t pu v d B (N), (Kgf} wooeevinsesinens )

where u:  Coefficient of friction between fitting
surfaces
©=0.12 (for mounting)
1=0.18 (for withdrawal)
i Surface pressure (MPa), {kgf/mm?)
For example, inner ring surface
pressure can be obtained using
Table 1 (Page 69)
pe B Al _(1=K) (1=ks)
2 d 1-k* k'
d: Shaft diameter (mm)
B: Bearing width (mm)
A4d: Effective interference (mm)
E: Young’s modulus of steel (MPa),
{kgf/mm?)
E=208 000 MPa {21 200 kgf/mm®}
k: Inner ring thickness ratio
k=d/D;
D;: Inner ring raceway diameter (mm)
ko: Hollow shaft thickness ratio
ko=do/d
d,: Bore diameter of hollow shaft (mm)
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For solid shafts, d,=0, consequently k,=0.
The value of k varies depending on the bearing
type and size, but it usually ranges between
k=0.7 and 0.9. Assuming that k=0.8 and the
shaft is solid, Equation (1) is:

K =118 000u 4d B (N)
=12 000y 4d B (kef} }

Equation (2) is shown graphically in Fig. 1. The
mounting and withdrawal loads for outer rings
and housings have been calculated and the
results are shown in Fig. 2.

The actual mounting and withdrawal loads
can become much higher than the calculated
values if the bearing ring and shaft (or housing)
are slightly misaligned or the load is applied
unevenly to the circumference of the bearing
ring hole. Consequently, the loads obtained
from Figs. 1 and 2 should be considered only
as guides when designing withdrawal tools, their
strength should be five to six times higher than
that indicated by the figures.

=0.12)

Mounting load (K u

0.12)

Mounting load (K p

10%kgf
s50[
30}
20+

0r

o o o
Nw o,
T T T

Fi

@

10%kgf
50
30t
201

0.5

0.3
0.2+

kN

— kN
5001 T~ 700
300 | E) N % 500
00— T— 300
0o Inner ring thickness
ratio £=0.8 200
100
S
. {\Q}"’ 100
5 @
30k @c_)\\@ 50
20 KA 30
/ / 20
10 /// g
/ // 10
5 '/ 74
sb / 7 // s
2 // /| 3
160y 1 Jo il 1 L 4 7 2
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70
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=30
720
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. 1 Mounting and withdrawal loads for inner rings
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100
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O
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300
200

h=09
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>
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i 411 vl
5 10 20 40 50 100 200

Outer ring width (B), mm

10%kgf

170
150
=30
120

10.5
0.3
10.2

Fig. 2 Mounting and withdrawal loads for outer rings

=0.18)

Withdrawal load (K u

0.18)

Withdrawal load (K u

NSK
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3.7 Tolerances for bore diameter and
outside diameter

The accuracy of the inner-ring bore diameter
and outer-ring outside diameter and the width
of rolling bearings is specified by JIS which
complies with ISO.

In the previous JIS, the upper and lower
dimensional tolerances were adopted to the
average diameter of the entire bore or outside
surfaces (d.. or D,,) regarding the dimensions of
inner ring bore diameter and outer ring outside
diameter which are important for fitting the shaft
and housing.

Consequently, a standard was introduced for
the upper and lower dimensional tolerances
concerning the bore diameter, d, and outside
diameter, D. However, there was no standard
for the profile deviation like bore and outside
out-of-roundness and cylindricity. Each bearing
manufacturer specified independently the
tolerances or criteria of the ellipse and
cylindricity based on the maximum and
minimum tolerances of d,, or D,, and d or D.

In the new JIS (JIS B 1514 : 1986, revised in
July 1, 1986, Accuracy of rolling bearings)
matched to ISO standards, tolerances, 4y,

Ay .. @NA Apuyt, Apwpn, ..., Of the bore and
outside mean diameters in a single radial plane,
Crpty Aty .. AN Dugt, Dirr, ..., @re within the

allowable range between upper and lower limits.

The new JIS specifies the maximum values of
bore and outside diameter variations within a
single plane, V,, and V), which are equivalent
to the out-of-roundness. Regarding the
cylindricity, JIS also specifies the maximum
values of the variations of mean bore diameters
and mean outside diameters in a single radial
plane, V., and Vp,,.
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Table 1 Tolerances of radial bearing

inner rings (Accuracy Class 0) except tapered roller bearings

NSK

Nominal bore Single plane mean
diameter d bore diameter
deviation
() Ay
over incl high low
omitted  omitted  omitted  omitted
10 18 0 -8
18 30 0 —10
30 50 0 —12
50 80 0 —15
80 120 0 —20
120 180 0 —25

omitted omitted omitted omitted

[All radial planes]

d, (max.)+d, (min.)

An =
2
_ Ay (MaX.J+dgn (Min.)
- 2
[Radial plane 1]
4= dyy (Max.)+dy, (min.)
mpl 5
AI)mpI:dmpl_d

V= (Max.)~ds (Min.)
[Three radial planes]
I/(hup:dmpl_dmpﬂ

Suffix “s” means single measurement,

p” means radial plane.

Units: pm
Diameter series Mean bore| Radial Single bearing ‘Matched set bearing(") | Inner ring
diameter | runout of L ) ) . width
7,89 ‘ 01 ‘ 2,3, 4 | Lariation | inner ring Deviation of inner or outer ring width variation
Bore diameter variation in a plane Va, Vamp K A (ord ) Vs
max. max. max. high low high low max.
omitted | omitted omitted omitted omitted omitted  omitted omitted omitted omitted
10 8 6 6 10 0 —120 0 —250 20
13 10 8 8 13 0 —120 0 —250 20
15 12 9 9 15 0 —120 0 —250 20
19 19 1 IRl 20 0 —150 0 —380 25
25 25 15 15 25 0 —200 0 —380 25
31 31 19 19 30 0 —250 0 —500 30
omitted omitted omitted omitted omitted omitted omitted omitted omitted omitted
Note (') Applicable to individual rings manufactured for combined bearings.
Mean bore diameter at each plane
o 1 o Amp
!
I
o~ '
Sls '
—1@
S5
gEle
I o516
= B
1
!
o 7
\ 7
Radial Radial Radial
plane | plane Il plane Il
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3.8 Interference and clearance for
fitting (shafts and inner rings)

The tolerances on bore diameter d and
outside diameter D of rolling bearings are
specified by ISO. For tolerance Class 0, jsb(jb),
k5, and mb are commonly used for shafts and
H7, JS7(J7) housings. The class of fit that
should be used is given in the catalogs of
bearing manufacturers. The maximum and

minimum interference for the fit of shafts and
inner rings for each fitting class are given in
Table 1. The recommended fits given in
catalogs are target values; therefore, the
machining of shafts and housings should be

performed aiming at the center of the respective

tolerances.

Table 1 Interferences and clearances for inner ring and shaft fit

NSK

Bearing single Interferences or clearances
Nominal  plane mean bore : .
size dliameter deviation 6 8> 86 ho h6 355 5
(mm) (Bearing: Normal Clearance Clear- | Inter- | Clear- | Inter- | Clear- | Inter- | Clear- | Inter- | Clear- | Inter- | Clear- | Inter-
0lass) A Ay ance |ference| ance |ference| ance |ference| ance |ference| ance |ference| ance |ference
over incl high low |max. min [max. max.|max. max.|max. max.|max. max.|max. max.|max. max.
3 6 0 — 8| 18 2 9 4 1 12 4 5 8 8 8| — — | = —
6 10 0 — 8| 22 5| 11 3| 14 3 6 8 9 8| 3 11 2 12
10 18 o0 — 8| 27 8 | 14 2 | 17 2 8 8 | 11 8| 4 12 3 13
18 30 0 —10| 33 10 | 16 3| 20 3 9 10 | 18 10 | 45 145 4 15
30 50 0 —12] 41 13 20 3 25 3 11 12 16 12 55 175 5 18
50 65 0 —15| 49 15 | 23 5| 29 5113 15|19 15| 65 215 7 21
65 80 0 —15| 49 15 | 23 5| 29 5113 15| 19 15 | 65 215 7 21
80 100 0 —20| 58 16 | 27 8 | 34 8|16 20| 22 20| 75 275 9 26
100 120 0 —20| 58 16 27 8 34 8 15 20 22 20 75 275 9 26
120 140 O —25| 68 18 | 32 11 39 11 18 256 | 256 25| 9 34 11 32
140 160 0 —25| 68 18 | 32 11 39 11 18 25|26 25 | 9 34 " 32
160 180 0 —25| 68 18 | 32 11 39 11 18 256 | 256 25| 9 34 11 32
180 200 O —30| 79 20| 3 15| 44 15 |20 30| 29 30 |10 40 13 37
200 225 (O —30| 79 20 | 3 15| 44 15| 20 30 |29 30 |10 40 13 37
225 250 (O —30| 79 20| 3 15 | 44 15|20 30| 29 30 [10 40 13 37
250 280 O —35| 88 21 |40 18 | 49 18 | 23 35| 32 35 |115 465| 16 42
280 315 (0 —35| 88 21 | 40 18 | 49 18 | 283 35 | 32 35 [11.5 46.5| 16 42
315 355 O —40| 98 22 | 43 22 | 54 22 | 25 40 | 36 40 |125 525| 18 47
355 400 O —40| 98 22 | 43 22 | 54 22 | 25 40 | 36 40 |125 525| 18 47
400 450 O —45(108 23 | 47 25 | 60 25 | 27 45| 40 45 |135 585| 20 52
450 500 O —45(108 23 | 47 25 | 60 25 | 27 45 | 40 45 |135 585| 20 52

Remarks 1. The interference figures are omitted if the stress due to fit between inner ring and shaft is excessive.
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2. From now on the js class in recommended instead of the j class.

Units: pm
for each shaft tolerance
is6 i6 m5 m6 16 D6 16 oming
size
Clear- | Interfer- | Clear- | Interfer- (mm)
ance | ence | ance | ence Interference | Interference | Interference | Interference | Interference | Interference | Interference
max. max. | max. max. |min. max.min. max./min. max.|min. max./min. max.|min. max.\min. max. over incl
— — — - - - =] == == == == — 3 6
45 125 2 B | — |- —|— — |- —|— —|— —|— — 6 10
55 135 3 6 |— - - |- —]/— —|— —|— — 10 18
6.5 16.5 4 19 2 212 25|— —|— —|— —|— —|— — 18 30
8 20 5 23 2 252 38| 9 3|9 3gg|— —|— —|— — 30 b0
95 245 7 27 2 3|2 38|11 39|11 4/ — —|— —|— — b0 65
95 245 7 27 2 3|2 36|11 39|11 4520 54— —|— — 65 80
1 31 9 33 3 38| 3 45|13 48|13 55/23 65/37 79— — 80 100
iR 31 9 33 3 38| 3 45[13 48|13 55|23 65|37 79— — 100 120
125 375 11 39 3 46| 3 53|15 58|15 65|27 77|43 93| 63 113 120 140
125 375 11 39 3 46| 3 53|15 58|15 65[27 77|43 93| 65 115 140 160
125 375 11 39 3 46| 3 53|15 58|15 65[27 77|43 93| 68 118 160 180
145 445 13 46 4 54| 4 6317 67|17 76|31 90|50 109| 77 136 180 200
145 445 13 46 4 54| 4 6317 67|17 76|31 90|50 109| 80 139 200 225
145 445 13 46 4 54| 4 6317 67|17 76|31 90|50 109| 84 143 225 250
16 51 16 51 4 62| 4 71120 78|20 87|34 101|56 123| 94 161 250 280
16 51 16 51 4 62| 4 71|20 78|20 87|34 10156 123| 98 165 280 315
18 58 18 58 4 69| 4 80|21 86|21 97|37 113| 62 138|108 184 315 355
18 58 18 58 4 69| 4 80|21 86|21 97|37 113| 62 138|114 190 355 400
20 65 20 65 5 775 90|23 95|23 108|40 125|68 153|126 211 400 450
20 65 20 65 5 77| 5 90|23 95|23 108|40 125|68 153|132 217 450 500
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3.9 Interference and clearance for If the bearing load is a rotating load on the
fitting (housing holes and outer inner ring, there is no problem with a loose fit
rings) (usually H7) of the outer ring. If the loading

direction on the outer ring rotates or fluctuates,
The maximum and minimum interference for the outer ring must also be mounted with

the fit between housings and outer rings are interference. In such cases, the load

shown in Table 1. Inner rings are interference characteristics determine whether it shall be a

fitted in most cases, but the usual fit for outer full interference fit or a transition fit with a target

rings is generally a loose or transition fit. With interference specified.

the J6 or N7 classes as shown in the Table 1, if
the combination is a transition fit with a
maximum size hole and minimum size bearing
0.D., there will be a clearance between them.
Conversely, if the combination is one with a
minimum size hole and maximum size bearing
0.D., there will be interference.

Table 1 Interference and clearance of fit of outer rings with housing

Units: pm
Bearing single_ Interferences or clearances for each housing tolerance
Nominal - plane mean ausce |, 7 H6 H7 HS J6 JS6 a7 JST K6 K7 M6 M7 NG N7 P6 P7 el
size diameter deviation size
(mm) (Bearing: Normal Clear- | Inter- | Clear- | Inter- | Clear- | Inter- Clear- | Inter- | Clear- | Inter- | Clear- | Inter- | Clear- | Inter- | Clear- | linter- | Clear- | Inter- | Clear- | Inter- (mm)
class) A Dy Clearance | Clearance | Clearance | Clearance ance [ference| ance | ference | ance |ference ance (ference| ance [ference| ance |ference| ance |ference| ance |ference| ance |ference | ance |ference Interference | Interference
over incl high low [max. min. [max. min. |max. min. l[max. min. |[max. max.| max. max. |max. max. max. max.|max. max./max. max.|max. max./max. max.| max. max. |max. max.| min. max.| min. max. over incl
6 10 0 — 8| 28 5 17 0 23 0 30 O 13 4 125 45| 16 7 15 7 10 7 13 10 5 12 8 15| 1 16 4 191 4 21 1 24 6 10
10 18 0 —8 38 6] 19 0 26 0 3 0 |14 5 135 55| 18 8 17 9| 10 9| 14 12 4 15 8 18| 1() 20| 3 23| 7 26| 3 29 10 18
18 30 0 —9 3 7|22 0 30 0 42 0 | 17 5 155 65 | 21 9 19 10| 11 11| 15 15 5 17 9 21| 2() 24| 2 28| 9 31| 5 35 18 30
30 50 0 —11] 45 9| 27 O 36 0 50 0 | 21 6 19 8 25 M 23 12| 14 13| 18 18 7 20|11 25| 1(") 28| 3 33|10 37| 6 42 30 50
50 80 0 —13] 53 10| 32 0 43 0 50 0 |26 6 225 95| 31 12 28 15| 17 15| 22 21 8 24 |13 30| 1() 33| 4 39|13 45| 8 51 50 80
80 120 0 —15] 62 12 | 37 O 50 O 69 0 | 31 6 26 11 37 13 32 17| 19 18| 25 25 9 28|15 35| 1() 3| 5 45|15 52| 9 59 80 120
120 150 0 —18| 72 14 | 43 O 58 0 81 0 |36 7 305 125 | 44 14 38 20| 22 21| 30 28|10 33|18 40| 2() 45| 6 52|18 61|10 68 120 150
150 180 0 —25|/ 79 14| 50 O 65 O 88 0 |43 7 375 125 | 51 14 45 20| 29 21| 37 28|17 33|25 40| 5 45113 52|11 61| 3 68 150 180
180 250 0 —30| 91 15| 59 O 76 0 |[102 0 |52 7 445 145 | 60 16 53 23| 35 24| 43 33|22 37 |30 46| 8 51|16 60| 11 70| 383 79 180 250
250 315 0 —35/104 17 | 67 O 87 0 |16 0 |60 7 51 16 7116 61 26| 40 27 | 51 36 |26 41 |35 52|10 57|21 66|12 79| 1 83 250 315
315 400 0O —40[115 18 | 76 O 97 0 (129 0 | 69 7 58 18 79 18 67 28| 47 29| 57 40 |30 46 |40 57|14 62|24 73|11 87| 1 98 315 400
400 500 0O —45(128 20| 8 O |108 O |[142 O |78 7 65 20 88 20 76 31| 63 32| 63 45|35 50 |45 63|18 67|28 80|10 95| O 108 400 500
500 630 0O —50({142 22| 94 O |120 O |160 O | — — | 72 22 - - 85 35| 50 44 | 50 70|24 70|24 96| 6 88| 6 114| 28 122| 28 148 500 630
630 800 O —75/179 24 (1256 O [165 O [200 O | — — |100 25 - — 116 40| 756 50| 75 80 | 45 80 | 45 110|25 100 | 25 130| 13 138| 13 168 630 800
800 1000 0 —100{216 26 (156 O |190 O |[240 O | — — |128 28 - — 145 45 [100 56 |100 90 | 66 90 | 66 124 |44 112 | 44 146| O 156| O 190 800 1000
Note (") Minimum interferences are listed.

Remarks In the future, JS class in recommended instead of J class.
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3.10 Interference dispersion (shafts
and inner rings)

The residual clearance in bearings is
calculated by subtracting from the initial radial
clearance the expansion or contraction of the
bearing rings caused by their fitting.

In this residual clearance calculation, usually
the pertinent bearing dimensions (shaft diameter,
bore diameter of inner ring, bore diameter of
housing, outside diameter of outer ring) are
assumed to have a normal (Guassian)
distribution within their respective tolerance
specifications.

If the shaft diameter and inner-ring bore
diameter both have normal (Gaussian)
distributions and their reject ratios are the same,
then the range of distribution of interference R
(dispersion) that has the same reject ratio as the
shaft and inner-ring bore is given by the
following equation:

where R: Shaft diameter tolerance (range of
specification)
R;: Inner-ring bore diameter tolerance
(range of specification)

The mean interference and its dispersion R
based on the tolerances on inner-ring bore
diameters d of radial bearings of Normal Class
and shafts of Classes 5 and 6 are shown in
Table 1.
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Table 1 Mean value and dispersion of

Bearing single

Fit with Class

interference for fitting of inner rings with shafts

NSK

Nominal plane mean bore
size diameter deviation
(mm) (Bearing: Normal
cass) Achuy Mean value of
over incl high low h5 jsb i5
= 3 0 -8 2 4 4
3 6 0 — 8| 15 4 4.5
6 10 0 -8 1 4 5
10 18 0 — 8|0 4 5
18 30 0 —10 | 05 5 5.5
30 50 0 —12 | 0.5 6 6.5
50 65 0 —15 | 1 7.5 7
65 80 0 —15 1 7.5 7
80 100 0 —20 | 2.5 |10 8.5
100 120 0 —20 | 25 | 10 8.5
120 140 0 —25 | 35 | 125 | 105
140 160 0 —25| 35 | 125 | 105
160 180 0 —25 | 35 | 125 | 105
180 200 0 —30 | 5 15 12
200 225 0 —30 | 5 15 12
225 250 0 —30 | 5 15 12
250 280 0 —35 1| 6 175 | 18
280 315 0 —35 1| 6 175 | 18
315 355 0 —40 | 7.5 | 20 14.5
355 400 0 —40 | 75 | 20 14.5
400 450 0 —45| 9 225 | 16

Note () Negative mean value of the interference indicates

Units: pm
5 shaft Fit with Class 6 shaft
interference Dispersion of Mean value of interference (") Dispersion of
interference interference

k5 | m5 | R=VR*+R> | n6 | js6 | 6 | k6 | m6 | n6 b6 6 | R=VR*+R’

6 8 + 45 1 4 5 7 9 11 13 17 + 5

7.5 | 10.5 *+ 45 0 4 6 9 12 16 20 23 + 55

8 13 + 5 —05| 4 6.5 9.5 | 145 | 185 23.5 27.5 + 6

9 15 + 55 —15| 4 6.5 | 105 | 165 | 21.5 275 325 + 7
1.5 | 175 + 6.5 —15| 5 75| 135 | 195 | 26.5 33.5 39.5 + 8
13.5 | 20.5 + 8 -2 6 9 16 23 31 40 48 +10

16 25 10 -2 75| 10 19 28 37 49 58 +12

16 25 *+10 -2 75| 10 19 28 37 49 60 +12
20.5 | 30.5 +125 —1 10 12 24 34 44 58 72 +15
20.5 | 30.5 +125 —1 10 12 24 34 44 58 75 +15
245 | 36.5 *+15.5 0 125 | 14 28 40 52 68 88 +17.5
24.5 | 36.5 +15.5 0 125 | 14 28 40 52 68 90 +17.5
245 | 36.5 +15.5 0 125 | 14 28 40 52 68 93 +17.5
29 42 +18 05| 15 16.5 | 33.5 | 46.5 | 60.5 79.5 | 106.5 +21

29 42 +18 05| 15 16.5 | 33.5 | 46.5 | 60.5 79.5 | 109.5 +21

29 42 18 05| 15 16.5 | 33.5 | 46.5 | 60.5 79.5 | 1135 +21

33 49 +21 15| 175 | 175 | 37.5 | 53,5 | 67.5 89.5 | 127.5 +23.5
33 49 +21 15| 175 | 1756 | 375 | 535 | 67.5 89.5 | 131.5 +23.5
36.5 | 53.5 +235 2 20 20 42 59 75 100 146 +27
36.5 | 53.5 +235 2 20 20 42 59 75 100 152 +27

41 59 +26 25| 225 | 225 | 475 | 655 | 825 | 1105 | 168.5 +30
clearance.
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3.11 Interference dispersion (housing
bores and outer rings)

In a manner similar to the previous
interference dispersion for shafts and inner
rings, that for housings and outer rings is shown
in Table 1. The interference dispersion R in
Table 1 is given by the following equation:

R=v R'62+Rn2

where R.. Tolerance on outside diameter of
outer ring (range of specification
value)
Ry: Tolerance on bore diameter of
housing (range of specification value)

This is based on the property that the sum of
two or more numbers, which are normally
distributed, is also distributed normally (rule for
the addition of Gaussian distributions).

Table 1 shows the mean value and
dispersion R of interference for the fitting of
radial bearings of Normal Class and housings of
Classes 6 and 7.

This rule for the addition of Gaussian
distributions is widely used for calculating
residual clearance and estimating the overall
dispersion of a series of parts which are within
respective tolerance ranges.
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Table 1 Mean value and dispersion of

Bearing single _—
Nominal  plane mean outside Fit with
size diameter deviation
(mm) (Bearing: Normal
dass) A Dy Mean value
over incl  high low H6 J6 JS6
3 6 0 — 8/—8 |—5 |[— 4
6 10 0 — 8|— 85|— 45|— 4
10 18 0 — 8|— 95|— 45|— 4
18 30 0 - 9|—11 |— 6 |— 45
30 50 0 — 11|—135|— 75|— 55
50 80 0 — 13|—16 |—10 |— 6.5
80 120 0 — 15|—18.5|—125|— 7.5
120 150 0 — 18|—215|—145|— 9
150 180 0 — 25|—25 |—18 |—125
180 250 0 — 30|—29.5|—22.5|—15
250 315 0 — 35|—33.5|—26.5|—17.5
315 400 0 — 40|—38 |—31 |—20
400 500 0 — 45| —425|—355|—22.5
500 630 0 — 50|—47 — |—25
630 800 0 — 75|—625| — |—37.5
800 1000 0 —100|—78 — |—50

Note (') Negative mean value of the interference indicates

interference for the fitting of outer rings with housings

Units: pm

Class 6 housing

Fit with Class 7 housing

of interference (")

Dispersion of

Mean value of interference (")

Dispersion of

interference interference

K6 | M6 | N6 | P6 |R=vVR*R: || mu7 | g7 |us7 | k7 | M7 | N7 | P7 | R=VRITRS
-2 1 5 9 + 55 —10 |— 4 |— 4 |— 1 2 6 10 + 7
— 15| 835 7.5 | 12.5 + 6 —11.5|— 45|— 4 |— 15| 35 7.5 | 125 + 85
— 05| 55| 105 | 165 + 7 —183 |— 5 |[—4 |— 1 5 10 16 +10

0 6 13 20 + 8 —15 |— 6 |— 45 0 6 13 20 +11.5
— 05| 6.5 | 145 | 235 + 95 —18 |— 7 |— 65 0 7 15 24 +13.5
-1 8 17 29 +11.5 —215|— 95|— 6.5|— 05| 85| 175 | 29.5 +16.5
— 05| 95 | 195 | 33.5 +13.5 —25 |—12 |— 75 0 10 20 34 +19
— 05| 115 | 23,5 | 395 +15.5 —29 |—15 |— 9 |— 1 1 23 39 +22
— 4 8 20 36 +17.5 —32.5|—18.5|—125|— 45| 75 | 195 | 355 +23.5
— 55| 75| 215 | 405 +21 —38 |—22 |—156 |— b5 8 22 41 +27.5
— 65| 75 | 235 | 455 +23.5 —435|—=27.5|—17.5|— 7.5 85 | 225 | 445 +31.5
-9 8 24 49 +27 —48.5|—380.5|—20 |— 85| 85 | 245 | 495 +35
—10.5| 7.5 | 245 | 525 +30 —54 | =34 |—225/— 9 9 26 54 +38.5
-3 |28 41 75 +33.5 —60 — |—25 10 | 36 54 88 +43
—12.5| 175 | 375 | 755 +45 —775| — |—37.5 25| 325 | 52,5 | 90.5 +55
—22 12 34 78 +57.5 —95 — |—=50 |— & 29 51 95 +67
clearance.
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3.12 Fits of four-row tapered roller
bearings (metric) for roll necks

Bearings of various sizes and types are used
in steel mill rolling equipment, such as rolling
rolls, reducers, pinion stands, thrust blocks,
table rollers, etc. Among them, roll neck
bearings are the ones which must be watched
most closely because of their severe operating
conditions and their vital role.

As a rule for rolling bearing rings, a tight fit
should be used for the ring rotating under a
load. This rule applies for roll neck bearings, the
fit of the inner ring rotating under the load
should be tight.

However, since the rolls are replaced
frequently, mounting and dismounting of the
bearings on the roll necks should be easy. To
meet this requirement, the fit of the roll neck
and bearing is loose enabling easy handling.
This means that the inner ring of the roll neck
bearing which sustains relatively heavy load,
may creep resulting in wear or score on the roll
neck surface. Therefore, the fitting of the roll
neck and bearing should have some clearance
and a lubricant (with an extreme pressure
additive) is applied to the bore surface to create
a protective oil film.

If a loose fit is used, the roll neck tolerance
should be close to the figures listed in Table 1.
Compared with the bearing bore tolerance, the
clearance of the fit is much larger than that of a
loose fit for general rolling bearings.

The fit between the bearing outer ring and
chock (housing bore) is also a loose fit as
shown in Table 2.
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Even if the clearance between the roll neck
and bearing bore is kept within the values in
Table 1, steel particles and dust in the fitting
clearance may roughen the fitting surface.

Roll neck bearings are inevitably mounted
with a loose fit to satisfy easy mounting/
dismounting. If the roll neck bearing
replacement interval is long, a tight fit is
preferable.

Some rolling mills use tapered roll necks. In
this case, the bearing may be mounted and
dismounted with a hydraulic device.

Also, there are some rolling mills that use
four-row cylindrical roller bearings where the
inner ring is tightly fitted with the roll neck. By
the way, inner ring replacement is easier if an
induction heating device is used.

Table 1 Fits between bearing bore and roll neck

NSK

Units: pm
Nominal bore Single plane mean . o
diameter d bore diameter deviation Deiation of roll Clearance Wear limit of roll
(tam) Aduy neck diameter neck outside
- - - - diameter
over incl high low high low min. max.
50 80 0 — 15 — 90 —125 75 125 250
80 120 0 — 20 —120 —150 100 150 300
120 180 0 — 25 —150 —175 125 175 350
180 250 0 — 30 —175 —200 145 200 400
250 315 0 — 35 —210 —250 175 250 500
315 400 0 — 40 —240 —300 200 300 600
400 500 0 — 45 —245 —300 200 300 600
500 630 0 — 50 —250 —300 200 300 600
630 800 0 — 75 —325 —400 250 400 800
800 1000 0 —100 —375 —450 275 450 900
1000 1250 0 —125 —475 —500 300 500 1000
1250 1600 0 —160 —510 —600 350 600 1200
Table 2 Fits between bearing outside diameter and chock bore
Units: pm

Nominal outside

Single plane mean

Deviation of chock

Wear limit and

diameter D outside diameter . Clearance issi i
bore diameter permissible ellipse
(mm) AD,, of chock bore
over incl high low high low min. max. diameter
120 150 0 — 18 + 57 + 25 25 75 150
150 180 0 — 25 +100 + 50 50 125 250
180 250 0 — 30 +120 + 50 50 150 300
250 315 0 — 35 +115 + 50 50 150 300
315 400 0 — 40 +110 + 50 50 150 300
400 500 0 — 45 +105 + 50 50 150 300
500 630 0 — 50 +100 + 50 50 150 300
630 800 0 — 75 +150 + 75 75 225 450
800 1000 0 —100 +150 + 75 75 250 500
1000 1250 0 —125 +175 +100 100 300 600
1250 1600 0 —160 +215 +125 125 375 750
1600 2000 0 —200 +250 +150 150 450 900
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4. Internal clearance

4.1 Internal clearance

Internal clearance is one of the most
important factors affecting bearing performance.
The bearing “internal clearance” is the relative
movement of the outer and inner rings when
they are lightly pushed in opposite directions.
Movement in the diametrical direction is called
radial clearance and that in the shaft’s direction
is called axial clearance.

The reason why the internal clearance is so
important for bearings is that it is directly related
to their performance in the following respects.
The amount of clearance influences the load
distribution in a bearing and this can affect its
life. It also influences the noise and vibration. In
addition, it can influence whether the rolling
elements move by rolling or sliding motion.

Normally, bearings are installed with
interference for either the inner or outer ring and
this leads to its expansion or contraction which
causes a change in the clearance. Also, the
bearing temperature reaches saturation during
operation; however, the temperature of the inner
ring, outer ring, and rolling elements are all
different from each other, and this temperature
difference changes the clearance (Fig. 1).
Moreover, when a bearing operates under load,
an elastic displacement of the inner ring, outer
ring, and rolling elements also leads to a
change in clearance. Because of these changes,
bearing internal clearance is a very complex
subject.

Therefore, what is the ideal clearance? Before
considering this question, let us define the
following different types of clearance. The
symbol for each clearance amount is shown in
parentheses.

Measured Internal Clearance (d,)

This is the internal clearance measured under a
specified measuring load and can be called
“apparent clearance”. This clearance includes
the elastic deformation (6x,) caused by the
measuring load.

A=Ay +6r0
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Theoretical Internal Clearance ()

This is the radial internal clearance which is the
measured clearance minus the elastic
deformation caused by the measuring load.

Ao=4,+06r0

dro IS significant for ball bearings, but not for
roller bearings where it is assumed to be equal
to zero, and thus, do=4,.

Residual Internal Clearance (4,

This is the clearance left in a bearing after
mounting it on a shaft and in a housing. The
elastic deformation caused by the mass of the

shaft, etc. is neglected. Assuming the clearance

decrease caused by the ring expansion or
contraction is d;, then:

A=Ay+0;

Effective Internal Clearance ()

This is the bearing clearance that exists in a
machine at its operating temperature except
that the elastic deformation caused by load is
not included. That is to say, this is the
clearance when considering only the changes
due to bearing fitting ¢; and temperature
difference between the inner and outer rings é..
The basic load ratings of bearings apply only
when the effective clearance 4=0.

A=A=6=A4—(6:+6))

Operating Clearance (4)

This is the actual clearance when a bearing is
installed and running under load. Here, the
effect of elastic deformation ¢y is included as
well as fitting and temperature. Generally, the
operating clearance is not used in the
calculation.

Ap=A+6r

The most important clearance of a bearing is
the effective clearance as we have already
explained. Theoretically speaking, the bearing
whose effective clearance 4 is slightly negative
has the longest life. (The slightly negative
clearance means such effective clearance that
the operating clearance turns to positive by the
influence of bearing load. Strictly speaking, the
amount of negative clearance varies with the
magnitude of bearing load.) However, it is

impossible to make the clearance of all bearings

to the ideal effective clearance, and we have to

Outer ring

NSK

consider the geometrical clearance 4, in order
to let the minimum value of effecive clearance
be zero or a slightly negative value. To obtain
this value, we should have both accurate
reduction amount of clearance caused by the
interference of the inner ring and outer ring o;
and accurate amount of clearance change
caused by the temperature difference between
inner ring and outer ring ¢.. The methods of the
calculation are discussed in the following
sections.

A: Effective clearance

A=Af—5t

between outer ring and housing

”b‘(ei Clearance reduction due to fit

=

A,: Theoretical internal clearance

Roller

(geometrical clearance)

Ag¢: Residual clearance
A=Ay~ b1i— Ofe

8- Clearance reduction due to fit between

inner ring and shaft

L &,: Clearance reduction due to temperature

difference between inner and outer rings

Fig. 1 Changes of radial internal clearance of roller bearing
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Internal clearance

4.2 Calculating residual internal
clearance after mounting

The various types of internal bearing
clearance were discussed in Section 4.1. This
section will explain the step by step procedures
for calculating residual internal clearance.

When the inner ring of a bearing is press fit
onto a shaft, or when the outer ring is press fit
into a housing, it stands to reason that radial
internal clearance will decrease due to the
resulting expansion or contraction of the bearing
raceways. Generally, most bearing applications
have a rotating shaft which requires a tight fit
between the inner ring and shaft and a loose fit
between the outer ring and housing. Generally,
therefore, only the effect of the interference on
the inner ring needs to be taken into account.

Below we have selected a 6310 single row
deep groove ball bearing for our representative
calculations. The shaft is set at kb, with the
housing set at H7. An interference fit is applied
only to the inner ring.

Shaft diameter, bore size and radial clearance
are the standard bearing measurements.
Assuming that 99.7% of the parts are within
tolerance, the mean value (m.) and standard
deviation (o) of the internal clearance after
mounting (residual clearance) can be calculated.
Measurements are given in units of millimeters
(mm).

o=L2 —0.0018
3
o=L/2 00020
3
oa=B2/2 00028
3
o=t}
Ma=Ma—A; (Mms—m,)=0.0035
=N +A7 07=0.0035
where, . Standard deviation of shaft diameter
o Standard deviation of bore diameter
oy Standard deviation of interference

o 4. Standard deviation of radial
clearance (before mounting)
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o Standard deviation of residual 0.9
clearance (after mounting)
ms. Mean value of shaft diameter
(¢50+0.008) 08
m;: Mean value of bore diameter 2
(¢50-0.006) 'q:) -
m.: Mean value of radial clearance =
(before mounting) (0.014) 58 0.7
my: Mean value of residual clearance 2 %
(after mounting) .
R,: Shaft tolerance (0.011) % § 06
R;: Bearing bore tolerance (0.012) §8 )
R.: Range in radial clearance (before w e
mounting) (0.017)
A: Rate of raceway expansion from 0.5 ! ! ! L ! ! : ! ! L
0 50 100 150

apparent interference (0.75 from
Fig. 1)

The average amount of raceway expansion
and contraction from apparent interference is
calculated from A; (m,—m,).

To determine, wihtin a 99.7% probability, the
variation in internal clearance after mounting
(R.), we use the following equation.

Ry=m 4+304=+0.014 to —0.007

In other words, the mean value of residual
clearance (m.) is +0.0035, and the range is
from —0.007 to +0.014 for a 6310 bearing.

We will discuss further in Section 4.5 the
method used to calculate the amount of change
in internal clearance when there is a variation in
temperature between inner and outer rings.

Units: mm
’ +0.013
Shaft diameter $50 0.002
Bearing bore diameter, (d) ¢ 50 78 012
Radial internal clezi:?)nce 0.006 t0 0.023(')

Note (') Standard internal clearance, unmounted

Bearing bore, mm

Fig. 1 Rate of inner ring raceway expansion (A;) from apparent interference

mat= +0.00356 mat +3041

= +0.014

mat —3oat
= -0.007

Fig. 2 Distribution of residual internal clearance
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4.3 Effect of interference fit on bearing
raceways (fit of inner ring)

One of the important factors that relates to
radial clearance is the reduction in radial
clearance resulting from the mounting fit. When
inner ring is mounted on a shaft with an
interference fit and the outer ring is secured in a
housing with an interference fit, the inner ring
will expand and the outer ring will contract.

The means of calculating the amount of ring
expansion or contraction were previously noted
in Section 3.4, however, the equation for
establishing the amount of inner raceway
expansion (4D)) is given in Equation (1).

AD=Ad k % ................................. 1)
1-k* ky*

where, 4d: Effective interference (mm)

k:  Ratio of bore to inner raceway
diameter; k=d/D:;

ko: Ratio of inside to outside diameter
of hollow shaft; ko=do/D;

d: Bore or shaft diameter (mm)

D;: Inner raceway diameter (mm)

do: Inside diameter of hollow shaft (mm)

Equation (1) has been translated into a clearer
graphical form in Fig. 1.

The vertical axis of Fig. 1 represents the inner
raceway diameter expansion in relation to the
amount of interference. The horizontal axis is
the ratio of inside and outside diameter of the
hollow shaft (k) and uses as its parameter the
ratio of bore diameter and raceway diameter of
the inner ring (k).

Generally, the decrease in radial clearance is
calculated to be approximately 80% of the
interference. However, this is for solid shaft
mountings only. For hollow shaft mountings the
decrease in radial clearance varies with the ratio
of inside to outside diameter of the shaft. Since
the general 80% rule is based on average
bearing bore size to inner raceway diameter
ratios, the change will vary with different bearing
types, sizes, and series. Typical plots for Single
Row Deep Groove Ball Bearings and for

920

Cylindrical Roller Bearings are shown in Figs. 2
and 3. Values in Fig. 1 apply only for steel
shafts.

Let’s take as an example a 6220 ball bearing
mounted on a hollow shaft (diameter d=100
mm, inside diameter d,=65 mm) with a fit class
of m5 and determine the decrease in radial
clearance.

The ratio between bore diameter and raceway
diameter, k is 0.87 as shown in Fig. 2. The
ratio of inside to outside diameter for shaft, k,,
is ko=d,/d=0.65. Thus, reading from Fig. 1, the
rate of raceway expansion is 73%.

Given that an interference of m5 has a mean
value of 30 pm, the amount of raceway
expansion, or, the amount of decrease in the
radial clearance from the fit is 0.73x30=22
pm.

bdo bd
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1 1
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© 90 —t
[$]
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0 —
3 80 e
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[0)
£
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s 4|l_/—|
> 40 p
©
3
[0}
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5 oDi
2
° 20t
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S
[2) Y
C
S 10|
x
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1 1 1
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0.4 05 06 07 08 09
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Fig. 1 Raceway expansion in relation to bearing fit
(Inner ring fit upon steel shaft)

1.0
Bearing series 60
0.9 — 62
" 63
w» 0.8 =
\»J‘Q ///
I
« 0.7 /
0.6
0'50 50 100 150

Bearing bore {d}, mm

Fig. 2 Ratio of bore size to raceway diameter
for single row deep groove ball bearings
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1.0
0.9 Bearing series NU10
- NU2
< 0.8 e NU3
“”Q ? NU4
0.7 /4/
0.6
0.5
0 50 100 150

Bearing bore (d), mm

Fig. 3 Ratio of bore size to raceway
diameter for cylindrical roller
bearings
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4.4 Effect of interference fit on bearing
raceways (fit of outer ring)

We continue with the calculation of the
raceway contraction of the outer ring after
fitting.

When a bearing load is applied on a rotating
inner ring (outer ring carrying a static load), an
interference fit is adopted for the inner ring and
the outer ring is mounted either with a transition
fit or a clearance fit. However, when the bearing
load is applied on a rotating outer ring (inner
ring carrying a static load) or when there is an
indeterminate load and the outer ring must be
mounted with an interference fit, a decrease in
radial internal clearance caused by the fit begins
to contribute in the same way as when the
inner ring is mounted with an interference fit.

Actually, because the amount of interference
that can be applied to the outer ring is limited
by stress, and because the constraints of most
bearing applications make it difficult to apply a
large amount of interference to the outer ring,
and instances where there is an indeterminate
load are quite rare compared to those where a
rotating inner ring carries the load, there are few
occasions where it is necessary to be cautious
about the decrease in radial clearance caused
by outer-ring interference.

The decrease in outer raceway diameter 4D.
is calculated using Equation (1).

A (1)

AD=4D-h L S
1-n* he*

where, 4D: Effective interference (mm)

h: Ratio between raceway dia. and
outside dia. of outer ring, ~=D./D

ho: Housing thickness ratio, hy=D/D,

D: Bearing outside diameter (housing
bore diameter) (mm)

D.: Raceway diameter of outer ring
(mm)

D,: Outside diameter of housing (mm)
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Fig. 1 represents the above equation in
graphic form.

The vertical axis show the outer-ring raceway
contraction as a percentage of interference, and
the horizontal axis is the housing thickness ratio
ho. The data are plotted for constant values of
the outer-ring thickness ratio from 0.7 through
1.0 in increments of 0.05. The value of
thickness ratio 7 will differ with bearing type,
size, and diameter series. Representative values
for single-row deep groove ball bearings and for
cylindrical roller bearings are given in Figs. 2
and 3 respectively.

Loads applied on rotating outer rings occur in
such applications as automotive front axles,
tension pulleys, conveyor systems, and other
pulley systems.

As an example, we estimate the amount of
decrease in radial clearance assuming a 6207
ball bearing is mounted in a steel housing with
an N7 fit. The outside diameter of the housing is
assumed to be Dy=95, and the bearing outside
diameter is D=72. From Fig. 2, the outer-ring
thickness ratio, %, is 0.9. Because
hy=D/D,=0.76, from Fig. 1, the amount of
raceway contraction is 71%. Taking the mean
value for N7 interference as 18 pm, the amount
of contraction of the outer raceway, or the
amount of decrease in radial clearance is
0.71x18=13 pm.
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Fig. 1 Raceway contraction in relation to bearing fit
(Outer ring fit in steel housing)

1.0 I l
Bearing series 60
1
62
0.2 / > 63
SIS 4 S
! 4
0.8
0.7
o] 50 100 150 200

Bearing outside diameter (D), mm

Fig. 2 Ratio of outside diameter to raceway
diameter for single row deep groove

ball bearings

1.0
Bearing series NU10
0.9 NU2
/
g 4_ﬁ NU3
/ NU4
0.8 Vd
' /
0.7
0 50 100 160 200

Bearing outside diameter (D), mm

Fig. 3 Ratio of outside diameter to

raceway diameter for cylindrical
roller bearings
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4.5 Reduction in radial internal
clearance caused by a temperature
difference between inner and outer
rings

The internal clearance after mounting was
explained in Section 4.2. We continue here by
explaining the way to determine the reduction in
radial internal clearance caused by inner and
outer ring temperature differences and, finally,
the method of estimating the effective internal
clearance in a systematic fashion.

When a bearing runs under a load, the
temperature of the entire bearing will rise. Of
course, the rolling elements also undergo a
temperature change, but, because the change
is extremely difficult to measure or even
estimate, the temperature of the rolling elements
is generally assumed to be the same as the
inner-ring temperature.

We will use the same bearing for our example
as we did in Section 4.2, a 6310, and
determine the reduction in clearance caused by
a temperature difference of 5°C between the
inner and outer rings using the equation below.

6r:aA,DP:aA[% .................................. )

£12.5x107x5x— 2110450 15O+50

=6x107 (mm)

where ¢,: Decrease in radial intemnal clearance
caused by a temperature difference
between the inner and outer rings
(mm)

a: Linear thermal expansion coefficient
for bearing steel, 12.5x10° (1/°C)
Difference in temperature between
inner ring (or rolling elements) and
outer ring (°C)

D: Outside diameter (6310 bearing, 110
mm)

d: Bore diameter (6310 bearing, 50 mm)

D.: Outer-ring raceway diameter (mm)

A
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The following equations are used to calculate
the outer-ring raceway diameter:

Ball Bearings: D.=(4D+d)/5

Roller Bearings: D.=(3D+d)/4

Using the values for 4;, the residual clearance
arrived at in Section 4.2, and for 6, the
reduction in radial internal clearance caused by
a temperature difference between the inner and
outer rings just calculated, we can determine
the effective internal clearance (4) using the
following equation.

A=4,—6,=(+0.014 to —0.007) —0.006

= +0.008 to —0.013

Referring to Fig. 1 below (also see Section
2.8) we can see how the effective internal
clearance influences bearing life (in this example
with a radial load of 3 350 N {340 kgf}, or
approximately 5% of the basic load rating). The
longest bearing life occurs under conditions
where the effective internal clearance is =13 pm.
The lowest limit to the preferred effective internal
clearance range is also —13 pm.

To summarize radial internal clearances briefly:

(1) Generally, the radial clearances given in
tables and figures are theoretical internal
clearances, 4.

(2) The most important clearance for bearings is
the effective radial internal clearance, 4. It is
a value determined by taking the theoretical
clearance 4, and subtracting d;, the
reduction in clearance caused by the
interference fit of one or both rings, and ¢,
the reduction in clearance caused by a
temperature difference between the inner
and outer rings. 4=4,—(6:+6,).

(8) Theoretically, the optimum effective internal
clearance 4 is a negative number close to
zero which gives maximum bearing life.
Therefore, it is desirable for a bearing to
have an effective internal clearance greater
than the ideal minimum value.

(4) To determine the relation between the
effective internal clearance and bearing life
(strictly speaking, the bearing load should
also be considered), there is actually no
need to give serious consideration to

operating internal clearance 4y; the problem
lies with the effective internal clearance 4.

NSK

(5) The basic load rating C, for a bearing is
calculated for an effective internal clearance
4=0.

1.2
Ball bearing: 6310
1.0 Radial load: —
3 350 N340 kgf}
0.8 \\
3 \
S 06 I~
2
s
o L
=
0.4
02 /
e
° —60 —40 —20 0 20 40 60 80

Effective clearance (1), um

Fig. 1 Relation between effective clearance and bearing life for 6310 ball bearing

Remarks Le: Life in case of effective clearance 4 =¢
L: Life in case of effective clearance 4 =0
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Internal clearance

4.6 Radial and axial internal clearances
and contact angles for single row
deep groove ball bearings

4.6.1 Radial and axial internal clearances

The internal clearance in single row bearings
has been specified as the radial internal
clearance. The bearing internal clearance is the
amount of relative displacement possible
between the bearing rings when one ring is
fixed and the other ring does not bear a load.
The amount of movement along the direction of
the bearing radius is called the radial clearance,
and the amount along the direction of the axis
is called the axial clearance.

The geometric relation between the radial and
axial clearance is shown in Fig. 1.

Aa
o 2
lt— |
Y 4
SN 7
D
O =
2
0,0;cosa /’ 0. %
Dy 7i y 0,0.cosa
2 Oe
4% -
2

Fig. 1 Relationship Between 4. and 4,

Symbols used in Fig. 1

O,: Ball center
.. Center of groove curvature, outer ring
Center of groove curvature, inner ring
Ball diameter (mm)
Radius of outer ring groove (mm)
Radius of inner ring groove (mm)
Contact angle (°)
Radial clearance (mm)
Axial clearance (mm)

Taboo

[N

It is apparent from Fig. 1 that 4,=4dr.+4r,.
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From geometric relationships, various
equations for clearance, contact angle, etc. can
be derived.

A=2 (1-C0S @) (Fet7,=D,) vorevrereeseenvsiieiniins 1)
A,=2 SIN @ (Fetri=Dy) woovveeerrveeeii 2)
A4 a
L Ol e et 3
) 5 @)
=2 PeAri=Dy) P AN e 4
Vetri=Dy— 4.
a:(}os’1 72 ................................ (5)
Vet =Dy
—sin™ (47/2) ......................................... ®)
Vet ri=Dy

Because (r.+7—D,) is a constant, it is apparent
why fixed relationships between 4,, 4, and «
exist for all the various bearing types.

As was previously mentioned, the clearances
for deep groove ball bearings are given as radial
clearances, but there are specific applications
where it is desirable to have an axial clearance
as well. The relationship between deep groove
ball bearing radial clearance 4, and axial
clearance 4, is given in Equation (4). To
simplify,

AEK A% )

where K: Constant depending on bearing
design
K=2 (re+r.—D,)"

Fig. 2 shows one example. The various values
for K are presented by bearing size in Table 1
below.

Example

Assume a 6312 bearing, for a sample
calculation, which has a radial clearance of
0.017 mm. From Table 1, K=2.09. Therefore,
the axial clearance 4, is:

4=2.09xy/ 0.017=2.09x0.13=0.27 (mm)
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Axial internal clearance (<,), mm
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Radial internal clearance (), mm

Fig. 2 Radial clearance, 4, and axial clearance, 4, of deep groove ball bearings

Table 1 Constant values of X for radial and axial
clearance conversion

Bearing K
Pore No Series 160 | Series 60 Series 62 Series 63
00 — — 0.93 1.14
01 0.80 0.80 0.93 1.06
02 0.80 0.93 0.93 1.06
03 0.80 0.93 0.99 1.11
04 0.90 0.96 1.06 1.07
05 0.90 0.96 1.06 1.20
06 0.96 1.01 1.07 1.19
o7 0.96 1.06 1.25 1.37
08 0.96 1.06 1.29 1.45
09 1.01 1.1 1.29 1.57
10 1.01 1.1 1.33 1.64
11 1.06 1.20 1.40 1.70
12 1.06 1.20 1.50 2.09
13 1.06 1.20 1.54 1.82
14 1.16 1.29 1.57 1.88
15 1.16 1.29 1.57 1.95
16 1.20 1.37 1.64 2.01
17 1.20 1.37 1.70 2.06
18 1.29 1.44 1.76 2.11
19 1.29 1.44 1.82 2.16
20 1.29 1.44 1.88 2.25
21 1.37 1.54 1.95 2.32
22 1.40 1.64 2.01 2.40
24 1.40 1.64 2.06 2.40
26 1.54 1.70 2.11 2.49
28 1.54 1.70 2.11 2.59
30 1.57 1.76 2.11 2.59

NSK
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Internal clearance

4.6.2 Relation between radial clearance and
contact angle

Single-row deep groove ball bearings are
sometimes used as thrust bearings. In such
applications, it is recommended to make the
contact angle as large as possible.

The contact angle for ball bearings is
determined by the geometric relationship
between the radial clearance and the radii of the
inner and outer grooves. Using Equations (1) to
(6), Fig. 3 shows the particular relationship
between the radial clearance and contact angle
of 62 and 63 series bearings. The initial contact
angle, ay, is the initial contact angle when the
axial load is zero. Application of any load to the
bearing will change this contact angle.

If the initial contact angle a, exceeds 20°, it is
necessary to check whether or not the contact
area of the ball and raceway touch the edge of
raceway shoulder. (Refer to Section 8.1.2)

For applications when an axial load alone is
applied, the radial clearance for deep groove
ball bearings is normally greater than the normal
clearance in order to ensure that the contact
anlgle is relatively large. The initial contact
angles for C3 and C4 clearances are given for
selected bearing sizes in Table 2 below.

Table 2 Initial contact angle, «,, with C3 and C4 clearances

Bearing No. @, with C3 @, with C4
6205 12.5°1018° 16.5° t0 22°
6210 11.5°1t0 16.5° 13.5°t0 19.5°
6215 11.5°t0 16° 15.5°1019.5°
6220 10.5° t0 14.5° 14° t017.5°
6305 11° t016° 14.5°1019.5°
6310 9.5"to0 13.5° 12° to16°
6315 9.5"t0 13.5° 12.5°t0 15.5°
6320 9° to12.5° 12° to15°
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Initial contact angle (o), °
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Internal clearance

4.7 Angular clearances in single-row
deep groove ball bearings

When estimating bearing loads, the usual
loads considered are radial loads, axial loads, or
a combination of the two. Under such load, the
movement of the inner and outer rings is usually
assumed to be parallel.

Actually, there are many occasions when a
bearing’s inner and outer rings do not operate
in true planar rotation because of housing or
shaft misalignment, shaft deflection due to the
applied load, or a mounting where the bearing
is slightly skewed. In such cases, if the inner
and outer ring misalignment angle is greater
than a half of the bearing’s angular clearance, it
will create an unusual amount of stress, a rise in
temperature, and premature flaking or other
fatigue failure. There are more detailed reports
available on such topics as how to determine
the weight distribution and equivalent load for
bearings which must handle moment loads.
However, when considering the weight or load
calculations, the amount of angular clearance in
individual bearings is also of major concern in
bearing selection. The angular clearance, which
is clearly related to radial clearance, is the
maximum angular displacement of the two ring
axes when one of the bearing rings is fixed and
the other is free and unloaded. An
approximation of angular clearance can be
determined from Equation (1) below.

tani:_ 2 {A! (70"'7'1_[)»&)}1/2

2 Dy

where, 4,: Radial clearance (mm)
r.: Outer-ring groove radius (mm)
r;2 Inner-ring groove radius (mm)
D,: Ball diameter (mm)
D,,: Pitch diameter (mm)
K,: Constant

172

K= 2 (re+r=D,)
Dy

100

K, is a constant dependent on the individual
bearing design. Table 1 gives values for K, for
single-row deep groove bearing series 60, 62,
and 63. Fig. 1 shows the relationship between

the radial clearance 4, and angular clearance 6.

The deflection angle of the inner and outer
rngs is + 6,/2.

Angular clearance (8o}, minutes(')
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Radial clearance (1)), um
Fig. 1 Radial clearance and angular clearance

Table 1 Constant values of K, for radial and angular clearance

conversion
Bearing Ko
bore No. Series 60 Series 62 Series 63
X107 X107 X107
00 67.4 45.6 50.6
01 39.7 42.3 43.3
02 39.7 36.5 36.0
03 35.9 34.0 33.7
04 30.9 31.7 29.7
05 27.0 27.2 27.0
06 23.7 23.0 22.9
o7 21.9 23.3 23.5
08 19.5 21.4 22.4
09 18.2 19.8 211
10 16.8 19.0 20.0
11 16.6 18.1 19.4
12 15.5 17.4 18.5
8 14.6 16.6 17.8
14 14.3 16.1 171
15 13.5 15.2 16.6
16 13.3 14.9 16.0
17 12.7 14.5 15.5
18 12.5 141 15.1
19 11.9 13.7 14.6
20 11.5 13.4 14.2
21 11.4 132 14.0
22 11.7 12.9 13.6
24 10.9 12.2 12.7
26 10.3 11.7 121
28 9.71 10.8 11.8
30 9.39 10.0 11.0

NSK
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4.8 Relationship between radial and
axial clearances in double-row
angular contact ball bearings

The relationship between the radial and axial
internal clearances in double-row angular
contact ball bearings can be determined
geometrically as shown in Fig. 1 below.

Outer ring

4
=D

Inner ring

Fig. 1

where, 4,: Radial clearance (mm)

4, Axial clearance (mm)

a,: Initial contact angle, inner or outer
ring displaced axially

ag: Initial contact angle, inner or outer
ring displaced radially

O.: Center of outer-ring groove
curvature (outer ring fixed)

O,,: Center of inner-ring groove
curvature (inner ring displaced
axially)

O;x: Center of inner-ring groove
curvature (inner ring displaced
radially)

m,: Distance between inner and outer
ring groove-curvature centers,
Mo=ri+re—Dy,

D,: Ball diameter (mm)

r;: Radius of inner-ring groove (mm)

r.. Radius of outer-ring groove (mm)
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The following relations can be derived from Fig.
1:

My SIN @g=mesin ar+ ‘21 ................................. 1)

A
My COS =1M,COS mﬁj ------------------------------- @)

since sin“a,=1-cos’a,,
(Mo SIN @)’=M (M COS @) ++orvrrrvrrimiiniiniin 3)

Combined Equations (1), (2), and (3), we obtain:

2

) 4.\, 4.\
Mo SIN agr+ 2 =My —|My COSAr— 2

S A4.=2 \/m(f— (mo cosak—%) —2m sin ag

ay is 25° for 52 and 53 series bearings and 32°
for 32 and 33 series bearings. If we set ax
equal to 0°, Equation (5) becomes:

4,=2 ng— (WLo— 4. )-
v 2
=2 |md— iy
4

2
However, i‘{ is negligible.

SAEZ2M AN 6)

This is identical to the relationship between the
radial and axial clearances in single-row deep
groove ball bearings.

The value of m, is dependent on the inner
and outer ring groove radii. The relation
between 4, and 4., as given by Equation (5), is
shown in Figs. 2 and 3 for NSK 52, 53, 32,
and 33 series double-row angular contact ball
bearings. When the clearance range is small,
the axial clearance is given approximately by

A=A, COL @ wvvereeermrrnnreeee (7)

NSK

radial clearance; however, the initial contact
angle «, varies with the radial clearance when
the inner or outer ring is displaced axially. This
relationship is given by Equation (2).

However, when the clearance is relatively large,
(when 4,./D,, > 0.002) the error in Equation (7)
can be quite large.

The contact angle a is independent of the
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Fig. 2 Radial and axial clearances of bearing series 52 and 53
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Fig. 3 Radial and axial clearances of bearing series 32 and 33
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4.9 Angular clearances in double-row
angular contact ball bearings

The angular clearance in double-row bearings
is defined in exactly the same way as for single-
row bearings; i.e., with one of the bearing rings
fixed, the angular clearance is the greatest
possible angular displacement of the axis of the
other ring.

Since the angular clearance is the greatest
total relative displacement of the two ring axes,
it is twice the possible angle of inner and outer
ring movement (the maximum angular
displacement in one direction from the center
without creating a moment).

The relationship between axial and angular
clearance for double-row angular contact ball
bearings is given by Equation (1) below.

A,=2m, sinaqwﬂ— 1—(COSQO+ ol )—
2my, 4,

where, 4,: Axial clearance (mm)

my: Distance between inner and outer
ring groove curvature centers,
Mo=re+r—D, (mm)

r.:  Outer-ring groove radius (mm)

r;: Inner-ring groove radius (mm)

a,: Initial contact angle (°)

0. Angular clearance (rad)

R;: Distance between shaft center and
inner-ring groove curvature center
(mm)

I:  Distance between left and right
groove centers of inner-ring (mm)

The above equation is shown plotted in Fig.

1 for NSK double-row angular contact ball
bearings series 52, 53, 32, and 33.
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The relationship between radial clearance 4,
and axial clearance 4, for double-row angular
contact ball bearings was explained in Section
4.8. Based on those equations, Fig. 2 shows
the relationship between angular clearance 6
and radial clearance 4..

Angular clearance (), minutes{')

Angular clearance (6), minutes{')

NSK

50 100 150 200
Axial clearance (-1,), um
Fig. 1 Relationship between axial and angular clearances
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Fig. 2 Relationship between radial and angular clearances
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4.10 Measuring method of internal
clearance of combined tapered
roller bearings (offset measuring
method)

Combined tapered roller bearings are
available in two types: a back-to-back
combination (DB type) and a face-to-face
combination (DF type) (see Fig. 1 and Fig. 2).
The advantages of these combinations can be
obtained by assembly as one set or combined
with other bearings to be a fixed- or free-side
bearing.

For the DB type of combined tapered roller
bearing, as its cage protrudes from the back
side of the outer ring, the outer ring spacer (K
spacer in Fig. 1) is mounted to prevent mutual
contact of cages. For the inner ring, the inner
ring spacer (L spacer in Fig. 1), having an
appropriate width, is provided to secure the
clearance. For the DF type, as shown in Fig. 2,
bearings are used with a K spacer.

In general, to use such a bearing
arrangement either an appropriate clearance is
required that takes into account the heat
generated during operation or an applied
preload is required that increases the rigidity of
the bearings. The spacer width should be
adjusted so as to provide an appropriate
clearance or preload (minus clearance) after
mounting.

Hereunder, we introduce you to a clearance
measurement method for a DB arrangement.
(1) As shown in Fig. 3, put the bearing A on the
surface plate and after stabilization of rollers by
rotating the outer ring (more than 10 turns),
measure the offset fi=T,—B.

(2) Next, as shown in Fig. 4, use the same
procedure to measure the other bearing B for
its offset fn:Tn—Bn.

(8) Next, measure the width of the K and L
spacers as shown in Fig. 5.
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From the results of the above measurements,
the axial clearance 4, of the combined tapered
roller bearing can be obtained, with the use of
symbols shown in Figs. 3 through 5 by
Equation (1):

A=(LAR)(fat fi) woorrermemrr 1)

As an example, for the combined tapered roller
bearing HR32232JDB+KLR10AC3, confirm the
clearance of the actual product conforms to the
specifications. First, refer to NSK Rolling Bearing
Catalog CAT. No. E1102 (Page A93) and notice
that the C3 clearance range is 4=110 to 140
pm.

To compare this specification with the offset
measurement results, convert it into an axial
clearance 4, by using Equation (2):

A,=4.cot oz‘:.A,.Q ------------------------------------- 2
e

where, e: Constant determined for each bearing
No. (Listed in the Bearing Tables of
NSK Rolling Bearings Catalog)

refering to the said catalog (Page B127), with
use of e=0.44, the following is obtained:

4,=(110 to 140)x -2
e
=380 to 480 pm

It is possible to confirm that the bearing
clearance is C3, by verifying that the axial
clearance 4, of Equation (1) (obtained by the
bearing offset measurement) is within the above
mentioned range.

NSK

) K spacer Bearing B Bearing A K spacer Bearing B
Bearing A L spacer
¥
Fig. 1 DB arrangement Fig. 2 DF arrangement
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Internal clearance

4.11 Internal clearance adjustment
method when mounting a tapered
roller bearing

The two single row tapered roller bearings are
usually arranged in a configuration opposite
each other and the clearance is adjusted in the
axial direction. There are two types of opposite
placement methods: back-to-back arrangement
(DB arrangement) and face-to-face arrangement
(DF arrangement).

The clearance adjustment of the back-to-back
arrangement is performed by tightening the
inner ring by a shaft nut or a shaft end bolt. In
Fig. 1, an example using a shaft end bolt is
shown. In this case, it is necessary that the fit
of the tightening side inner ring with the shaft
be a loose fit to allow displacement of the inner
ring in the axial direction.

For the face-to-face arrangement, a shim is
inserted between the cover, which retains the
outer ring in the axial direction, and the housing
in order to allow adjustment to the specified
axial clearance (Fig. 2). In this case, it is
necessary to use a loose fit between the
tightening side of the outer ring and the housing
in order to allow appropriate displacement of
the outer ring in the axial direction. When the
structure is designed to install the outer ring into
the retaining cover (Fig. 3), the above measure
becomes unnecessary and both mounting and
dismounting become easy.

Theoretically when the bearing clearance is
slightly negative during operation, the fatigue life
becomes the longest, but if the negative
clearance becomes much bigger, then the
fatigue life becomes very short and heat
generation quickly increases. Thus, it is generally
arranged that the clearance be slightly positive
(a little bigger than zero) while operating. In
consideration of the clearance reduction caused
by temperature difference of inner and outer
rings during operation and difference of thermal
expansion of the shaft and housing in the axial
direction, the bearing clearance after mounting
should be decided.

In practice, the clearance C1 or C2 is
frequently adopted which is listed in “Radial
internal clearances in double-row and combined
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tapered roller bearing (cylindrical bore)” of NSK
Rolling Bearing Catalog CAT. No. E1102, Page
A93.

In addition, the relationship between the radial
clearance 4, and axial clearance 4, is as
follows:

1.5

e

A,=4, cot a=4,

where, a: Contact angle
e: Constant determined for each bearing
No. (Listed in the Bearing Tables of
NSK Rolling Bearing Catalog)

Tapered roller bearings, which are used for
head spindles of machine tools, automotive final
reduction gears, etc., are set to a negative
clearance for the purpose of obtaining bearing
rigidity. Such a method is called a preload
method. There are two different modes of
preloading: position preload and constant
pressure preload. The position preload is used
most often.

For the position preload, there are two
methods: one method is to use an already
adjusted arrangement of bearings and the other
method is to apply the specified preload by
tightening an adjustment nut or using an
adjustment shim.

The constant pressure preload is a method to
apply an appropriate preload to the bearing by
means of spring or hydraulic pressure, etc. Next
we introduce several examples that use these
methods:

Fig. 4 shows the automotive final reduction
gear. For pinion gears, the preload is adjusted
by use of an inner ring spacer and shim. For
large gears on the other hand, the preload is
controlled by tightening the torque of the outer
ring retaining screw.

Fig. 5 shows the rear wheel of a truck. This
is an example of a preload application by
tightening the inner ring in the axial direction
with a shaft nut. In this case, the preload is
controlled by measuring the starting friction
moment of the bearing.

Fig. 6 shows an example of the head spindle
of the lathe, the preload is adjusted by
tightening the shaft nut.

Fig. 7 shows an example of a constant
pressure preload for which the preload is

Shim
Shim =

—I0 (T

adjusted by the displacement of the spring. In
this case, first find a relationship between the
spring’s preload and displacement, then use
this information to establish a constant pressure
preload.

t
I
4 Shim Packing

c
N

Fig. 1 DB arrangement
whose clearance is
adjusted by inner
rings. rings.

Pinion bearing

Large gear
bearing

Large gear
bearing

Fig. 4 Automotive final reduction gear

Fig. 2 DF arrangement
whose clearance is
adjusted by outer

Quter ring

Fig. 3 Examples of
clearance adjusted
by shim thickness
of outer ring cover

Fig. 6 Head spindle of lathe

S/pring
[
T
i i

Fig. 7 Constant pressure preload
applied by spring
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5. Bearing internal load distribution and displacement

5.1 Bearing internal load distribution

This section will begin by examing the effect
of a radial load F', and an axial load F, applied
on a single-row bearing with a contact angle «
(angular contact ball bearings, tapered roller
bearings, etc.). The ratio of F), to F, determines
the range of the loading area when just a
portion of the raceway sustains the load, or
when the entire raceway circumference sustains
the load.

The size of the loading area is called the load
factor e. When only a part of the outer
circumference bears the load, ¢ is the ratio
between the projected length of the loading
area and the raceway diameter. For this
example, we use ¢=1. (Refer to Fig. 1).

When the entire raceway circumference is
subjected to a load, the calculation becomes,

£ = 6max Z 1
Brnax— Omin

where, émx:  Elastic deformation of a rolling
element under maximum load
6mn:  Elastic deformation of a rolling
element under minimum load
The load @ (¥) on any random rolling element
is proportional to the amount of elastic
deformation § (¥) of the contact surface raised
to the t power. Therefore, it follows that when
¥=0 (with maximum rolling element load of @ux
and maximum elastic deformation of 8,.y),

vl

t=1.5 (point contact), t=1.1 (line contact)

The relations between the maximum rolling
element load ..., radial load F, and axial load
F, are as follows:

Fi=di Z Quax COS @ »vovevereevniiiiiiii, 2)

Fi=Jy Z Quax SIN @ weoveveveeinennins @)

where Z is the number of rolling elements,
and J, and J, are coefficients for point and line
contact derived from Equation (1). The values
for J, and J, with corresponding ¢ values are
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given in Table 1. When ¢ =0.5, (when half of the
raceway circumference is subjected to a load),
the relationship between F, and F, becomes,

F.=1216 F, tan @ - (point contact)
F.=1.260 F, tan @ -+ (line contact)

The basic load rating of radial bearings
becomes significant under these conditions.

Assuming the internal clearance in a bearing
4=0, ¢ =0.5 and using a value for J, taken from
Table 1, Equation (2) becomes,

Qma,\:4.37L point contact «eeeveeeeeen 4
7, cosa

Qnm:4.08iline CONtACT +vereveveeinnes )
7, cosa

With a pure axial load, F,=0, ¢ =c0, J,=1, and
Equation (3) becomes;

Q=Quum—Lo ©)

7 sina

(In this case, the rolling elements all share the
load equally.)

For a single-row deep groove ball bearing
with zero clearance that is subjected to a pure
radial load, the equation becomes;

F
= 37— 7
Q 7 (7)

For a bearing with a clearance 4>0
subjected to a radial load and with ¢ <0.5, the
maximum rolling element load will be greater
than that given by Equation (7). Also, if the
outer ring is mounted with a clearance fit, the
outer ring deformation will reduce the load
range. Equation (8) is a more practical relation
than Equation (7), since bearings usually
operate with some internal clearance.

O 8
@ 7 ®

f

B—’

vV

7

Q(y)cosa

Fig. 1

CmaxCOSA

Table 1 Values for J. and J. in single-row bearings

NSK

Point contact Line contact
€ Ftana Ftana
— J, J, — Jr Ja
F, F,

0 1 0 0 1 0 0

0.1 0.9663 0.1156 0.1196 0.9613 0.1268 0.1319
0.2 0.9318 0.1590 0.1707 0.9215 0.1737 0.1885
0.3 0.8964 0.1892 0.2110 0.8805 0.2055 0.2334
0.4 0.8601 0.2117 0.2462 0.8380 0.2286 0.2728
0.5 0.8225 0.2288 0.2782 0.7939 0.2453 0.3090
0.6 0.7835 0.2416 0.3084 0.7480 0.2568 0.3433
0.7 0.7427 0.2505 0.3374 0.6999 0.2636 0.3766
0.8 0.6995 0.2559 0.3658 0.6486 0.2658 0.4098
0.9 0.6529 0.2576 0.3945 0.5920 0.2628 0.4439
1.0 0.6000 0.2546 0.4244 0.5238 0.2523 0.4817
1.25 0.4338 0.2289 0.5044 0.3598 0.2078 0.5775
1.67 0.3088 0.1871 0.6060 0.2340 0.1589 0.6790
2.5 0.1850 0.1339 0.7240 0.1372 0.1075 0.7837
5 0.0831 0.0711 0.8558 0.0611 0.0544 0.8909

Sl 0 0 1 0 0 1
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Bearing internal load distribution and displacement

5.2 Radial clearance and load factor
for radial ball bearings

The load distribution will differ if there is some
radial clearance. If any load acts on a bearing,
in order for the inner and outer rings to maintain
parallel rotation, the inner and outer rings must
move relative to each other out of their original
unloaded position. Movement in the axial
direction is symbolized by ¢, and that in the
radial direction by ¢,. With a radial clearance 4,
and a contact angle a, as shown in Fig. 1, the
total elastic deformation ¢ () of a rolling
element at the angle ¢ is given by Equation (1).

6 (¥)=6, cosyrcosa+d, sina— 42"' COSQ wweeeeess 1)

The maximum displacement 6.« with y=0 is
given,

Omax=0; COSY+0, sina— g' COS@ +rrereerrrenreanenns 2

Combining these two equations,

8 (V)= { —% (1—cosw)} ----------------------- @)
e
and,
e:%:l{ﬂdﬂ tana — A“} ---------- )
26, cosa 2 O 26,

When there is no relative movement in the
axial direction, (6,=0), Equations (2) and (4)
become,

Omax= ( o~ 4 )COSQ .................................... (2)'
2
e=L ( 1 A) ........................................ )
2 26,
Ori= —S Ay COSQ +reverrervmivmivninninininines (5)

From the Hertz equation,

2/3
5o Qe

112

The maximum rolling element load Q... is given
by,

F.
s S et 7
v J.Zcosa @)

Combining Equations (5), (6), and (7) yields
Equation (8) which shows the relation among
radial clearance, radial load, and load factor.

. 23 ) .
A.:( 1-2¢ J‘;z/vs) c (L) D, eos™a
e Z

where, 4,: Radial clearance (mm)
Load factor
Radial integral (Page 111, Table 1)
Hertz elasticity coefficient
Radial load (N), {kgf}
Number of balls
. Ball diameter (mm)
Contact angle (°)

RONTS S

Values obtained using Equation (8) for a 6208
single-row radial ball bearing are plotted in Fig.
2.

As an example of how to use this graph,
assume a radial clearance of 20 pm and
F.=C,/10=2 910 N {297 kgf}. The load
factor ¢ is found to be 0.36 from Fig. 2 and
J,=0.203 (Page 111, Table 1). The maximum
roling element load Q... can then be
calculated as follows,

Quu=—Lr 2910 __4 590N (163Kkgf}

J.Zcosa  0.203x9

Load factor (&)

NSK
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Bearing internal load distribution and displacement

5.3 Radial clearance and maximum
rolling element load

If we consider an example where a deep
groove ball bearing is subjected to a radial load
and the radial clearance 4, is 0, then the load
factor ¢ will be 0.5. When 4,>0 (where there is a
clearance), € <0.5; when 4,<0, £ >0.5. (See
Fig. 1).

Fig. 2 in section 5.2 shows how the load
factor change due to clearance decreases with
increasing radial load.

When the relationship between radial
clearance and load factor is determined, it can
be used to establish the relationship between
radial clearance and bearing life, and between
radial clearance and maximum rolling element
load.

The maximum rolling element load is
calculated using Equation (1).

F.
T o 1
9 J.Zcosa v
F, F.
Qmax Qmax
4,.<0 4,<0
e>1 0.5<e<1

where, ;' Radial load (N), {kgf}
J.: Radial integral
7. Number of balls
a:  Contact angle (°)

J, is dependent on the value of ¢ (Page 111,
Table 1), and ¢ is determined, as explained in
Section 5.2, from the radial load and radial
clearance.

Fig. 2 shows the relationship between the
radial clearance and maximum rolling element
load for a 6208 deep groove ball bearing. As
can be seen from Fig. 2, the maximum rolling
element load increases with increasing radial
clearance or reduction in the loaded range.
When the radial clearance falls slightly below

zero, the loaded range grows widely resulting in

minimum in the maximum rolling element load.

However, as the compression load on all rolling

elements is increased when the clearance is
further reduced, the maximum rolling element
load begins to increase sharply.

F. Fy

2

Q’T‘BX Qmax
A4,= 4,>0
e=0.5 e<0.5

Fig. 1 Radial clearance and load distribution
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Fig. 2 Radial clearance and maximum rolling element load
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Bearing internal load distribution and displacement

5.4 Contact surface pressure and
contact ellipse of ball bearings
under pure radial loads

Details about the contact between a rolling
element and raceway is a classic exercise in the
Hertz theory and one where theory and practice
have proven to agree well. It also forms the
basis for theories on ball bearing life and friction.

Generally, the contact conditions between the
inner ring raceway and ball is more severe than
those between the outer ring raceway and ball.
Moreover, when checking the running trace
(rolling contact trace), it is much easier to
observe the inner ring raceway than the outer
ring raceway. Therefore, we explain the relation
of contact ellipse width and load between an
inner ring raceway and a ball in a deep groove
ball bearing. With no applied load, the ball and
inner ring raceway meet at a point. When a load
is applied to the bearing, however, elastic
deformation is caused and the contact area
assumes an elliptical shape as shown in Fig. 1.

When a ball bearing is subjected to a load,
the resulting maximum contact surface pressure
on the elliptical area of contact between a ball
and a bearing raceway is P.... The major axis of
the ellipse is represented by 2a and the minor
axis by 2b. The following relationships were
derived from the Hertz equation.

1.5 8 1 e 213, 1/3
Prw=—=4 = [1-— — (3
n { E ( m’ )} uv Bel™Q

A1 2/3 \1/3
=41 (301Q
w (Zp)

(MPa), {Kgf/mm®} «weeeveeenennens 1)

where, Constant A,: 858 for (N-unit), 187 for
{kgf-unit}

2a:ﬂ{ o4 (1— ?71@2 ) Q }1/:}

EXp

A (2%) 1T R @)
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where, Constant A,: 0.0472 for (N-unit), 0.101
for {kgf-unit}

{20y
=AY (%) ) @3

where, E: Young’s modulus (Steel: £=208 000
MPa {21 200 kgf/mm?)
m . Poisson’s number (Steel: 10/3)
@: Rolling element (ball) load (N), {kgf}
Xp: Total major curvature
For radial ball bearing,

1 ( 1 2y )
o= Qe L 4 T7 ), 4
=D s, @)

Symbol of +: The upper is for inner ring.
The lower is for outer ring.

D,: Ball diameter (mm)

f Ratio of groove radius to ball
diameter

y: Dycosa/D,y

D,,: Ball pitch diameter (mm)

a: Contact angle (°)

uand v are shown in Fig. 2 based on cost in
Equation (5).

a1, 2y
cos T:% ----------------------------------- (5)
LI 4
Sy

1
Symbol of +: The upper is for the inner ring.
The lower is for the outer ring.

If the maximum rolling element load of the ball
bearing under the radial load F; is @u.x and the
number of balls is Z, an approximate relation
between them is shown in Equation (6).

F
=B s 6
Q 7 (6)

2b

7\

NSK

Contact ellipse

I—Running trace

Fig. 1 Inner ring raceway running trace (Rolling contact trace)
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Fig. 2 p and v values against cos7
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Bearing internal load distribution and displacement

Therefore, Equations (1), (2), and (3) can be
changed into the following equations by
substituting Equations (4) and (6).

P =K1 F”
=0.218K,-F,"”

2a =K, F.?
=2.14K,-F,"®

ob =K, F.?
=2.14K,-F,"”

(MPa)
{kgf/mm®)

Table 1 gives values for the constants K, K.,
and K for different bearing numbers.

Generally, the ball bearing raceway has a
running trace caused by the balls whose width
is equivalent to 2a. We can estimate the applied
load by referring to the trace on the raceway.
Therefore, we can judge whether or not any
abnormal load was sustained by the bearing
which was beyond what the bearing was
originally designed to carry.

Example

The pure radial load, F,=8 500 N (10% of basic
dynamic load rating), is applied to a deep
groove ball bearing, 6210. Calculate the
maximum surface pressure, P..., and contact
widths of the ball and inner ring raceway, 2a

and 2b.

Using the figures of K; ~ K; in Table 1, the
following values can be obtained.

P = K- F"=143x3 500"=2 170 (MPa)
2a = K, F,""=0.258x3 500"°=3.92 (mm)
2b = K, F,"”=0.026x3 500"°=0.39 (mm)
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Table 1 Values of constants,

K, K, and K, for deep groove ball bearings

Bearing series 62

Bearing series 63

Bearing Bearing series 60
bore No. K K, K,
00 324 0.215 0.020
01 305 0.205 0.019
02 287 0.196 0.019
03 274 0.189 0.018
04 191 0.332 0.017
05 181 0.320 0.016
06 160 0.326 0.017
07 148 0.342 0.017
08 182 0.205 0.021
09 166 0.206 0.021
10 161 0.201 0.021
11 148 0.219 0.023
12 144 0.214 0.022
13 140 0.209 0.022
14 130 0.224 0.023
15 127 0.219 0.023
16 120 0.235 0.024
17 17 0.229 0.024
18 111 0.244 0.025
19 108 0.238 0.025
20 108 0.238 0.025
21 102 0.243 0.026
22 98.2 0.268 0.028
24 95.3 0.261 0.027
26 88.1 0.263 0.028
28 85.9 0.257 0.027
30 81.8 0.264 0.028

K, K, K; K, K, Ks
303 0.205 0.019 215 0.404 0.018
226 0.352 0.017 200 0.423 0.019
211 0.336 0.017 184 0.401 0.019
193 0.356 0.017 171 0.415 0.019
172 0.382 0.018 161 0.431 0.020
162 0.367 0.018 142 0.426 0.020
143 0.395 0.019 129 0.450 0.021
128 0.420 0.020 118 0.474 0.021
157 0.262 0.026 112 0.469 0.023
150 0.252 0.025 129 0.308 0.030
143 0.258 0.026 122 0.318 0.031
133 0.269 0.027 116 0.327 0.082
124 0.275 0.028 110 0.336 0.032
120 0.280 0.028 105 0.344 0.033
116 0.284 0.029 100 0.352 0.034
112 0.275 0.028 96.5 0.356 0.035
109 0.293 0.030 92.8 0.364 0.035
104 0.302 0.031 89.4 0.371 0.036
98.7 0.310 0.031 86.3 0.377 0.037
94.3 0.318 0.032 83.4 0.384 0.037
90.3 0.325 0.033 78.6 0.394 0.038
87.2 0.329 0.033 76.7 0.400 0.039
83.9 0.336 0.034 2.7 0.412 0.040
80.7 0.343 0.035 72.0 0.411 0.040
77.8 0.349 0.035 68.5 0.422 0.041
77.2 0.348 0.036 65.5 0.431 0.042
74.3 0.337 0.035 62.5 0.414 0.041

NSK
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Bearing internal load distribution and displacement

5.5 Contact surface pressure and
contact area under pure radial
load (roller bearings)

The following equations, Equations 1 and 2,
which were derived from the Hertz equation,
give the contact surface pressure P,.. between
two axially-parallel cylinders and the contact
area width 2b (Fig. 1).

P.,.HX:\/ E-Tp-Q :Al\/ -Q
on (1—## Ly

we

(MPa) {(Kgf/mm®?} «ooveeeeneninns 1)
where, constant A;: 191 -« (N-unit)
160.9 e {kgf-unit}

where, constant As: 0.00668 «--«weeveeveeen (N-unit)
:0.0209 {kgf-unit}

where, £: Young’s modulus (Steel: £=208 000

MPa {21 200 kgf/mm?)

m: Poisson’s number (for steel,
m=10/3)

Yp: Composite curvature for both
cylinders
Zp=pu+pm (mm™)

pu:  Curvature, cylinier T (roller)
pu=1/D,/2=2/D,, (mm™)

pm: Curvature, cylinier 1I (raceway)
pm=1/D,/2=2/D, (mm) for inner ring
raceway
pn=—1/D./2=-2/D, (mm™) for outer
ring raceway

@: Normal load on cylinders (N), {kgf}

L,.: Effective contact length of cylinders
(mm)
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When a radial load F. is applied on a radial
roller bearing, the maximum rolling element load
@max for practical use is given by Equation (3).

Quam—BF (N, fkgf) o 3)
1 Zcosa

where, 7:  Number of roller rows
Z: Number of rollers per row
a: Contact angle (°)

The contact surface pressure P.... and contact
width 2b of raceway and roller which sustains
the largest load are given by Equations (4) and

5).

P = K, //F, (MPa) }
=0.319K, vF,  (kgf/mm?

2b =K, vF, N)
= 3.13K, V/F, {kgf) }

The constant K, and K, of cylindrical roller
bearings and tapered roller bearings are listed in
Tables 1 to 6 according to the bearing
numbers. K;; and K, are the constants for the
contact of roller and inner ring raceway, and K.
and K. are the constants for the contact of
roller and outer ring raceway.

Example

A pure radial load, F,=4 800 N (10% of basic
dynamic load rating), is applied to the cylindrical
roller bearing, NU210. Calculate the maximum
surface pressure, P..., and contact widths of the
roller and raceway, 2b.

Using the figures of Ky;, K. Ky, and K. in
Table 1, the following values can be obtained.

Contact of roller and inner ring raceway:
Prw=K,; ¥/Fi=17.0x4/4 800=1 180 (MPa)
2b=K,; VF,=2.55x10’x4/4 800=0.18 (mm)

Contact of roller and outer ring raceway:

Pow=Ki. VF=14.7x4/Z 800=1 020 (MPa)
20=K,, v/F=2.95x10"x /4 800=0.20 (mm)

Cylinder 1

Cylinder 11

Fig. 1 Contact surface pressure P,.. and contact width 2b

NSK
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Bearing internal load distribution and displacement

Table 1 Constants, K., Ki., K2, and K., for cylindrical roller bearings

Table 2 Constants, K., K., K2, and K-, for cylindrical roller bearings

NSK

Bearing Bearing series NU2 Bearing Bearing series NU3

No. K K K Ka. No. Ky K K K.

X107 | %107 X107 | %107

NU205W 30.6 25.8 2.90 3.44 NU305W 24.2 19.6 3.03 3.73
NU206W 26.1 22.2 2.87 3.39 NU306W 20.5 16.8 2.89 3.562
NU207W 21.6 18.2 2.83 3.36 NU307W 17.7 14.6 2.76 3.35
NU208W 18.5 15.7 2.70 3.20 NU308W 16.1 13.4 2.76 3.32
NU209W 17.7 16.2 2.63 3.07 NU309W 14.4 11.8 2.85 3.46
NU210W 17.0 14.7 2.55 2.95 NU310W 13.1 10.8 2.79 3.37
NU211W 15.4 13.3 2.54 2.93 NU311W 115 9.44 2.76 3.36
NU212W 14.0 12.2 2.53 2.92 NU312W 10.8 8.91 2.76 3.34
NU213W 12.5 10.8 2.44 2.82 NU313W 10.3 8.54 2.79 3.37
NU214W 12.4 10.9 2.45 2.81 NU314W 9.35 7.78 2.68 3.22
NU215W 1.5 10.1 2.44 2.80 NU315W 8.83 7.31 2.77 3.34
NU216W 11.0 9.57 2.49 2.86 NU316W 8.43 7.05 2.68 3.20
NU217W 10.2 8.94 2.48 2.85 NU317W 8.04 6.68 2.76 3.32
NU218W 9.10 7.87 2.45 2.84 NU318W 7.45 6.22 2.68 3.21
NU219W 8.98 777 2.56 2.96 NU319W 714 5.97 2.68 3.20
NU220W 8.23 7.13 2.47 2.85 NU320W 6.61 5.52 2.66 3.19
NU221W 7.82 6.78 2.47 2.85 NU321W 6.42 5.34 2.76 3.31
NU222W 7.36 6.34 2.53 2.93 NU322W 6.06 5.04 2.78 3.34
NU224W 7.02 6.08 2.53 2.92 NU324W 5.38 4.44 2.75 3.33
NU226W 6.76 5.91 2.46 2.82 NU326W 5.07 4.21 2.75 3.32
NU228W 6.27 5.48 2.47 2.83 NU328W 4.80 3.99 2.75 3.31
NU230W 5.80 5.07 2.47 2.83 NU330W 4.61 3.85 2.79 3.34

Bearing Bearing series NU4 Bearing Bearing series NU22
No. Ky K K K No. Ky K K K
X107 | X107 X107 | X107

NU405W 19.2 161 3.08 3.92 NU2205W 25.4 21.4 2.40 2.85
NU406W 16.4 12.9 3.06 3.90 NU2206W 211 17.9 2.32 2.73
NU407W 14.6 1.7 2.99 3.74 NU2207W 17.0 14.3 2.22 2.63
NU408W 12.9 10.2 2.96 3.73 NU2208W 15.4 13.0 2.25 2.66
NU409W 12.0 9.65 2.97 3.70 NU2209W 14.7 12.6 2.18 2.55
NU410W 10.9 8.73 2.98 3.73 NU2210W 141 12.3 2.12 2.45
NU411W 10.3 8.37 2.87 3.54 NU2211W 13.0 11.3 2.15 2.48
NU412wW 9.35 7.56 2.85 3.562 NU2212W 11.3 9.79 2.04 2.35
NU413W 8.90 7.23 2.85 3.51 NU2213W 9.93 8.62 1.94 2.24
NU414W 7.90 6.41 2.86 3.62 NU2214W 9.88 8.64 1.95 2.23
NU415W 7.34 5.92 2.84 3.52 NU2215W 9.54 8.32 2.02 2.32
NU416W 6.84 5.50 2.82 3.51 NU2216W 8.90 7.76 2.02 2.31
NU417M 6.49 5.18 2.83 3.55 NU2217W 8.22 717 1.99 2.28
NU418M 6.07 4.87 2.83 3.53 NU2218W 7.46 6.45 2.01 2.33
NU419M 5.76 4.69 2.73 3.36 NU2219W 7.03 6.08 2.00 2.32
NU420M 5.44 4.41 2.72 3.35 NU2220W 6.82 5.90 2.05 2.36
NU421M 5.15 417 2.71 3.35 NU2221M 6.44 5.568 2.03 2.34
NU422M 4.87 3.95 2.71 3.34 NU2222W 5.96 5.14 2.05 2.38
NU424M 4.37 3.54 2.72 3.37 NU2224W 5.65 4.89 2.03 2.35
NU426M 3.92 3.16 2.71 3.36 NU2226W 5.28 4.61 1.92 2.20
NU428M 3.80 3.07 2.74 3.38 NU2228W 4.82 4.22 1.90 2.18
NU430M 2.97 2.97 2.65 3.23 NU2230W 4.55 3.98 1.93 2.21
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Table 3 Constants, K., Ki., K2, and K., for cylindrical roller bearings

Table 4 Constants, Ki;, Ki., K2, and Ko, for tapered roller bearings

NSK

Bearing Bearing series NU23 Bearing Bearing series NN30
No. K K K Ka. No. Ky K K K.
X107 | %107 X107 | %107

NU2305W 19.0 15.4 2.38 2.93 NN3005 31.3 27.3 2.36 2.72
NU2306W 17.0 14.0 2.41 2.93 NN3006 28.1 24.7 2.36 2.69
NU2307W 15.6 12.9 2.43 2.96 NN3007T 24.3 21.5 2.24 2.53
NU2308W 12.9 10.7 2.22 2.67 NN3008T 23.1 20.4 2.31 2.61
NU2309W 11.9 9.79 2.36 2.86 NN3009T 20.7 18.4 2.25 2.52
NU2310W 10.6 8.76 2.26 2.73 NN3010T 20.1 18.1 2.20 2.45
NU2311W 9.53 7.83 2.29 2.78 NN3011T 17.5 15.6 2.18 2.43
NuU2312w 8.85 7.31 2.26 2.74 NN3012T 16.7 15.0 2.09 2.32
NU2313W 8.32 6.90 2.26 2.72 NN3013T 15.9 14.5 2.02 2.22
NU2314W 7.50 6.24 2.15 2.58 NN3014T 14.4 13.0 2.04 2.25
NU2315W 6.98 5.78 2.19 2.64 NN3015T 14.0 12.8 2.01 2.20
NU2316W 6.66 5.58 2.1 2.53 NN3016T 12.6 1.4 1.99 2.19
NU2317W 6.21 5.17 2.14 2.57 NN3017T 12.3 1.2 1.96 2.15
NU2318W 6.11 5.10 2.20 2.63 NN3018T 11.4 10.3 1.98 2.18
NU2319W 5.65 4.73 2.12 2.53 NN3019T 114 10.2 1.95 2.14
NU2320W 5.40 4.51 2.18 2.60 NN3020T 10.9 10.0 1.92 2.09
NU2321M 4.80 3.99 2.06 2.48 NN3021T 9.75 8.84 2.00 2.21
NU2322M 4.48 3.73 2.05 2.47 NN3022T 9.04 8.18 2.00 2.20
NU2324M 4.00 3.31 2.05 2.48 NN3024T 8.66 7.90 1.93 211
NU2326M 3.62 3.00 1.96 2.37 NN3026T 7.86 7.14 1.99 2.19
NU2328M 3.43 2.86 1.97 2.36 NN3028 7.55 6.90 1.92 211
NU2330M 3.24 2.70 1.96 2.34 NN3030 7.08 6.47 1.92 2.10

Bearing Bearing series 302 Bearing Bearing series 303
No. Ky K K K. No. Ky K K K
X107 | %107 X107 | %107

HR30205J 20.6 17.4 1.94 2.29 HR30305J 17.8 14.3 2.34 2.92
HR30206J 17.7 14.9 1.99 2.36 HR30306J 16.7 12.8 2.30 2.83
HR30207J 15.8 13.3 2.07 2.45 HR30307J 13.7 111 2.26 2.78
HR30208J 14.5 12.3 2.13 2.52 HR30308J 121 10.0 2.09 2.51
HR30209J 13.7 1.7 2.08 2.37 HR30309J 10.9 9.07 2.11 2.54
HR30210J 12.7 11.0 1.96 2.28 HR30310J 10.1 8.37 2.16 2.60
HR30211J 11.4 9.80 2.02 2.36 HR30311J 9.38 7.79 2.19 2.64
HR30212J 11.0 9.41 2.11 2.46 HR30312J 8.66 7.19 2.19 2.64
HR30213J 10.0 8.62 2.05 2.38 HR30313J 8.04 6.68 2.20 2.65
HR30214J 9.62 8.28 2.07 2.40 HR30314J 7.49 6.22 2.20 2.65
HR30215J 9.11 7.89 1.99 2.30 HR30315J 7.09 5.88 2.23 2.68
HR30216J 8.79 7.57 212 2.47 HR30316J 6.79 5.64 2.28 2.74
HR30217J 8.04 6.93 2.07 2.40 HR30317J 6.30 5.24 2.22 2.68
HR30218J 7.69 6.63 2.10 2.44 30318 6.42 5.34 2.41 2.89
HR30219J 7.27 6.26 2.1 2.45 30319 6.09 5.06 2.37 2.85
HR30220J 6.74 5.81 2.07 2.40 30320 5.84 4.86 2.43 2.92
HR30221J 6.36 5.48 2.06 2.39 30321 5.62 4.67 2.44 2.94
HR30222J 5.94 5.12 2.08 2.36 HR30322J 4.99 4.15 2.33 2.81
HR30224J 5.74 4.97 2.06 2.38 HR30324J 4.75 3.95 2.39 2.88

30226 5.83 5.07 2.23 2.57 30326 4.69 3.93 2.46 2.94
HR30228J 5.36 4.64 2.24 2.58 30328 4.47 3.75 2.50 2.98

30230 5.10 4.41 2.31 2.67 30330 4.15 3.48 2.50 2.98
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Table 5 Constants, Ky, K1, K2, and Ko, for tapered roller bearings

Table 6 Constants, Ki;, Ki., K2, and Ko, for tapered roller bearings

NSK

Bearing Bearing series 322 Bearing Bearing series 323
No. K K K Ka. No. Ky K K K.
X107 | %107 X107 | %107

HR32205 18.5 15.6 1.72 2.04 HR32305J 15.0 12.0 1.93 2.40
HR32206J 15.7 13.2 1.76 2.08 HR32306J 12.9 10.5 1.86 2.28
HR32207J 13.3 1.2 1.73 2.05 HR32307J 115 9.38 1.87 2.30
HR32208J 12.8 10.8 1.88 2.22 HR32308J 10.1 8.38 1.71 2.06
HR32209J 12.0 10.3 1.79 2.09 HR32309J 9.22 7.65 1.75 2.1
HR32210J 1.7 10.0 1.80 2.08 HR32310J 8.26 6.86 1.73 2.08
HR32211J 10.4 8.90 1.83 2.14 HR32311J 7.62 6.33 1.74 2.10
HR32212J 9.43 8.08 1.80 2.10 HR32312J 7.13 5.92 1.77 2.13
HR32213J 9.64 7.40 1.82 2.13 HR32313J 6.62 5.50 1.78 2.15
HR32214J 8.58 7.39 1.84 2.14 HR32314J 6.21 5.16 1.79 2.16
HR32215J 8.28 7.18 1.81 2.09 HR32315J 5.80 4.81 1.79 2.15
HR32216J 7.70 6.63 1.86 2.15 HR32316J 5.46 4.54 1.80 2.16
HR32217J 7.38 6.36 1.90 2.21 HR32317J 5.26 4.36 1.83 2.20
HR32218J 6.56 5.65 1.80 2.09 HR32318J 5.00 4.15 1.83 2.20
HR32219J 6.14 5.29 1.78 2.07 32319 4.97 4.13 1.89 2.27
HR32220J 5.77 4.97 1.77 2.06 HR32320J 4.43 3.68 1.84 2.21
HR32221J 5.39 4.64 1.74 2.02 32321 4.36 3.62 1.88 2.27
HR32222J 5.12 4.41 1.75 2.03 HR32322J 4.03 3.35 1.87 2.25
HR32224J 4.82 4.18 1.72 1.98 HR32324J 3.75 3.11 1.87 2.25

32226 4.48 3.90 1.68 1.93 32326 3.59 3.01 1.89 2.26
HR32228J 4.02 3.48 1.67 1.93 32328 3.21 2.71 1.75 2.08

32230 4.06 3.55 1.74 1.99 32330 2.95 2.51 1.65 1.94
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Bearing Bearing series 303D Bearing Bearing series 320
No. Ky K K K. No. Ky K K K
X107 | %107 X107 | %107
30305D 22.0 18.4 2.42 2.91 HR32005XJ 211 18.4 1.58 1.82
30306D 19.0 15.8 2.48 2.98 HR32006XJ 18.2 15.9 1.61 1.85
HR30307DJ 14.8 12.4 2.18 2.62 HR32007XJ 16.4 14.4 1.57 1.79
HR30308DJ 13.0 10.8 2.18 2.61 HR32008XJ 14.4 12.7 1.48 1.67
HR30309DJ 11.9 9.94 2.22 2.66 HR32009XJ 13.3 11.8 1.47 1.65
HR30310DJ 10.8 9.02 2.21 2.65 HR32010XJ 13.0 11.6 1.45 1.62
HR30311DJ 10.0 8.37 2.22 2.66 HR32011XJ 11.3 10.0 1.46 1.64
HR30312DJ 9.33 7.79 2.26 2.71 HR32012XJ 10.8 9.69 1.41 1.57
HR30313DJ 8.66 7.23 2.27 2.71 HR32013XJ 10.6 9.57 1.39 1.54
HR30314DJ 8.20 6.85 2.28 2.74 HR32014XJ 9.68 8.70 1.44 1.60
HR30315DJ 7.83 6.54 2.34 2.80 HR32015XJ 9.32 8.43 1.39 1.54
HR30316DJ 7.37 6.15 2.33 2.80 HR32016XJ 8.15 7.35 1.36 1.51
HR30317DJ 6.93 5.79 2.34 2.80 HR32017XJ 8.00 7.25 1.34 1.48
HR30318DJ 6.96 5.81 2.48 2.98 HR32018XJ 7.36 6.64 1.37 1.52
HR30319DJ 6.34 5.30 2.37 2.84 HR32019XJ 7.22 6.54 1.35 1.50
— — — — — HR32020XJ 7.10 6.45 1.34 1.47
— — — — — HR32021XJ 6.61 5.99 1.36 1.50
— — — — — HR32022XJ 6.19 5.59 1.39 1.54
— — — — — HR32024XJ 6.10 5.52 1.42 1.56
— — — — — HR32026XJ 5.26 4.74 1.41 1.57
— — - — — HR32028XJ 5.15 4.67 1.39 1.54
— — — — — HR32030XJ 4.77 4.32 1.38 1.53
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Bearing internal load distribution and displacement

5.6 Rolling contact trace and load
conditions

5.6.1 Ball bearing

When a rolling bearing is rotating while
subjected to a load on the raceways of the
inner and outer rings and on the surfaces of
the rolling elements, heavy stress is generated
at the place of contact. For example, when
about 10% of the load (normal load) of the C,,
basic dynamic load rating, as radial load, is
applied, in the case of deep groove ball
bearings, its maximum surface pressure
becomes about 2 000 MPa {204 kgf/mm?}
and for a roller bearing, the pressure reaches
1 000 MPa {102 kgf/mm®).

As bearings are used under such high
contact surface pressure, the contact parts of
the rolling elements and raceway may become
slightly elastically deformed or wearing may
progress depending on lubrication conditions.
As a result of this contact trace, light reflected
from the raceway surface of a used bearing
looks different for the places where a load was
not applied.

Parts that were subjected to load reflect light
differently and the dull appearance of such parts
is called a trace (rolling contact trace). Thus, an
examination of the trace can provide insights
into the contact and load conditions.

Trace varies depending on the bearing type
and conditions. Examination of the trace
sometimes allows identification of the cause:
radial load only, heavy axial load, moment load,
or extreme unevenness of stiffness of housing.

For the case of a deep groove ball bearing
used under an inner ring rotation load, only
radial load F\ is applied, under the general
condition of residual clearance after mounting is
4:>0, the load zone ¢ becomes narrower than
180° (Fig. 1), traces on inner and outer rings
become as shown in Fig. 2.

128

In addition to a radial load F\, if an axial load
F, is simultaneously applied, the load zone ¥ is
widened as shown in Fig. 3. When only an axial
load is applied, all rolling elements are uniformly
subjected to the load, for both inner and outer
rings the load zone becomes ¥=360° and the
race is unevenly displaced in the axial direction.

A deviated and inclined trace may be
observed on the outer ring as shown in Fig. 4,
when an axial load and relative inclination of the
inner ring to the outer ring are applied together
to a deep groove or angular contact ball
bearing used for inner ring rotation load. Or if
the deflection is big, a similar trace appears.

As explained above, by comparing the actual
trace with the shape of the trace forecasted
from the external force considered when the
bearing was designed, it is possible to tell if an
abnormal axial load was applied to the bearing
or if the mounting error was excessive.
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Fig. 1 Load zone under a radial Fig. 3 Load zone for radial load + axial
load only load

Running
trace

Major axis
2a

Contact
ellipse

L Running
trace

Running
trace

Minor axis

Inner ring Outer ring

Fig. 2 Trace (rolling contact trace)
on raceway surface

Fig. 4 Deviation and inclination of
trace (rolling contact trace)
on raceway surface of outer ring
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Bearing internal load distribution and displacement

5.6.2 Roller bearing

The relation between load condition and
running trace of roller bearings may be
described as follows. Usually, when rollers (or
raceway) of a roller bearing are not crowned
despite there being no relative inclination on
inner ring with outer ring, then stress
concentration occurs at the end parts where the
rollers contact the raceway (Fig. 5 (a)).
Noticeable contact appears at both ends of the
trace. If the stress on the end parts is
excessive, premature flaking occurs. Rollers (or
raceway) can be crowned to reduce stress (Fig.
5 (b)). Even if the rollers are crowned, however,
if inclination exists between the inner and outer
rings, then stress at the contacting part
becomes as shown in Fig. 5 (c).

Fig. 6 (a) shows an example of trace on an
outer ring raceway for a radial load which is
correctly applied to a cylindrical roller bearing
and used for inner ring rotation. Compared with
this, if there is relative inclination of inner ring to
outer ring, as shown in Fig. 6 (b), the trace on
raceway has shading in width direction. And the
trace looks inclined at the entry and exit of the
load zone.

The trace of outer ring becomes as shown in
Fig. 7 (a) for double-row tapered roller bearings
if only a radial load is applied while inner ring is
rotating, or the trace becomes as shown in Fig.
7 (b) if only an axial load is applied.

In addition, traces are produced on both sides
of the raceway (displaced by 180°) as shown in
Fig. 7 (c) if a radial load is applied under the
condition that there is a large relative inclination
of the inner ring to the outer ring.

The trace becomes even on the right and left
sides of the raceways if a radial load is applied
to a spherical roller bearing having the
permissible aligning angle of 1 to 2.5°. In the
case of an application of an axial load, the trace
appears only on one side. A trace is produced
that has a difference corresponding to them and
is marked on right and left load zones if
combined radial and axial loads are applied.
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Therefore, the trace becomes even on the left
and right sides for a free-end spherical roller
bearing that is mainly subjected to radial load. If
the length of the trace is greatly different, it
indicates that internal axial load caused by
thermal expansion of shaft, etc. was not
sufficiently absorbed by displacement of the
bearing in the axial direction.

Besides the above, the trace on raceway is
influenced often by the shaft or housing. By
comparison of the bearing outside face contact
or pattern of fretting against the degree of trace
on raceway, it is possible to tell if there is
structural failure or uneven stiffness of shaft or
housing.

As explained above, observation of the trace
on raceway can help to prevent bearing trouble.

P {

(b) Crowned roller

(c) Crowned roller and relatively
inclined inner ring and outer ring

(a) Roller having no crowning

Fig. 5 Stress distribution of cylindrical roller

T
i

(a) Normal trace (b) When inner ring and outer ring

are relatively inclined

Fig. 6 Trace (rolling contact trace) of outer ring of cylindrical roller bearing

£ F, .
.__AF_"__ . —1 4 iy 4 U.- Hinclination angle 8

L

(a) When only a radial
load is applied

(b) When only an axial
load is applied

(c) When radial load is
applied and inclination
is large

Fig. 7 Trace (rolling contact trace) of outer ring of double row tapered roller bearing
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5.7 Radial load and displacement of
cylindrical roller bearings

One of the most important requirements for
bearings to be used in machine-tool applications
is that there be as little deflection as possible
with applied loading, i.e. that the bearings have
high rigidity.

Double-row cylindrical roller bearings are
considered to be the most rigid types under
radial loads and also best for use at high
speeds. NN30K and NNU49K series are the
particular radial bearings most often used in
machine tool head spindles.

The amount of bearing displacement under a
radial load will vary with the amount of internal
clearance in the bearings. However, since
machine-tool spindle cylindrical roller bearings
are adjusted so the internal clearance after
mounting is less than several micrometers, we
can consider the internal clearance to be zero
for most general calculations. The radial elastic
displacement §, of cylindrical roller bearings can
be calculated using Equation (1).

Q 0.9
6,=0.000077—¥m=— (N)
Ly

Q 0.9
=0.0006—5—  (kaf)

we

where, Q....: Maximum rolling element load (N),
{kgf}
L. Effective contact length of roller
(o)

If the internal clearance is zero, the
relationship between maximum rolling element
load Q... and radial load F, becomes:

4.08
iZ

Qo= T F (N, {Kgl) oo @

where, i:  Number of rows of rollers in a
bearing (double-row bearings: i=2)
7. Number of rollers per row
F.: Radial load (N), {kgf}
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Combining Equations (1) and (2), it follows
that the relation between radial load F', and
radial displacement ¢, becomes.

6,:K Fr“ 9 (N) }
78K Fro N {kgf} (mm) ........ (3)
0.000146
Where, = 7091, 08

K is a constant determined by the individual
double-row cylindrical roller bearing. Table 1
gives values for K for bearing series NN3O. Fig.
1 shows the relation between radial load F, and
radial displacement ..

Radial displacement (8;), pm

NSK

Table 1 Constant K for bearing series NN30

Bearing K Bearing K Bearing K
X107 X107 X107

NN3005 3.31 NN3016T 1.34 NN3032 0.776
NN3006T 3.04 NN3017T 1.30 NN3034 0.721
NN3007T 2.56 NN3018T 1.28 NN3036 0.681
NN3008T 2.52 NN3019T 1.19 NN3038 0.637
NN3009T 2.25 NN3020T 1.15 NN3040 0.642
NN3010T 2.16 NN3021T 1.10 NN3044 0.581
NN3011T 1.91 NN3022T 1.04 NN3048 0.544
NN3012T 1.76 NN3024T 0.966 NN3052 0.526
NN3013T 1.64 NN3026T 0.921 NN3056 0.492
NN3014T 1.58 NN3028 0.861 NN3060 0.474
NN3015T 1.47 NN3030 0.816 NN3064 0.444

15

10

5
0
0 5 000 10 000 15 000 20 000 25 000 N
I I |
¢] 500 1 000 1 500 2 000 2 500 kgf
Radial load (Fy}
Fig. 1
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Bearing internal load distribution and displacement

5.8 Misalignment, maximum rolling-
element load and moment for deep
groove ball bearings

5.8.1 Misalignment angle of rings and
maximum rolling-element load

There are occasions when the inner and
outer rings of deep groove bearings are forced
to rotate out of parallel, whether from shaft
deflection or mounting error. The allowable
misalignment can be determined from the
relation between the inner or outer ring
deflection angle # and maximum rolling-element
l0ad Qs

For standard groove radii, the relation
between 6 and Q... (see Fig. 1) is given by
Equation (1).

3/2
Quax=K D’{ (i9)2+coszao—1}
2my

where, K:  Constant determined by bearing
material and design
Approximately for deep groove ball
bearing
K=717 (N-unit)
K=72.7 {kgf-unit}

Quex: Maximum rolling element load (N),
{kgf)

D,: Ball diameter (mm)

R:: Distance between bearing center
and inner ring raceway curvature
center (mm)

Mo M=ri+¥e—=Dy
r; and 7. are inner and outer ring
groove radii, respectively

6:  Inner and outer ring misalignment
angle (rad)

ay:  Initial contact angle (°)

A,
Mo

cos ao=1-
4. Radial clearance (mm)
Fig. 2 shows the relationship between 6 and

Quax for a 6208 ball bearing with various radial
clearances 4..
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When a radial load F, equivalent to the basic
static load rating C,,=17 800 N {1 820 kgf}
or basic dynamic load rating C,.=29 100 N
{2 970 kgf} is applied on a bearing, Qux
becomes as follows by Equation 8 in Section
5.1.

F=Co  Qus=9 915 N {1011 kgf}
F=C.  Quw=16 167 N {1 650 kgf}

Since the allowable misalignment 6 during
operation will vary depending on the load, it is
impossible to make an unqualified statement,
but if we reasonably assume @....=2 000 N
{204 kgf}, 20% of Qu.x When F.=C,, we can
determine from Fig. 2 that 6 will be:

4,=0 0=18'

4=0.050 mm  #=24.5'

1%

Qs

Fig. 1

kgf N Ball bearing, 6208, Qmax=9 915N (1 011kgf} and F=Cor
1000 _TOOOO ///(/
' i
- i/
g 600 | 6000 4,.=0 mm] // //
v/l
o - 0.030 mm /
S Lo o )
200 +—— 2000 //////
| Y/
IRz 7

Fig. 2 Inner and outer ring misalignment and maximum rolling element load

10 20 30
Inner and outer ring misalignment (), minutes ( ')

40

NSK
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Bearing internal load distribution and displacement

5.8.2 Misalignment of inner and outer rings
and moment

To determine the angle ¢ (Fig. 3) between
the positions of the ball and ball under
maximum rolling-element load, for standard
race way radii, Equation (2) for rolling-element
load @ () can be used like Equation (1)
(Page 134).

3/2

Q W)=K D\\z{ (%)zcoszw+coszm—1]f

The moment M () caused by the relative
inner and outer ring misalignment from this
Q () is given by,

D,

M (90):% cos ¥ @ () sin (¥)

where, D,,: Ball pitch diameter (mm)
a (¥), as used here, represents the local rolling
element contact angle at the ¥ position. It is
given by,
(i 9) cos ¥

My

sina (¥)=

( B, 9)2 cos*y+cos’ay
my

It is better to consider that the moment M
originating from bearing can be replaced with
the total moment originating from individual
roling element loads. The relation between the
inner and outer ring misalignment angle 6 and
moment M is as shown by Equation (3):

Figs. 4 shows the calculated results for a 6208
deep groove ball bearing with various internal
clearances. The allowable moment for a 6208
bearing with a maximum rolling element load
Quax Of 2 000 N {204 kgf}, can be estimated
using Fig. 2 (Page 135):

Radial clearance 4,=0, 6=18'

M=60 N-m {6.2 kgf-mmy}

Radial clearance 4,=0.050 mm 6=24.5
M=70 N-m {7.1 kgf-mmy}

G

Qnax

Fig. 3

M= S CosYQ (¥) sina (9)
J R ‘[:1/2 R
) 0V cos? 21 . ,
_ KDwaW“Z l\/( e 6)) COs Y+Ccos ay J (W)COS 1]
2 JEEof cosyrcosta
mo
(mN-m), {kgf-mm} «oeeeeienns )

where, K: Constant determined by bearing
material and design
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Bearing internal load distribution and displacement

5.9 Load distribution of single-
direction thrust bearing due to
eccentric load

When a pure axial load F, is applied on a
single-direction thrust bearing with a contact
angle of @=90°, each rolling element is
subjected to a uniform load Q:

F,

V="

where, Z: Number of rolling elements

Fig. 1 shows the distribution with any
eccentric load F, applied on a single-direction
thrust bearing with a contact angle a=90°.

Based on Fig. 1, the following equations can
be derived to determine the total elastic
deformation ...« of the rolling element under the
maximum load and the elastic deformation of
any other rolling element § (¥).

6...:,X:6T+% ---------------------------------------------- 1)

6 (W)=0rt L2 s v @)

From Equation (1) and (2) we obtain,

5 (l/,)z(smx{ _%8(1_‘:08[”)} ...................... @)
where,
_1 207
5—5“*@;) --------------------------------------- @

The load @ (¥) on any rolling element is
proportional to the elastic deformation ¢ (¢) of
the contact surface to the ¢t power. Thus when
¥=0, with Q... representing the maximum rolling
element load and é.... the elastic deformation,
we obtain.

QW _[6w]
Quex | O |

t=1.5 (point contact), t=1.1 (line contact)

From Equations (3) and (5), we obtain,
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t

m— 2% (1 —COS’W)} """"""""""""" (©)

QWLF{1
Since the eccentric load F, acting on a bearing
must be the sum of the individual rolling
element loads, we obtain (Z is the number of
the rolling elements),

Fef QW

‘ -
=
|
Q
o
1%2]
=
N

=% Quef-L

“Quu Z i e 7)

Based on Fig. 1, the moment M acting on the
shaft with ¥=90° as the axis is,

M= @ @) Le-cosu

éﬁ —coszp)}l cosyr

2m Dw
—§ Qu. Lo {i-

Dy

R B ®)

Values for ¢ and the corresponding J, and J
values for point contact and line contact from
Equations (7) and (8) are listed in Table 1.

Sample Calculation

Find the maximum rolling element load for a
51130X single-direction thrust ball bearing
(#150x¢190x31 mm) that sustains an axial load
of 10 000 N {1 020 kgf} at a position 80 mm out
from the bearing center.

0280, D= % (150+190)=170

2¢e _ 2x80 =0.941
D, 170

7=32

NSK

Using Table 1, the value for J, corresponding to Qe F, 10 000 —1 990 (N)
2¢/D,,=0.941 is 0.157. Substituting these values "z g, 32x0.157
into Equation (7), we obtain,
1020
=——==—=2083 {k
32x0.157 (kef)
&Dpw
Cnax
| ————D, —————|
_ o 1
04= . o
. —‘ =l=
L3
=180 3
' Qux  $=0
Fig. 1
Table 1 Jr and Jx values for single-direction thrust bearings
Point contact Line contact
£ 2e/D,, 2¢/Dy
2M/D,, F. 7 7 OM/D,, F, . S
0 1.0000 1/Z 1/Z 1.0000 1/Z 1/Z
0.1 0.9663 0.1156 0.1196 0.9613 0.1268 0.1319
0.2 0.9318 0.1590 0.1707 0.9215 0.1737 0.1885
0.3 0.8964 0.1892 0.2110 0.8805 0.2055 0.2334
0.4 0.8601 0.2117 0.2462 0.8380 0.2286 0.2728
0.5 0.8225 0.2288 0.2782 0.7939 0.2453 0.3090
0.6 0.7835 0.2416 0.3084 0.7480 0.2568 0.3433
0.7 0.7427 0.2505 0.3374 0.6999 0.2636 0.3766
0.8 0.6995 0.2559 0.3658 0.6486 0.2658 0.4098
0.9 0.6529 0.2576 0.3945 0.56920 0.2628 0.4439
1.0 0.6000 0.2546 0.4244 0.5238 0.2523 0.4817
1.25 0.4338 0.2289 0.5044 0.3598 0.2078 0.5775
1.67 0.3088 0.1871 0.6060 0.2340 0.1589 0.6790
2.5 0.1850 0.1339 0.7240 0.1372 0.1075 0.7837
5.0 0.0831 0.0711 0.8558 0.0611 0.0544 0.8909
©o 0 0 1.0000 0 0 1.0000

e: Distance between bearing center and loading point
D,: Rolling-element pitch diameter
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6. Preload and axial displacement

6.1 Position preload and constant-
pressure preload

Bearings for machine-tool head spindles,
hypoid-gear pinion shafts, and other similar
applications are often preloaded to increase
bearing rigidity and, thereby, reduce as far as
possible undesirable bearing displacement due
to applied loads.

Generally, a preload is applied as shown in
Fig. 1, using a spacer, shim, etc. to set the
displacement dimensionally (position preload),
or, as shown in Fig. 2, using a spring (constant
pressure preload).

The effect of a position preload on rigidity is
apparent in preload graphs such as Fig. 3. This
graph is similar to data generally found in
bearing makers’ catalogs. That is, Fig. 3 shows
that the relation between the axial displacement
6, and external load F, (axial load) under the
preload of F,,. This graph of position preload is
derived from the displacement curves for the
two side-by-side bearings, A and B.

By substituting a spring displacement curve (a
straight line) for the bearing B displacement
curve and plotting it together with the
displacement curve for bearing A, a graph for a
constant-pressure preload is formed.

Fig. 4 is a preload graph for a constant-
pressure preload. Because spring rigidity is, as
a rule, small compared with bearing rigidity, the
displacement curve for the spring is a straight
line that is nearly parallel to the horizontal axis
of the graph. It also follows that an increase in
rigidity under a constant-pressure preload will
be nearly the same as an increase in rigidity for

Bearing A

Bearing B

Fig. 1 Position preload

Bearing A

4

Spring  Bearing B

\

L g4
A

/i

IR
s, B

Fig. 2 Constant-pressure preload

Axial foad

)
o
G P

a single bearing subjected to an F, preload.

Fig. 5 compares the rigidity provided by
various preload methods on a 7212A angular
contact ball bearing.

Preload Fay
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Axial displacement

Fig. 3 Preload graph for position preload
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Axial load

Displacement curve
of spring

Preload Fa

(This line is almost
parallel to the horizontal
line since the rigidity of
the spring is low
compared with that of

Axial displacement (8a), um

the bearing.) —
Axial displacement

Fig. 4 Preload graph for constant-pressure preload
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1 i i |
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Axial load (Fs)

Fig. 5 Comparison of rigidity among different preload methods
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Preload and axial displacement

6.2 Load and displacement of position-
preloaded bearings

Two (or more) ball or tapered roller bearings
mounted side by side as a set are termed
duplex (or multiple) bearing sets. The bearings
most often used in multiple arrangements are
single-row angular contact ball bearings for
machine tool spindles, since there is a
requirement to reduce the bearing displacement
under load as much as possible.

There are various ways of assembling sets
depending on the effect desired. Duplex angular
contact bearings fall into three types of
arrangements, Back-to-Back, with lines of force
convergent on the bearing back faces, Face-to-
Face, with lines of force convergent on the
bearing front faces, and Tandem, with lines of
force being parallel. The symbols for these are
DB, DF, and DT arrangements respectively
(Fig. 1).

DB and DF arrangement sets can take axial
loads in either direction. Since the distance of
the load centers of DB bearing set is longer
than that of DF bearing set, they are widely
used in applications where there is a moment.
DT type sets can only take axial loads in one
direction. However, because the two bearings
share some load equally between them, a set
can be used where the load in one direction is
large.

By selecting the DB or DF bearing sets with
the proper preloads which have already been
adjusted to an appropriate range by the bearing
manufacturer, the radial and axial displacements
of the bearing inner and outer ring can be
reduced as much as allowed by certain limits.
However, the DT bearing set cannot be
preloaded.

The amount of preload can be adjusted by
changing clearance between bearings, d.,, as
shown in Figs. 3 to 5. Preloads are divided into
four graduated classification — Extra light (EL),
Light (L), Medium (M), and Heavy (H).
Therefore, DB and DF bearing sets are often
used for applications where shaft misalignments
and displacements due to loads must be
minimized.
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Triplex sets are also available in three types
(symbols: DBD, DFD, and DTD) of
arrangements as shown in Fig. 2. Sets of four
or five bearings can also be used depending on
the application requirements.

Duplex bearings are often used with a
preload applied. Since the preload affects the
rise in bearing temperature during operation,
torque, bearing noise, and especially bearing
life, it is extremely important to avoid applying
an excessive preload.

Generally, the axial displacement ¢, under an
axial load F, for single-row angular contact ball
bearings is calculated as follows,

where, ¢: Constant depending on the bearing
type and dimensions.

Fig. 3 shows the preload curves of duplex DB
arrangement, and Figs. 4 and 5 show those for
triplex DBD arrangement.

If the inner rings of the duplex bearing set in
Fig. 3 are pressed axially, A-side and B-side
bearings are deformed d.0, and d..s respectively
and the clearance (between the inner rings), d.o,
becomes zero. This condition means that the
preload F, is applied on the bearing set. If an
external axial load F, is applied on the
preloaded bearing set from the A-side, then the
A-side bearing will be deformed 6., additionally
and the displacement of B-side bearing will be
reduced to the same amount as the A-side
bearing displacement ¢.,. Therefore, the
displacements of A- and B-side bearings are
0ur=00a+0.1 and d.p=0.0p+J.1 respectively. That is,
the load on A-side bearing including the preload
is (F.+F.—F.") and the B-side bearing is (F.—F%).
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Fig. 1 Duplex bearing arrangements
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Preload and axial displacement

NSK

If the bearing set has an applied preload, the Table 1
A-side bearing should have a sufficient life and 0 - -
load capacity for an axial load (FL+F.—F.) Direction Displacement Axial load
under the speed condition. The axial clearance AA-side Gunt0u FuotFa—Fy
8.0 18 shown in Tables 3 to 7 of Section 6.3 B-side Oaon— Ot Fo—FJ/
(Pages 151 to 155).
In Fig. 4, with an external axial load £, Table 2
applied on the AA-side bearings, the axial loads
and displacements of AA- and B-side bearings Direction  Displacement Axial load
are summarized in Table 1. A-side Oaon 0 Fo+F,—F/
BB-side 5,‘011 _(Su Fl _Fd/
In Fig. 5, with an external axial load F',
applied on the A-side bearing, the axial loads
and displacements of A- and BB-side bearings
are summarized in Table 2.
The examples, Figs. 6 to 11, show the
relation of the axial loads and axial
displacements using duplex DB and triplex DBD
arrangements of 7018C and 7018A bearings ' \
under several preload ranges. ] \
l \
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Fig. 5 Preload graph of triplex DBD bearing set

Fig. 4 Preload graph of triplex DBD bearing set (Axial load is applied from A-side)

(Axial load is applied from AA-side)
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Preload and axial displacement
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Remarks A (e) mark on the axial load or
displacement curve indicates the point
where the preload is zero. Therefore, if the
axial load is larger than this, the opposed
bearing does not impose a load.
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Preload and axial displacement
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Remarks A (¢) mark on the axial load or
displacement curve indicates the point
where the preload is zero. Therefore, if the
axial load is larger than this, the opposed
bearing does not impose a load.
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Preload and axial displacement

6.3 Average preload for duplex angular
contact ball bearings

Angular contact ball bearings are widely used
in spindles for grinding, milling, high-speed
turning, etc. At NSK, preloads are divided into
four graduated classifications — Extra light (EL),
Light (L), Medium (M), and Heavy (H) — to allow
the customer to freely choose the appropriate
preload for the specific application. These four
preload classes are expressed in symbols, EL,
L, M, and H, respectively, when applied to DB
and DF bearing sets.

The average preload and axial clearance
(measured) for duplex angular contact ball
bearing sets with contact angles 15° and 30°
(widely used on machine tool spindles) are given
in Tables 3 to 7.

The measuring load when measuring axial
clearance is shown in Table 1.

The recommended axial clearance to achieve
the proper preload was determined for
machine-tool spindles and other applications
requiring ISO Class 5 and above high-precision
bearing sets. The standard values given in
Table 2 are used for the shaft — inner ring and
housing — outer ring fits. The housing fits should
be selected in the lower part of the standard
clearance for bearings in fixed-end applications
and the higher part of the standard clearance
for bearings in free-end applications.

As general rules when selecting preloads,
grinding machine spindles or machining center
spindles require extra light to light preloads,
whereas lathe spindles, which need rigidity,
require medium preloads.

The bearing preloads, if the bearing set is
mounted with tight fit, are larger than those
shown in Tables 3 to 7. Since excessive
preloads cause bearing temperature rise and
seizure, etc., it is necessary to pay attention to
fitting.

Table 1 Measuring load of axial clearance

Nominal bearing

outside diameter D (mm) Measuring load

over incl (N)
10* 50 245
50 120 49

120 200 98

200 — 196

*10 mm is included in this range.

Table 2 Target of fitting

Table 3 Average preloads and axial clearance for bearing series 79C

NSK

Units: pm
Bore or outside diameter Shaft and Housing and
d or D (mm) inner ring outer ring
over incl Target interference| Target clearance
— 18 Oto2 —
18 30 Oto2.5 2t06
30 50 Oto25 2t06
50 80 Oto3 3to8
80 120 Oto4 3to9
120 150 — 4t012
150 180 — 4t012
180 250 — 5to0 156

150

Extra light EL Light L Medium M Heavy H

Bearin i i i i

fing Preload Aol Preload Al Preload Al Preload Al
No. clearance clearance clearance clearance
(N) (Lm) (N) (Lm) (N) (1 (N) (L
7900C 7 5 15 2 29 —1 59 —6
7901C 8.6 4 15 2 39 -3 78 —8
7902C 12 3 25 0 49 —4 100 -1
7903C 12 3 25 0 59 -5 120 —12
7904C 19 1 39 —3 78 —8 150 —15
7905C 19 1 39 —2 100 -9 200 —17
7906C 24 0 49 —3 100 —8 200 —16
7907C 34 2 69 —2 150 -9 290 —18
7908C 39 1 78 -3 200 —12 390 —22
7909C 50 0 100 —5 200 —11 390 —21
7910C 50 0 100 —4 250 —13 490 —24
7911C 60 —1 120 -5 290 —15 590 —26
7912C 60 —1 120 —5 290 —15 590 —25
7913C 75 —2 150 -7 340 —16 690 —27
7914C 100 —4 200 —10 490 —22 980 —36
7915C 100 —4 200 -9 490 —21 980 —35
7916C 100 —4 200 -9 490 —21 980 —34
7917C 145 —6 290 —14 640 —25 1270 —41
7918C 145 -3 290 -9 740 —23 1470 —39
7919C 145 —3 290 -9 780 —24 1570 —40
7920C 195 —5 390 —13 880 —28 1770 —46
Remarks In the axial clearance column, the measured value is given.
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Preload and axial displacement

Table 4 Average preloads and axial clearance for bearing series 70C

Extra light EL Light L Medium M Heavy H
Bearin Axial Axial Axial Axial
J Preload a Preload a Preload a Preload a
No. clearance clearance clearance clearance

N) (Lm) (N) (Hmy N) (Hmy (N) (L)

7000C 12 3 25 0 49 —5 100 —12
7001C 12 3 25 0 59 —6 120 —14
7002C 14 3 29 —1 69 —7 150 —16
7003C 14 29 —1 69 -7 150 —16
7004C 24 49 —4 120 —12 250 —22
7005C 29 —1 59 —5 150 —14 290 —24
7006C 39 1 78 -3 200 —13 390 —24
7007C 60 —1 120 -7 250 —16 490 —28
7008C 60 —1 120 —6 290 —17 590 —30
7009C 75 —3 150 —8 340 —19 690 —33
7010C 75 —2 150 —8 390 —20 780 —34
7011C 100 —4 200 -1 490 —24 980 —40
7012C 100 —4 200 —10 540 —25 1080 —42
7013C 125 —6 250 —13 540 —24 1080 —39
7014C 145 -7 290 —14 740 —30 1470 —48
7015C 145 -7 290 —14 780 —31 1570 —49
7016C 195 —6 390 —14 930 —31 1860 —52
7017C 195 —6 390 —14 980 —32 1960 —52
7018C 245 -8 490 —18 1180 —37 2350 —60
7019C 270 -9 540 —19 1180 —36 2 350 —58
7020C 270 -9 540 —18 1270 —37 2550 —60

Remarks In the axial clearance column, the measured value is given.
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Table 5 Average preloads and axial clearance for bearing series 72C

NSK

Extra light EL Light L Medium M Heavy H

Bearin i i i i

fing Preload Aol Preload Aol Preload Al Preload Al
No. clearance clearance clearance clearance
(N) (L) (N) (Lm) ) (1 (N) (L
7200C 14 3 29 —1 69 -8 150 —18
7201C 19 1 39 —3 100 —12 200 —22
7202C 19 1 39 —3 100 —11 200 —21
7203C 24 0 49 —4 150 —16 290 —28
7204C 34 —2 69 -7 200 —20 390 —33
7205C 39 1 78 —4 200 —14 390 —27
7206C 60 —1 120 -7 290 —20 590 —35
7207C 75 —3 150 —10 390 —25 780 —43
7208C 100 -5 200 —13 490 —29 980 —47
7209C 125 -7 250 —16 540 —30 1080 —49
7210C 125 -7 250 —15 590 —31 1180 —50
7211C 145 —8 290 —17 780 —38 1570 —60
7212C 195 —11 390 —22 930 —42 1860 —67
7213C 220 —12 440 —23 1080 —44 2160 —70
7214C 245 —9 490 —20 1180 —42 2 350 —69
7215C 270 —10 540 —21 1230 —42 2450 —68
7216C 295 —12 590 —24 1370 —47 2750 —76
7217C 345 —14 690 —27 1670 —53 3330 —85
7218C 390 —15 780 —29 1860 —57 3730 —90
7219C 440 —18 880 —33 2 060 —63 4120 —99
7220C 490 —20 980 —36 2 350 —68 4710 —107
Remarks In the axial clearance column, the measured value is given.
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Preload and axial displacement

Table 6 Average preloads and axial clearance for bearing series 70A

Table 7 Average preloads and axial clearance for bearing series 72A

NSK

Extra light EL Light L Medium M Heavy H
Bearin Axial Axial Axial Axial
fing Preload a Preload a Preload a Preload a
No. clearance clearance clearance clearance

N) (Lm) (N) (Hmy N) (Hmy (N) (L)

7000A 25 0 100 -5 210 —10 330 —15
7001A 25 0 110 -5 220 —10 360 —15
7002A 25 0 110 —5 240 —10 390 —15
7003A 25 0 120 -5 250 —10 420 —15
7004A 25 0 130 —5 280 —10 470 —15
7005A 25 0 140 —5 290 —10 510 —15
7006A 50 0 190 -5 390 —10 640 —15
7007A 50 210 —5 420 —10 700 —15
7008A 50 220 -5 460 —10 760 —15
7009A 50 0 230 —5 480 —10 1180 —20
7010A 50 0 250 —5 530 —10 1270 —20
7011A 50 0 250 -5 880 —15 1270 —20
7012A 50 0 250 —5 930 —15 1370 —20
7013A 50 0 270 -5 980 —15 1470 —20
7014A 50 0 270 —5 1080 —15 2 060 —25
7015A 50 0 280 -5 1080 —15 2160 —25
7016A 100 0 760 —10 1770 —20 3040 —30
7017A 100 0 780 —10 1860 —20 3240 —30
7018A 100 0 780 —10 2450 —25 3920 —35
7019A 100 0 810 —10 2550 —25 4120 —35
7020A 100 0 840 —10 2750 —25 4310 —35

Remarks In the axial clearance column, the measured value is given.
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Extra light EL Light L Medium M Heavy H

Bearin i i i i

fing Preload Aol Preload Aol Preload Al Preload Al
No. clearance clearance clearance clearance
(N) (L) (N) (Lm) ) (1 (N) (L
7200A 25 0 100 -5 210 —10 — —
7201A 25 0 110 -5 220 —10 360 —15
7202A 25 0 110 —5 240 —10 390 —15
7208A 25 0 120 -5 250 —10 410 —15
7204A 25 0 260 —10 440 —15 650 —20
7205A 50 350 —10 580 —15 840 —20
7206A 50 380 —10 630 —15 910 —20
7207A 50 400 —10 660 —15 1270 —25
7208A 50 440 —10 730 —15 1470 —25
7209A 50 450 —10 1080 —20 1860 —30
7210A 50 480 —10 1180 —20 2060 —30
7211A 50 490 —10 1670 —26 2 650 —35
7212A 50 0 510 —10 1670 —25 2750 —35
7213A 50 0 550 —10 1860 —25 3040 —35
7214A 100 0 1080 —15 2 650 —30 3920 —40
7215A 100 1080 —15 2750 —30 4220 —40
7216A 100 1080 —15 2650 —30 4020 —40
7217A 100 0 1180 —15 3430 —35 5790 —50
7218A 100 0 1670 —20 4310 —40 5980 —50
7219A 360 —5 1670 —20 4220 —40 6670 —55
7220A 370 —5 1670 —20 5100 —45 7 650 —60
Remarks In the axial clearance column, the measured value is given.
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Preload and axial displacement

6.4 Axial displacement of deep groove
ball bearings

When an axial load F, is applied to a radial
bearing with a contact angle a, and the inner
ring is displaced 4., the center Oz of the inner
ring raceway radius is also moved to O3’
resulting in the contact angle a as shown in
Fig. 1. If o represents the elastic deformation
of the raceway and ball in the direction of the
roling element load @, Equation (1) is derived
from Fig. 1.

2

(Mo+6x)’=(m- SINQU+6.) +(M0 - cosay)

6\:7)@'.{ /(sjnm.+ e )L+c0s2m,—1} ------------- 1)
i

Also there is the following relationship between
the rolling element load @ and elastic
deformation dx.

where, Ky: Constant depending on bearing
material, type, and dimension
. If we introduce the relation of

m'.:( re +L—1) D.=B-D,
D,

W W

Equations (1) and (2) are,

Q=Kx (B-D.)" W sinasth)f+cosas—1}

where, h= % _ &
my B-D,
If we introduce the relation of Ky=K- 7~BD”
R : o . 32
Q=K-D,* {V(SIauth)+Cos’ay—1]  wweeevveinies 3)

On the other hand, the relation between the
bearing axial load and rolling element load is
shown in Equation (4) using Fig. 2:

Fo=7-Q SIN@ +vvervveevneiniin (4)

Based on Fig. 1, we obtain,
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(mo+6x) sina=m,- sinay+5,

My SiNa+0, __sinao+h
Mo+0x 140
mo

.. sina=

If we substitute Equation (1),

sina= SiN@oth e, (5)

v (sinay+h)+cos’a,

That is, the relation between the bearing axial
load F, and axial displacement §, can be
obtained by substituting Equations (3) and (5)
for Equation (4).

F=K-7-D,-
{W(sinay+h)+costa,—1 }vwx(sinan +h)

V(sinag+h)+cos’a,

where, K:  Constant depending on the bearing

material and design

D,: Ball diameter

Z:  Number of balls

o Initial contact angle
In case of single-row deep groove
ball bearings, the initial contact
angle can be obtained using
Equation (5) of Section 4.6 (Page
96)

Actual axial deformation varies depending on
the bearing mounting conditions, such as the
material and thickness of the shaft and housing,
and bearing fitting. For details, consult with NSK
regarding the axial deformation after mounting.

(me+dy) sina
mysina, 8
Q* T
7 et | % F.
&
~ | 3
€ QY >3
% S 23
e\ 0; \ gl +
! %*} Sy
_% © .
I > d - i
| —
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| |
1 |
I |
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F, | i i
Fig. 1
Q
%=Q sina
V)
7:Q Sflaf/
Q
Fig. 2
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Preload and axial displacement

Fig. 3 gives the relation between axial load
and axial displacement for 6210 and 6310
single-row deep groove ball bearings with initial
contact angles of @,=0°, 10°, 15°. The larger
the initial contact angle a,, the more rigid the
bearing will be in the axial direction and also the
smaller the difference between the axial
displacements of 6210 and 6310 under the
same axial load. The angle @, depends upon
the groove radius and the radial clearance.

Fig. 4 gives the relation between axial load
and axial displacement for 72 series angular
contact ball bearings with initial contact angles
of 15° (C), 30° (A), and 40° (B). Because 70
and 73 series bearings with identical contact
angles and bore diameters can be considered
to have almost the same values as 72 series
bearings.

Angular contact ball bearings that sustain
loads in the axial direction must maintain their
running accuracy and reduce the bearing elastic
deformation from applied loads when used as
multiple bearing sets with a preload applied.

To determine the preload to keep the elastic
deformation caused by applied loads within the
required limits, it is important to know the
characteristics of load vs. deformation. The
relationship between load and displacement can
be expressed by Equation (6) as F,°<s,”* or
0,<F.,”%. That is, the axial displacement ¢, is
proportional to the axial load F', to the 2/3
power. When this axial load index is less than
one, it indicates the relative axial displacement
will be small with only a small increase in the
axial load. (Fig. 4) The underlying reason for
applying a preload is to reduce the amount of
displacement.
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Axial displacement {8a), pm

Axial displacement (8,), um
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Fig. 3 Axial load and axial displacement of deep groove ball bearings
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Fig. 4 Axial load and axial displacement of angular contact ball bearings
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Preload and axial displacement

6.5 Axial displacement of tapered
roller bearings

Tapered roller bearings are widely used in
pairs like angular contact ball bearings. Care
should be taken to select appropriate tapered
roller bearings.

For example, the bearings of machine tool
head spindles and automobile differential pinions
are preloaded to increase shaft rigidity.

When a bearing with an applied preload is to
be used in an application, it is essential to have
some knowledge of the relationship between
axial load and axial displacement. For tapered
roller bearings, the axial displacement calculated
using Paimgren’s method, Equation (1) generally
agrees well with actual measured values.

Actual axial deformation varies depending on
the bearing mounting conditions, such as the
material and thickness of the shaft and housing,
and bearing fitting. For details, consult with NSK
regarding the axial deformation after mounting.

0.9
50000077 @ N)
sina Ly"* )
0.9
_0.0006 @ (kef)

sine Ly'*

where, 6.  Axial displacement of inner, outer
ring (mm)
a:  Contact angle...1/2 the cup angle (°)
@: Load on rolling elements (N), {kgf}
___F
T Zsina
Ly.: Length of effective contact on roller
(nm)
F.. Axial load (N), {kgf}
7. Number of rollers

Equation (1) can also be expressed as Equation

@).
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where, 0.00007
K= ey g L N)
00006 (ke

(Sin(l)m ZUQ L\w(]S

Here, K,: Coefficient determined by the

bearing internal design.

Axial loads and axial displacement for tapered
roller bearings are plotted in Fig. 1.

The amount of axial displacement of tapered
roller bearings is proportional to the axial load
raised to the 0.9 power. The displacement of
ball bearings is proportional to the axial load
raised to the 0.67 power, thus the preload
required to control displacement is much
greater for ball bearings than for tapered roller
bearings.

Caution should be taken not to make the
preload indiscriminately large on tapered roller
bearings, since too large of a preload can cause
excessive heat, seizure, and reduced bearing
life.
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Axial displacement (8.),
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Fig. 1 Axial load and axial displacement for tapered roller bearings
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7. Starting and running torques

7.1 Preload and starting torque for
angular contact ball bearings

Angular contact ball bearings, like tapered
roller bearings, are most often used in pairs
rather than alone or in other multiple bearing
sets. Back-to-back and face-to-face bearing
sets can be preloaded to adjust bearing rigidity.
Extra light (EL), Light (L), Medium (M), and
Heavy (H) are standard preloads. Friction torque
for the bearing will increase in direct proportion
to the preload.

The starting torque of angular contact ball
bearings is mainly the torque caused by angular
slippage between the balls and contact surfaces
on the inner and outer rings. Starting torque for
the bearing M due to such spin is given by,

M=M;-Zsina (mN-m), (kKgf-mm} «eeeerenee 1)

where, M;:  Spin friction for contact angle «
centered on the shaft,

Ms=%us- Q-a B (k)

(mN-m), {kgf-mm)}
us:  Contact-surface slip friction
coefficient
@:  Load on rolling elements (N), {kgf}
a:  (1/2) of contact-ellipse major axis
(o)

E (k):With k= /1_(7%)

as the population parameter,
second class complete ellipsoidal
integration

b (1/2) of contact-ellipse minor axis
(mm)

7. Number of balls

a:  Contact angle (°)
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Actual measurements with 15° angular
contact ball bearings correlate well with
calculated results using ¢,=0.15 in Equation
(1). Fig. 1 shows the calculated friction torque
for 70C and 72C series bearings.
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Fig. 1 Preload and starting torque for angular contact
ball bearings (#=15°) of DF and DB duplex sets
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Starting and running torques

7.2 Preload and starting torque for
tapered roller bearings

The balance of loads on the bearing rollers
when a tapered roller bearing is subjected to
axial load F, is expressed by the following three
Equations (1), (2), and (3):

F

B e 1

7 sin « )

Q’:Qecosgﬁzcos'izﬁpa ........................... @
7 sin «a

Q=Qusin2p=—02P p i @)
7 sin «a

where, @.: Rolling element load on outer ring

(N), {kgf)

@;: Rolling element load on inner ring
(N), {kgf}

@ Rolling element load on inner-ring
large end rib, (N), {kgf} (assume
Qr L Q)

Z:  Number of rollers

a:  Contact angle...(1/2) of the cup
angle (°)

B (1/2) of tapered roller angle (°)

Dy,: Roller large-end diameter (mm)
(Fig. 1)

e.  Contact point between roller end
and rib (Fig. 1)

As represented in Fig. 1, when circumferential
load F' is applied to the bearing outer ring and
the roller turns in the direction of the applied
load, the starting torque for contact point C
relative to instantaneous center A becomes
e ,UeQr-

Therefore, the balance of frictional torque is,

D F=e p.Q: (mN-m), (kgf-mm]} «eeeveien (@)

where, u.:  Friction coefficient between inner
ring large rib and roller endface
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The starting torque M for one bearing is given
by,
M=F 71

e ulsin2p P
Dy sina

(mN-m), {kgf-mm} - (5)

because, D,,=2 OB sin 8, and [=OB sin a.
If we substitute these into Equation (5) we
obtain,

M=e u. cosf F, (mN-m), {kgf-mm}

The starting torque M is sought considering
only the slip friction between the roller end and
the inner-ring large-end rib. However, when the
load on a tapered roller bearing reaches or
exceeds a certain level (around the preload) the
slip friction in the space between the roller end
and inner-ring large end rib becomes the
decisive factor for bearing starting torque. The
torque caused by other factors can be ignored.
Values for ¢ and B in Equation (5) are
determined by the bearing design.
Consequently, assuming a value for u., the
starting torque can be calculated.

The values for u. and for e have to be
thought of as a dispersion, thus, even for
bearings with the same number, the individual
starting torques can be quite diverse. When
using a value for e determined by the bearing
design, the average value for the bearing
starting torque can be estimated using u.=0.20
which is the average value determined from
various test results.

Fig. 2 shows the results of calculations for
various tapered roller bearing series.
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Fig. 2 Axial load and starting torque for tapered roller bearings
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Starting and running torques

7.3 Empirical equation of running
torque of high-speed ball bearings

We present here empirical equations for the
running torque of high speed ball bearings
subject to axial loading and jet lubrication.
These equations are based on the results of
tests of angular contact ball bearings with bore
diameters of 10 to 30 mm, but they can be
extrapolated to bigger bearings.

The running torque M can be obtained as the
sum of a load term M, and speed term M, as
follows:

M=M+M, (N -1m), (KGF M) «weoeeeerreeennes 1)

The load term M, is the term for friction,
which has no relation with speed or fluid friction,
and is expressed by Equation (2) which is
based on experiments.

M=0.672x107D,,," F,"* (mN-m) JL ,,,,,,,,,,,,,, @)
=1.06x10"D,"F."* {kgf-mm}

where, D,,: Pitch diameter of rolling elements
(mm)
F. Axial load (N), {kgf}

The speed term M, is that for fluid friction,
which depends on angular speed, and is
expressed by Equation (3).

M,=3.47x107""D,,’n**Z'Q" (mN-m)
=3.54x10"D,’n"Zy"Q" {kgf - mm)}

where, 7;: Inner ring speed (min™)
Zy. Absolute viscosity of oil at outer ring
temperature (mPa-s), {cp}
@: Oil flow rate (kg/min)

The exponents a and b, that affect the oil
viscosity and flow rate factors, depend only on
the angular speed and are given by Equations
(4) and (5) as follows:
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B=2470,"T o
b=4x10"r,'°+0.03

An example of the estimation of the running
torque of high speed ball bearings is shown in
Fig. 1. A comparison of values calculated using
these equations and actual measurements is
shown in Fig. 2. When the contact angle
exceeds 30°, the influence of spin friction
becomes big, so the running torque given by
the equations will be low.

Calculation Example
Obtain the running torque of high speed
angular contact ball bearing 20BNTO02
(#20x¢47x14) under the following conditions:
7,=70 000 min™
F,=590 N, {60 kgf}
Lubrication: Jet, oil viscosity:
10 mPa-s {10 cp}
oil flow: 1.5 kg/min

From Equation (2),
M=0.672x10°D,," F,"*
=0.672x107x33.5""x590"*
=16.6x10" (mN-m)
M=1.06x10"33.5""x60"*=1.7
{kgf - mmy}

From Equations (4) and (5),
32247@,,70'87
=24x70 000 **"=0.39
b=4x10"n,"+0.03
=4x10"x70 000"°+0.03=0.26

From Equation (3),

M,=3.47x10"'D,,’'n,""Zs'Q"
=3.47x10""x33.5’x70 000'*x10"*x1,5"*
=216 (mN-m)

M,=3.54x10""%x33.5’x70 000" *x10"%'x1.5"*
=22.0 {kgf-mmy}

M=M+M,=16.6+216=232.6 (mN-m)

M=M+M,=1.7+22=23.7 {kgf-mm)}
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Fig. 2 Comparison of actual measurements and calculated values
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Starting and running torques

7.4 Empirical equations for running
torque of tapered roller bearings

When tapered roller bearings operate under
axial load, we reanalyzed the torque of tapered
roller bearings based on the following two kinds
of resistance, which are the major components
of friction:

(1) Rolling resistance (friction) of rollers with
outer or inner ring raceways — elastic
hysteresis and viscous rolling resistance of
EHL

(2) Sliding friction between inner ring ribs and
roller ends

When an axial load F’, is applied on tapered
roller bearings, the loads shown in Fig. 1 are
applied on the rollers.

F.

L =Q= P 1
v 7 sina M
Q= F, Sm B A

7 sina

where, @.. Rolling element load on outer ring

@;: Rolling element load on inner ring

@ Rolling element load on inner-ring
large end rib

7. Number of rollers

a: Contact angle...(1/2) of the cup
angle

B: (1/2) of tapered roller angle

For simplification, a model using the average
diameter D,. as shows in Fig. 2 can be used.

Where, M;, M.: Rolling resistance
(moment)
Fy, Fy, Fy:  Sliding friction
R, R.: Radii at center of inner
and outer ring raceways
e: Contact height of roller

end face with rib
In Fig. 2, when the balance of sliding friction

and moments on the rollers are considered, the
following equations are obtained:
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When the running torque M applied on the
outer (inner) ring is calculated using Equations
(8) and (4) and multiplying by Z, which is the
number of rollers:

M=Z (R. F.~M.)
Z (R, M4+RM)+-2-R. ¢ Fy

w w

=Mp+Ms

Therefore, the friction on the raceway surface
My and that on the ribs Ms are separately
obtained. Additionally, My and Ms are rolling
friction and sliding friction respectively.

F,

F,
Qf.l ?{
O

Fig. 1 Loads applied on roller

Fig. 2 Model of parts where friction is generated

NSK

169



Starting and running torques

The running torque M of a tapered roller
bearing can be obtained from the rolling friction
on the raceway My and sliding friction on the
ribs Ms.

M=My+Ms= 2

(ReMA+R;M.)

w

Sliding friction on rib M/

As a part of Ms, F is the tangential load caused
by sliding, so we can write Fiy = uQ; using the
coefficient of dynamic friction u. Further, by
substitution of the axial load F.,,

the following equation is obtained:

Ms = € [t COS Fly rrereremmmmmmmmmiinniiiiiins (6)

This is the same as the equation for starting
torque, but u is not constant and it decreases
depending on the conditions or running in. For
this reason, Equation (6) can be rewritten as
follows:

Ms=e py cosB Fof" (A, t, 0) wrevervmmnnninnni (7)

Where p, is approximately 0.2 and f" (A, t, o)
is a function which decreases with running in
and oil film formation, but it is set equal to one
when starting.

Rolling friction on raceway surface My

Most of the rolling friction on the raceway is
viscous oil resistance (EHL rolling resistance).
M, and M. in Equation (5) correspond to it. A
theoretical equation exists, but it should be
corrected as a result of experiments. We
obtained the following equation that includes
corrective terms:

M, = w( 1 )4.318
[f( ) 1+0.29 078 @

(KR ) ............................. 9
S ) ( E' D.L..Zsina .
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Therefore, My can be obtained using Equations
(8) and (9) together with the following equation:

My= g (R.M+R.M.)

w

Running torque of bearings /

From these, the running torque of tapered
roller bearings M is given by Equation (10)
A

W

M=-2—(R.M+RM.)+e py cosB F.f' (A, t, o)

As shown in Figs. 3 and 4, the values
obtained using Equation (10) correlate rather
well with actual measurements. Therefore,
estimation of running torque with good accuracy
is possible. When needed, please consult NSK.

[Explanation of Symbols]
G, W, U: EHL dimensionless parameters

L: Coefficient of thermal load

Qo Pressure coefficient of lubricating oil
viscosity

R: Equivalent radius

k: Constant

E" Equivalent elastic modulus

a: Contact angle (Half of cup angle)

R;, R.: Inner and outer ring raceway radii
(center)
Half angle of roller

i, € Indicate inner ring or outer ring
respectively

Ly Effective roller length

kgf-mm

M)

Running torque {(
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Fig. 4 Viscosity variation and running torque
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8. Bearing type and allowable axial load

8.1 Change of contact angle of radial
ball bearings and allowable axial
load

8.1.1 Change of contact angle due to axial
load

When an axial load acts on a radial ball
bearing, the rolling element and raceway
develop elastic deformation, resulting in an
increase in the contact angle and width. When
heat generation or seizure has occurred, the
bearing should be disassembled and checked
for running trace to discover whether there has
been a change in the contact angle during
operation. In this way, it is possible to see
whether an abnormal axial load has been
sustained.

The relation shown below can be established
among the axial load F, on a bearing, the load
of rolling element @, and the contact angle «
when the load is applied. (See Equations (3),
(4), and (5) in Section 6.4)

F.=7 Q sina
=K Z D’ {¥ (sinap+h)*+cos’a,—1}"*- sina

=sin'— SR, @
v (sina+h)+cosa;
h: 62! _ 6;1

my  Tetri—Dy

Namely, ¢, is the change in Equation (2) to
determine a corresponding to the contact angle
known from observation of the raceway. Thus,
d, and «a are introduced into Equation (1) to
estimate the axial load F, acting on the bearing.
As specifications of a bearing are necessary in
this case for calculation, the contact angle «
was approximated from the axial load. The
basic static load rating C, is expressed by
Equation (3) for the case of a single row radial
ball bearing.
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Cor=fo Z Dy’ COSQp ++vrerrmrmremnmsmssiiiiiis 3)

where, fi: Factor determined from the shape of
bearing components and applicable
stress level

Equation (4) is determined from Equations (1)
and (3):

S pear,

Or

=K {+/ (sina,+h)*+cos’a,—1}"* s

COSay

where, K: Constant determined from material
and design of bearing
In other words, “%” is assumed and « is
determined from Equation (2). Then “2” and «
are introduced into Equation (4) to determine
A F,. This relation is used to show the value A
for each bore number of an angular contact
ball bearing in Table 1. The relationship
between A F, and « is shown in Fig. 1.

Example 1

Change in the contact angle is calculated when
the pure axial load F, = 35.0 kN (650% of basic
static load rating) is applied to an angular
contact ball bearing 7215C.

A=0.212 is calculated from Table 1 and A
F,=0.212x35.0=7.42 and «=26° are obtained
from Fig. 1. An initial contact angle of 15° has
changed to 26° under the axial load.

45
a,=40"

40 ="

36 =30’
° ""‘-——‘—'——_—
—< 30
3
[
& 25 =15
&) do = 12 et
= | et
© L=
5 20 ==
8
oy
Q 1
3 5

10

5

0

0 1 4 5 7 8

NSK

Fig. 1 Change of the contact angle of angular contact ball bearing under axial load

Table 1 Constant A value of angular contact ball bearing

Units: kN™

Bearing Bearing series 70 Bearing series 72 Bearing series 73

bore No. 15° 30° 40° 15° 30° 40° 15° 30° 40°
05 1.97 2.05 2.31 1.26 1.41 1.59 0.838 0.850 0.961
06 1.45 1.51 1.83 0.878 0.979 1.1 0.642 0.651 0.736
07 1.10 1.15 1.38 0.699 0.719 0.813 0.517 0.528 0.597
08 0.966 1.02 1.22 0.562 0.582 0.658 0.414 0.423 0.478
09 0.799 0.842 1.01 0.494 0.511 0.578 0.309 0.316 0.357
10 0.715 0.757 0.901 0.458 0.477 0.540 0.259 0.265 0.300
11 0.540 0.571 0.681 0.362 0.377 0.426 0.221 0.226 0.255
12 0.512 0.542 0.645 0.293 0.305 0.345 0.191 0.195 0.220
13 0.463 0.498 0.584 0.248 0.260 0.204 0.166 0.170 0.192
14 0.365 0.388 0.460 0.226 0.237 0.268 0.146 0.149 0.169
15 0.348 0.370 — 0.212 0.237 0.268 0.129 0.132 0.149
16 0.284 0.302 0.358 0.190 0.199 0.225 0.115 0.118 0.133
17 0.271 0.288 0.341 0.162 0.169 0.192 0.103 0.106 0.120
18 0.228 0.242 0.287 0.140 0.146 0.165 0.0934 | 0.0955 | 0.108
19 0.217 0.242 0.273 0.130 0.136 0.153 0.0847 | 0.0866 | 0.0979
20 0.207 0.231 0.261 0.115 0.119 0.134 0.0647 | 0.0722 | 0.0816
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Bearing type and allowable axial load

Values for a deep groove ball bearing are

Table 2 Contact A value of deep groove ball bearing

similarly shown in Table 2 and Fig. 2. Units: kN™
Example 2 Bearing Bearing series 62
K . b No. o o 3 3 o
Change in the contact angle is calculated ore No 0 5 10 15 20
when the pure axial load F,=24.75 kN (50% of 05 1.76 1.77 1.79 1.83 1.88
the basic static load rating) is applied to the 06 1.22 1.23 1.24 1.27 1.30
deep groove ball bearing 6215. Note here that 07 0.900 0.903 0.914 0.932 0.958
the radial internal clearance is calculated as the
median (0.020 mm) of the normal clearance. 08 0.784 0.787 0.796 0.811 0.834
09 0.705 0.708 0.716 0.730 0.751
The initial contact angle 10° is obtained from 10 0.620 0.622 0.630 0.642 0.660
Section 4.6 (Fig. 3, Page 99). A=0.303 is
determined from Table 2 and A F,=0.303x 11 0.490 0.492 0.497 0.607 0.5621
24.75=7.5 and a=24° from Fig. 2. 12 0.397 0.398 0.403 0.411 0.422
13 0.360 0.361 0.365 0.373 0.383
35
14 0.328 0.329 0.333 0.340 0.349
30 15 0.298 0.299 0.303 0.309 0.317
-/-
o1 ] 16 0.276 0.277 0.280 0.285 0.293
/20, //“ /‘/—————’——q
. 25 o= ="
3 jf//\}/// 17 0.235 0.236 0.238 0.243 0.250
3 A0 "] =1 7 18 0.202 0.203 0.206 0.210 0.215
2 2 d //z%:s’ a0 19 0.176 0177 0.179 0.183 0.188
& /] 20 0.155 0.156 0.157 0.160 0.165
= 15
g /f
£ /
Q
o ]
5
0

(o]
]
w
N
o]
o]
~
©
[¢e]
=)

A Fy

Fig. 2 Change in the contact angle of the deep groove ball bearing under axial load
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Bearing type and allowable axial load

8.1.2 Allowable axial load for a deep groove
ball bearing

The allowable axial load here means the limit
load at which a contact ellipse is generated
between the ball and raceway due to a change
in the contact angle when a radial bearing,
which is under an axial load, rides over the
shoulder of the raceway groove. This is different
from the limit value of a static equivalent load P,
which is determined from the basic static load
rating C,, using the static axial load factor Y.
Note also that the contact ellipse may ride over
the shoulder even when the axial load on the
bearing is below the limit value of P.

The allowable axial load F, ... of a radial ball
bearing is determined as follows. The contact
angle a for F, is determined from the right term
of Equation (1) and Equation (2) in Section
8.1.1 while @ is calculated as follows:

:7}?&
7 sina

0 of Fig. 1 is also determined from Equation (2)
of Section 5.4 as follows:

2a-A. i)m
a 2,1( =

Accordingly, the allowable axial load may be
determined as the maximum axial load at which
the following relation is established.

y=a+6

As the allowable axial load cannot be
determined unless internal specifications of a
bearing are known, Fig. 2 shows the result of a
calculation to determine the allowable axial load
for a deep groove radial ball bearing.
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Fig. 2 Allowable axial load for a deep groove ball bearing

0

NSK

177



Bearing type and allowable axial load

8.2 Allowable axial load (break down
strength of the ribs) for a
cylindrical roller bearings

Both the inner and outer rings may be
exposed to an axial load to a certain extent
during rotation in a cylindrical roller bearing with
ribs. The axial load capacity is limited by heat
generation, seizure, etc. at the slip surface
between the roller end surface and rib, or the
rib strength.

The allowable axial load (the load considered
the heat generation between the end face of
rollers and the rib face) for the cylindrical roller
bearing of the diameter series 3, which is
applied continuously under grease or oil
lubrication, is shown in Fig. 1.

Grease lubrication (Empirical equation)

900 (k- dy*

C,=9.8
* f{ n+1 500

—o.ozsx(k-d)“} N)

:f{goo (e-dy

—-0.023x(k-d)**+ {kgf]
n+1 500 X )}{g]

Qil lubrication (Empirical equation)

CA:9.8f{M—o.ooo135x(k~d)“} N)
7+1 000
. 2
- {7490 (k-d) —0.000135x(k~d)“} (kef)
n+1 000

where, C,: Allowable axial load (N), {kgf}
d: Bearing bore diameter (mm)
n: Bearing speed (min™)
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In the equations (1) and (2), the examination
for the rib strength is excluded. Concerning the
rib strength, please consult with NSK.

To enable the cylindrical roller bearing to
sustain the axial load capacity stably, it is
necessary to take into account the following
points concerning the bearing and its
surroundings.

O Radial load must be applied and the
magnitude of radial load should be larger than
that of axial load by 2.5 times or more.

O There should be sufficient lubricant between

the roller end face and rib.

Use a lubricant with an additive for extreme

pressures.

O Running-in-time should be sufficient.

Bearing mounting accuracy should be good.

Don’t use a bearing with an unnecessarily

large internal clearance.

(@]

(@]

O

Moreover, if the bearing speed is very slow or
exceeds 50% of the allowable speed in the
bearing catalog, or if the bearing bore diameter
exceeds 200 mm, it is required for each bearing
to be precisely checked for lubrication, cooling
method, etc. Please contact NSK in such
cases.

f: Load factor

Jfvalue
Continuous loading
Intermittent loading 2
Short time loading 3

k: Dimensional factor

k value
Bearing diameter series 2 0.75
Bearing diameter series 3 1
Bearing diameter series 4 1.2
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Conditions are continuous loading (f=1) and bearing diameter series 3 (¢=1.0)

Fig. 1 Allowable axial load for a cylindrical roller bearing
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9. Lubrication

9.1 Lubrication amount for the forced
lubrication method

When a rolling bearing runs at high speed,
the rolling friction of the bearing itself and the
churning of lubricant cause heat generation,
resulting in substantial temperature rise. Positive
removal or dissipation of such generated heat
serves greatly to prevent overheating in
bearings. The maintenance of a sufficient
lubrication oil film ensures stable and continuous
operation of bearings at high speed.

Various heat removal or dissipation methods
are available. An effective method is to remove
the heat directly from bearings by forcing a
large quantity of lubricating oil to circulate inside
the bearing. This method is called the forced
lubrication method. In this case, the amount of
oil supplied is mostly determined on the basis of
the actual operating conditions. Important
factors to be considered include the allowable
temperature of the machine or system, radiation
effect, and heat generation caused by oil
stirring.

Below is an empirical equation which can be
used to estimate the amount of forced
circulation oil needed for a bearing.

0.19x10°
T-T,
1.85x107

=—1OXIY g 0 F (kgf
T, H {kef}

Q= dunF N

where, @: Oil supply rate (liters/min)
T,:  Oil temperature at the oil inlet (°C)
T.. Qil temperature at the oil outled (°C)
d: Bearing bore (mm)
wu: Coefficient of dynamic friction

(Table 1)

n: Bearing speed (min™)
F: Load on a bearing (N), {kgf}
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Systems employing the forced circulation
lubrication method include large industrial
machinery, such as a paper making machines,
presses, steel-making machines, and various
speed reducers. Most of these machines
incorporate a large bearing. As an example, the
calculation of the supply rate for a spherical
roller bearing used in a speed reducer is shown
below:

Bearing: 22324 CAM E4 C3
d=120 mm
©=0.0028

Speed: n=1 800 min"

Bearing load: F=73 500 N, {7 500 kgf}

Temperature difference: Assumed to be
T-T,=20°C

_ 0.19x10°
Q= 20

x73 500=4.2

x120x0.0028x1 800

The calculated value is about 4 liters/min.
This value is only a guideline and may be
modified after considering such factors as
restrictions on the oil supply and oil outlet bore.

Note that the oil drain pipe and oil drain port
must be designed large enough to prevent
stagnation of the circulating oil in the housing.
For a large bearing with a bore exceeding 200
mm, which is exposed to a heavy load, the oil
amount according to Equation (1) is calculated
to be slightly larger. However, the user may
select a value of about 1/2 to 2/3 of the above
calculated value for most practical applications.

Table 1 Coefficients of Dynamic Friction

X Approximate

Bearing Types \gtl’u es of
Deep Groove Ball Bearings 0.0013
Angular Contact Ball Bearings 0.0015
Self-Aligning Ball Bearings 0.0010
Thrust Ball Bearings 0.0011
Cylindrical Roller Bearings 0.0010
Tapered Roller Bearings 0.0022
Spherical Roller Bearings 0.0028
Needle Roller Bearings
with Cages 0.0015
Full Complement Needle
Roller Bearings 0.0025
Spherical Thrust Roller 0.0028

Bearings

NSK
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Lubrication

9.2 Grease filling amount of spindle
bearing for machine tools

Recent machine tools, such as machining
centers and NC lathes, show a remarkable
trend towards increased spindle speeds. The
positive results of these higher speeds include
enhanced machining efficiency and improved
accuracy of the machined surface. But a
problem has emerged in line with this trend.
Faster spindle speeds cause the spindle
temperature to rise which adversely affects the
machining accuracy.

In general, grease lubrication is employed
with spindle bearings and in particular, for
spindle bearings with bores of 150 mm or less.
When grease lubrication is employed, filling the
bearing with too much grease may cause
abnormal heat generation. This is an especially
severe problem during the initial operation
immediately after filling, and may even result in
the deterioration of the grease. It is essential to
prevent such a problem by taking sufficient time
for a thorough warm-up. In other words, the
spindle bearing needs to be accelerated
gradually during its initial operation.

Based on its past experience, NSK
recommends that spindle bearings for machine
tools be filled with the standard amount of
grease, which is equivalent to 10% of the
cylindrical roller bearing free internal space or
15% of the angular contact ball bearing free
internal space, so as to facilitate the initial
warm-up wihtout adversely affecting the
lubrication performance.

Table 1 shows the standard grease filling
amount for bearings used in spindles which is
equivalent to 10% of the bearing free space. As
an alternative to this table, the simplified
equation shown next may be used to estimate
the value.
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Vi=fx10" (D*~d’) B

where, Vy: Approximate filling amount (cm?”)
D:  Nominal outside diameter (mm)
d: Nominal bore (mm)
B: Nominal bearing width (mm)
f=1.5 for NN30 series and BA10X and

BT10X series

f=1.7 for 70 and 72 series
f=1.4 for NN49 series

The grease for high-speed bearings should be a
quality grease: use a grease with a synthetic oil
as a base if the application involves ball
bearings; use a grease with a mineral oil as a
base if the application involves roller bearings.

Table 1 Standard grease filling amounts for spindle bearings for machine tools

NSK

Units: cm’
Bearing Filling amount (per bearing)
ti?grmg. din’?gnr:ion Cylindrical roller bearing 'ﬂg&;@fﬁﬁ j‘sf:gglgﬁf Angular contact ball bearing ?(')%Tai?iiﬁ gggﬁfg
() T4NE0 series | N10B series |Dearing BA, BT series| 70 series | 72 series BNC10 series
10 50 1.4 11 1.2 1.7 3.1 1.5
11 55 2.0 1.5 2.0 2.3 4.0 2.0
12 60 21 1.7 2.0 2.4 4.9 2.0
18 65 2.2 1.8 2.1 2.7 5.7 2.3
14 70 3.2 2.4 3.0 3.6 6.6 3.3
15 75 3.5 2.5 3.2 3.8 7.2 3.6
16 80 4.7 3.3 4.2 5.1 8.8 4.4
17 85 4.9 3.5 4.4 5.3 10.9 4.7
18 90 6.5 4.7 6.0 6.9 13.5 6.2
19 95 6.6 4.8 6.3 7.2 16.3 6.5
20 100 6.8 5.1 6.5 7.4 19.8 6.8
21 105 9.3 6.7 8.4 9.3 23.4 8.1
22 110 1 7.8 101 11.9 27.0 10.1
24 120 12.5 8.1 10.8 12.3 32.0 10.8
26 130 18 12.4 16.5 19.5 35.3 16.1
28 140 20 — 174 20.7 42.6 17.0
30 150 23 — 21.8 25.8 53.6 21.2
32 160 29 — 26.9 33.8 62.6 25.5
44 170 38 — 32.4 41.6 81.4 33.2

Remarks For the OOTAC20D double-direction angular-contact thrust ball bearings, grease should be filled to the
same amount as that for the NN30 double-row cylindrical roller bearing.
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9.3 Free space and grease filling
amount for deep groove ball
bearings

Grease lubrication can simplify the bearing’s
peripheral construction. In place of oil
lubrication, grease lubrication is now employed
along with enhancement of the grease quality
for applications in many fields. It is important to
select a grease appropriate to the operating
conditions. Due care is also necessary as to the
filing amount, since too much or too little
grease greatly affects the temperature rise and
torque. The amount of grease needed depends
on such factors as housing construction, free
space, grease brand, and environment. A
general guideline is described next.

First, the bearing is filled with an appropriate
amount of grease. In this case, it is essential to
push grease onto the cage guide surface. Then,
the free space, whic excludes the spindle and
bearing inside the housing, is filled with an
amount of grease as shown next:

1/2 to 2/3 when the bearing speed is 50%
or less of the allowable speed
specified in the catalog.

1/3 to 1/2  when the bearing speed is 50%

or more.

Roughly, low speeds require more grease
while high speeds require less grease.
Depending on the particular application, the
filing amount may have to be reduced further to
reduce the torque and to prevent heat
generation. When the bearing speed is
extremely low, on the other hand, grease may
be packed almost full to prevent dust and water
entry. Accordingly, it is necessary to know the
extent of the housing’s free space for the
specific bearing to determine the correct filling
amount. As a reference, the volume of free
space is shown in Table 1 for an open type
deep groove ball bearing.
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Note that the free space of the open type
deep groove ball bearing is the volume obtained
by subtracting the volume of the balls and cage
from the space formed between inner and outer
rings.

Outer ring
Balls
Cage

Inner ring

Table 1 Free space of open type deep groove ball bearing

NSK

Units: cm”

Bearing free space

Bearing free space

Bearing . . Bearing . :
b N, Bearing series oo N, Bearing series
60 62 63 60 62 63
00 1.2 1.5 2.9 14 34 61 148
01 1.2 21 3.5 15 35 67 180
02 1.6 2.7 4.8 16 47 84 213
03 2.0 3.7 6.4 17 48 104 253
04 4.0 6.0 7.9 18 63 127 297
05 4.6 7.7 12 19 66 155 345
06 6.5 " 19 20 68 184 425
07 9.2 15 25 21 88 216 475
08 Ihl 20 35 22 114 224 555
09 14 23 49 24 122 310 675
10 15 28 64 26 172 355 830
11 22 34 79 28 180 415 1030
12 23 45 98 30 220 485 1140
13 24 54 122 32 285 545 1410
Remarks The table above shows the free space of a bearing using a pressed steel cage. The free space of
a bearing using a high-tension brass machined cage is about 50 to 60% of the value in the table.
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9.4 Free space of angular contact ball
bearings

Angular contact ball bearings are used in
various components, such as spindles of
machine tools, vertical pump motors, and worm
gear reducers.

This kind of bearing is used mostly with
grease lubrication. But such grease lubrication
may affect the bearing in terms of temperature
rise or durability. To allow a bearing to
demonstrate its full performance, it is essential
to fill the bearing with the proper amount of a
suitable grease. A prerequisite for this job is a
knowledge of the bearing’s free space.

The angular ball bearing is available in various
kinds which are independent of the
combinations of bearing series, contact angle,
and cage type. The free space of the bearing
used most frequently is described below. Table
1 shows the free space of a bearing with a
pressed cage for general use and Table 2
shows that of a bearing with a high-tension
brass machined cage. The contact angle
symbols A, B, and C in each table refer to the
nominal contact angle of 30°, 40°, and 15° of
each bearing.

Table 1 Free space of angular contact ball bearing (1)
(with pressed steel cage)

Units: cm?

Bearing free space

Bearing . .
b N, Bearing series — Contact angle symbol
72-A 72-B 73-A 73-B
00 1.5 1.4 2.9 2.8
01 2.1 2.0 3.7 3.5
02 2.8 2.7 4.8 4.6
03 3.7 3.6 6.2 5.9
04 6.2 5.9 8.4 8.0
05 7.8 7.4 13 12
06 12 11 20 19
07 16 15 26 24
08 20 19 36 34
09 25 24 48 45
10 28 27 63 60
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Table 2 Free space of angular contact ball bearing (2)

(with high-tension brass machined cage)

Units: em’
Bearing free space
Bearing Bearing series — Contact angle symbol
bore No.
72-A 73-A

70-C 79.G 72-B 73-C 73-B
00 0.9 1.0 1.0 2.2 21
01 0.9 1.6 1.6 25 25
02 1.2 1.9 1.9 3.4 3.3
03 1.6 2.7 2.7 4.6 4.4
04 3.0 4.7 4.2 6.1 5.9
05 3.5 6.0 5.3 9.2 9.0
06 4.3 8.5 8.1 14 13
o7 6.5 12 11 18 17
08 8.3 14 14 25 24
09 10 18 17 34 33
10 " 20 20 45 44
1 16 26 25 57 55
12 17 33 31 71 69
13 18 38 37 87 83
14 24 43 42 107 103
15 24 47 45 129 123
16 34 58 57 162 146
17 37 71 70 179 172
18 44 88 85 207 201
19 44 105 105 261 244
20 47 127 127 282 278
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9.5 Free space of cylindrical roller
bearings

Cylindrical roller bearings employ grease
lubrication in many cases because it makes
maintenance easier and simplifies the peripheral
construction of the housing. It is essential to
select a grease brand appropriate for the
operating conditions while paying due attention
to the filing amount and position of the bearing
as well as its housing.

The cylindrical roller bearings can be divided
into NU, NJ, N, NF, NH, and NUP types of
construction according to the collar, collar ring,
and position of the inner or outer ring ribs. Even
if bearings belong to the same dimension series,
they may have different amounts of free space.
The free space also differs depending on

whether the cage provided is made from
pressed steel or from machined high-tension
brass. When determining the grease filling
amount, please refer to Tables 1 and 2 which
show the free space of NU type bearings. (By
the way, the cylindrical roller bearing type is
used most frequently).

For types other than the NU type, the free
space can be determined from the free space
ratio with the NU type. Table 3 shows the
approximate free space ratio for each type of
cylindrical roller bearing. For example, the free
space of NJ310 with a pressed steel cage may
be calculated approximately at 47 cm’. This
result was calculated by multiplying the free
space 52 cm® of NU310 in Table 1 by the
space ratio 0.90 for the NJ type (Table 3).

Table 1 Free space of cylindrical roller bearing
(NU type) (1) (with pressed cage)

Units: cm’
Bearing free space
Bearing : .
bore No. Bearing series
NU2 NU3 NU22 NU23
05 6.6 11 7.8 16
06 9.6 17 12 o4
o7 1 22 18 35
08 18 31 29 ”
09 20 42 o3 62
10 23 50 o6 80
! - 68 35 102
? 87 85 45 130
13 44 107 57 156
14 51 124 62 179
15 58 155 70 206
16 71 177 85 260
17 85 210 104 300
18 103 244 134 365
19 132 283 164 415
20 151 335 200 540
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Table 2 Free space of cylindrical roller bearing
(NU type) (2) (with high-tension brass
machined cage)

Units: em”
Bearing free space
Bearing : .
bore No. Bearing series
NU2 NU3 NU22 NU23
05 5.0 7.6 5.7 10
06 7.4 12 7.9 16
o7 9.6 16 12 o7
o 2 21 15 32
09 15 29 16 45
10 18 38 17 55
11 22 50 on 77
12 26 62 31 88
1 o1 4 43 104
“ s7 92 44 129
15 42 102 50 149
e 51 122 60 181
17 64 164 74 200
18 79 193 9% 279
L 94 218 116 280
20 115 221 137 355

Table 3 Free space ratio of each type of cylindrical

roller bearing

NU Type NJ Type N Type NF Type
1 0.90 1.05 0.95

NSK
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9.6 Free space of tapered roller Table 1 Free space of tapered roller bearing
bearings Units: cm’
The tapered roller bearing can carry radial Bearing Bea””? free S‘pace
load and uni-direction axial loads. It offers high [ Bearing series
capacity. This type of bearing is used widely in HR329-J | HR320-XJ HR330-J HR331-J HR302-J HR322-J HR332-J HR303-J | HR303-DJ | HR323-J
machine systems with relatively severe loading 02 o _ _ _ _ _ _ 45 _ _
conditions in various combinations by opposing 03 o _ _ _ 33 4.3 _ 5.7 . _
or combining single-row bearings. 04 _ 35 _ _ 53 6.6 _ 70 _ 9.0
With a view towards easier maintenance and
inspection, this kind of bearing is lubricated with /o0 _ 36 _ _ _ 73 _ 9.1 _ _
grease in most cases. It is important to select a 05 _ 37 43 . 6.3 7.4 75 1 13 15
grease appropriate to the operating conditions /o8 _ 53 _ _ 8.8 98 10 16 o o
and to use the proper amount of grease for the
housing internal space. As a reference, the free 06 _ 6.0 6.7 _ 9.2 1 12 18 21 o3
space of a tapered roller bearing is shown in /32 _ 6.6 _ _ 1 13 14 20 _ _
Table 1. o7 4.0 7.5 89 - 13 17 18 23 26 35
The free space of a tapered roller bearing is
the space (shadowed portion) of the bearing 08 58 9.1 11 — 18 23 25 31 35 45
outer volume less the inner and outer rings and 09 _ 11 _ 18 29 o4 26 41 48 58
cage, as shown in Flg 1. The bearing is filled 10 _ 12 15 20 23 26 29 55 59 77
so that grease reaches the inner ring rib surface
and pocket surface in sufficient amount. Due 11 8.8 19 21 29 30 36 40 72 78 99
attention must also be paid to the grease filling 12 9.0 20 23 - 39 47 53 33 95 130
amount and state, especially if grease leakage 13 — 21 25 — 45 62 65 110 120 150
occurs or maintenance of low running torque is
important. 14 17 29 33 — 53 67 69 130 150 190
15 — 30 34 — 58 73 74 160 180 230
I% 16 — 40 — — 75 91 100 200 200 270
N 17 — 43 49 76 92 120 130 230 250 320
18 28 58 — 110 110 150 — 260 310 370
19 29 60 — — 140 170 — 310 350 430
20 37 64 — 150 160 210 240 380 460 580

Y

Fig. 1 Free space of tapered roller bearing
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9.7 Free space of spherical roller
bearings

The spherical roller bearing has self-aligning
ability and capacity to carry substantially large
radial and bi-axial loads. For these reasons, this
bearing is used widely in many applications.
Application problems include a long span, which
causes substantial deflection of the shaft, as
well as installation errors and axial misalignment.
These bearings may be exposed to a large
radial or shock loads. By the way, this bearing
is used in plumber blocks.

Grease lubrication is common for spherical
roller bearings because it simplifies the seal
construction around the housing and makes
maintenance and inspection easier. In this case,
it is important to select a grease appropriate to
the operating conditions and to fill the bearing
with the proper amount of grease considering
the housing internal space.

As a reference, the bearing free space for
conventional types plus four other types (EA, C,
CD, and CA) is shown in Table 1. Under
general operating conditions, it is appropriate to
pack a large quantity of grease into the bearing
internal space and to pack grease into the
housing internal space other than the bearing
itself, to the extent of 1/3 to 2/3 that of the free
space.

EA type C, CD type CA type
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Table 1 Free space of spherical roller bearing
(EA, C, CD, and CA)

Units: cm”
Bearing free space
Bearing . )
= Bearing series
230 231 222 232 223
11 — — 29 — 78
12 — — 42 — 96
13 — — 48 — 113
14 — — 52 — 139
15 — — 57 — 170
16 — — 71 — 206
17 — — 91 — 234
18 — — 110 130 283
19 — — 135 — 327
20 — — 169 203 410
22 100 150 242 294 560
24 109 228 297 340 700
26 161 240 365 405 955
28 170 292 400 530 1230
30 209 465 505 680 1430
32 254 575 680 850 1710
34 355 610 785 1090 2070
36 465 785 810 1120 2460
38 565 970 1160 1340 2830
40 715 1160 1400 1640 2900
44 940 1500 1880 2270 3750
48 1030 1900 2550 3550 4700
52 1530 2940 3300 4750 5900
56 1820 3150 3400 4950 7 250
60 2200 4 050 4 300 6 200 8750
Remarks 22211 to 22226, 22311 to 22324 are EA type bearings.

23122 to 23148, 23218 to 23244 are C type bearings.
23022 to 23036, 22228 to 22236 are CD type bearings.
23038 to 23060, 23152 to 23160, 22238 to 22260,

23248 to 23260, and 22326 to 22360 are CA type bearing.

NSK
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9.8 NSK’s dedicated greases

9.8.1 NS7 and NSC greases for induction
motor bearings

NS7 and NSC greases have been developed
by NSK mainly for lubrication of bearings for
induction motors. These greases consist of
ingredients such as synthetic oil and lithium
soap. Synthetic oil is superior in oxidation,
thermal stability, and low-temperature fluidity
while lithium soap is superior in water
resistance, and shearing stability.

NS7 and NSC greases are applicable over a
wide range of temperature from —40°C to
+140°C. The viscosity of the base oil is lowest
in NS7 and highest in NSC. Namely, NS7 grease
is best suited when the low-temperature
performance is important and NSC grease for
high-temperature performance.

Features

(1) Superior in high-temperature durability, with
long grease life

(2) Superior in low-temperature performance,
with less abnormal sound and vibration in a
bearing at cold start

(3) Superior in high-speed running performance,
with little grease leakage

(4) Reduction of the friction torque of a bearing
at low and room temperature

(5) Fewer particle inclusions and satisfactory
acoustic performance. Moreover, NSC grease
can maintain superior acoustic performance
over a long period (long acoustic life).

(6) Superior in water resistance

(7) Superior in anti-rusting performance against
salt water

Table 1 Characteristics of NS7 and NSC greases

*

Industrial motor (blower motor, pump motor,
large and medium motor)

*  Automotive equipment (starter, distributor,
wind shield wiper motor)

Application

* Motor for home electric products (video
cassette recorder, air conditioner fan motor,
electric oven hood fan motor)

Motor for office automation equipment (fixed
disk drive spindle, floppy disk drive spindle,
stepping motor, IC cooling fan motor)

NSC grease

NS7 grease

(Test conditions)

High temperature grease
(Silicone oil, fithium soap)
Wide temperature range
grease (Ester synthetic oil, [ ]
mineral oil, sodium
terephthalamate)

Wide temperature range [ ]
grease (Ester synthetic oil,
mineral oil, lithium soap,

sodium terephthalamate) ! ! ! !

Bearing: Non-contact seaied
deep groove baii bearing
(925 x $62 x 17 mm)
Bearing outer ring
temperature: 140°C
inner ring speed: 10 000 min™*
Radial load: 98 N {10 kgf)
Axial load: 98 N {10 kgf}
Grease packed volume: 3.4 g

Characteristics NS7 NSC Test method
Appearance Light brown Light brown —
Thickener Li soap Li soap —
Base oil Polyolester Polyolester
diester diphenylether —

Kinematic viscosity of base oil, mm?/s

40°C 26.0 53.0 JIS K 2283

100°C 5.0 8.3
Worked penetration, 25°C, 60W 250 235 JIS K 2220: 2003 (Clause 7)
Dropping point, °C 192 192 JIS K 2220: 2003 (Clause 8)
Corrosiveness, (Copper strip) 100°C, 24 h Good Good JIS K 2220: 2003 (Clause 9)
Evaporation, % 99°C, 22 h 0.30 0.25 JIS K 2220: 2003 (Clause 10)
Oil separation, % 100°C, 24 h 1.2 11 JIS K 2220: 2003 (Clause 11)
Oxidative stability, kPa 99°C, 100 h 25 20 JIS K 2220: 2003 (Clause 12)
Worked stability, 25°C, 10°W 306 332 JIS K 2220: 2003 (Clause 15)
Water wash-out, % 38°C, 1 h 1.4 1.4 JIS K 2220: 2003 (Clause 16)
Low temperature torque, mN-m —30°C

Starting {—40°C} {115} 421 JIS K 2220: 2003 (Clause 18)

Running {25} 84

Rust protection test, 0.1%, NaCl
25°C, 48 h, 100% RH

1,11

1,11

ASTM D 1743

Remarks The value of parentheses is low temperature torque value at —40C.
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0 500 1 000 1500 2 000
Grease life (average), h

Fig. 1 Grease life

O NSC grease

80}
O High temperature grease
(Silicone oail, lithium soap)
A High temperature grease
60 (Synthetic oil, urea)
Probability
of noisy
bearings, -
o a0k (Test conditions)
Bearing: Non-contact sealed
deep groove ball bearing
(#8 x $22 x 7 mm)
20 | Ambient temperature: 100°C
Inner ring speed: 5 600 min™!
Axial load: 29.4 N {3 kgf}
O/o Grease packed volume: 0.16 g
o 1o0a Test bearing quantity: 16/test
6] 1 000 2 000 3 000 4 000
Test time, h

Fig. 2 Acoustic life
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9.8.2 ENS and ENR greases for high-
temperature/speed ball bearings

The performances demanded of bearings for
electric parts and auxiliary engine equipment
installed around the engine are growing more
and more severe in order to achieve functional
improvement, fuel saving, and life extension of
automobiles. These kinds of bearings are mostly
operated at high speed and in a high-
temperature environment, and they may be
subjected to salt or turbid (muddy) water
depending on the application and installation
position. Certain bearings are also exposed to
vibration and high load. ENS and ENR are the
greases best suited for bearings used in such
stringent conditions.

Features

The ENS and ENR greases use polyester and a
urea compound. Polyolester is superior in
oxidation and thermal stability and low-
temperature fluidity as a base oil while the urea
compound is superior in heat and water
resistance, shearing stability as a thickener.

High-grade additives are also properly
combined. Features of this grease are as
follows:

(1) Superior in high-temperature durability, with
long grease life at a temperature as high as
160°C

(2) Superior shearing stability, with less grease
leakage during high-speed rotation and outer
ring rotation

(3) Low base oil viscosity and drop point,
showing the low torque performance. Less
abnormal noise in bearing during a cold start

(4) Superior water resistance of the thickener,
which makes softening and outflow difficult
even when water may enter the bearing.

(5) Mixing of an adequate rust-preventive agent
offers satisfactory rust-prevention
performance without any degradation of the
grease life. In particular, the ENR grease has
powerful rust-preventive capacity, preventing
rusting even when water enters a bearing.

(6) However, attention is necessary because it
swells the acrylic based materials and
deteriorates the fluorine based materials.

Table 1 Characteristics of ENS and ENR grease

Characteristics ENS ENR Test method

Appearance Milky white Milky white —
Thickener Diurea Diurea —
Base oil Polyolester Polyolester —
Kinematic viscosity of base oil, mm?/s

40°C 30.5 30.5 JIS K 2283

100°C 5.4 5.4
Worked penetration, 25°C, 60W 264 237 JIS K 2220: 2003 (Clause 7)
Dropping point, “C =260 =260 JIS K 2220: 2003 (Clause 8)
Corrosiveness, (Copper strip) 100°C, 24 h Good Good JIS K 2220: 2003 (Clause 9)
Evaporation, % 99°C, 22 h 0.39 0.48 JIS K 2220: 2003 (Clause 10)
Oil separation, % 100°C, 24 h 1.1 1.4 JIS K 2220: 2003 (Clause 11)
Oxidative stability, kPa 99°C, 100 h 25 30 JIS K 2220: 2003 (Clause 12)
Worked stability, 25°C, 10°W 310 288 JIS K 2220: 2003 (Clause 15)
Water wash-out, % 79°C, 1 h 2.0 1.0 JIS K 2220: 2003 (Clause 16)
Low temperature torque, —30°C, mN-m

Starting 150 230 JIS K 2220: 2003 (Clause 18)

Running 60 48
Rust protection test, 0.1%, NaCl
25°C, 48 h, 100% RH 1,11 1,11 ASTM D 1743
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Applications

*

Electric equipment (electromagnetic clutch,

alternator, starter, idler pulley)
Engine auxiliary equipment (timing belt

tensioner, clutch release)

*

ENS grease

(Ester-base synthetic oil, urea)

Silicone grease

(Silicone oil, fithium soap)

Wide range grease

(Ester-base synthetic oil, I
lithium soap)

High-temperature grease

(Mineral oil, polyurea soap)

High-temperature grease

(Mineral oil, sodium soap)

Universal grease 1

{Mineral oll, lithium soap)

(Test conditions)

NSK

Office automation equipment (copying
machine heat roller)
Motors (inverter motor, servo motor)

Bearing: Non-contact-seal deep groove
ball bearing (¢25 x ¢62 x 17 mm)
Bearing outer ring temperature: 160°C

Inner ring speed: 10 000 min"
Load: Radial, 98 N {10 kgf}

Axial, 98 N (10 kgf)

Grease packed volume: 3.4 g

500

1
1 000 1 600

1 1
2 000 2 500

Bearing seizure time, h

Fig. 1 Grease life

Table 2 Bearing rust-prevention test

1
3 000

Base oil Wide range grease High-temp grease
thickener ENS ENR Est theti Ester synthetic
Table 1| Table 1 ster sg:ln CUC | oil and mineral Mineral oil Mineral oil
oil
Test . Na Li complex
conditions feble 1 Table 1 Li soap terephtalamate soap Polyurea
0.1% salt 25°C, 48 h 1,11 1,11 1,11 1,11 3,3,3 1,11
0.5% salt 52°C, 24 h 2,2,3 1,11 1,2,2 1,11 — 1,2,2
1.0% salt 52°C, 24 h — 1,11 — 1,2,2 — —
Test method As per ASTM D 1743
Bearing: Tapered roller bearing 09074R/09194R (¢ 19.05 X ¢ 49.23 X23.02 mm)
Relative humidioy: 100 %
Evaluation: 1; No rusting, 2; Minor rusting in three or less points, 3; Worse than Rank 2
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9.8.3 EA3 and EA6 greases for commutator

motor shafts

An electric fan is used to cool an automotive
radiator and air-conditioner compressor. Since

an FF model cannot use a cooling fan

directly

coupled to the engine, an electric fan is used.
For this reason, the production of electric fans

is growing.

The electric fan is installed near the engine,
and the motor bearing temperature reaches
around 130 to 160°C and will rise further in the

future.

Conventional greases have therefore developed
seizure within a shorter period though the speed
was lower at 2 000 and 3 000 min™ than that
of other electric equipment. One probable
reason is entry of carbon brush worn powder
into a bearing. Greases best suited for an

electric fan motor used in such severe
environment and EA3 and EAB.

The cleaner motor tends to have a higher
speed to enhance the suction efficiency, and
has come to be used at speeds as high as
40 000 to 50 000 min these days. Much lower
torque, lower noise, and longer life are expected
for grease along with speed increase. The
grease best suited for such cleaner motor
bearing is EAS.

Features and Applications
The EAS3 grease uses poly-a-olefine superior
in oxidation and thermal stability and low-
temperature fluidity as a base oil and urea
compound superior in heat and water resistance
as a thickener. Moreover, a high-grade additive
is added. EAB is a grease with an EA3 base ol
viscosity enhancement to extend the grease life
at high temperature.
(1) Superior oxidation stability, wear resistance,
and grease sealing performance, preventing

Table 1 Characteristics of EA3 and EA6 grease

Characteristics EA3 EA6 Test method

Appearance Light yellow Light yellow —
Thickener Diurea Diurea —
Base oil Poly- a-olefine oil | Poly- a-olefine oil —
Kinematic viscosity of base oil, mm?/s

40°C 47.8 112 JISK 2283

100°C 8.0 15
Worked penetration, 25°C, 60W 230 220 JIS K 2220: 2003 (Clause 7)
Dropping point, °C =260 =260 JIS K 2220: 2003 (Clause 8)
Corrosiveness, (Copper strip) 100°C, 24 h Good Good JIS K 2220: 2003 (Clause 9)
Evaporation, % 99°C, 22 h 0.40 0.40 JIS K 2220: 2003 (Clause 10)
Oil separation, % 100°C, 24 h 0.5 0.5 JIS K 2220: 2003 (Clause 11)
Oxidative stability, kPa 99°C, 100 h 25 25 JIS K 2220: 2003 (Clause 12)
Worked stability, 25°C, 10°W 364 320 JIS K 2220: 2003 (Clause 15)
Water wash-out, % 79°C, 1 h 2.0 1.0 JIS K 2220: 2003 (Clause 16)
Low temperature torque, —30°C, mN-m

Starting 150 180 JIS K 2220: 2003 (Clause 18)

Running 24 48
Rust protection test, 0.1%, NaCl
25°C, 48 h, 100% RH 1,11 1,11 ASTM D 1743
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(2) EAS grease is superior in low-torque and

(3) Superior rust-preventive performance and

Dynamic torque

entry of carbon brush abrasion powder into
a bearing. The grease life in the electric fan
motor bearing is long. EA3 is suitable when gag

low-torque performance is important and

EAB is suitable when the bearing
temperature exceeds 150°C.

low-noise performances, with superior
fluidity, showing superb lubrication
performance during rotation as fast as

grease

EA3
grease

40 000 to 50 000 min™. Also, the grease life

of a cleaner motor bearing is longer.

less adverse effect on rubber and plastics.
(4) However, attention is necessary because it

deteriorates the fluorine based materials.

gf-cm mN-cm

NSK

Average value (n=4)
1
J 1 1 I
o} 1000 2 000

Bearing seizure time, h

(Test conditions)

Bearing: Non-contact sealed deep
groove ball bearing
(8 x ¢16 x 4 )

Bearing outer ring temperature:

150 to 160°C

Inner ring speed: 1 700 to 2 000 min!

Applied voltage: DC 135 V

Grease packed volume: 0.06 g

Fig. 1 Durability test with electric fan motors

(Test conditions)
Bearing: Non-contact sealed deep
groove ball bearing
(68 x $22 x 7 mm)
Ambient temperature: 30°C
Inner ring speed: 2 500 min!
Axial load: 29.4 N (3 kgf}
Grease packed volume: 0.16 g

{ i i !
1
60600 : i : :
| ' . ‘
| | '
a0 40T i K
i 1
+' ! !
[ ~S TS P NS SNty quummmmn, e
20200k ! | |
| I l |
| | [ 1
I 1 I l
ol o 1 1 1 1
0 10 20 30
Test time, min
Fig. 2 Running torque
Average value (n=4) (Test conditions)
EA3 P Bearing: Non-contact sealed deep
grease groove ball bearing
) ) (¢8 x $22 x 7 mm)
Mineral ol : Bearing outer ring temperature: 90°C
Poly-urea Inner ring speed: 50 000 min"’
grease , Axial load: 58.8 N {6 kgf}

1
0 500 1 000

Bearing seizure time, h

Fig. 3 Grease life

Grease packed volume: 0.16 g
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9.8.4 WPH grease for water pump bearings

An automotive water pump is a pump to
circulate cooling water through the engine. A
typical bearing for a water pump is a bearing
unit which measures 16 mm in shaft diameter
and 30 mm in outer shell diameter and uses
either balls with balls or balls with rollers.
Though the water pump bearing unit is
equipped with a high-performance seal, cooling
water may enter the unit. In fact, most water
pump bearing failures can be attributed to entry
of coolant into the bearing.

Recently, the bearing speed tends to rise in
line with performance and efficiency
enhancement of engines. Moreover, the bearing
temperature rises further along with temperature
rise of the cooling water and engine. The
bearing load is also growing these days as the
number of models employing poly V-belts is
growing rapidly.

The grease guaranteeing high reliability and
best applicability for water pump bearings and
bearing units used in such severe environment
is WPH.

Features
The WPH grease uses poly-a-olefine, which is

superior in oxidation and thermal stability, as a

base oil and a urea compound, which is

superior in heat and water resistance, as a

thickener. A high-grade additive is also used.

Features are as described below:

(1) This grease does not readily soften and
outflow even if coolant enters the bearing.
Also, this grease can maintain satisfactory
lubrication performance over an extended
period of time. As a result, this grease can
prevent flaking in a bearing.

(2) Superior in high-temperature durability,
preventing deterioration and seizure even
when the bearing temperature rises.

(3) Superior rust-preventive performance
prevents rusting even if water or coolant
enters the bearing.

Table 1 Characteristics of WPH grease

Characteristics

Appearance
Thickener
Base oil
Kinematic viscosity of base oil, mm?/s
40°C
100°C
Worked penetration, 25°C, 60W
Dropping point,”C
Corrosiveness, (Copper strip) 100°C, 24 h
Evaporation, % 99°C, 22 h
Oil separation, % 100°C, 24 h
Oxidative stability, kPa 99°C, 100 h
Worked stability, 25°C, 10°'W
Water wash-out, % 79°C, 1 h

Low temperature torque, —30°C, mN-m
Starting
Running

Rust protection test, 0.1%, NaCl
25°C, 48 h, 100% RH

WPH Test method
Butter-like milky yellow —
Diurea —
Poly- @ -olefine oil —
95.8 JIS K 2283
14.4
240 JIS K 2220: 2003 (Clause 7)
259 JIS K 2220: 2003 (Clause 8)
Good JIS K 2220: 2003 (Clause 9)
0.20 JIS K 2220: 2003 (Clause 10)
0.2 JIS K 2220: 2003 (Clause 11)
20 JIS K 2220: 2003 (Clause 12)
306 JIS K 2220: 2003 (Clause 15)
0 JIS K 2220: 2003 (Clause 16)
240 JIS K 2220: 2003 (Clause 18)
45
1,11 ASTM D 1743

200

WPH S S—
grease

High-temp grease b—0—rt
(Synthetic hydro-
carbon oil, Ba
complex soap)

(Test conditions)
Bearing: Water pump bearing
(Shaft diameter, $15.9 mm)
Water splashing: Diluted coolant
(coolant: water=1:1)

Universal grease —— ey 0.5 ml/day
(Mineral oil, Ambient temperature: 80°C
Li soap) Shaft speed: 10 000 min™

(1 h: on, 10 min: off)
Load: 1 716 N {175 kef}
Grease packed volume: 40 percent

1 1
0 100 200

Bearing break-down time, h

Fig. 1 Water resistant test of grease for water pump bearings

WPH —O———
grease

High-temp grease
(Synthetic hydro-
carbon oil, Ba
complex soap)

(Test conditions)
Bearing: Water pump bearing
(Shaft diameter, ¢15.9 mm)

Ambient temperature: 140°C
Shaft speed: 10 000 min™

(1 h: on, 10 min: off)
Universal grease [y, S— Load: 1 716 N {175 kgf}
(Mineral oil, Grease packed volume: 40 percent
Li soap) of internal free space

1 L 1 | | 1 {
0 100 200 300 400 500 600 700

Bearing break-down time, h

Fig. 2 Life test of water pump bearings

of internal free space .

NSK
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9.8.5 MA7 and MAS8 greases for automotive
electric accessory bearings
Severe performance criteria for automotive
electric accessory or engine auxiliary equipment
bearings are increasingly requested to meet the
high-capability, fuel saving, and long-life
requirements of cars. These bearings are
located in narrow engine compartments, which
generally provide a hot environment.
Furthermore, the adoption of poly-V-belts, which
have excellent endurance, results in constantly

high loads on the bearings. Also, depending on
the conditions, salty or muddy water may enter
the bearings. MA7 and MAS greases are the
optimum greases for use in bearings which run
under such severe operating conditions.

Table 1 Characteristics of MA7 and MA8 grease

Characteristics MA7 MAS8 Test method
Appearance Light brown Milky white —
Thickener Diurea Diurea —
Base oil Ether-base Ether-base —
synthetic oil synthetic
hydrocarbon oil
Kinematic viscosity of base oil, mm?*/s
° 103 76 JIS K 2283

100°C 13 11
Worked penetration, 25°C, 60W 290 277 JIS K 2220: 2003 (Clause 7)
Dropping point, °C 248 =260 JIS K 2220: 2003 (Clause 8)
Corrosiveness, (Copper strip) 100°C, 24 h Good Good JIS K 2220: 2003 (Clause 9)
Evaporation, % 99°C, 22 h 0.18 0.39 JIS K 2220: 2003 (Clause 10)
Oil separation, % 100°C, 24 h 0.6 0.6 JIS K 2220: 2003 (Clause 11)
Oxidative stability, kPa 99°C, 100 h 20 125 JIS K 2220: 2003 (Clause 12)
Worked stability, 25°C, 10°W 335 330 JIS K 2220: 2003 (Clause 15)
Water wash-out, % 79°C, 1 h 1.0 1.0 JIS K 2220: 2003 (Clause 16)
Low temperature torque, —30°C, mN-m

Starting 304 280 JIS K 2220: 2003 (Clause 18)

Running 206 57
Rust protection test, 0.1%, NaCl
25°C, 48 h, 100% RH 1,11 1,11 ASTM D 1743
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MAY7 grease has excellent flaking and seizure
resistance and rust preventiveness, since it
consists of ether oil as a base oil, which has
strong oxidative and heat stability, urea
compound as a thickener, which also has
excellent heat and water resistance and
shearing stability, and high-quality additives.

MAS grease consists of ether oil and
synthetic hydrocarbon oil, which have excellent
oxidative and heat stability, as the base oil, urea
compound as a thickener, which has excellent

NSK

heat and water resistance and shearing stability,
and high-quality additives. It has excellent flaking
and seizure resistance, rust preventiveness, and
quiet running at low temperature. However,
attention is necessary because it deteriorates
the fluorine based materials.

Applications
MAT: Alternators
MAS8: Magnetic clutches, idler pulleys

MAS grease T

Test bearing: Double-row angular contact bail

Urea - ether and

I bearing with rubber contact seal

synthetic hydro- ]
carbon oil grease I

Urea - ester grease

1 1 1

(635 x ¢52 x 20 mm)
Brg inner ring temperature: 130°C
Outer ring rotating speed: 12 600 min*
Radial load: 1382 N
Packed grease: 1i1g

Running time, h
Fig. 1 Grease life

L 1 L )
0 200 400 600 800 1000 1200 1400

Interruption

MAS8 grease

Interruption

Interruption

Urea - ether and

synthetic hydro-
carbon oil grease

Urea - ester grease ?I

1 1 i 1

] Interruption

Test bearing: Deep groove ball bearing with
rubber contact seal
($p12 % $37 x 12 mm)

Ambient temperature: Room temperature

Outer ring rotating speed: 1 000«—6 000 min™

Belt tension: 1176 N

1 , Packed grease: 0.95¢g

Bearing life, h
Fig. 2 Bearing life

99

[T
Urea - synthetic

R
>
= 90
2 hydrocarbon oil
-8 50 grease L MA7
5 9] I grease
o S 1T
3 Y o
s 10 :Llfe by present
© [o) {~catalog
5 5
>
£
jun’
S
10 50 100 500 1000 5000 10 000
Life, h

1 L
0 200 400 600 800 1000 1200 1400 1600

Test bearing: Deep groove ball bearing with
rubber contact seal
[Front: ¢17x p47 x 14 mm]
Rear: ¢8x ¢23x 14 mm
Ambient temperature: Room temperature
Inner ring rotating speed: 2 000«— 14 000 min~!

Belt tension: 1568 N
Packed grease: [Front: 2.36 g]
Rear: 0.72 g

Fig. 3 Alternator bearing life using actual engine
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10. Bearing materials

10.1 Comparison of national standards
of rolling bearing steel

The dimension series of rolling bearings as
mechanical elements have been standardized
internationally, and the material to be used for
them specified in ISO 683/17 (heat treatment,
alloy, and free cutting steels / Part 17 ball and
roller bearing steels). However, materials are
also standardized according to standards of
individual countries and, in some cases, makers
are even making their own modifications.

As internationalization of products
incorporating bearings and references to the
standards of these kinds of steels are increasing
nowadays, applicable standards are compared
and their features described for some
representative bearing steels.
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Applicable national standards and chemical composition of high-carbon chrome bearing steel

Chemical composition (%)

Table 1
G iIgOS ASTM natig:;?rsgﬁg;rds
SUI — —
— 51100 —
SuJ2 — —
= A 295-89 —
52100
— — 100Cr6 (DIN)
— — 100C6 (NF)
— — 535A99 (BS)
SUJ3 — —
= A 485-03 —
Grade 1
= A 485-03 —
Grade 2
SuJ4 — —
SUJ5 — —
= A 485-03 —
Grade 3

Notes *1: P=0.025, S=0.025

Remarks ASTM: Standard of American Society

Applicati R k
c Si Mn Cr Mo Others ppicaton emarks
0.95t01.10 0.15t00.35 <050  0.90t01.20 — 1 Not used Equivalent to each
= N generally other though there
0.98t01.10 0.15t00.35 0.25t00.45 0.90t01.15 =0.10 1 are slight differences
in the ranges.
0.95t01.10 0.15t00.35 =0.50  1.30t01.60 — 1 Typical steel | Equivalent to each
09310105 0.15t0035 02510045 1.35t0160 =010  P=0.025 |ype forsmall other though there
S=0015 and med!um are slight differences
size bearings | in the ranges.
0.90t01.05 0.15t00.35 0.25t00.40 1.40t01.65 — —
0.95t01.10 0.15t00.35 0.20t00.40 1.35t0 1.60 =0.08 P=0.030
S=0.025
0.95t01.10 0.10t00.35 0.40t00.70 1.20t0 1.60 — *
095t01.10 040t00.70 0.90t01.15 0.90t01.20 — *1 For large size |SUJ3 is equivalent to
09010105 04510075 09010120 09010120 =010  P=00ps |P0AMNs  |dracel.
5=0.015 better quenching
0.85t01.00 0.50t00.80 1.40t01.70 1.40t01.80 =0.10 P=0.025 capability
S=0.015
095t01.10 01510035 =050 1.30t01.60 0.10t00.25 1 Scarcely used | Better quenching
capability than SUJ2
095t01.10 040t00.70 0.90to1.15 0.90t0 1.20 0.10t0 0.25 1 For ultralarge | Though Grade 3 is
= size bearings | equivalent to SUJ5,
0.95t01.10 0.15t00.35 0.65t00.90 1.10t01.50 0.201t00.30 528852 quenching capability

of Grade 3 is better
than SUJ5.

of Testing Materials, DIN: German Standard, NF: French Standard, BS: British Standard

Table 2 JIS and ASTM standards and chemical composition of carburizing bearing steel

Chemical composition (%)

JIS
ASTM
G 4052
G 4053 A 534-90 C
SCr420H — 0.17100.23
— 5120H 0.17100.23
SCM420H — 0.17100.23
— 4118H 0.17t00.23
SNCM220H — 0.17100.23
— 8620H 0.17100.23
SNCM420H — 0.17100.23
— 4320H 0.17100.23
SNCM815 — 0.12t00.18
— 9310H 0.07t00.13

Applicati Remark:
Si Mn Ni Cr Mo Others ppication emarks
01510035 05510095 =025 0.85t01.25 — 2 EOF small Similar steel type
earings
0.15t00.35 0.60t0 1.00 — 0.60to 1.00 — 3 9
0.15t00.35 0.55t00.95 =0.25 0.85t01.25 0.15t00.35 2 For small Similar steel type,
o N bearings though quenching
0.15100.35 0.60 to 1.00 0.30t00.70 0.081t00.15 3 capablity of 4118H is
inferior to SCM420H
015100.35 06010095 0.35t00.75 0.35100.65 0.151t00.30 2 For small Equivalent, though
bearings there are slight
0.15t00.35 0.60t00.95 0.35t00.75 0.35t00.65 0.15100.25 3 differences
0.15100.35 04010070 1.55t02.00 0.35100.65 0.151t00.30 2 For medium | Equivalent, though
bearings there are slight
0.15t00.35 0.40t00.70 1.55t02.00 0.35t00.65 0.201t0 0.30 *3 differences
0.15t00.35 0.30t00.60 4.00t04.50 0.70t01.00 0.1510 0.30 2 Eor large Similar steel type
earings
015t00.35 0.40t00.70 2.95t03.55 1.00t01.45 0.08100.15 3 o

Notes *2: P=0.030, S=0.030

*3: P=0.025, S=0.015
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A graph of the oxygen content in steel over the
last 25 years is shown in Fig. 2.

The result of the life test with sample material
in Fig. 2 is shown in Fig. 3. The life tends to
become longer with decreasing oxygen content
in steel. The high-quality Z steel has a life span
which is about 1.8 times longer than that of
conventional degassed steel.

10.2 Long life bearing steel
(NSK Z steel)

It is well known that the rolling fatigue life of
high-carbon chrome bearing steel (SUJ2,
SAE52100) used for rolling bearings is greatly
affected by non-metallic inclusions.

Non-metallic inclusions are roughly divided
into three-types: sulfide, oxide, and nitride. The

life test executed for long periods showed that l I
oxide non-metallic inclusions exert a particularly 100 T |
i i i %] O Z-level steel

adverse effect on the rolling fatigue life. 8 ?}\ o Vacuum-degassed

& : bearing steel
Fig. 1 shows the parameter (oxygen content) = A

indicating the amount of oxide non-metallic \j; 107 °38 et

E

inclusions vs. life.

The oxygen amount in steel was minimized
as much as possible by reducing impurities (Ti,
S) substantially, thereby achieving a decrease in 108 N
the oxide non-metallic inclusions. The resulting
long-life steel is the Z steel.

The Z steel is an achievement of improved 0 & 10 20 30
steelmaking facility and operating conditions Oxygen content in steel, ppm
made possible by cooperation with a steel
maker on the basis of numerous life test data.

Fig. 1 Oxygen content in steel and
life of bearing steel

T (Airmeling steel) ;L
25 !
e () Life test samples
a I
- (Early vacuum-degassed steel)
3 20
1
£
€
s 15 -
5 Vacuum Bearing steel
2 degassed {(MGH vacuum degassed steel)
> A (Z-steel; Z level
< 10 Lanmtmam) vacuum-degassed
© RH steel) ’/
vacuum [ RH 100%
Mﬁ
degassed Improvement of furnace
and operating conditions L .
Continuous casting and
ladle furnace
0
65 70 75 80 1985

Year

Fig. 2 Transition of oxygen content in NSK bearing steels
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Cumulative failure probability, %
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¢
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&
1
10° 107 10 10°
Stress repetition, cycles
P Test | Failured | Weibull
Classification quantity | quantity | slope Ly Lso
O Air-melting steel 44 44 1.02 | 1.67x10° | 1.06%x10°
A .
vacuumdegassed | g0 | 80 | 1.10 | 2.82x10° | 1.55%X107
Dg/[e(;gsvsae?gga 46 | 41 | 116 | 692x10° | 3.47X10
< 7 steel 70 39 1.1 1.26X10" | 6.89% 10"

Remarks Testing of bearings marked dark Ill and 4 has not been finished
testing yet.

Fig. 3 Result of thrust life test of bearing steel

NSK
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10.3 High temperature bearing
materials

Even for rolling bearings with
countermeasures against high-temperature, the
upper limit of the operating temperature is a
maximum of about 400°C because of
constraints of lubricant. This kind of bearing
may be used in certain cases at around 500 to
600°C if the durable time, running speed, and
load are restricted. Materials used for high-
temperature bearings should be at a level
appropriate to the application purpose in terms
of hardness, fatigue strength, structural change,
and dimensional stability at the operating
temperature. In particular, the hardness is
important.

Ferrous materials generally selected for high
temperature applications include high-speed
steel (SKH4) and AISI M50 of Cr-Mo-V steel.
Where heat and corrosion resistances are
required, martensitic stainless steel SUS 440C
may be used. Chemical components of these
materials are shown along with bearings steel
SUJ2 in Table 1. Their hardness at high
temperature is shown in Fig. 1.

The high-temperature hardness of bearing
steel diminishes sharply when the tempering
temperature is exceeded. The upper limit of the
bearing’s operating temperature for a bearing

having been subjected to normal tempering (160

to 200°C) is around 120°C. If high-temperature
tempering (230 to 280°C) is made, then the
bearing may be used up to around 200°C as
long as the load is small.

SKH4 has been used with success as a
bearing material for X-ray tube and can resist
well at 450°C when operated with solid
lubricant. M50 is used mostly for high-
temperature and high-speed bearings of aircraft,
and the upper limit of operating temperature is
around 320°C.

208

Where hardness and corrosion resistance at
high temperature are required, SUS 440C, having
been subjected to high temperature tempering
(470 to 480°C), can have a hardness between
SUJ2 and M50. Accordingly, this steel can be
used reliably at a maximum temperature of
200°C. In high temperature environments at
600°C or more, even high-speed steel is not
sufficient in hardness. Accordingly, hastealloy of
Ni alloy or stellite of Co alloy is used.

At a temperature exceeding the above level,
fine ceramics may be used such as silicon
nitride (Si;N,) or silicon carbonate (SiC) which
are currently highlighted as high-temperature
corrosion resistant materials. Though not yet
satisfactory in workability and cost, these
materials may eventually be used in increasing
quantity.

NSK

160°C tempering
800 — SUS440C
600 —
SKH4
E 250°C tempering
g SUS440C
@ 400
C
°
®©
T
M50
200+
0 i | | 1
0 200 400 600 800

Temperature, °C

Fig. 1 Hardness of high-temperature materials

Table 1 High-temperature bearing materials

Steel type

C Si
SuJ2 1.02 0.25
SKH4 0.78 =04
M50 0.81 =0.25
SUS 440C 1.08 =1.0

Remarks Figures without=mark

Chemical composition % R "
emarks

Mn Ni Cr Mo W \Y% Co
=0.5 — 1.45 — — — — General use
=04 — 4.15 — 18.0 1.25 10.0 } High-temperature
=0.35 =0.10 4.0 4.25 =0.25 1.0 =0.25 use

Corrosion resistance/

< < < J— — —
=1.0 =0.60 17.0 =0.75 high temperature

indicate median of tolerance.
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10.4 Dimensional stability of bearing
steel

Sectional changes or changes in the
dimensions of rolling bearings as time passes
during operation is called aging deformation.
When the inner ring develops expansion due to
such deformation, the result is a decrease in the
interference between the shaft and inner ring.
This becomes one of the causes of inner ring
creep. Creep phenomenon, by which the shaft
and inner ring slip mutually, causes the bearing
to proceed from heat generation to seizure,
resulting in critical damage to the entire
machine. Consequently, appropriate measures
must be taken against aging deformation of the
bearing depending on the application.

Aging deformation of bearings may be
attributed to secular thermal decomposition of
retained austenite in steel after heat treatment.
The bearing develops gradual expansion along
with phase transformation.

General bearings
0.07

0.06 -

0.06 -

0.04 -

0.03

Dimensional change ratio, %

0.02 -

0.01+

Bearing temperature 130°C

The dimensional stability of the bearings,
therefore, varies in accordance with the relative
relationship between the tempering during heat
treatment and the bearing’s operating
temperature. The bearing dimensional stability
increases with rising tempering temperature
while the retained austenite decomposition
gradually expands as the bearing’s operating
temperature rises.

Fig. 1 shows how temperature influences the
bearing’s dimensional stability. In the right-hand
portion of the figure, the interference between
the inner ring and shaft in various shaft
tolerance classes is shown as percentages for
the shaft diameter. As is evident from Fig. 1,
the bearing dimensional stability becomes more
unfavorable as the bearing’s temperature rises.
Under these conditions, the interference
between the shaft and inner ring of a general
bearing is expected to decrease gradually. In
this view, loosening of the fit surface needs to
be prevented by using a bearing which has
received dimension stabilization treatment.

- ———Dimensionally stabilized bearings
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Total duration, h

Fig. 1 Bearing temperature and dimensional change ratio

When the bearing temperature is high, there
is a possibility of inner ring creep. Since due
attention is necessary for selection of an
appropriate bearing, it is essential to consult
NSK beforehand.

T | Interference / Shaft diameter, %
T
L6
T
r6
A p6
p6
L n6
L n6
4. m6
\ m6
d=4100 d=$200

NSK
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10.5 Characteristics of bearing and
shaft/housing materials

Rolling bearings must be able to resist high
load, run at high speed, and endure long-time
operation. It is also important to know the
characteristics of the shaft and housing
materials if the bearing performance is to be
fully exploited. Physical and mechanical
properties or typical materials of a bearing and

shaft/housing are shown for reference in Table 1.

212

Material Heat treatment
SuJ2 Quenching, tempering
SuJ2 Spheroidizing annealing
Quenching, low temp
5Cr420 temperingg
SAE4320  Quenching, low temp
o (SNCM420)  tempering
= Quenching, low temp
g SNCM815 temperingg
Quenching, low temp
SIEEAOD tempering
SPCC Annealing
5250 Annealing
CAC301 _
(HBsC1)
Quenching, 650°C
AEe tempering
Quenching, 520 to 620°C
50r430  fast cooling
Quenching, 520 to 620°C
S0r440  f3¢f cooling
Quenching, 150 to 200°C
| SCMa20 - cooling
e
(%)
Quenching, 650°C
SNCM439 tempering
SC46 Normalizing
1 038°C oil cooling,
5U8420J2 400°C air cooling
FC200 Casting
FCD400  Casting
o A1100 Annealing
D
3 AC4C Casting
T
ADC10 Casting
SUS304 Annealing

Note * JIS standard or reference value.
** Though Rockwell C scale is generally
Remarks Proportional limits of SUJ2 and

Table 1 Physical and mechanical properties of bearing and shaft/housing materials

NSK

Linear s .
| Thermal : . IYoung's |y, .| Tensile
h Specific Electric |lexpansion| Yield point Elong- |Hardness
Dge/r;illty heat CO,[R%L;/C’ resistance| coeff. m%}j&us MPa Stﬁggth ation Remarks
kJ/(kg-K) W/(-K) n-cm (9( t$ 89809 {kgt/mm?) {kgf/mm}{kgf/mmz} % HB
1370 |101080 650 to |High carb
to to |High carbon
783 125 a0r | 1e0 |08 Max| 2207 | chvome
46 22 to 200} bearing
420 647 steel No. 2
7.86 o 11.9 208 000 o o 27 180
e 48 21 108 | 120 E{% 1(122%)5 15 370 gg{jme
: s 0 17 902 | 1009 6 293 | Nickel
' {92} {103} to 375 |chrome
7.89 40 35 — — [0 iz, | (3, | moveee
Martensitic
768 | 0.46 24 60 101 | 30P | 1R | Y | — 580 | stanless
stee
[ X B I TN O B P AT
7.86 121 000} 303 431 Carbon steel
0.48 50 17 1.8 22 A 33 120 |for machine
structure
8.5 0.38 123 6.2 19.1 1{1085%8)0 — {AZﬁin_ 20Min. |  — g‘gg;ens'on
Carbon steel
18 128 | ¥7 001 4O e 25 217 |for machine
_ 47 structure
0.48 637 | 784 | eqmrr | 229
B 22 . 65) Min. | {80t Min. | 18 Min- | 15593 | Chrome
45 | 208000 | gof 341 | o ha, | “13Min. | 29, |
— 7.83 {21100} : ' Chrome
930 | wqp g | 262
48 21 12.8 — f 14 Min. molybde-
| {95) Min. to352 [movaee
0.47 Nickel
207000| 920 | 1030 chrome
88 30 T3 %000 | {94 | (108) 18 320 molybde-
num steel
_ _ _ _ _ 206 000 294 520 o7 143 Low carbon
{21 000} {30} {53} cast steel
Martensitic
175 [ 0w | 2 | = 200999 1489 | 10 | w0 | s e
10.4 steel
_ . *200 o Gray cast
7.3 0.50 43 o5 000 1205 . 217 Max | oa
Spheroidal
- {10000} | 250 | *400 |.yoypn | *201 -
70 | 048 20 nr {26} Min. | (41) Min. | “12MIn- | oohiax, |draphite
s | om0 | | o0 | w0 [0 & [ B | ® | — [foten
Aluminum
268 | 088 | 151 a2 | 215 | 200 & 181 7 —  |aloyfor
sand casting
Aluminum
274 | 096 | 9 75 | 220 | A0%0| 18T | %23 4 — |alloyfordie
casting
Austenitic
803 | 050 15 72 | 1§70 198000 20 pes 60 150 | stainless
. steel

used, Brinel hardness is shown for comparison. )
SCr420 are 833 MPa {85 kgf/mm®} and 440 MPa {45 kgf/mm’} respectively as reference.
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10.6 Engineering ceramics as bearing
material

Ceramics are superior to metal materials in
corrosion, heat, and wear resistance, but limited
in application because they are generally fragile.
But engineering ceramics that have overcome
this problem of fragility are highlighted as
materials to replace metals in various fields.
Engineering ceramics have already been used
widely for cutting tools, valves, nozzles, heat
insulation materials, and structural members.

More specifically, ceramic material is
highlighted as a bearing material. In practice,
the angular contact ball bearing with silicon
nitride balls is applied to the head spindle of
machine tools. The heat generation
characteristics and machine rigidity allow this
material to offer functions which have not been
available up to now with other materials.

Characteristics of engineering ceramics and
bearing steel are shown in Table 1. Engineering
ceramics have the following advantages as a
bearing material over metals:

O Low density for weight reduction and high-

speed rotation

O High hardness and small frictional

coefficient, and superiority in wear
resistance

© Small coefficient of thermal expansion and

satisfactory dimensional stability

O Superior heat resistance and less strength

degradation at high temperature

O Excellent corrosion resistance

O Superior electric insulation

© Non-magnetic

Development of applications that take
advantage of these characteristics are actively
underway. For example, bearings for rotary units
to handle molten metals, and non-lubricated
bearings in clean environments (clean rooms,
semiconductor manufacture systems, etc.).

214

Engineering ceramics include many kinds
such as silicon nitride, silicon carbonate,
alumina, partially-stabilized zirconia. Each of
these materials has its own distinctive
properties.

To successfully use ceramics as bearing
material, it is essential to know various
properties of ceramic materials and to select the
material to match the operating conditions.
Though suffering from problems of workability
and cost, improvement in material design and
manufacturing technology will further accelerate
application of ceramic bearings in high
temperature environments, corrosive
environments, and in vacuum environments.

What is required most of the engineering
ceramics as bearing materials is greater
reliability in terms of rolling fatigue life. In
particular, ceramic bearings are used at high
temperatures or high speeds. Thus, any
damage will exert an adverse effect on
performance of peripheral devices of the
machine. Numerous measures have been taken
such as processing the raw material powder to
sintering and machining in order to enhance the
reliability of the rolling life.

Table 1 Properties of engineering ceramics and metal material (bearing steel)

NSK

) Density Hardness
Material g/em® v
Silicon nitride
(SiN,) 3.1t03.3 1500 to 2 000
Silicon

carbonate (SiC) 31t03.2 1800 to 2 500

Alumina
(ALOs)

Partly-stabilized
zirconia (ZrO.)

3.6t03.9 1900 to 2 700

5.8t0 6.1 1300 to 1 500

Bearing steel 7.8 700

Young’s modulus |Flexural strength Fracture Ligi%;rseigwal T:ﬁ(;g?l C;Zedgsli ty p eEsliif;:(ée
(AOkghmmy | () | S S | | v s O-em
2{2% 10 g,g}o 73%; ! ngo 521070 | 251033 |800to1000 {01023 10 5?2} 10" t0 10"
3{1&? o ﬁg}o 5({)5% o %})O 301050 | 381050 | 400t0700 {0%161 o fs} 100 to 200
38%&3 gg}o S?B%tt‘g 550?0 38t045 | 681081 | 19010210 {OTOT&?SB} 10" 10 10
13%3 2211}0 9380% ! 2%?0 8510100 | 9210105 | 23010350 (0‘0025@ (:)3,008} 10" t0 10"
{22918} — 1410 18 125 — {0?’102} 10°
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Fig. 1 shows a Weibull plot of the results of a
test with radial ball bearings using ceramic balls
of silicon nitride of six kinds of HIP (sintered
under atmospheric pressure) differing in raw
material, structure, and components. The test
was conducted, with 3/8” diameter ceramic
balls incorporated into inner and outer rings of
bearing steel, under conditions of Table 2.

X and Y in Fig. 1 are bearings with NSK-
made ceramic balls developed under strict
control of the material manufacturing process. A
theoretical calculation life (L) of bearing with
steel balls under the same test conditions is
263 hours. It can, therefore, be stated that
NSK-made ceramic balls have a life of more
than eight times as long as L, of bearings with
steel balls. Other ceramic balls develop flaking
while suffering wider variance within a shorter
period of time.

The flaking pattern shows a unique fatigue
appearance (Photo 1), mostly indicating a type
of flaking which is generated by foreign metallic
material, segregation of the sintering auxiliary
agent, or the occurrence of pores.

The commonly highlighted strength
characteristics of engineering ceramics are
flexural strength, hardness, and K (fracture
toughness). Apart from these characteristics, the
material needs to be free from defects such as
pores or segregation of the auxiliary agent. This
can be accomplished through cleaning of the
material base and optimum sintering.

Accordingly, due and careful consideration of
the material maker is necessary during
processing stages from raw material powder to
sintering in order to transform ceramics into a
an extremely reliable engineering bearing
material.

Table 2 Test conditions

Test bearing

Support bearing 6304
3800 N {390 kgf}

Radial load

Max. contact surface
pressure

Speed 3000 min™*
FBK oil RO-68

Lubrication

6206 with 8 ceramic balls and nylon cage

2 800 MPa {290 kgf/mm?}
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Culmulative failure probability (F), %

NSK

99 I I I T
95 Symbols D_A— b‘
901 O : Developmental X ( 3 lots, n=19) é‘ -
80 A : Developmental Y (2 lots, n=11) »
701 [0 : Conventional A (3 lots, n=23)
28 [ | === Conventional B (2 lots, n=9)
o — Conventional C (2 lots, n=7) /
- ——~: Conventional D (3 lots, n=14) 117
301 —- -~ Conventional E (2 lots, n=11) 1=
L1 y
20 -—— i/
== ,/
10 et =] - AL
RE - - LA
L — L+ L4 Lo [

5 ="

4 U=

3

2

1

10 100 1 000 10 000

Rolling fatigue life, h

Fig. 1 Weibull plot of life test results

1 mm

Photo 1 Appearance of flaking
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10.7 Physical properties of
representative polymers used as
bearing material

Because of lightweight, easy formability, and
high corrosion resistance, polymer materials are
used widely as a material for cages. Polymers
may be used independently, but they are usually
combined with functional fillers to form a
composite material. Composites can be
customized to have specific properties. In this
way composites can be designed to be bearing
materials. For example, fillers can be used to
improve such properties as low friction, low
wear, non-stick slip characteristic, high limit PV
value, non-scrubbing of counterpart material,
mechanical properties, and heat resistance, etc.

Table 1 shows characteristics of

representative polymer materials used for
bearings.
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Elastic
Plastics modulus
(GPa) (")
Polyethylene
HDPE 0.1
UHMWPE 50.5
Polyamide
Nylon 6 2.5
Nylon 66 3.0
Nylon 11 1.25
Polytetra fluoroethylene
PTFE 0.40
Poly buthylene terephthalate 27
PBT '
Polyacetal
POM
Homo-polymer 3.2
Co-polymer 2.9
Polyether sulfon 246
Polysulfon
PSf 2.5
Polyallylate 1.3
(Aromatic polyester) 3.0
Polyphenylene sulfide 49
PPS (GF 40%) '
Polyether ether keton 17
PEEK '
10
Poly-meta-phenylene (fiber)
isophthalic amide 7.7
(mold)
3
(film)
Polypromellitic imide
i imide) PI
(Aromatic polyimide) 251082
(mold)
Polyamide imide
PAI 47
Polyether imide 3.6

(Aromatic polyimide) PI

Polyamino bis-maleimide

Notes () GPa=10" kgl/cm’= 10" kgf/mm”
(%) If there is a slash mark “/" in the thermal
(%) Reference value

Table 1 Characteristics of representative polymers

NSK

. Specific i - Glass Thermal | Continuous
Strength | Density eI%st:c sSt?éean{ﬁ l\/g)(e(img transition | deformation | operating Remarks
3 | modulus 4 3 temp temperature | temperature
GPa () | gem' | PG00 | X 10'mm C A JJC 2 X
High creep and
0.03 0.96 12.6 3.3 132 —20 75/50 — toughness,
0.025 0.94 53.2 2.7 136 —20 75/50 — softening
High water
0.07 1.13 221.2 6.2 215 50 150/57 | 80to 120 |absorption and
0.08 1.14 263.2 7.0 264 60 180/60 | 80to 120 |toughness
Lower than
004 | 104 | 1202 3.8 180 — 150/55 | nylon6 |LOWwater
or 66 P
High creep,
sintering,low
0.028 2.16 18.5 1.3 327 115 120/— 260 friction and
adhesion, inert.
Stable at 290°C
0.06 1.31 206.1 4.6 225 30 230/215 155
{—thhhardnelss and
0.07 1.42 225.3 49 175 —13 170/120 — OUgnness, 1ow
0.06 | 141 | 2057 43 165 — 155/110 104 | Water absorption
Usable up to
0.086 1.37 179.6 6.3 — 225 210/2083 180 200°C
Chemically stable
0.07 1.24 201.6 5.6 — 190 181/175 150
Inert, high
0.07 1.35 96.3 5.2 350 — 293 300 hardness, Used as
0.075 1.40 214.3 5.4 350 — 293 260 to 300 | filler for PTFE
Stable up to 320°C
014 | 164 | 2561 85 275 94 >260 200  |Hotouredat
0.093 1.30 130.8 7.2 335 144 152 240
0.7 1.38 724.6 50.7 375 >230 280 220 Fire retardant. heat
0.18 1.33 579 13.5 415 >230 280 220 resistance fiber
(decomposition),
Heat de- 417 No change in inert
0.17 1.43 203 7.0 composition |decomposition 360/250 300 () gas up tg 350°C
Heat d 417 ggspéefupgo i
eat de- or bearing.
0.1 1.43 203 7.0 composition |decomposition 360/250 260 Sintering, no fusign
(molded products)
Usableupto
290°C as adhesive
02 | 141 | 3333 | 142 - 280 260 210 |prenarel
polyimide of
melting forming
Improved
0.107 1.27 240.9 — — 215 210/200 170 polyimide of
melting forming
0.35 1.6 — 21.9 — — 330 (%) 260

deformation temperature column, then the value to the left of the “/" applies to 451 kPa, If there, the value relates to 1.82 MPa.
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10.8 Characteristics of nylon material
for cages

In various bearings these days, plastic cages
have come to replace metal cages increasingly.
Advantages of using plastic cages may be
summarized as follows:

(1) Lightweight and favorable for use with

high-speed rotation

(2) Self-lubricating and low wear. Worn

powders are usually not produced when
plastic cages are used. As a result, a
highly clean internal state is maintained.

(8) Low noise appropriate atm silent

environments

(4) Highly corrosion resistant, without rusting

(5) Highly shock resistant, proving durable

under high moment loading

(6) Easy molding of complicated shapes,

ensures high freedom for selection of cage
shape. Thus, better cage performance can
be obtained.

As to disadvantages when compared with
metal cages, plastic cages have low heat
resistance and limited operating temperature
range (normally 120°C). Due attention is also
necessary for use because plastic cages are
sensitive to certain chemicals. Polyamide resin is
a representative plastic cage material. Among
polyamide resins, nylon 66 is used in large
quantity because of its high heat resistance and
mechanical properties.

Polyamide resin contains the amide coupling
(-NHCO-) with hydrogen bonding capability in
the molecular chain and is characterized by its
regulation of mechanical properties and water
absorption according to the concentration and
hydrogen bonding state. High water absorption
(Fig. 1) of nylon 66 is generally regarded as a
shortcoming because it causes dimensional
distortion or deterioration of rigidity. On the
other hand, however, water absorption helps
enhance flexibility and prevents cage damage
during bearing assembly when a cage is
required to have a substantial holding
interference for the rolling elements. This also
causes improvement is toughness which is
effective for shock absorption during use. In this
way, a so-called shortcoming may be
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considered as an advantage under certain
conditions.

Nylon can be improved substantially in
strength and heat resistance by adding a small
amount of fiber. Therefore, materials reinforced
by glass fiber may be used depending on the
cage type and application. In view of
maintaining deformation of the cage during
assembly of bearings, it is common to use a
relatively small amount of glass fiber to reinforce
the cage. (Table 1)

Nylon 66 demonstrates vastly superior
performance under mild operating conditions
and has wide application possibilities as a
mainstream plastic cage material. However, it
often develops sudden deterioration under
severe conditions (in high temperature oil, etc.).
Therefore, due attention should be paid to this
material during practical operation.

As an example, Table 2 shows the time
necessary for the endurance performance of
various nylon 66 materials to drop to 50% of
the initial value under several different cases.

12+ Ny4,6
< 10| Ny6
=
bS]
S sl Ny66
(5]
e
2
(%]
3 6
1S
IS
2
S 44
= Ny6,10
> Ny6,12
w
2k Ny11
Ny12
0 i 1 4
0 20 40 60 80 100

Relative humidity, %

Fig. 1 Equilibrium moisture content and
relative humidity of various nylons

Material deterioration in oil varies depending on
the kind of oil. Deterioration is excessive if the
oil contains an extreme-pressure agent. It is
known that sulfurous extreme-pressure agents
accelerate deterioration more than phosphorous
extreme-pressure agents and such deterioration
occurs more rapidly with rising temperatures.

NSK

On the other hand, material deteriorates less
in grease or air than in oil. Besides, materials
reinforced with glass fiber can suppress
deterioration of the strength through material
deterioration by means of the reinforcement
effect of glass fibers, thereby, helping to extend
the durability period.

Table 1 Examples of applications with fiber reinforced nylon cages

Bearing type Main aplication Cage material
o Miniature ball bearings VCR, IC cooling fans
£ ) .
S Deep groove ball bearings égggiwﬁct)%;sr,sfan motors for air Nylon 66
= (Glass fiber content: 0 to 10%)
S Angular contact ball bearings Magnetic clutches, automotive
wheels
2 Needle roller bearings Automotive transmissions
§ Tapered roller bearings Automotive wheels Nylon 66
5 ET-type cylindrical roller bearings | General (Glass fiber content: 10 to 25%)
&  H-type spherical roller bearings General

Table 2 Environmental resistance of nylon 66 resin

Environment Temper- | Glass Hours for the physical property value to drop to 50%, h Remarks
ature, °C |content SQO 1090 1590 20p0
120 8 — ‘ ‘ ‘ ‘ Contains an
. extreme
Gear oil 0 jmm pressure
140 A — additive
D
100 A Contains an
extreme
: 120 A pressure
Synthetic 0 |— additive
lubricating 130 A ——
ol C
0 j——
150 B | m—
oil D :
0 Contains an
80 D extreme
Hydraulic 120 0 |—— pressure
oil D additive
0 mm
150 D
0
120 D
ATF oil 0 |—
140 A
D
: | 0
Engine ol 120 D
0
80 D
0
Grease 120 D
A
130 D
0
160 A
Air C
0 |——
180 B

Class content: AXBKC<D
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10.9 Heat-resistant resin materials for
cages

Currently, polyamide resin shows superior
performance under medium operating
environmental conditions. This feature plus its
relative inexpensiveness lead to its use in
increasing quantities. But, the material suffers
from secular material deterioration or aging
which creates a practical problem during
continuous use at 120°C or more or under
constant or intermittent contact with either oils
(containing an extreme pressure agent) or acids.

Super-engineering plastics should be used for
the cage materials of bearings running in severe
environments such as high temperature over
150°C or corrosive chemicals. Though super-
engineering plastics have good material
properties like heat resistance, chemical
resistance, rigidity at high temperature,
mechanical strength, they have problems with
characteristics required for the cage materials
like toughness when molding or bearing
assembling, weld strength, fatigue resistance.
Also, the material cost is expensive. Table 1
shows the evaluation results of typical super-
engineering plastics, which can be injection
molded into cage shapes.

Among the materials in Table 1, though the
branch type polyphenylene sulfide (PPS) is
popularly used, the cage design is restricted
since forced-removal from the die is difficult due
to poor toughness and brittleness. Moreover,
PPS is not always good as a cage material,
since the claw, stay, ring, or flange of the cage
is easily broken on the bearing assembling line.
On the other hand, the heat resistant plastic
cage developed by NSK, is made of linear-chain
high molecules which have been polymerized
from molecular chains. These molecular chains
do not contain branch or crosslinking so they
have high toughness compared to the former
material (branch type PPS). Linear PPS is not
only superior in heat resistance, oil resistance,
and chemical resistance, but also has good
mechanical characteristics such as snap fitting
(an important characteristic for cages), and high
temperature rigidity.
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NSK has reduced the disadvantages
associated with linear PPS: difficulty of removing
from the die and slow crystallization speed,
thereby establishing it as a material suitable for
cages. Thus, linear PPS is thought to satisfy the
required capabilities for a heat resistant cage
material considering the relation between the
cost and performance.

Table 1 Properties of typical super-engineering plastic materials for cages

Polyether sulfone

Classification
Resin Amorphous resin
Continuous temp 180°C

®Poor toughness
(Pay attention to
cage shape)

Physical properties

eLow weld strength

eSmall fatigue
resistance

Environmental ®\Vater absorption
properties (Poor dimensional
stability)
®Good aging
resistance
®Poor stress
cracking resistance
Material cost 3
(Superiority)

Cage application eMany performance

problems
®High material price

Polyether imide Polyamide imide Polyether etherketon Branch type Linear type
(PED) (PAI) (PEEK) polyphenylene polyphenylene
sulfide (PPS) suffide (L-PPS)
Amorphous resin Amorphous resin Crystalline resin Crystalline resin Crystalline resin
170°C 210°C 240°C 220°C 220°C
®Poor toughness ®\/ery brittle (No oExcellent oExcellent oExcellent
forced-removal toughness, wear mechanical mechanical
*Small weld strength molding) and fatigue properties properties
.rsegzltggggue ®Special heat resistance eSlightly low ®Good toughness
Lr(sa:tment before eSmall weld strength | toughness eGood dimensional
stability (No water
®High rigidity, after absorption)
heat treatment
eGood aging eGood environment | ®Good environment | ®Good environment | ®Good environment
resistance resistance resistance resistance resistance (Not
®Poor stress aﬁe“?d by most ,
cracking resistance chemicals. Dossn’t
deteriorate in high
temperature oil with
extreme pressure
additives).
2 5 4 1 1
e\any performance | ®Good performance | ®Excellent ®Problems with ®Reasonable cost for
problems eHigh material and performance toughness kt'zsoeer;cr)];n:;nce
eHigh material cost molding cost (For ®High material cost ®Cost is high a Iigcations)
special applications)| (For special compared to its PP
applications) performance
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10.10 Features and operating
temperature range of ball
bearing seal material

The sealed ball bearing is a ball bearing with
seals as shown in Figs. 1 and 2. There are two
seal types: non-contact seal type and contact
seal type. For rubber seal material, nitrile rubber
is used for general purpose and poly-acrylic
rubber, silicon rubber, and fluoric rubber are
used depending on temperature conditions.

These rubbers have their own unique nature
and appropriate rubber must be selected by
considering the particular application
environment and running conditions.

Table 1 shows principal features of each
rubber material and the operating temperature
range of the bearing seal. The operating
temperature range of Table 1 is a guideline for
continuous operation. Thermal aging of rubber
is related to the temperature and time. Rubber
may be used in a much wider range of
operating temperatures depending on the
operating time and frequency.

In the non-contact seal, heat generation due
to friction on the lip can be ignored. And
thermal factors, which cause aging of the
rubber, are physical changes due to
atmospheric and bearing temperatures.
Accordingly, increased hardness or loss of
elasticity due to thermal aging exerts only a
negligible effect on the seal performance. A
rubber non-contact seal can thus be used in an
expanded range of operating temperatures
greater than that for a contact seal.

But there are some disadvantages. The
contact seal has a problem with wear occurring
at the seal lip due to friction, thermal plastic
deformation, and hardening. When friction or

plastic deformation occurs, the contact pressure

between the lip and slide surface decreases,
resulting in a clearance. This clearance is
minimum and does not cause excessive
degradation of sealing performance (for
instance, it does not allow dust entry or grease
leakage). In most cases, this minor plastic
deformation or slightly increased hardness
presents no practical problems.
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However, in external environments with dust
and water in large quantity, the bearing seal is
used as an auxiliary seal and a principal seal
should be provided separately. As so far
described, the operating temperature range of
rubber material is only a guideline for selection.
Since heat resistant rubber is expensive, it is
important to understand the temperature
conditions so that an economical selection can
be made. Due attention should also be paid not
only to heat resistance, but also to the
distinctive features of each rubber.

Contact
rubber seal (DDU)

Non-contact
rubber seal (VV)

Fig. 1 Fig. 2

NSK

Table 1 Features and operating temperature range of rubber materials

Material Nitrile rubber Polyacrylic rubber Silicon rubber Fluorine rubber
©Most popular seal | °Superior in heat ©High heat and ©High heat resist-
material and oil resistances | cold resistances ance
©Superior in oil and | ©Large compres- Slnferior in mecha- | ©Superior in oil
wear resistances sion causes nical properties and chemical
and mechanical permanent other than perma- | resistances
properties deformation Bengocriﬁfc;g;gcr)‘n “Cold resistance
“Readily ages Clnferior in cold Pé attepntion to. similar to nitrile
under direct sun- resistance teayr strength rubber
ey ializs rays ©One of the less cPay attention so OAttention is neces-
OLess expensive expensive mater- | as ¥ o avoid swell sary because it
than other rubbers | ials among the caused by low deteriorates the
high temperature aniline poiynt urea grease
materials mineral oil, sili-
OAttention is neces- | cone grease, and
sary because it silicone oil
swells the ester oil
based grease
Operating N —50t0 +130 —30to +170 —100 to +250 —50to +220
temperature contact seal
range (')
o) Contact 3010 +110 —15t0 +150 —70t0 +200 —30to +200

Note (') This operating temperature is the temperature of seal rubber materials.
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11. Load calculation of gears

11.1 Calculation of loads on spur,
helical, and double-helical gears

There is an extremely close relationship
among the two mechanical elements, gears and
rolling bearings. Gear units, which are widely
used in machines, are almost always used with
bearings. Rating life calculation and selection of
bearings to be used in gear units are based on
the load at the gear meshing point.

The load at the gear meshing point is
calculated as follows:

Spur gear:
P—p.— 9 550 000H _ 9 550 000H
1=12= =
(%) (%)
Ny | — No | —
2 2
--------------------------------------------- (N)
974 000H _ 974 000H . fkef)
(%) (%)
ny | —— N | ——
2 2
S1=Ss=P tana
The magnitudes of the forces P, and S.
applied to the driven gear are the same as P,
and S, respectively, but the direction is
opposite.
Helical gear:
P=Py= 9 550 000H _ 9 550 000H
(3 (%)
n | — No | —
2 2
............................................. N)
__974 000H _ 974 000H . . fkef)
(3] (%)
7 Ny
2 2
S,=S,= Ptana,
cosf
T=T,=P;tanf
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The magnitudes of the forces P, S, and T,
applied to the driven gear are the same as P,
Sy, and T respectively, but the direction is
opposite.

Double-helical gear:

P=P,= 9 550 000H _ 9 550 000H

(5 )
n | — No | —
2 2
............................................. N)
974 000H _ 974 000H
RES T
ny [ —— N [ ——
2 2
5,=S,= Pitana,
cosf

where, P.  Tangential force (N), {kgf}
Separating force (N), {kgf}
Thrust (N), {kgf}
Transmitted power (kW)
Speed (min™)
Pitch diameter (mm)
Gear pressure angle
a,: Gear normal pressure angle
B Twist angle
Subscript 1: Driving gear
Subscript 2: Driving gear

| &

In the case of double-helical gears, thrust of
the helical gears offsets each other and thus
only tangential and separating forces act. For
the directions of tangential, separating, and
thrust forces, please refer to Figs. 1 and 2.

NSK

7,
=¥
1
Driving gear
S P,
l _l® |
®
PeS:
Driven gear J — L R
A/
~L
2
@ Vertical upward on paper
& Vertical downward on paper
Fig. 1 Spur gear
™
\\
v
i o~
Driving gear Right-handed twistmf=swd>l—
S~
o F
O 1
P, T,=| ‘® T,
P15,
|~
Driven gear e
g Lefthanded twist 1
I’
»
Ny "

@ Vertical upward on paper
® Vertical downward on paper

Fig. 2 Helical gear
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Load calculation of gears

The thrust direction of the helical gear varies
depending on the gear running direction, gear
twist direction, and whether the gear is driving
or driven.

The directions are as follows:

The force on the bearing is determined as
follows:

Tangential force:

p,—p,—9 550 000K _ 9 550 000K

T
2 2
--------------------------------------------- N)
_ 74 ZOOH _STA000H .. kel
pl p2
n, | 2L Ny | —2
(%) (%)
Separating force: §,=5,=P, A%
cosf

Thrust: T\=T.=P,-tanB

The same method can be applied to bearings
C and D.

Table 1
cIasLs%igtion Bearing A Bearing B
o Fzglm ‘\:aib P® P“:ai—bpl ®
®©
i; F'gm Sa= a-?—bS1 t | 5= aib St
©
& Frjglm U\:%Tl 1 UB:%TI 3
T loee Fa= VPTG U | Fu= Pt G Uy
Axial load F.=T, -

Load direction is shown referring to left side of Fig. 3.

® Vertical upward on paper
® Vertical downward on paper

| a b |
[
D Pt R Ny
M
) + + . -
Bearing A == +— Bearing B Driving gear
+ — +
i+ Sip i3]
T, ® ® T, Py P,
PYS,
Bearing C rﬂ =1 E‘Bearing D - Driven gear
L
3
[o] d [
™ L
Fig. 3
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Driving
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Driving .
right twist \v"

{

D

f\\
| f
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S

Fig. 4 Thrust direction

NSK

) |

~”

229



Load calculation of gears

11.2 Calculation of load acting on
straight bevel gears

The load at the meshing point of straight
bevel gears is calculated as follows:

9 550 000H _ 9 550 000H

where, D,,: Average pitch diameter (mm)
d,. Pitch diameter (mm)
w:  Gear width (pitch line length) (mm)
a,: Gear normal pressure angle
6:  Pitch cone angle
Generally, 6,+6.=90°. In this case, S, and T (or

Pi=Py= D o S, and T) are the same in magnitude but
”1( 5 ) ”2( 2') opposite in direction. S/P and T/P for ¢ are
shown in Fig. 3. The load on the bearing can
be calculated as shown below.
--------------------------------------------- (N)
__974 000H __ 974 000H . . . fkef)
5 ( Dui ) " ( Dus )
2 2
Dmlzdpl_w sind,
Dyo=d e~ sind,
S\=Ptana, cosd,
Se=Pstana, cosd.
T\=P\tana, cosd;
To=Pstana, coso,
@ Vertical upward on paper
Table 1 ® Vertical downward on paper
Load . . . )
classification Bearing A Bearing B Bearing C Bearing D
b _atb P _d _C
8 From P Py= Py @ Py= a Py X P(tfc_i_dpz @ Prxfc_’_dpz @®
o
= atb d [
%{: From S Sa= S 3 Sp= a S 1 Sc= ot Sy = SU:WSZ =
o
Duy Duy . D Dy
=_—ml =_—ml =7 G = _T =
From?  Us=—"—T ¢ U=—p T ¥ Ue 20+d) T, Uy 2o+ T,
Combined _ T Q 3 _ DAY ; _ B 3 _ ; 7
redial ,'oad Fo=y PP+ U | Fa=yPi+Se—Us) | Fo=v P’ +(Sc—U) | Fio=+/Py+(So+U)
Axial load F.=T - F.=T, 2 2

Load direction is shown referring to Fig. 2.
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Driving gear
(counterclockwise as
viewed from the opposite

side of the cone crest) P, Si )
T ® S !
oS |
I P2
17, I
Dy e}
A
Driven gear
Fig. 1
a b
Bearing A Bearing B
T,
0.5
—— .
~ b ') ~
RSN 25
0.4 ‘\ %
TR T
S/p 03 ™ A -
or =50 =1
TP N =
TR
0.2 A ——
=0 17 ¥V >} N\ =L
§74 2< >\ N
BV/ZD QNN
- - < \!
/ T s X
L~ Fl’ P N
0

6] 10 20 30 40 50 60 70 80 90
Pitch cone angle 6, °

Fig. 3
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Load calculation of gears

11.3 Calculation of load on spiral
bevel gears

In the case of spiral bevel gears, the
magnitude and direction of loads at the meshing
point vary depending on the running direction
and gear twist direction. The running is either
clockwise or counterclockwise as viewed from
the side opposite of the gears (Fig. 1). The gear
twist direction is classified as shown in Fig. 2.
The force at the meshing point is calculated as
follows:

p,_p,—_9 550 000H _ 9 650 000H

5] el
2 2
............................................. (N)
- STADOH _ OT4OO00H ... (ke
) el
2 2

where, a,;  Gear normal pressure angle
B Twisting angle
6:  Pitch cone angle
w:  Gear width (mm)
D,.: Average pitch diameter (mm)
d,: Pitch diameter (mm)

Note that the following applies:
Dyu=d,—wsing,
D,o=d,,—wsing.

The separating force S and T are as follows
depending on the running direction and gear
twist direction:

(1) Clockwise with right twisting or
counterclockwise with left twisting

Driving gear
Separating force

Si= i (tana, cosd,+singB sind)
cosf

Thrust
U
cosf

(tana, sind,—sinfB cosd,)
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Driven gear
Separating force

P

So=
cosf

(tana,, cosd,—sinB sind,)

Thrust
To= (tana, sinds+sinB cosds)
cosp

(2) Counterclockwise with right twist or
clockwise with left twist

Driving gear
Separating force

§=—L (tana, cosd—sing sind,)
cosp

Thrust
i
cosf

(tana, sind;+sinB cosd)

Driven gear
Separating force

So= P (tana,, cosd,+sinB sind.)
cosf

(tana, sind,—sinB cosd,)

The positive (plus) calculation result means that
the load is acting in a direction to separate the
gears while a negative (minus) one means that
the load is acting in a direction to bring the
gears nearer.

Generally, §,+6,=90°. In this case, T, and S:
(S; and T%) are the same in magnitude but
opposite in direction. The load on the bearing
can be calculated by the same method as
described in Section 11.2, “Calculation of load
acting on straight bevel gears.”

A

NSK

Clockwise

A
\/

Counterclockwise

Babh
N

Left twist

Fig. 1
w
Right twist
Fig. 2
—2

[}
oy Di, - : -
T P, Sx J \ \
l L oL~
oy % P,
7,
Dm2
a.

@ Vertical upward on paper
& Vertical downward on paper

Fig. 3
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11.4 Calculation of load acting on

hypoid gears

The force acting at the meshing point of

hypoid gears is calculated as follows:

p,—_9550 000H _ cosp
=

= Py oo

2

974 0004 cosp

= = Py e

n ( Dy ) cosp:
2

P 9 550 000H

(%)

974 000H

()

21 . cosB

D.m:sz
2y COosfs

szzdpz—wzsinéz

where, a,:  Gear normal pressure angle

B Twisting angle

o:  Pitch cone angle

w:  Gear width (mm)

D, Average pitch diameter (mm)
d,: Pitch diameter (mm)

21 Number of teeth

The separating force S and T are as follows

depending on the running direction and gear

twist direction:

(1) Clockwise with right twisting or
counterclockwise with left twisting

Driving gear
Separating force

Si= Pl
cosf

(tana, cosd,+sing; sind;)
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Thrust

T\= ‘ﬁ (tana, sind,—singB; cosd,)

COspy

Driven gear
Separating force

2

So= P (tana, cosd.—sinB, sinds)
cosfs

Thrust
Ty=—"2— (tana, sinds+sinB; cosds)
cospBs

(2) Counterclockwise with right twist or
clockwise with left twist

Driving gear
Separating force
P,

Si= (tana, cosd,—sinB; sind,)
cospB

Thrust

1
cosp

(tana, sind;+sinB; cosdy)

1=

Driven gear
Separating force

Py
cospBs

So=

(tana, cosds+sinB, sind,)

Thrust

Ty= 7 (tana, sinds—sinB, cosds)

COSp2

The positive (plus) calculation result means
that the load is acting in a direction to separate
the gears while a negative (minus) one means
that the load is acting in a direction to bring the
gears nearer.

For the running direction and gear twist
direction, refer to Section 11.3, “Calculation of
load on spiral bevel gears.” The load on the
bearing can be calculated by the same method
as described in Section 11.2, “Calculation of
load acting on straight bevel gears.”

NSK
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Load calculation of gears

The next calculation diagram is used to
determine the approximate value and direction
of separating force S and thrust 7.

[How To Use]

The method of determining the separating force

S is shown. The thrust 7' can also be

determined in a similar manner.

1. Take the gear normal pressure angle a, from
the vertical scale on the left side of the
diagram.

2.

3.

Determine the intersection between the pitch
cone angle 6 and the twist angle .
Determine one point which is either above or
below the =0 line according to the rotating
direction and gear twist direction.

Draw a line connecting the two points and
read the point at which the line cuts through
the right vertical scale. This reading gives the
ratio (S/P, %) of the separating force S to the
tangential force P in percentage.
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(%)
Left twist, counterclockwise, driving gear 150
Right twist, clockwise, driving gear |
Left twist, clockwise, driven gear SE
Right twist, counterclockwise, driven gear 1130
& —120
110
=100
— 90
= 80
F
= 70
L
— 60
= 50
' 40
- +
2N g o( )
95 +
=5 - 20
o= [
d=1745 — 10
= [, S
5= L P
o= — 10
6: -
5= - 20
55/’ R
30 )
- 40
~ 50
~ 60
i~ 70
I~ 80
— 90
100
Left twist, clockwise, driving gear 110
Right twist, counterclockwise, driving gear g B 120

Left twist, counterclockwise, driven gear
Right twist, clockwise, driven gear

Calculation diagram of separating force S

Left twist, clockwise, driving gear

150 A .
n Right twist, counterclockwise, driving gear
] Left twist, counterclockwise, driven gear
130— [l Right twist, clockwise, driven gear
120K x
110
100
90~
80—
70
60
50—
40— .
(+) _ S
807 =3
0 ” 30
e 5
10— =80
T 1 §=85"
P O 3=90"
R J=g5°
10 \:go
=75
20— \\70o
<05
301 >

Calculation diagram

Left twist, counterclockwise, driving gear
Right twist, clockwise, driving gear

Left twist, clockwise, driven gear

Right twist, counterclockwise. driven gear

of thrust T

a®

L

_k
S

NSK
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Load calculation of gears NSK

11.5 Calculation of load on worm gear @.: Gear normal pressure angle v0)
a,: Shaft plane pressure angle 8 77 6 b5 4 3 2" ] 174

A worm gear is a kind of spigot gear, which Z,. No. of threads (No. of teeth of worm 1een a2
can produce a high reduction ratio with small gear)
volume. The load at a meshing point of worm 7, No. of teeth of worm wheel
gears is calculated as shown in Table 1. Subscript 1: For driving worm gear 0.2 0.4 0.6 0.81.0 2.0 3.0 4.05.06.0
Symbols of Table 1 are as follows: Subscript 2: For driving worm gear Vie (m/sec)

&: Gear ratio (i: ZA ) In a worm gear, there are four combinations Fg 1

of interaction at the meshing point as shown
below depending on the twist directions and
: Worm gear efficienc - tany ; o
UE 9 Y | n= tan(y+) rotating directions of the worm gear. s

T, v
Ly The load on the bearing is obtained from the S
v: Advance angle (Ftan iy, ) magnitude and direction of each component at !
the meshing point of the worm gears according

Worm wheel
o ) to the method shown in Table 1 of Section
l//: For the frictional angle, the value obtained 111Y Calculation of loads on spur, helical, and

ndyn,  10° double-helical gears. Fig. 2.1 Right twist worm gear
cosy 60

@® Vertical upward on paper

e i e
from V= X Vertical downward on paper

as shown in Fig. 1 is used.

When Vi is 0.2 m/s or less, then use y=8°.
When Vi exceeds 6 m/s, use y=1°4".

Table 1
Force Worm Worm wheel
9 550 000H 9 550 000Hn B Py B P,
(dm ) ® <dp2 ) T tany  tan(y+y)
1y (N
2 2
Tangential e N)
P .
974 000H 974 000Hn _ Pin _ P,
7(1‘)1 ............ {kgf} " < E ) tan y tan('y—}-(//)
" < 2 > 2
......... {kgf}
9650000Hp  Pinp P 9 550 000H N
<dpg ) tany  tan(y+y) <d.,1 ) ®
m 2 w2
Thrust N
T
974000Hy __ Py P 974 000H
<dpg > tany tan(7+lﬂ) 7%” ............ {kgf}
BT (%)
......... {kgf}
; P, tana, _ P, tana, P, tana@, _ P, tana,
Separating sin(y+y)  tan(y+y) sin(y+y)  tan(y+y)
S Fig. 2.4 Left twist worm gear (Worm rotation is opposite that of Fig. 2.3
............ (N)' {kgf} (1\]’)v {kgf} g g (W pp g )
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12. General miscellaneous information

12.1 JIS concerning rolling bearings

Rolling bearings are critical mechanical
elements which are used in a wide variety of
machines. They are standardized internationally
by ISO (International Organization for Standardi-
zation). Standards concerning rolling bearings
can also be found in DIN (Germany), ANSI
(USA), and BS (England). In Japan, the
conventional JIS standards related to rolling
bearings are arranged systematically and revised
in accordance to the JIS standards enacted in
1965. Since then, these have been individually
revised in reference to the ISO standards or
compliance with the actual state of production
and sales.

Most of the standard bearings manufactured
in Japan are based on the JIS standards. BAS
(Japan Bearing Association Standards), on the
other hand, acts as a supplement to JIS. Table
1 lists JIS standards related to bearings.
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Table 1 JIS related to rolling bearing

No. Standard classification Standard No. Title of Standard
1 General code B 1511 Rolling bearings — General code
2 B 0005 Technical drawings — Rolling bearings
— Part 1: General simplified representation
— Part 2: Detailed simplified representation
3 B 0104 Rolling bearings — Vocabulary
4 B 0124 Rolling bearings — Symbols for quantities
5 B 1512 Rolling bearings — Boundary dimensions
6 B 1513 Rolling bearings — Designation
7 B 1514 Rolling bearings — Tolerances of bearings
— Part 1: Radial bearings
— Part 2: Thrust bearings
Common standards — Part 3: Chamfer dimensions-Maximum values
8 of bearings B 1515 Rolling bearings — Tolerances
— Part 1: Terms and definitions
— Part 2: Measuring and gauging principles and methods
9 B 1516 Making on rolling bearings and packagings
10 B 1517 Packaging of rolling bearings
ihl B 1518 Dynamic load ratings and rating life for rolling bearings
12 B 1519 Static load ratings for rolling bearings
13 B 1520 Rolling bearings — Radial internal clearance
14 B 1548 Rolling bearings — Measuring methods of A-weighted sound pressure levels
15 B 1566 Mounting dimensions and fits for rolling bearings
16 G 4805 High carbon chromium bearing steels
17 B 1521 Rolling bearings — Deep groove ball bearings
18 B 1522 Rolling bearings — Angular contact ball bearings
19 B 1523 Rolling bearings — Self-aligning ball bearings
20 B 1532 Rolling bearings — Thrust ball bearings with flat back faces
21 B 1533 Rolling bearings — Cylindrical roller bearings
22 B 1534 Rolling bearings — Tapered roller bearings
23 B 1535 Rolling bearings — Self-aligning roller bearings
24 lahstlue] sEnekEs B 1536 Rolling bearings—Boundary dimer\sions gnd tolerances of needle roller bearings
FlssErnEs — Part 1: Dimension selrles 43, 49 alnd 69
— Part 2: Drawn cup without inner ring
— Part 3: Radial needle roller and cage assemblies
— Part 4: Thrust needle roller and cage assemblies,
thrust washers
— Part 5: Track rollers
25 B 1539 Rolling bearings — Self-aligning thrust roller bearings
26 B 1557 Rolling bearings — Insert bearing units
27 B 1558 Rolling bearings — Insert bearings
28 B 1501 Steel balls for ball bearings
29 Standards of bearing B 1506 Rolling bearings — Rollers
30 parts B 1509 Rolling bearings — Radial bearings with locating snap ring
— Dimensions and tolerances
31 B 1551 Rolling bearing accessories — Plummer block housings
32 B 1552 Rolling bearings — Adapter assemblies, Adapter sleeves and
Standards of Withdrawal sleeves
33 bearing accessorie B 1554 Rolling bearings — Locknuts and locking devices
34 B 1559 Rolling bearings — Cast and pressed housings for insert
bearings
35 Reference standard K 2220 Lubricating grease
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General miscellaneous information

12.2 Amount of permanent
deformation at point where inner
and outer rings contact rolling
element

When two materials are in contact, a point
within the contact zone develops local
permanent deformation if it is exposed to a load
exceeding the elastic limit of the material. The
rolling and raceway surfaces of a bearing, which
appear to be perfect to a human eye, are found
to be imperfect when observed by microscope
even though the surfaces are extremely hard
and finished to an extreme accuracy. Therefore,
the true contact area is surprisingly small when
compared with the apparent contact area,
because the surface is actually jagged and
rough with asperities or sharp points. These
local points develop permanent deformation
when exposed to a relatively small load. Such
microscopic permanent deformations seldom
affect the function of the bearing. Usually, the
only major change is that light is reflected
differently from the raceway surface (running
marks, etc.).

As the load grows further, the amount of
permanent deformation increases corresponding
to the degree identifiable on the macroscopic
scale in the final stage. Fig. 1 shows the
manner of this change. While the load is small,
the elastic displacement during point contact in
a ball bearing is proportional to the p-th power
of the load @ (p=2/3 for ball bearings and p=0.9

Actual deformation /
amount .
651

Theoretical value of
elastic displacement

Fig. 1
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for roller bearings) in compliance with the Hertz
theory. The amount of permanent deformation
grows as the load increases, resulting in
substantial deviation of the elastic displacement
from the theoretical value.

For normal bearings, about 1/3 of the gross
amount of permanent deformation ¢, occurs in
roling element and about 2/3 in the bearing
ring.

12.2.1 Ball bearings

The amount of permanent deformation ¢, can
also be expressed in relation to the load Q.
Equation (1) shows the relationship between §,
and  for ball bearings:

6,=1.30x1 0’7% (outpun) (Ortpu)

~ 2
=1.25x10" g (Pn+pm) (P12+pnz)

w

where, 6,;  Gross amount of permanent

deformation between the rolling
element and bearing ring (mm)

@: Load of rolling element (N), {kgf}

D,: Diameter of rolling element (mm)

P, P and pu, P
Take the reciprocal of the main
radius of curvature of the area
where materials I and II make
contact (Units: 1/mm).

When the equation is rewritten using the relation
between ¢, and @, Equation (2) is obtained:

05=K" Q" N)
=96.2K - @’ {kgf}

The value of the constant K is as shown for the
bearing series and bore number in Table 1. K;
applies to the contact between the inner ring
and rolling element while K. to that between the
outer ring and rolling element.

Table 1 Value of the constant K for deep groove ball bearings

NSK

Bearing Bearing series 60 Bearing series 62 Bearing series 63
015 [Nt K K. K K. K K.
X 10710 X 10710 X .10710 X 1 OflU X 10710 X 10710

00 2.10 412 2.01 2.16 0.220 0.808
01 2.03 1.25 0.376 1.13 0.157 0.449
02 1.94 2.21 0.358 1.16 0.145 0.469
03 1.89 224 0.236 0.792 0.107 0.353
04 0.279 0.975 0.139 0.481 0.0808 0.226
05 0.270 0.997 0.133 0.494 0.0597 0.218
06 0.180 0.703 0.0747 0.237 0.0379 0.119
07 0.127 0.511 0.0460 0.178 0.0255 0.0968
08 0.417 0.311 0.129 0.0864 0.0206 0.0692
09 0.312 0.234 0.127 0.0875 0.0436 0.0270
10 0.308 0.236 0.104 0.0720 0.0333 0.0207
11 0.187 0.140 0.0728 0.0501 0.0262 0.0162
12 0.185 0.141 0.0647 0.0377 0.0208 0.0218
13 0.183 0.142 0.0469 0.0326 0.0169 0.0105
14 0.119 0.0914 0.0407 0.0283 0.0138 0.00863
15 0.118 0.0920 0.0402 0.0286 0.0117 0.00733
16 0.0814 0.0624 0.0309 0.0218 0.00982 0.00616
17 0.0808 0.0628 0.0243 0.0170 0.00832 0.005623
18 0.0581 0.0446 0.0194 0.0136 0.00710 0.00447
19 0.0576 0.0449 0.0158 0.0110 0.00611 0.00386
20 0.0574 0.0450 0.0130 0.00900 0.00465 0.00292
22 0.0296 0.0225 0.00928 0.00639 0.00326 0.00203
24 0.0293 0.0227 0.00783 0.00544 0.00320 0.00205
26 0.0229 0.0178 0.00666 0.00467 0.00255 0.00164
28 0.0227 0.0179 0.00656 0.00472 0.00209 0.00134
30 0.0181 0.0143 0.00647 0.00477 0.00205 0.00136
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As an example, the §, and @ relation may be
illustrated as shown in Fig. 2 for the 62 series
of deep groove ball bearings.

30
y
20 / 7 /
/ / / //
10 . 7 1/ 1/ 7
7 7
V4 V4 A
Ol J/ /
5 o S AR ARS8
AR (/I S AL
f /1 /

Permanent deformation {8g), pm

- [N

I~
-

<

N
~

P,

o7
oAU/
AN/

1 2 3 5 10 20 30 B0 100 200 300 kN
L 1 I Y 1 Lol | ]
0.1 0.2 03 05 1 2 3 5 10 20 30 X10%egf
Load on the rolling element (Q)
Fig. 2 Load and permanent deformation of rolling element
12.2.2 Roller bearings 5,20 19510 2 ( Q )3_ o P2
In the case of roller bearings, the permanent ‘ vVDy \ Lye (ortow)
deformation 6, and load @ between the roling e (N)
element and bearing ring may be related as . Q\ N
shown in Equation (3). =2.00x10" Do ( . ) “(prtpm)
-------------------- (kgf)
(IOI) ereererneeeenn e @)
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where, Ly.: Effective length of roller (mm)
pi, pi: Reciprocal of the main radius of
curvature at the point where

materials T and II contact (1/mm)

Other symbols for quantities are the same as in
Equation (1) of 12.2.1. When the equation is
rewritten using the relation between ¢, and @,
then the next Equation (4) is obtained:

The value of the constant K is as shown for the
bearing number in Table 2. K, applies to the
contact between the inner ring and rolling
element while K. to that between the outer ring
and rolling element.

As an example, the ¢, and @ relation may be
illustrated as shown in Fig. 3 for the NU2 series
of cylindrical roller bearings.

6=K-Q’ N)
043K ¢ (ke } (M) e @)
100
Vi Vi
s 7 7 7 2
0 W A A 4
N
20 4 %\s”/ Y 53’/
< / / <
£ 10 / / /
£l A~ /- 7 y
5 7 ydn ~
= 7 7 7 7
5 4 / 4
5 a 4
s L 1/
3 / /
E / /
o L Z
2 7 V4 -
£ —7 7
@ 7 y4 4
a 05 7 7 7
// ,/ //
r 4
0.1 /
10 20 30 40 50 60 708090100 200 300 kN
L ] ] ] I N | |l
1 2 3 4 5 10 20 30 X 10%gf
Load on the rolling element (@)
Fig. 3 Load and permanent deformation of rolling element
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Table 2 Value of the constant K for cylindrical roller bearings

Bearing series NU2

Bearing series NU3

Bearing series NU4

Brg No. K; K. Brg No. K, K.
X107 X107 X107 X107
NU205W 113 67.5 NU305W 20.4 10.9
NU206W 50.7 30.9 NU306W 1.3 6.32
NU207W 19.1 1.4 NU307W 6.83 3.81
NU208W 10.8 6.53 NU308W 4.24 2.43
NU209W 10.6 6.64 NU309W 1.92 1.07
NU210W 10.4 6.74 NU310W 1.51 0.856
NU211W 6.23 4.06 NU311W 0.786 0.435
NU212W 3.93 2.57 NU312W 0.575 0.323
NU213W 2.58 1.69 NU313W 0.460 0.262
NU214W 2.54 1.70 NU314W 0.347 0.200
NU215W 1.74 1.15 NU315W 0.211 0.120
NU216W 1.38 0.915 NU316W 0.207 0.121
NU217W 0.976 0.648 NU317W 0.132 0.0761
NU218W 0.530 0.343 NU318W 0.112 0.0650
NU219W 0.426 0.277 NU319W 0.0903 0.0529
NU220W 0.324 0.210 NU320W 0.0611 0.0357
NU221W 0.249 0.162 NU321W 0.0428 0.0247
NU222W 0.156 0.0995 NU322W 0.0325 0.0187
NU224W 0.123 0.0800 NU324W 0.0176 0.00992
NU226W 0.121 0.0810 NU326W 0.0132 0.00750
NU228W 0.0836 0.0559 NU328W 0.0100 0.00576
NU230W 0.0565 0.0378 NU330W 0.00832 0.00484

Brg No. K; K.
X107 x10"
NU405W 4.69 2.28
NU406W 2.09 1.01
NU407W 1.61 0.821
NU408W 0.835 0.418
NU409W 0.607 0.312
NU410W 0.373 0.191
NU411W 0.363 0.194
NU412W 0.220 0.116
NU413W 0.173 0.0926
NU414W 0.0954 0.0509
NU415W 0.0651 0.0342
NU416W 0.0455 0.0237
NU417M 0.0349 0.0178
NU418M 0.0251 0.0130
NU419M 0.0245 0.0132
NU420M 0.0182 0.00972
NU421M 0.0137 0.00729
NU422M 0.0104 0.00559
NU424M 0.00611 0.00323
NU426M 0.00353 0.00185
NU428M 0.00303 0.00161
NU430M 0.00296 0.00163

NSK
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12.3 Rotation and revolution speed of
rolling element

When the rolling element rotates without slip
between bearing rings, the distance which the
rolling element rolls on the inner ring raceway is
equal to that on the outer ring raceway. This
fact allows establishment of a relationship
among rolling speed 7, and n. of the inner and
outer rings and the number of rotation 7, of
rolling elements.

The revolution speed of the rolling element
can be determined as the arithmetic mean of
the circumferential speed on the inner ring
raceway and that on the outer ring raceway
(generally with either the inner or outer ring
being stationary). The rotation and revolution of
the rolling element can be related as expressed
by Equations (1) through (4).

No. of rotation

n_( D, Dycos’a ) =
=
D, Dy 2

Rotational circumferential speed

D,y ( D,w _ Dycos’a ) Ny
60x10° |\ D, Dy

V=

No. of revolutions (No. of cage rotation)

n«,:(1— D,cosa )ﬂ+ (1+ D,cosa )&
Dy 2 Dy

248

Revolutional circumferential speed
(cage speed at rolling element pitch diameter)

__ 7Dy [(1_ Dycosa )&

V=

60x10° Dy, 2
+ (1+M) R S )
Dy 2

where, D,,: Pitch diameter of rolling elements
(mm)
D,: Diameter of rolling element (mm)
a:  Contact angle (°)
n.. Outer ring speed (min™")
n::  Inner ring speed (min™)

The rotation and revolution of the rolling element
is shown in Table 1 for inner ring rotating (72.=0)
and outer ring rotating (12,=0) respectively at
0°= a <90° and at @=90°.

As an example, Table 2 shows the rotation
speed 7, and revolution speed 7. of the rolling
element during rotating of the inner ring of ball
bearings 6210 and 6310.

Table 2 7. and 7. for ball bearings 6210 and 6310

Contact angle Rotation/revolution speed

Na
(min™")

Vs,

., . (m/s)
0°=a<90

Ne
(min™")

Ve

(m/s)

Na
(min™")

Va

(m/s)

Ne
(min™")

Ve

(m/s)

Ball bearing Yy M Ne
6210 0.181 —2.67n, 0.41n;
6310 0.232 —2.04n; 0.38n;
Remarks y :M
ow
Table 1 Rolling element’s rotation speed 7., rotational circumferential
speed v,, revolution speed 7., and revolutional circumferential
speed V.
Inner ring rolling (1.=0) Outer ring rolling (r,=0)
() (1_ . )”."
7 ‘y 5 cos ,y 2 cosw
D,
T,
60X 10
— — + —
1=y (1+y) =
T Dy
6OX10°
_ 1 1. ne
Y 2 Yy 2
1D,
60X 10
i e
2 2
Dy "
60x10°
Reference 1. *: The “+" symbol indicates clockwise rotation while the “—" symbol
indicates counterclockwise rotation.
Dycos@ o o D, o
2,y =P r < - =
Y Din 0" =a<90),y Do (@=90")
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12.4 Bearing speed and cage slip
speed

One of the features of a rolling bearing is that
its friction is smaller than that of a slide bearing.
This may be attributed to the fact that rolling
friction is smaller than slip friction. However,
even a rolling bearing inevitably develops some
slip friction.

Slip friction occurs mainly between the cage
and rolling element, on the guide surface of the
cage, between the rolling element and raceway
surface (slip caused by the elastic
displacement), and between the collar and roller
end surface in the roller bearing.

The most critical factor for a high speed
bearing is the slip friction between the cage and
roling element and that on the guide surface of
the cage. The allowable speed of a bearing may
finally be governed by this slip friction. The PV
value may be used as a parameter to indicate
the speed limit in the slide bearing and can also
be applied to the slip portion of the rolling
bearing. “P” is the contact pressure between
the rolling element and cage or that between
the guide surface of the cage. “P” is not much
affected by the load on the bearing in the
normal operation state. “V” is a slip speed.

Accordingly, the speed limit of a rolling
bearing can be expressed nearly completely by
the slip speed, that is, the bearing size and
speed.

Conventionally, the D,,xn value (d.n value)
has often been used as a guideline to indicate
the allowable speed of a bearing. But this is
nothing but the slip speed inside the bearing.
With the outer ring stationary and the inner ring
rotating, the relative slip speed V. on the guide
surface of the outer ring guiding cage is
expressed by Equation (1):

(1_'}/) deln%

e

_ bis
120x10°

where, d..;: Diameter of the guide surface (mm)
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y: Parameter to indicate the inside
design of the bearing

_ Dycosa

=D,

D,: Diameter of rolling element (mm)

a: Bearing contact angle (°)

D, (or d): Pitch diameter of rolling
elements (mm)

n,. Inner ring rotating speed (min™)

T de

_ndy
T20x10° ()

o=

Table 2 shows the value of the constant K.
for deep groove ball bearings, 62 and 63 series,
and cylindrical roller bearings, NU2 and NU3
series. Assuming V; for the slip speed of the
inner ring guiding cage and V, for the maximum
slip speed of the rolling element for the cage,
the relation may be approximated as follows:

Vi=(1.15 to 1.18) V. (diameter series 2)

=(1.20 to 1.22) V. (diameter series 3)
V.,=(1.05 to 1.07) V. (diameter series 2)
=(1.07 to 1.09) V. (diameter series 3)

Example of calculation with deep groove
ball bearing

Table 1 shows D,.xn (d.n) and the slip speed
for 6210 and 6310 when 7,=4 500 min".

Table 1

Ve(m/s) Vi(m/s)

Ball Dy Xm . . .
7 s |outerring | Vi(m/s) [inner ring
ey (< 10) guide guide
6210 315 7.5 8.0 8.7
6310 36.9 8.5 9.1 10.3
Remarks

Assuming %. for the groove depth in Equation (1);
du=Dyu+Dy—2h. =D,y (1 D2
o

D—2h.

pw

/e
Ve ggobee 1) (1+ ) D

=K. *Dyym

The constant K."is determined for each bearing
and is approximately within the range shown below:
K.'=(0.23 ~ 0.245)x 10"

NSK

Table 2 Constant K. for 62 and 63 series ball bearings and NU2 and NU3 series roller bearings

Bearing Bearing series
bore No. 62 63 NU2 NU3
X107 X107 %107 X107

00 48 49 — —
01 50 52 — —
02 59 66 — —
03 67 74 — —
04 77 81 79 84
05 92 103 92 102
06 110 121 110 123
o7 125 133 126 136
08 142 149 144 155
09 155 171 157 171
10 168 189 172 189
1 184 201 189 206
12 206 218 208 224
13 221 235 226 259
14 233 252 239 261
15 249 270 251 278
16 264 287 270 298
17 281 305 288 314
18 298 323 304 333
19 316 340 323 352
20 334 366 341 376
21 350 379 361 392
22 368 406 378 416
24 400 441 408 449
26 430 475 441 486
28 470 511 478 523
30 510 551 515 559
32 550 585 551 599
34 585 615 588 635
36 607 655 615 670
38 642 695 651 707
40 682 725 689 747
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12.5 Centrifugal force of rolling
elements

Under normal operating conditions, the
centrifugal force on a rolling element is negligible
when compared with the load on the bearing
and thus not taken into account during
calculation of the effective life of the bearing.
However, if the bearing is running at high
speed, then even if the load is small, the effect
of the centrifugal force on the rolling element
cannot be ignored. The deep groove ball
bearing and cylindrical roller bearing suffer a
decrease in the effective life because of the
centrifugal force on the rolling element. In the
case of an angular contact ball bearing, the
contact angle of the inner ring increases and
that of the outer ring decreases from the initial
value, resulting in relative variation in the fatigue
probability.

Apart from details of the effect on the life, the
centrifugal force F. of the rolling element during
rotating of the inner ring is expressed by
Equations (1) and (2) respectively for a ball
bearing and roller bearing.

Ball bearing

FmKuh® oo 1)

K=5.580x10""D,’ Dy (1=y)” voeveereeenminiinnenn, (N)
=0.569x10"D, "Dy (1=y)* woovvvvivvivnninn (kgf)

Roller bearing

FLmKut? weveeeeseeeseeessississ @)
Ky=8.385x10"2D, L, Dy (1=y)?
--------------------------------------- N)
=0.855x10"2D, LDy (1)
.................................... (kgf)
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where, D,
Dy

-

Ly:
N

Diameter of roller element (mm)
Pitch diameter of rolling elements
()

Parameter to indicate the internal
design of the bearing

_ D,cosa
Dy

Contact angle of bearing (°)
Length of roller (mm)
Inner ring rotating speed (min™)

Table 1 shows the K values (K, and K,) for
both series of NU2 & NUS roller bearings and
the 62 & 63 ball bearings.

NSK

Table 1 Constant K for 62 and 63 series ball bearings and for NU2 and NUS3 series roller bearings

Bearing Bearing series 62 Bearing series 63 Bearing series NU2 Bearing series NU3
bore No. K K K K
x10™ x10™ x10™ x10" x10°" x10™" x10™" x10°"
00 0.78  { 008} 216 { 022 — —
01 137 { 014} 314 { 032} — —
02 177 { 018} 441 {045} — —
03 2.94  { 030} 6.67 { 068} - -
04 549 { 056} 941 { 096} 5.00 { 051} 9.51 { 097}
05 6.86 { 0.70} 157 { 16} 6.08 { 062} 167 { 17}
06 13.7 { 14} 294  { 30} 11.8 { 12} 284 { 29}
07 25.5 { 261} 471 { 48} 22.6 { 23} 412 { 42}
08 36.3 { 37} 735 { 75} 35.3 { 361} 637 { 65}
09 41.2 { 42} 129 { 132} 39.2 { 40} 109 { 111}
10 53.9 { 551} 186 { 190} 431 { 44} 149 { 1582}
11 84.3 { 861} 251 { 256} 63.7 { 651} 234 { 239}
12 128 {131} 341 { 348} 912  { 93} 305 { 811}
13 161 {164} 455 { 464} 127 {129} 391 { 399}
14 195 {199} 595 { 607} 135 {138} 494 { 504}
15 213 {217} 765 { 780} 176 {179} 693 { 707}
16 290 {296} 969 { 988} 233 {238} 758 { 773}
17 391 {399} 1216 {124 } 302 {308} 1020 { 104 }
18 518 {528} 1491 { 152 } 448 {457} 1236 {126 }
19 672 {685} 1824 {186 } 559 {570} 1471 {150 }
20 862 {879} 2 560 { 261 } 689 {703} 1961 {200 }
21 1079 {10} 3011 { 307 } 844 {861} 2501 { 255 }
22 1344 {137} 4080 { 416 } 1167 {119 } 3207 { 327 }
24 1736 {177} 4570 { 466 } 1422 {145 } 4884 { 498 }
26 2177 {222 '} 6 160 { 628 } 1569 {160 } 6 257 { 638 }
28 2 442 {249 '} 8 140 {83 } 2157 {220 '} 7904 { 806 }
30 2707 {276} 9003 {918 } 2903 {296} 9807 {1000 }
32 2962 {302} 115672 {1180 } 3825 {390 } 10787 {1100 }
34 4168 {425 '} 16 966 {1730 } 4 952 {505 } 13925 {1420 }
Remarks The value given in braces { } is the calculated result for constant K in units of kgf.
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12.6 Temperature rise and dimensional
change

Rolling bearings are extremely precise
mechanical elements. Any change in
dimensional accuracy due to temperature
cannot be ignored. Accordingly, it is specified
as a rule that measurement of a bearing must
be made at 20°C and that the dimensions to be
set forth in the standards must be expressed by
values at 20°C.

Dimensional change due to temperature
change not only affects the dimensional
accuracy, but also causes change in the internal
clearance of a bearing during operation.
Dimensional change may cause interference
between the inner ring and shaft or between the
outer ring and housing bore. It is also possible
to achieve shrink fitting with large interference
by utilizing dimensional change induced by
temperature difference. The dimensional change
4l due to temperature rise can be expressed as
in Equation (1) below:

Al=AT @ I () ceeerrereemee, 1)

where, 4l:  Dimentional change (mm)
AT temperature rise (°C)
a: Coefficient of linear expansion for
bearing steel
@=12.5x10"° (1/°C)
Iz Original dimension (mm)

Equation (1) may be illustrated as shown in Fig.
1. In the following cases, Fig. 1 can be utilized
to easily obtain an approximate numerical values
for dimensional change:

(1) To correct dimensional measurements
according to the ambient air temperature

(2) To find the change in bearing internal
clearance due to temperature difference
between inner and outer rings during
operation

(8) To find the relationship between the
interference and heating temperature during
shrink fitting
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(4) To find the change in the interference when
a temperature difference exists on the fit
surface

Example

To what temperature should the inner ring be

heated if an inner ring of 110 mm in bore is to
be shrink fitted to a shaft belonging to the n6

tolerance range class?

The maximum interference between the n6
shaft of 110 in diameter and the inner ring is
0.065. To enable insertion of the inner ring with
ease on the shaft, there must be a clearance of
0.03 to 0.04. Accordingly, the amount to
expand the inner ring must be 0.095 to 0.105.
Intersection of a vertical axis 4/=0.105 and a
horizontal axis (=110 is determined on a
diagram. 4T is located in the temperature range
between 70°C and 80°C (4T'=77°C). Therefore,
it is enough to set the inner ring heating
temperature to the room temperature +80°C.

Dimensional change {41), mm

0.160

0.100

0.050

NSK

1
i i A i
0 250
Dimension (I}, mm
Fig. 1 Temperature rise and dimensional change of bearing steel
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12.7 Bearing volume and apparent Table 1 Volume of radial bearing
specific gravity Units: cm’
The bearing bore is expressed by “d” (mm), E— Radial bearing (excluding tapered roller bearing) Tapered roller bearing
the bearing outside diameter by “D” (mm), and e N, Dimension series Dimension series
the width by “B” (mm). The volume “V” of a 10 30 02 22 03 23 20 02 03
bearing is expressed as follows: 00 36 5.4 5.6 8.8 9.7 15.0 _ _ _
T . " 5 01 4.0 6.0 6.9 9.7 11.5 16.3 — —
V= (D=d) BXAOT (em) covvveesssssseees (1) 02 5.4 7.9 8.4 11.0 15.7 205 — — 17.2
03 7.4 10.3 12.3 16.5 21.1 28.6 — 13.6 23.0
Table 1 shows the bearing volume for the 04 12.9 171 19.9 256 271 38.0 21.7 29.4
principal dimension series of radial bearings. In 05 14.9 200 24.5 29.4 43.0 606 26.5 46.1
the case of a tapered roller bearing, the volume 06 1.7 31.7 36.9 46.0 63.9 90.8 08.4 39.3 69.8
is a calculated value assuming the assembly 07 28.8 411 50.9 715 85.3 126 37.0 56.8 9.4
width as “B”. When the bearing mass is 08 35.6 50.0 67.9 86.7 17 168 45.2 745 129
expressed by “W” (kg), W/V=k may be
considered as an apparent specific gravity and 09 45.2 65.0 776 93.9 157 225 56.5 84.9 170
the value of “k” is nearly constant according to 10 49.0 705 88.0 101 203 301 61.3 95.6 220
the type of bearings. 11 .7 104 115 137 259 384 92 125 281
Table 2 shows the values of “k” for radial 12 76.7 111 147 187 324 480 98 159 350
bearings of each dimension series. When the 13 81.6 118 184 249 308 580 104 198 434
mass of a bearing not included in the standard 14 113 170 202 261 484 705 142 2921 505
dimension series is to be determined, the
approximate mass value may be known by 15 119 179 221 275 580 860 150 241 627
using the apparent specific gravity “k” if the 16 159 239 269 342 689 1020 204 293 750
bearing volume “V” has been determined. 17 175 270 336 432 810 1190 230 366 880
18 217 334 412 550 945 1410 289 446 1020
19 226 348 500 671 1095 1630 301 538 1200
20 236 362 598 809 1340 2080 313 650 1460
21 298 469 709 985 1530 2390 400 767 1660
22 369 594 833 1160 1790 2 860 502 898 1950
24 396 649 1000 1450 2 300 3590 536 1090 2480
26 598 945 1130 1810 2 800 4 490 818 1240 3080
28 632 1020 1415 2290 3430 5640 866 1540 3740
30 773 1240 1780 2890 4080 6770 1060 1940 4520

Table 2 Bearing type and apparent specific gravity (k)

Bearing type Principal bearing series Apparent specific gravity, &
Single row deep groove ball bearing (with pressed cage) 60, 62, 63 5.3
NU type cylindrical roller bearing NU10, NU2, NU3 6.8
N type cylindrical roller bearing N10, N2, N3 6.5
Tapered roller bearing 320, 302, 303 5.5
Spherical roller bearing 230, 222, 223 6.4
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12.8 Projection amount of cage in
tapered roller bearing

The cage of a tapered roller bearing is made
of a steel plate press construction and projects
perpendicularly from the side of the outer ring
as shown in Fig. 1. It is essential to design the
bearing mounting to prevent the cage from
contacting such parts as the housing and
spacer. It is also recommended to employ the
dimension larger than specified in JIS B 1566
“Mounting Dimensions and Fit for Rolling
Bearing” and S, and S, of the bearing catalog in
view of securing the grease retaining space in
the case of grease lubrication and in view of
improving the oil flow in the case of oil
lubrication.

However, if the dimension cannot be
designed smaller due to a dimensional
restriction in the axial direction, then mounting
dimensions S, and S, should be selected by
adding as large as possible space to the
maximum projection values §, and §. (Table 1)
to the cage from the outer ring side.

Table 1 Projection of a cage of tapered roller bearing

NSK

Bearing

y oy

HR329J HR320XJ
bore No.

01 02 01 02
02 — — — —
03 — — — —
04 — — 156 29
/22 — — 16 341
05 — — 19 35
/28 — — 19 35
06 — — | 20 81
/32 — — 20 39
07 18 27 | 25 37
08 19 29 | 23 42
09 — — 29 47
10 — — | 30 46
11 19 33 | 31 5.1
12 23 35 | 3.1 5.0
13 — — 25 59
14 25 41 | 29 56
15 — — | 35 55
16 — — | 45 7.2
17 — — | 42 65
18 34 55 | 44 72
19 33 52 | 45 741
20 34 51 |45 74

Fig. 1 Projection of

a cage bearing mounting
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Fig. 2 Dimensions related to

Units: mm
Bearing series
HR330J HR331J HR302J HR322J HR332J HR303J HR303DJ HR323J
61 62 61 62 61 62 61 52 61 62 61 62 61 52 61 62
— — — — — — — — — — 12 33 — — — —
— — — — 07 20| 03 30 — — 1.4 37 — — — —
— — — — 10 29| 06 35 — — 09 37 — — 1.3 3.2
— — — — — — 09 38 — — 1.1 2.9 — — — —
20 341 — — 08 29|09 388 |20 33|16 34 — — 1.5 4.5
— — — — 14 34 |15 34|18 38 | 15 48 — — — —
20 40 — — 14 34 | 15 33 | 21 46 | 21 3.9 — — 1.6 4.0
— — — — 07 383 |16 28 |22 44 — — — — — —
22 34 — — 20 3.1 1.7 43 | 26 47 | 29 48 | 2.1 48| 11 4.1
22 82 — — 1.1 47 | 1.4 51 3.1 55 | 1.8 49 | 20 50| 05 4.5
— — 33 47 | 18 39 | 19 51 37 60 | 25 51 2.3 55| 2.0 5.2
24 44 | 33 541 18 565 | 17 62| 33 58| 22 59 | 37 68| 15 5.7
29 48 | 33 63 | 27 48 | 21 45 | 35 66 | 26 57 | 33 6.0 1.8 6.4
29 51 — — 12 59| 384 42|39 70| 31 6.5 | 8.2 80| 2.7 6.5
30 5.1 — — 39 48 | 28 40| 49 74 | 341 62 | 39 100 23 7.4
35 565 — — 33 563 |27 50|55 70|32 65|38 82| 21 7.2
35 54 — — 39 583 |28 47 |50 79|30 76|37 86| 1.8 7.7
— — — — 3.1 55 | 3.1 46 | 47 76 | 22 78 | 34 92| 22 7.9
37 60 | 48 76 | 31 6.3 | 21 58 | 46 87 | 34 85| 40 103 | 28 9.8
— — 48 75 | 36 51 26 5.1 — — — — 3.2 9.6 | 21 8.9
— — — — 35 59 | 19 54 — — — — 30 103 | — —
— — 38 88 |32 69|20 56| 38 94 — — — — 21 103
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12.9 Natural frequency of individual
bearing rings

The natural frequencies of individual bearing
rings of a rolling bearing are mainly composed
of radial vibration and axial vibration. The natural
frequency in the radial direction is a vibration
mode as shown in Fig. 1. These illustrated
modes are in the radial direction and include
modes of various dimensions according to the
circumferential shape, such as a primary
(elliptical), secondary (triangular), tertiary (square),
and other modes.

As shown in Fig. 1, the number of nodes in
the primary mode is four, with the number of
waves due to deformation being two. The
number of waves is three and four respectively
in the secondary and tertiary modes. In regards
to the radial natural frequency of individual
bearing rings, Equation (1) is based on the
theory of thin circular arc rod and agrees well
with measured values:

(Eg I n(-1) (Hz) wovveeo 1)

A
e Y V I s

where, frn: 2-th natural frequency of individual
bearing rings in the radial directios
(Hz)

E:  Young’s modulus (MPa) {kgf/mm?*)

v:  Specific weight (N/mm’) {kgf/mm?)

g Gravity acceleration (mm/s”)

n:  Number of deformation waves in
each mode (i+1)

I..  Sectional secondary moment at

neutral axis of the bearing ring
(mm)
A:  Sectional area of bearing ring (mm?)
R: Radius of neutral axis of bearing
ring (mm)

The value of the sectional secondary moment
is needed before using Equation (1). But it is
troublesome to determine this value exactly for
a bearing ring with a complicated cross-
sectional shape. Equation (2) is best used when
the radial natural frequency is known
approximately for the outer ring of a radial ball
bearing. Then, the natural frequency can easily
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be determined by using the constant
determined from the bore, outside diameter,
and cross-sectional shape of the bearing.

fin=9.41x10—KD=d)

{D-K (D—d)}2
I it B
T (Hz) @

where, d: Bearing bore (mm)
D: Bearing outside diameter (mm)
K: Constant determined from the cross-
sectional shape
K=0.125 (outer ring with seal grooves)
K=0.150 (outer ring of an open type)

Another principal mode is the one in the axial
direction. The vibration direction of this mode is
in the axial direction and the modes range from
the primary to tertiary as shown in Fig. 2. The
figure shows the case as viewed from the side.
As in the case of the radial vibration modes, the
number of waves of deformation in primary,
secondary, and tertiary is two, three, and four
respectively. As for the natural frequency of
individual bearing rings in the axial direction,
there is an approximation Equation (3), which is
obtained by synthesizing an equation based
upon the theory of circular arc rods and another
based on the non-extension theory of cylindrical
shells:

G—En (n*-1) p

an,N: 271' 3 3 1 5 3
(129 (ﬁ) ) pH3 ey
2Wp+6 (1-v)

w1 \/Ei 157 YR @)

R Y
where, k=H/2R
p=B/2R

A= 1+v

2-1.260 (1-0'/12)

. (K p)
o=min [—, =
p’ K

where, fux: 4-th natural frequency of individual

SR

x

B

bearing rings is the axial direction
(Hz)

Young’s modulus (MPa) {kgf/mm?”}
Specific weight (N/mm”) {kgf/mm’}
Gravity acceleration (mm/s?)
Number of deformation waves in
each mode (i+1)

Radius of neutral axis of bearing
ring (mm)

Thickness of bearing ring (mm)
Width of bearing ring (mm)
Poisson’s ratio

9.41x10° (*=1) R?

This equation applies to a rectangular
sectional shape and agrees well with actual
measurements in the low-dimension mode even
in the case of a bearing ring. But this calculation
is difficult. Therefore, Equation (4) is best used
when the natural frequency in the axial direction
is known approximately for the outer ring of the
ball bearing. Calculation can then be made
using the numerical values obtained from the
bearing’s bore, outside diameter, width, and
outer ring sectional shape.

Jrae= p [091 . _w (+1) Ri+3

1.3

HY "R +4.2

Primary mode (#=2)

Secondary mode (1 =3)

2-1.26H,+0.105H,’

where, R=B/{D-K (D-d)}
Hy=K (D-d)/B

Tertiary mode (1 =4)

Fig. 1 Primary to tertiary vibration modes in the radial direction

Primary mode (n=2)

Secondary mode (#=23)

RN
PP

’

)
U

-~

Tertiary mode (n=4)

Fig. 2 Primary to tertiary vibration modes in the axial direction
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12.10 Vibration and noise of bearings

The vibration and noise occurring in a rolling
bearing are very diverse. Some examples are
shown in Table 1. This table shows the
vibration and noise of bearings while classifying
them roughly into those inherent in the bearing
design which occur regardless of the present
superb technology and those caused by other
reasons, both are further subdivided into several
groups. The boundaries among these groups,
however, are not absolute. Although vibration
and noise due to the bearing structure may be
related to the magnitude of the bearing
accuracy, nevertheless, vibration attributed to
accuracy may not be eliminated completely by
improving the accuracy, because there exists
certain effects generated by the parts
surrounding the bearing.

Arrows in the table show the relationship
between the vibration and noise.

Generally, vibration and noise are in a causal
sequence but they may be confused. Under
normal bearing running conditions, however,
around 1 kHz may be used as a boundary line
to separate vibration from noise. Namely, by
convention, the frequency range of about 1 kHz
or less will be treated as vibration while that
above this range will be treated as noise.

Typical vibration and noise, as shown in
Table 1, have already been clarified as to their
causes and present less practical problems. But
the environmental changes as encountered
these days during operation of a bearing have
come to generate new kinds of vibration and
noise. In particular, there are cases of abnormal
noise in the low temperature environment, which
can often be attributed to friction inside of a
bearing. If the vibration and noise (including new
kinds of abnormal noise) of a bearing are to be
prevented or reduced, it is essential to define
and understand the phenomenon by focusing
on vibration and noise beforehand. As portable
tape recorders with satisfactory performance are
commonly available these days, it is
recommended to use a tape recorder to record
the actual sound of the vibration or noise.
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Table 1 Vibration and noise of rolling bearing

Passing vibration
of rolling element

Vibration inherent
in bearing design

Natural frequency
of bearing ring

bearing accuracy

Vibration related to | |

Vibration caused
by faulty handling
of bearing

Vibration caused

by bearing
elasticity

Vibration caused

by waviness of
raceway or rolling
surface

nicks

|| Vibration due to

contamination

Vibration of cage €¢——

Vibration due to

«—

Bearing Vibration

Noise

Angular natural frequency
of outer ring inertia
moment system

Axial natural frequency of
outer ring mass system

Bending natural frequency
of bearing ring

——] Axial vibration

4{ Radial vibration

Resonant vibration around
bearing

Race noise

Rolling element

dropping noise

Noise inherent in bearing
construction

Squealling noise

Humming noise

Noise generated after
bearing mounting

Bracket resonance

Y

noise

Noise caused by
waviness of

\ 4

raceway or rolling
element

P Cage noise ’7

P Nick noise ’7

»| Noise from

contamination

Noise related to bearing

accuracy

Noise caused by improper
handling of bearing

NSK
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12.11 Application of FEM to design of
bearing system

Before a rolling bearing is selected in the
design stage of a machine, it is often necessary
to undertake a study of dynamic and thermal
problems (mechanical structure and neighboring
bearing parts) in addition to the dimensions,
accuracy, and material of the shaft and housing.
For example, in the prediction of the actual load
distribution and life of a bearing installed in a
machine, there are problems with overload or
creep caused by differences in thermal
deformation due to a combination of factors
such as dissimilar materials, or estimation of
temperature rise or temperature distribution.

NSK designs optimum bearings by using
Finite Element Methods (FEM) to analyze the
shaft and bearing system. Let’s consider an
example where FEM is used to solve a problem
related to heat conduction.

Fig. 1 shows an example of calculating the
temperature distribution in the steady state of a
rolling mill bearing while considering the bearing
heat resistance or heat resistance in the fit
section when the outside surface of a shaft and
housing is cooled with water. In this analysis,

Four-row tapered
roller bearing
(9420 x $620 x 312 mm)

the amount of decrease in the internal clearance
of a bearing due to temperature rise or the
amount of increase needed for fitting between
the shaft and inner ring can be found.

Fig. 2 shows a calculation for the change in
the temperature distribution as a function of
time after the start of operation for the
headstock of a lathe. Fig. 3 shows a calculation
example for the temperature change in the
principal bearing components. In this example, it
is predicted that the bearing preload increases
immediately after rotation starts and reaches the
maximum value in about 10 minutes.

When performing heat analysis of a bearing
system by FEM, it is difficult to calculate the
heat generation or to set the boundary
conditions to the ambient environment. NSK is
proceeding to accumulate an FEM analytical
database and to improve its analysis technology
in order to effectively harness the tremendous
power of FEM.
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Fig. 1 Calculation example of temperature distribution for the intermediate roll of a rolling mill
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Tapered roller bearing x 2 pcs supported
(124 x ¢ 183 x 40 mm)

Forced oil circulation

1 000 min™’

.- 1("C)
- 2.5
)
=10
~15
20
»22.5

Temperature
rise level

Yogorons

=2 min

t=10 min

t=120 min

Fig. 2 Calculation example of temperature rise in headstock of lathe

Inner ring ~
oak Tapered roller bearing x 2 supported ,_1’//’
4 (6124 x $183 x40 mm) = s Outer ring
- Forced oil circulation /’
o 20k 1000 min’ ) !
s 7 Housing (around bearing)
< b o
3 16k
[
R4l -
g 12+ / Shaft (around middle of span)
5 R -
g 8r / ,/
/
fid L Roller L +* Housing
4+ , L (around middle of span)
- ’/ - P e -
0 —t s - L=t 1 L 1
—it 1 2 5 10 20 50 100 200

Time elapsed (t), min

Fig. 3 Calculation example of temperature rise in bearing system
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General miscellaneous information

As an example of applying the FEM-based
analysis, we introduce here the result of a study
on the effect of the shape of a rocker plate
supporting the housing of a plate rolling mill
both on the life of a tapered roller bearing
(¢489%¢635 in dia. x321) and on the housing
stress. Fig. 4 shows an approximated view of
the housing and rocker plate under analysis.
The following points are the rerults of analysis
made while changing the relief amount [ at the
top surface of the rocker plate:

(1) The maximum value o, of the stress
(maximum main stress) on a housing occurs at
the bottom of the housing.

(2) 0wy increases with increase in 1. But it is
small relative to the fatigue limit of the material.

(8) The load distribution in the rolling element
of the bearing varies greatly depending on .
The bearing life reaches a maximum at around
I/L=0.7.

(4) In this example, I/L=0.5 to 0.7 is
considered to be the most appropriate in view
of the stress in the housing and the bearing life.
Fig. 5 shows the result of calculation on the
housing stress distribution and shape as well as
the rolling element load distribution when
I/L=0.55.

|_- Shaft
|- Bearing

r*- Housing

Rocker plate

Fig. 4 Rolling mill housing
and rocker plate
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Fig. 6 shows the result of a calculation on
the housing stress and bearing life as a function
of change in [.

FEM-based analysis plays a crucial role in the
design of bearing systems. Finite Element
Methods are applicable in widely-varying fields
as shown in Table 1. Apart from these, FEM is
used to analyze individual bearing components
and contribute to NSK’s high-level bearing
design capabilities and achievements. Two
examples are the analysis of the strength of a
rib of a roller bearing and the analysis of the
natural mode of a cage.

Maximum
0.011Tmm

10%kgf kN
Radial load 1.5F 19}
456 kN {46.5 tf}
// .
s 7\
= g0} 10
©
h °Q
= \
[
4 §
© 0.5F 5
0.55L > \
! S
) 77 o«
V.,
L L
0 0 1020304050607080
Rolling element posion (),
degree
2 2
Stress level
MPa{kgf/mm?}
Tee—2,{-0.2}
2+ 0
3 2, 2
40 4404 2
5 6,{ 0.6
6-- 8,{ 0.8 Q
J
] 5 3
) 6l X
7 Maximum 10 MPa

Deformation

{1.0 kgf/mm?}
Maximum main stress

Fig. 5 Calculation example of housing stress and

rolling element load distribution of bearing

Bearing fife ratio

Bearing life

0.8} p’

4 Oinax.

]
N
(@]
ratio of max main stress Sy

o

i_-d
T L
6] 0.2 0.4 0.6 0.8

Rocker plate inner relief (//L)

1.0

Fig. 6 Calculation of housing stress and bearing life

Table 1 Examples of FEM analysis of bearing systems

NSK

Bearing application

Examples

Purpose of analysis

Automobile

eHub unit eTension pulley eDifferential gear and
surrounding eSteering joint

Strength, rigidity, creep,
deformation, bearing life

Electric equipment

el\Votor bracket eAlternator eSuction Motor Bearing for
Cleaner ePivot Ball Bearing Unit for HDDs

Vibration, rigidity,
deformation, bearing life

Steel machinery

oRoll neck bearing peripheral structure (cold rolling, hot
rolling, temper mill)
eAdjusting screw thrust block eCC roll housing

Strength, rigidity, deformation,

temperature distribution,
bearing life

eMachining center spindle ®Grinding spindle

Vibration, rigidity, temperature

Machigelicol e|_athe spindle eTable drive system peripheral structure distribution, bearing life
eJet engine spindle eRailway rolling stock Strength, rigidity, thermal
Others eSemiconductor-related equipment ®Engine block deformation, vibration,

eSlewing bearing’s peripheral

deformation, bearing life
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13. NSK special bearings

13.1 Ultra-precision ball bearings for
gyroscopes

(1) Gyroscope bearings

Gyroscopes are used to detect and
determine traveling position and angular velocity
in airplanes and ships. Gyros are structurally
divided into two groups depending on the
number of directions and speeds of movement
to be detected: those with one degree of
freedom and those with two degrees of
freedom. (See Fig. 1)
The performance of a gyro depends on the
characteristics of the bearing. Thus, a gyro
bearing is required to demonstrate top grade
performance among the ultra-precision miniature
bearings. Gyros have two sets of bearings. One
set supports the rotor shaft running at high
speed and the other set supports the frame
(gimbal). Both must have stable, low frictional
torque. Principal types and application
environments of rolling bearings for gyros are
shown in Table 1.

The inch series of ultra-precision bearings are
almost exclusively used for rotors and gimbals.
Boundary dimensions and typical NSK bearing
numbers are shown in Table 2.

Special-shaped bearings dedicated to gyro
applications are also used in large quantity.

Table 1 Type and running conditions of gyro bearings

Application Principal bearing type Typical running conditions
Angular contact ball bearing 12 000, 24 000 min™' or 36 000 min ™",
Rotor End-cap ball bearing 60 to 80°C
helium gas
Deep groove ball bearing Oscillation within +2°,
Gimbal Other special-shaped bearings | Normal temperatures to 80°C,
Silicon oil or air
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Input axis

Gyro rotor

Gimbal

Rotas:
otat/ng axi (H)

|4} Rotor support bearing
Damper

Gimbal support
bearing

) Rotor support bearing
Gimbal support bearing

Gyro with one degree of freedom Gyro with two degrees of freedom

Fig. 1 Gyro type
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Y

Open type

Table 2 Boundary dimensions and bearing number of gyroscope bearings

o

@

)
A

SO

Shielded on both sides type

Open type with flange

~

B—= g

Shielded on both sides type with flange

Boundary dimensions (mm) Bearing numbers
d D B B, r Both-side
(min.) Qe shielded
1.016 3.175 1.191 — 0.1 R 09 —
1.191 3.967 1.588 2.380 0.1 RO ROZZ
1.397 4.762 1.984 2.779 0.1 R1 R177Z
1.984 6.350 2.380 3.571 0.1 *R1-4 R1-4 77
2.380 4.762 1.588 — 0.1 *R 1338 —
4.762 — 2.380 0.1 — R 133 ZZS
7.938 2.779 3.571 0.15 *R1-5 R1-5ZZ
3.175 6.350 2.380 2.779 0.1 *R 144 R 144 77
7.938 2.779 3.571 0.1 R 2-5 R 2-57ZZ
9.525 2.779 3.571 0.15 R 2-6 R 2-6 ZZS
9.625 3.967 3.967 0.3 ‘R2 R27Z
12.700 4.366 4.366 0.3 R2A R 2 AZZ
3.967 7.938 2.779 3.175 0.1 R 165 R 1565 ZZS
4.762 7.938 2.779 3.175 0.1 R 156 R 156 ZZS
9.525 3.175 3.175 0.1 R 166 R 166 ZZ
12.700 3.967 4.978 0.3 *R3 R37Z
6.350 9.525 3.175 3.175 0.1 R 168 B R 168 BZZ
12.700 3.175 4.762 0.15 R 188 R 188 ZZ
156.875 4.978 4,978 0.3 *R4B R 4 BZZ
19.050 5.558 7.142 0.4 ‘R4 AA R 4 AAZZ
7.938 12.700 3.967 3.967 0.15 R 1810 R 1810 ZZ
9.525 22.225 5.558 7.142 0.4 R6 R67ZZ

Boundary dimensions (mm)

Bearing numbers

* Angular contact type bearing is also available for rotor.

D, Cy Cy Open, Both-side shielded,
with flange with flange
5.156 0.330 0.790 FRO FR O ZZ
5.944 0.580 0.790 FR1 FR17ZZ
7.518 0.580 0.790 FR1-4 FR 1-4 ZZ
5.944 0.460 — FR 133 —
5.944 — 0.790 — FR 133 ZZS
9.119 0.580 0.790 FR 1-5 FR 1-56 ZZ
7.518 0.580 0.790 FR 144 FR 144 7ZZ
9.119 0.580 0.790 FR 2-5 FR 2-5 ZZ
10.719 0.580 0.790 FR 2-6 FR 2-6 ZZS
11.176 0.760 0.760 FR 2 FR 2 ZZ
9.119 0.580 0.910 FR 155 FR 155 ZZS
9.119 0.580 0.910 FR 156 FR 156 ZZS
10.719 0.580 0.790 FR 166 FR 166 ZZ
14.351 1.070 1.070 FR 8 FR 3 ZZ
10.719 0.580 0.910 FR 168 B FR 168 BZZ
13.894 0.580 1.140 FR 188 FR 188 ZZ
17.526 1.070 1.070 FR4B FR 4 BZZ
13.894 0.790 0.790 FR 1810 FR 1810 ZZ
24.613 1.5670 1.570 FR 6 FR 6 ZZ

NSK

271



NSK special bearings

(2) Characteristics of gyroscope bearings
(2.1) Rotor bearing

The rotor bearing is required to offer
extremely-low, torque at high speed, and free
from variation and long term stability. To meet
these demands, the bearing uses an oil-
immersed cage in most cases. A lubrication
method of injecting the Iubricating oil dissolved
with solvent into a bearing is also available, but
this method requires adequate concentration
adjustment because the frictional torque is
affected by the oil amount (Fig. 2). In such an
event, the oil amount is adjusted through
centrifugal separation to obtain variation-free
running torque. A special bearing type, in which
an end cap is integrated with the outer ring,
may also be used (Fig. 3).

(2.2) Gimbal bearing

Requirements on the gimbal bearing as a
gyro output axis include low frictional torque
and vibration resistance. Table 3 shows the

maximum starting frictional torque for typical
bearings. Much smaller starting torque can be
obtained through precision machining of the
raceway groove and special design of the cage.

Fig. 3 Typical end-cap ball bearing

Bearing: R2 (¢3.175 x ¢9.525 x 3.967 mm)
gftem  10°SN-m  Lubricating oil: MIL-L-6085A

e

1 drop
of oil

e

1 drop of a 1%
concentration

1 drop of a 0.5%
concentration

1 drop of a 0.2%
concentration _4—

F,=2.5N {260gf}
| H

20F 20
15 19
@<
po}
<3
S 1.0f 10
[))
(=
c
C
=
@
0.5 5/
oL o
0 5 000

10000 15000

Inner ring speed, min’

Fig. 2 Oil amount and running torque
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Table 3 Maximum starting torque

NSK

Radial internal clearance (pum)
Bearing Me@zlg'”g MC2 MC3 MC4 MC5 MC6
No. mN {gf) 3t08 51010 81013 1310 20 20to 28
Maximum starting torque (uN-m) {mgf-mmj}

R 735 7.95 7.35 6.75 6.10 5.20
{75} {810} {750} {690} {620} {530}

R1-5 735 13.2 12.3 11.8 10.7 9.70
{75} {1350} {1250} {1200} {1090} {990}

R144 735 8.92 8.35 7.65 6.85 6.08
{75} {910} {840} {780} {700} {620}

Ro 735 14.7 13.7 12.7 11.8 11.4
{75} {1500} {1 400} {1300} {1 200} {1160}

R3 3900 63.5 54.0 54.0 49.0 44.0
{400} {6 500} {5 500} {5500} {5 000} {4 500}

R4B 3900 68.5 59.0 59.0 54.0 49.0
{400} {7 000} {6 000} {6 000} {6 500} {5000}

Table 4 Specifications of bearings for rotors and gimbals

[tem

Rotor bearing

Gimbal bearing

Bearing type

Bearing accuracy

Lubrication
method

Cage
Ball accuracy

Bearing contact
angle (°)

Angular contact ball

CLASS 7P or above

Oil-immersed cage and self-
lubrication (dual use grease
available)

Laminated phenol
Around Grade 3
20to 28

Deep groove ball or angular
contact ball

CLASS 5P or CLASS 7P

Qil lubrication, filed with an
adequate quantity

Steel sheet (low torque design)
Around Grade 5 or above
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13.2 Bearings for vacuum use
—ball bearings for X-ray tube—

A ball bearing for a rotary anode of an X-ray
tube is used under severe conditions such as
high vacuum, high temperature, and high
speed. An X-ray tube is constructed as shown
in Fig. 1, with the internal pressure set below
0.13 mPa (10 Torr). Thermoelectrons flow from
a cathode (filament) toward an anode (target) to
generate X-rays at the anode.

A rotor is a part of a motor and driven
electromagnetically from the outside. Common
speeds range from 3 000 to 10 000 min™'. The
anode rotation involves inner ring or outer ring
rotation (Fig. 2). Generally, inner ring rotation
enables high rigidity and low bearing
temperature, but the construction becomes
complicated.

Because of heat generation of the anode, the
bearing reaches the maximum temperature of
400 to 500°C on the anode side and the
bearing on the opposite side reaches a
temperature of 200 to 300°C. The bearing is
therefore made from high-speed tool steel which
is superior in heat resistance.

Most X-ray tubes are used for medical
purposes and thus silent rotation is essential.
However, difficulty of enhancing the rigidity
because of its construction and change in the
bearing internal clearance under heavy
temperature fluctuation are hindrances to
vibration proof.

In this respect, minute care must be taken
during the design of a bearing and its
neighboring parts. The common range of
bearing bores is 6 to 10 mm. Fig. 3 shows
examples of typical constructions.

(a) is a type with pressed cage.

(b) has the entire outer ring raceway shaped
as a cylindrical surface.

(c) has one side of the outer ring raceway
shaped as a cylindrical surface to relieve
deviation of inner and outer rings (such as
caused by thermal expansion) in the axial
direction.

Note that (b) and (c) normally apply to full
complement type ball bearings.

Bearing

—___/." s L. i |
gL — r—%o
 S——

1

Cathode Anode

Rotor

Fig. 1 Typical construction of X-ray tube
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L] Inner ring rotation
1
e :
B e — E—
4 - 7

] Outer ring rotation

Fig. 2 Anode bearing and rotating ring

T Y SR
h— > A 4

s ~N o Y
. J . — —

(a) (b) (c)

Fig. 3 Typical construction of X-ray tube bearings

NSK
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One of the greatest challenges facing X-ray
tube ball bearings is the lubrication method.
Because of the vacuum and high temperature
environment, a solid lubricant is used with one
of the methods described below:

(1) Provision of laminated solid lubrication
(molybdenum disulfide) to the pocket surface of
a cage

(2) Provision of thin film of mild metal (silver or
lead) over the surface of balls, inner ring/outer
ring raceway

The method (2) above applies mostly to full-
complement type ball bearings and the thin fim
is provided by plating, ion plating, etc. The
results of a durability test performed on a ball
bearing with a soft metal coating in a vacuum
are shown in Fig. 4. By the way, Fig. 4 shows
a comparison of the endurance time for different
conditions of ball bearings (8 mm in bore and
22 mm in outside diameter) that are rotated at
9 000 min™" under an axial load of 20 N {2 kgf}
at 0.13 mPa {10° Torr} while at room
temperature. Fig. 5 shows a graph of the
change in running torque as a function of time.

The raceway wear becomes substantial only
when the balls are made of ceramics and there
is no lubrication. However, if a lubrication film is
provided for the raceway, then the torque
variation becomes small and stable. Fig. 6
shows an example of a test with the housing
temperature set at 300°C for a ball bearing of
9.5 mm in bore and 22 mm in outside diameter
which rotates at 9 000 min™" under an axial load
of 5 N {0.5 kgf} or 20 N {2 kgf}.

Material
Inner/outer Ball Lubrication Duration
ring &
a. No lubrication [
Metal b. Silver coated balls ]
c. Silver coated inner/
] outer rings and balls >
d. No lubrication ]
Ceramics - -
e. Silver coated inner/ 1.
outer rings
0 50 100
Time, h

Fig. 4 Lubricating conditions and durable time (room temperature)
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Running torque

Running torque

kgf-m
X103

kgf-m
xX107¢

NSK

N-m

xX10-*

100 g

a,b,c,d, and e as per Fig. 4

o~ ~
7 A ~ N ! ——
x AT TN
P S
I 1 L
Oo 50 100 150
Time, h
Fig. 5 Torque and duration
N'm
X107
50
I\ Silver coated, axial load: 20 N {2 kgf}
I\
LA
/
J \
- - \
25 'k\ Vi \ _
/ —— ~ - ——
N > e SN
! Lead coated, axial load:
5N {05 kgf)
i L 1 A

0 50 100 150 200

Time, h

Fig. 6 Lubricating conditions and duration at high temperature
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13.3 Ball bearing for high vacuum

A ball bearing coated with a solid lubricant is
available for high-vacuum use where normal
lubricants or grease cannot be used. Table 1
shows the bearing number and boundary
dimensions of these bearings. They can be
classified into a type with a cage or a type
without cage (full complement type) which is
available with a flange or a shield to suit the
specific application.

A bearing with a cage can be made to
achieve low-torque stable rotation at low speeds
by selecting a cage material and shape suited
to the application. At high speeds, however, slip
friction grows between the cage and ball.

Table 1 Boundary dimensions of a high-
vacuum ball bearings

Boundary dimensions (mm)

Bearing No.

earing No u 5 5
U-694hS 4 11 4
U-625hS 5 16 5
U-626hS 6 19 6
U-627hS 7 22 7
U-608hS 8 22 7
U-629hS 9 26 8
U-6000hS 10 26 8
U-6200hS 10 30 9
U-6001hS 12 28 8
U-6201hS 12 32 10
U-6002hS 15 32 9
U-6202hS 15 35 11
U-6003hS 17 35 10
U-6203hS 17 40 12
U-6004hS 20 42 12
U-6204hS 20 47 14
U-6005hS 25 47 12
U-6205hS 25 52 15
U-6006hS 30 55 13
U-6206hS 30 62 16
U-6007hS 35 62 14
U-6207hS 35 72 17
U-6008hS 40 68 15
U-6208hS 40 80 18

Remarks This bearing type is available in open,
shielded, and full-complement types. The
material used is SAE 51440C.
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Accordingly, a full-complement type ball bearing
is better suited for high speeds. When
compared to a bearing with a cage, the full-
complement type ball bearing develops slightly
larger running torque due to slide contact
between balls, but develops less wear and less
torque fluctuation. As a result, a full-complement
type ball bearing is used for a wide range of
speeds from low to high.

Solid lubricants used include laminated
structures of soft metals such as Ag (silver) and
Pb (lead) and molybdenum disulfide (MoS.).
Table 2 and Figs. 1 through 3 show typical
friction and wear characteristics of bearings
lubricated via a thin film of solid lubricants at
100 to 9 000 min. As is known from Table 2,
Ag is used when low wear is demanded while
Pb and MoS; are used when low torque is
demanded.

kgf'm N-m
X107 X107®
FBearing with cage (d=6.35 mm)
Axial load: 23 N {2.35 kgf)

o2k 2F

Running torque

Speed, min™

Fig. 1 Speed and running torque

Running torgue

Table 2 Characteristics of high-vacuum ball bearing

Friction characteristics

kgf

X1
0.8
0.7
0.6
0.5
0.4

0.3

0.2

Kind of Relationship with rotating speed Relationship with Wear
coating  Torque Relatively low Relatively high axial load with amount
speed Fig. 1 speed Fig. 2 Fig. 3
Almost Increase along with | Rapid increase
Ag LaLge no change rotating speed along with load Less
AN N
Almost Increase along with | Increase slightly
Pb Normal no change rotating speed along with load More ian Ag
AN PN
Almost Almost Increase slightly
MoS; Srgall no change no change along with load More Xan Ag

Remarks O: Superior

\: Relatively inferior

‘m N-m  Fullcomplement ball bearing ket
0 X107 (4=9.5 mm) o 3{3‘,3
_ 87 Axial load: 23 N {2.35 kgf) 8 Bearing with cage
T i os8r (d=6.35 mm)
7k Rotating speed: 2 000 min~’
I~ 0.7F
- 6F Ag 0.6
- b 0.5
g
L 4r 3 o4
4 e
-3 T 2 o3t
1 £
4 Q‘O 7/ 35
-~ 2 )i T o2f
}/
N B---F" - 0.1
I —x MoS,
L. 0O = L L = oL
o] 5 000 10 000
Speed, min*

Fig. 2 Speed and running torque

Axial load (F)

NSK

Fig. 3 Axial load and running torque
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13.4 Light-contact-sealed ball bearings

Bearings are required to have low torque
combined with high sealing effectiveness in
order to meet the machine requirements of
small-size, light-weight, and low-energy-
comsumption.

NSK has developed DDW seals to meet
these requirements. They have the following
advantages compared with DDU seals, which
are NSK’s standard contact seals.

(1) There is light contact between the main seal
lip and inner ring because the support for the
main lip is long and thin resulting in low torque.
(2) The main lip contacts the bevelled portion of
the inner ring seal groove where, if there is
centrifugal force, the dust moves outward, so
the dust resistance is excellent.

~(

DDW seal

(8) The main lip has outward contact with the
inner ring seal groove, so internal pressure does
not open the seal and allow grease leakage.

The available bearing bore diameters are 10
to 50 mm now. Please consult NSK about other
sizes.

In the case of nitrile rubber, the color code is
as follows:

DDW (light-contact seal): Green
DDU (standard contact seal): Brown
VV (non-contact seal): Black
Fig. 1 shows the design of DDW sealed
bearings and Fig. 2 shows the results of
evaluation tests.

DDU seal
(for reference)

Fig. 1 DDW sealed bearing

280

NSK

1. Starting torque 2. Dust resistance

Temperature: Ambient temperature Speed: 6 700 min*
Radial load: 147 N (15 kgf}
Temperature:  100°C
Dust amount: 200 g/test machine

DDW | ey

DDW = More than 50 h
DDU ——
DDU | S—
IR S S R ST SR U SN SO WS T |
o] 0.5 1.0 1.5N-cm
NI T ST UN S S N SR |

l_L11111111111|4l Y 50 100
0 50 100 150 gf-cm

Time till seizure, h
Starting torque

3. Grease leakage (high speed)

Speed: 20 000 min™!
Radial load: 147 N {15 kef}
Temperature:  100°C

Test time: 24 h
DDW | foef
DDU i
WU N S U N A B O |
0 0.5 1.0

Grease leakage, g
Test bearings: 6203 4 bearingsftest
Grease: Ester-base lithium grease, 45% of free space

Fig. 2 Evaluation test results of DDW sealed bearings
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13.5 Bearing with integral shaft

In consideration of the need for improved
Audio-Visual (AV) and Office Automation (OA)
equipment, bearings used in rotary mechanisms
of small precision motors and so forth are
increasingly demanded to demonstrate much
higher performance. Enhanced quality of Video
Cassette Recorders (VCR) and Digital Audio
Terminals (DAT), increased density of Hard Disk
Drives (HDD), and improved printing quality of
Laser Beam Printers (LBP) have imposed severe
requirements on equipment. These severe
design requirements cover improvement of the
runout accuracy (rotational repetitive runout,
non-repetitive runout), low-noise, and reduction
of power consumption as well as being easy-to-
assemble. An NSK bearing with integral shaft is
available and meets these exacting demands.

The bearing with integral shaft is a unit, which
has no inner ring while having the raceway
groove directly on the shaft to incorporate a
preload spring between both outer rings (Fig. 1).
This type of bearing has the following
advantages over normal bearings:

(1) Improved recording/reproduction accuracy
Olntegration of the shaft and inner ring,
thereby eliminating movement of the shaft
caused by fitting between the shaft and inner
ring
OThick-wall design of the outer ring as
required, thereby reducing deformation of the
outer ring due to interference
(2) Reduced power consumption of motor
Olntegration of the shaft and inner ring,
thereby reducing the ball pitch diameter for
the same shaft diameter and resulting in a
decrease of torque
(8) High shaft rigidity and compactness
Olntegration of the shaft and inner ring,
thereby reducing the bearing’s outside
diameter for a given size shaft diameter.
(Example) 684ZZ: Shaft diameter 4 mm, outside
diameter 9 mm (without shaft)
4BVD: Shaft diameter 4 mm, outside
diameter 8 mm (with integral
shaft)
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(4) Aiming at “easy-to-assemble” designs
ONo parts are required for preload adjustment
and preloading
ONo need for selective fitting and adhesion
securing of the shaft and inner ring
Specifications on the NSK bearing with integral
shaft are shown in Table 1.

Table 1 Specifications on bearing with integral shaft

NSK

Boundary dimensions Basic load Ratings
(nm) ) {kef}
a D, D, C: Cor C: Cor
3 6.45 7.05 3.5 435 124 45 13
4 8 10 4 550 173 56 18
5 9 10 4 640 223 65 23
6 10 12 4 710 271 73 28
7 13 15 5 980 365 100 37
8 15 17 6 1330 505 135 52

Remarks Consult NSK for the shaft length.

Radial runout of single outer ring

/1 o001 [c][ ] o001 [c

1 —pd

fa- V]

PR

77

Fig. 1 Composition and runout accuracy of bearing with integral shaft
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13.6 Bearings for electromagnetic
clutches in car air-conditioners

The electromagnetic clutch is an important
part and is necessary to activate the
compressor of a car air-conditioner. The
performance required of an electromagnetic
clutch bearing differs depending on the type of
COMpressor.

Table 1 shows the relationship between the
compressor type and the application conditions
for electromagnetic clutch bearings.

Values shown in Table 1 are the maximum
during practical operation. A bench test is made
under more severe conditions to confirm the
durability of the bearing.

The electromagnetic clutch bearing must
prove durable under these conditions. Principal
performances required of the bearing are listed
below:

O Durability at high speed

O Durability at high temperature

O Bearing angular clearance should be kept
small to assure maintenance of a proper
clearance between disk and armature

When deciding the bearing specifications, the
appropriateness of the following points should
be considered:

I
=

L
Pél\‘:r/ﬂ’i \Y

[

Fig. 1 Electromagnetic clutch for a
reciprocating type compressor
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O Bearing internal design for high speed and
longer life
O Long-life grease for high temperatures and
high speeds
O Proper radial clearance
O Effective sealing system with low grease
leakage and superior in terms of dust proof
and water proof
Most of the bearings for electromagnetic
clutches have a bore in the range of 30 to 45
mm. One common arrangement is to use a pair
of single-row deep groove ball bearings, and
another is to use a double-row angular contact
ball bearing.

A bearing for an electromagnetic clutch is
required to have high speed, long grease life,
proper internal clearance, and superior seal
effectiveness. NSK bearings for electromagnetic
clutches have the dimensions and features
described below to meet the above
performance requirements:

s s

t
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Fig. 2 Electromagnetic clutch for axial type
and rotary type compressors

(1) Bearing type and dimensions

An electromagnetic clutch bearing is described
below, and its representative bearing numbers
and boundary dimensions are shown in Table 2.

Table 1 Compressor type and bearing running conditions

NSK

Running conditions of Compressor type
clutch bearing Reciprocating Vane Scroll Swash Plate
o Clutch ON Inner and outer rings Quter ring Quter ring Quter ring
Rotating ring - - - -
Clutch OFF Outer ring Outer ring Outer ring Outer ring
Maximum speed (min ™) 5500 7 000 12 000 9 000
Maximum bearing temperature (C) Inner ring 120 120 120 160

Table 2 Boundary dimensions of electromagnetic clutch bearings

. . Boundary dimensions (mm)
Bearing type Bearing No. .
da D B 7 (min.)
e o0 | ©  m we
sroore 9 6008 40 68 15x2 1
(2 bearings)
30BD40 30 55 23 1
35BD219 35 55 20 0.6
Double-row angular ~ 40BD219 40 62 24 0.6
contact ball bearing  30BD4718 30 47 18 0.5
35BD5020 35 50 20 0.3
35BD5220 35 52 20 0.5
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(1.1) Double-row angular contact ball bearings
This type of bearing is used in the greatest
quantity as an electromagnetic clutch bearing
and common features include those listed
below:

O Easier to handle and superior in economy to
a combination of single-row deep groove ball
bearings

OUse of plastic cage (long life)

O Securing of a contact angle (generally 25°)
favorable for pulley overhang

(1.2) Combination of single-row deep groove
ball bearings
In most cases, this type is replaced by
double-row angular contact ball bearings. At
present, they are still used in relatively large
vehicles and general industrial machinery.

(2) Dedicated grease
NSK has developed dedicated greases MAG,
MAS8 and HAZ2 that ensure long life under
high-temperature and high-speed conditions.
These greases are already in practical use.
The main features of MA6, MA8 and HA2
greases can be described as follows:

O Superior in resistance at high temperature.
Long grease life is ensured even at the high
temperature of 160°C.

OlLess grease leakage due to superior
shearing stability

OEnsures longer grease life and high anti-
rusting performance by the addition of a
suitable anti-rusting agent.
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(3) Bearing seal
The following performances are required of a
bearing seal for an electromagnetic clutch:

Oless grease leakage
O Superior dust and water resistance
O Small torque

NSK seals have a good balance of the above
performances (Table 3). NSK offers the types of
seals shown on the next page.

Table 3 Type and performance of NSK bearing seals

Seal type
Seal performance
DU DUK DUM
Grease leakage Fair Good Superior
Seal effectiveness ’ )
(dust and water resistance) Fair Good Superior
Torque Good Good Good
Seal groove-seal lip Contact Contact Contact
contact condition (with air hole) (without air hole) | (without air hole)

NSK
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13.7 Sealed clean bearings for
transmissions

A sealed clean bearing for a transmission is a
bearing with a special seal that can prevent
entry of foreign matters into a gear box and
thereby extend the fatigue life of a bearing
substantially.

This type of bearing has proven in actual
transmission endurance tests to have a
durability life which is 6 to 10 times longer than
that of standard ball bearings.

The special seal prevents harmful, extremely-
small foreign matters suspended in the gear oil
from entering the gear box. Thereby minimizing
the number of dents and foreign matter that
become embedded in the raceway. The bearing
fatigue pattern is thus changed from a surface
fatigue pattern to an internal fatigue pattern (a
reference to be used in judgment of the bearing
fatigue), which contributes to extension of the
bearing life. This is not much affected by the
recent trend to use low viscosity gear oil, either.
In these respects, this kind of bearing is better
than open type bearings.

Sealed clean bearings as described above
are generally called transmission (TM) ball
bearings. They are dedicated bearings for use in
transmission applications and have the following
major features:

1. Satisfactory design and specifications for a
transmission bearing

2. Grease with an affinity for gear oil is filled to
assist initial lubrication

3. The seal lip construction allows inflow of
lubricating oil while preventing entry of foreign
matters. (Fig. 1)

4. Lower torque when compared with normal
contact seal bearings
These TM ball bearings are produced as

series products as shown in Table 1. TM ball

bearings have the same nominal dimensions as

the open type bearing series 62 and 63

currently in use. Thus, they can readily be

substitued.
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Fig. 1 Sectional and expanded views

Table 1 Specifications of TM ball bearings

Boundary dimensions

Basic load ratings

o
e (mm) () {kef}

' D B C. Cor ¢ o
TM203 17 40 12 9 550 4 800 975 490
TM303 17 47 14 13 600 6 650 1390 675
TM204 20 47 14 12 800 6 600 1300 670
TM304 20 52 15 15 900 7 900 1620 805
TM2/22 22 50 14 12 900 6 800 1320 695
TM3/22 22 56 16 18 400 9 250 1870 940
TM205 25 52 15 14 000 7 850 1430 800
TM305 25 62 17 20 600 11 200 2100 1150
TM2/28 28 58 16 16 600 9 500 1700 970
TM3/28 28 68 18 26 700 14 000 2730 1430
TM206 30 62 16 19 500 11 300 1980 1150
TM306 30 72 19 26 700 15 000 2720 1530
TM2/32 32 65 17 20 700 11 600 2120 1190
TM3/32 32 75 20 29 400 17 000 3000 1730
TM207 35 72 17 25 700 15 300 2620 1560
TM307 35 80 21 33 500 19 200 3400 1960
TM208 40 80 18 29 100 17 800 2970 1820
TM308 40 90 23 40 500 24 000 4150 2 450
TM209 45 85 19 31 500 20 400 3200 2080
TM309 45 100 25 53 000 32 000 5400 3250
TM210 50 90 20 35 000 23 200 3 600 2370
TM310 50 110 27 62 000 38 500 6 300 3900
TM211 55 100 21 43 500 29 300 4 450 2980
TM311 55 120 29 71 500 44 500 7 300 4550
T™M212 60 110 22 52 500 36 000 5350 3700
TM312 60 130 31 82 000 52 000 8 350 5300
TM213 65 120 23 57 500 40 000 5850 4100
TM313 65 140 33 92 500 60 000 9450 6 100
T™M214 70 125 24 62 000 44 000 6 350 4 500
TM314 70 150 35 104 000 68 000 10 600 6950

NSK
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13.8 Double-row cylindrical roller
bearings, NN30 T series
(with polyamide resin cage)

For machine tool spindle systems which
require particularly high rigidity, double-row
cylindrical roller bearings (NN30 series) are used
in increasing quantities. New machine tools are
required to have the following improvements:
reduction of the machining time, enhancement
of the surface finishing accuracy through
reduction of cutting resistance, extension of the
tool life, and performance of light, high-speed
cutting of materials such as aluminum, graphite,
and copper.

NSK has developed double-row cylindrical
roller bearings to meet these requirements.
These bearings have polyamide cages which
are far superior in high speed, low friction, and
low noise over conventional types. Key features
are listed below:

(1) Superiority in high speed

The polyamide cage is extremely light (about
1/6 that of copper alloy) and satisfactory in self-
lubrication, with a lower coefficient of friction. As
a result, heat generation is small and superior
high speed characteristics are obtainable during
high-speed rotation.
(2) Low noise

Low coefficient of friction, superior vibration
absorption, and dampening contribute to
reduction of the cage-induced noise to a level
lower than that of conventional types.
(3) Extension of grease life

The polyamide cage avoids metallic contact
with rollers while offering superior wear
resistance. Accordingly, grease discoloration
and deterioration due to wear of the cage is
minimized, helping to further extend the grease
life.
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Polyamide cage are also used in single-row
cylindrical roller bearings (N10 series). They are
used mainly as bearings for the rear side of the
spindle and are now marketed as the N10B T
series.
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13.9 Single-row cylindrical roller
bearings, N10B T series
(cage made of polyamide resin)

Bearings to support the rear portion of the
head spindle in machining centers and NC
lathes are exposed to the belt tension and
transmission gear reaction. Accordingly, double-
row cylindrical roller bearings with large load
capacity are used.

The number of applications are increasing for
a drive system with a motor directly coupled or
a motor built-in system with a motor arranged
directly inside the spindle to meet the demand
for faster spindle speeds. In this case, the
single-row cylindrical roller bearing has come to
be increasingly used because it can reduce the
load acting on the rear support bearing and
minimize heat generation in the bearing.

NSK has developed the N10B T series of
bearings with polyamide cages for single-row
cylindrical roller bearings (N10 series).

Key features of these bearings are listed
below:

(1) The tapered bore bearing has been included,
in addition to the cylindrical bore bearing, into
series products. The tapered bore bearing
allows easy setting of a proper radial internal
clearance through adjustment of the axial push-
in amount of the inner ring.

(2) The use of a developed polyamide cage
proves favorable for use with grease and oil-air
lubrication.

The developed polyamide cage is the same
as the one used in the NN30B T series.
Polyamide cages extend the grease life beyond
that obtained with conventional copper alloy
machined cages. Moreover, change of the cage
guide method from the inner ring guide to the
roller guide makes it easier to supply lubricating
oil to the target zone between the cage bore
surface and inner ring outside surface by an oil-
air lubrication.
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Accordingly, the design specifications are
different from those of the conventional N10
series (as described in the bearing general
catalog and the precision rolling bearing catalog
for machining tools).
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Tapered bore

NSK

Bearing No.
Cylindrical Tapered
bore bore

N1007B T N1007B TKR
N1008B T N1008B TKR
N1009B T N1009B TKR
N1010B T N1010B TKR
N1011B T N1011B TKR
N1012B T N1012B TKR
N1013B T N1013B TKR
N1014B T N1014B TKR
N1015B T N1015B TKR
N1016B T N1016B TKR
N1017B T N1017B TKR
N1018B T N1018B TKR
N1019B T N1019B TKR
N1020B T N1020B TKR
N1021B T N1021B TKR
N1022B T N1022B TKR
N1024B T N1024B TKR
N1026B T N1026B TKR

Boundary dimensions (mm)

Basic load ratings

N) {kef}
a D B 7 71 B, C: Cor C. Co:
(min.) (min.)
35 62 14 1 0.6 55 22 900 25 000 2 340 2550
40 68 15 1 0.6 61 25 200 27 700 2570 2830
45 75 16 1 0.6 67.5 30 000 34 500 3100 3500
50 80 16 1 0.6 72.5 31 000 36 500 3150 3700
55 90 18 1.1 1 81 40 500 48 500 4100 4900
60 95 18 1.1 1 86.1 42 500 53 000 4 350 5400
65 100 18 1.1 1 9N 45 000 58 000 4 600 5900
70 110 20 1.1 1 100 55 000 71 500 5650 7 300
75 115 20 1.1 1 1056 56 500 74 500 5750 7 600
80 125 22 1.1 1 113 69 500 93 000 7100 9500
85 130 22 1.1 1 118 71 000 97 000 7 250 9900
90 140 24 1.5 1.1 127 83 500 114 000 8 500 11 600
95 145 24 1.5 1.1 132 85000 119000 8 700 12100
100 160 24 1.5 1.1 137 87 000 124 000 8 850 12 600
1056 160 26 2 1.1 146 112000 155 000 11 400 156 800
110 170 28 2 1.1 165 130 000 180 000 13 200 18 400
120 180 28 2 1.1 165 136 000 196 000 13 800 20 000
130 200 33 2 1.1 182 166 000 238 000 16 900 24 300
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13.10 Sealed clean bearings for rolling
mill roll neck

A large quantity of roll cooling water (or rolling
oil) or scales is splasthed around the roll neck
bearing of the rolling mill. Moreover, the roll and
chock must be removed and installed quickly. In
this environment, the oil seal provided on the
chock may be readily damaged and the roll
neck bearing may be exposed to entry of
cooling water or scale.

Upon investigation, used grease from the
bearing was found to be high in water content.
Also, the bearing raceway often shows
numerous dents due to inclusion of foreign
matter, indicating progress of fatigue on the
raceway surface.

The roll neck sealed clean bearing, which
NSK has developed on the basis of the above
investigation and analytical results, is already
employed in large quantity inside and outside of
Japan.

Features of the roll neck sealed clean bearing
are listed below:

(1) Reduce the frequency of grease
replenishment. The conventional man-hour
needed for grease supply each day per bearing
becomes totally unnecessary. In this way,
maintenance costs can be reduced substantially.
(2) Seals are incorporated on both ends of the
bearing, thus eliminating the possibility of
damaging a seal during handling and effectively
preventing entry of water and scale into the
bearing. As a result, the rolling fatigue life can
be improved substantially and there are fewer
accidental seizures.

(8) The grease consumption can be reduced.
For example, when assuming a case of three
turns of chock for the cold rolling mill work rolls
of five stands, the total number of bearings
becomes 60 (4 x 5 stands x 3 tuns) and, in
this case, 10 to 15 tons of grease can be saved
annually.
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(4) The cleaning interval of a bearing can be
extended. Conventional interval of partial
cleaning every three months or so can be
extended to every six months or more, thereby
reducing the amount of maintenance work.
However, the optimum interval needs to be
determined after considering and experimenting
with the particular conditions of the specific
rolling mill.

(5) Reduction of the grease supply man-hour
and of the grease consumption can decrease
the contamination around a roll mill and roll
shop and thus improves the cleanliness of the
work environment.

Fig. 1 shows a typical assembly of a sealed
clean bearing for the roll neck. Table 1 shows
typical dimensions of a representative sealed
clean bearing. For details, refer to the NSK
catalog “Large-Size Rolling Bearings”, CAT. No.
E125.

NSK
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Drain Drain

Fig. 1 Typical assembly of sealed clean bearing for roll neck

Table 1 Boundary dimensions of a sealed clean bearing for a roll neck

Boundary dimensions (mm)

Bearing No.
d D B, C,
STF 343 KVS 4551 Eg 343.052 457.098 254.000 254.000
STF 457 KVS 5951 Eg 457.200 596.900 276.225 279.400
STF 482 KVS 6151 Eg 482.600 615.950 330.200 330.200
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13.11 Bearings for chain conveyors

Many chain conveyors are used to transport
semi-finished products and finished products
(coil, etc.) between processes in a steelmaking
plant. Bearings dedicated to these chain
conveyors are used. The inner ring is fixed to
the pin connecting the link plates while the
outer ring functions as a wheel to carry the load
on the rail by rolling.

Though varying in design depending on the
purpose, typical conveyors used in steelmaking
plant are shown in Figs. 1 and 2.

The bearing for chain conveyors rotates with
outer rings at extremely low speed while being
exposed to relatively heavy load and shock
load. They are also used in poor environments
with lots of water and scale at high temperature.
In view of enhancing the breakdown strength by
providing the roller (outer ring) with high wear
resistance, a thick-wall design is employed and
carburization or special heat treatment is made
to increase the shock resistance. A full-
complement type cylindrical roller bearing is
designed to sustain these heavy loads. A
double-row cylindrical roller bearing is not
needed usually.

Either the S type (side seal type, Fig. 3) or
labyrinth type (Figs. 4 and 5) is available. Thus,
dust-proof and water-resistance as well as
grease sealing are ensured. In particular, the S
type has achieved further improvements in seal
effectiveness through the use of a contact seal.

Normally, the outer ring outside has a
cylindrical surface. There are various types:
some with the outer ring width longer than the
inner ring width (Figs. 3 and 4) and some with
the outer ring and inner ring widths nearly equal
(Fig. 5). Features of the chain conveyor bearing
may be summarized as follows:

(1) The rollers (outer rings) are thick and made
resistant to shock load and wear through
carburization or special heat treatment.

(2) Special tempering allows use at high
temperature.

(8) Optimum grease s filled for maintenance free
operation, ensuring superior durability and
economic feasibility.
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(4) The seal construction is superior in grease
sealing and dust- and water-proof, with a
measure incorporated to prevent dislodgement
of the seal by shock. In particular, the S type,
which uses a contact seal, can realize improved
sealing. The benefits of improved sealing include
extension of the bearing life, substantial
reduction of both supply grease and supply
man-hours, and even cleaner surroundings.

Typical specifications on this bearing are
shown in Table 1. Please contact NSK for
information on bearings not shown in Table 1.
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Table 1 Representative chain conveyor bearings
Bearing No. Example Dimensions (mm)
figure
S-type Labyrinth type da d, D C B B,
= 28RCV05 4 28.2 44.03 125 50 91.4 65
28RCV13 28RCV06 3,4 28.2 39.95 125 55 85.4 60
30RCV16 30RCVO7 3,4 30.2 45 135 71 110 78
30RCV17 30RCV09 3,4 30.3 50.03 135 65 103 78
30RCV21 30RCV05 3,4 30.2 45 135 55 94 62
30RCV23 — 3 30.3 50.03 135 65 111 78
30RCV25 — 3 30.3 50.03 135 65 105 70
38RCV07 — 3 38.25 5575 150 70 114.2 83.2
38RCV13 38RCV05 3,4 38.7 56 150 70 114.2 76
38RCV19 — 3 38.7 56 150 70 116 78
— 38RCV06 4 38.25 5575 150 70 114.2 75
41RCVO7 41RCV05 3,4 41.75 64.16 175 80 125 85
— 41RCV06 4 41.75  64.16 175 85 134.8 90.5
45RCV09 45RCV06 3,4 45.3 70.03 180 90 140.6 95
= 48RCV02 5 48.2 — 140 50 — —
— 70RCV02 5 70 — 180 80 — —

— - L ¢d ¢D
|
Fig. 5
Basic load ratings
S-type Labyrinth type
) {kef} () {kef}

C, Cor C, Cor C, Cor v Cor

— — - - 198 000 233 000 20 200 23800
160 000 177 000 16 400 18 100 175 000 198 000 17 800 20 200
275 000 330 000 28 000 34 000 285 000 350 000 29100 35 500
253 000 298 000 25 800 30 500 253 000 298 000 25800 30 500
196 000 215 000 20 000 22 000 196 000 215 000 20 000 22 000
253 000 298 000 25 800 30 500 — — — —
242 000 282 000 24 700 28 700 — — — —
294 000 350 000 30 000 35 500 — — — —
294 000 350 000 30 000 35 500 305 000 365 000 31000 37 500
294 000 350 000 30 000 35 500 — — — —

— — - — 305 000 365 000 31 000 37 500
380 000 485 000 39 000 49 500 380 000 485 000 39 000 49 500

— — — — 415 000 540 000 42 000 55 000
435 000 590 000 44 500 60 000 485 000 690 000 49 500 70 500

- — - - 229 000 278 000 23 400 28 400

- — - - 380 000 675 000 39 000 69 000

298

299



NSK special bearings

13.12 RCC bearings for railway rolling
stock

Recent trains as well as the rolling stock are
required to be high speeds and maintenance-
free to satisfy the technical trends and
environments.

Among the railway rolling stock, the axlebox
bearings which run under the severe conditions
such as large vibration and strong shocks when
passing the rail joints or points, harsh
environments with dust, rain and snow, are
required to be high reliability for a long time.

NSK developed RCC bearings (Sealed
cylindrical roller bearings for railway axle) to
meet the above requirements. The RCC
(Rotating end Cap type Cylindrical roller
bearing) is a sealed bearing unit in which
specially designed oil seals are attached directly
to both ends of a double-row cylindrical roller
bearing with double collars and filled with a
dedicated long-life grease. (Fig. 1) The exclusive
greases are the greases which are popularly
used at AAR (Association of American
Railroads) or long-life grease for axlebox
developed by NSK.

The RCC bearings have the following features.
1. Unit construction, enabling easy handling.

2. The axle end can be exposed simply by
removing an end cap, facilitating flaw
detection of the axles or grinding of axles.

3. The roller and cage sub-unit can be removed
from inner and outer rings during
disassembly, making cleaning and inspection
easier.

4. This unit bearing has an anti-rusting coating
applied over the outer ring outside. An
adaptor to be set on the outer ring is
enough for a bearing box, thereby making
the construction around the bearing simpler
and reducing the weight.
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Now, due to the good results, RCC bearings
are widely used in new electric and passenger
cars of both private and semi-national (JR)
railways in Japan. Specifications of principal
NSK RCC bearing units are shown in Table 1.

NSK

Unit No. 4
J-801 130
J-803 120
J-805 120
J-806 120
J-807 130
J-810A 120
J-811 120
J-814 130
J-816 130
J-817 120
J-818 90
J-819 120
J-820 85

e
r B
A $d $D
' =
Fig. 1 Construction of RCC bearing

Table 1 Specifications on RCC bearing units

Boundary dimensions (mm) Basic dynamic load rating Bearing No.
D B T C. (N) (reference)
240 160 160 825 000 130JRFO3A
220 188 175 850 000 120JRFO4A
220 157 155 765 000 120JRF06
220 172 160 765 000 120JRFO7
240 160 160 825 000 130JRFO3
220 185.5 160 765 000 120JRF09
220 204 160 815 000 120JRTO7
230 185.5 160 800 000 130JRF05
240 160 160 825 000 130JRFO3A
220 175 175 850 000 120JRF04J
154 107 115 315 000 90JRFO1
230 185.5 170 945 000 120JRF10
154 135 105 365 000 85JRFO1
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