Rolling Element Bearings Chapter 1

Chapter 1: Rolling element bearings

Preamble

The tables and information presented here arc taken from the 1994 SKF General Catalogue. This
catalogue has almost 1000 pages so it is obviously impractical to reproduce more than a small
portion of the catalogue.

Ofthe 47 types of bearings listed in the SKF catalogue, detailed data for only 4 types have been
included here:

. Deep groove ball

. Self-aligning ball

. Cylindrical roller

*  Spherical roller (self-ahgnmg roller)

Note : These bearings are all of the open type except the deep groove ball which may be
purchased as a pre-sealed and pre-lubricated bearing.

The basic dynamic load rating is in accordance with the methods prescribed by the International
Standards Organisation in various standards such as ISO 281: 1977/90 and ISO 76:1987. In
the ISO method, the basic rating life of the bearing ( Ly, life) is related to the loads (radial and
axial) only on the bearing.

The L, life is defined as the life that 90% of a sufficiently large group of apparently identical
bearings can be expected to attain or exceed under the given operating loads. That is to say, 10%
of bearings can be expected to have a life less than the Ly life, whereas 90% of bearings will
exceed it. In fact, the average life is about 5 times the L, life. -

Note: The Ly, life is expressed in millions of revolutions.

There has been a great deal of research and testing done over the years on bearing life and it has
been found that three other factors considerably affect the life of a rolling element bearing. These
factors are: ‘

*  Type of steel used in the bearing

*  Lubrication

*  (Cleanliness

Type of steels

The ISO equations are based upon standardised material specifications. In general, bearing steels
in commercial bearings have equal or better life properties than those in the ISO standard. In
addition, bearings made of special steels can be ordered.
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Rolling Element Bearines Chapter 1

Lubrication

Lubrication encompasses factors such as:

* type of lubricant used (oil or grease or other)

* whether the lubricant contains additives

* lubricant viscosity

* lubricant temperature

* method of introducing and circulating the lubricant through the bearing

* whether or not the lubricant is changed with fresh lubricant at regular intervals

Note : Viscosity and temperature of lubricants are related and for liquid lubricants the viscosity
decreases with temperature. The grease normally used by SKF for pre-lubricated deep groove
ball bearings has a viscosity of 100 mm?s at 40°C. :

Cleanliness

Cleanliness encompasses factors such as:

* contaminants in the environment under which the bearing operates

* dirt, dust, metallic particles that can find their way into the bearing

* water or other liquids that can contaminate the lubricant or cause bearing corrosion

¢ filtration of the lubricant

* method of sealing the bearing _

Note: Many of these factors are inter-related, for example if the bearing is well-sealed,
contaminants cannot enter the bearing.

Inrecognition of the factors other than load than can affect bearing life, ISOin 1977 introduced
an adjusted rating life, that took into account reliability, material and the Iubricant viscosity.

As aresult of the research done by SKF, they introduced a'New SKF life theory'that introduces
the concept of a fatigue load limit. This is the load below which fatigue will not occur in abearing,
That s, with correct lubrication and cleanliness any value of the Ioad below the fatigue load limit,
the bearing will last indefinitely. This theory also takes into account lubricant viscosity and
cleanliness.

To summarise, there are therefore three methods of determining the bearing life.

* The ‘traditional’ ISO method of determining the basic rating life. This method takes into
account only the loads on the bearing. _

* TheISO ‘adjusted rating life' that takes into account other factors including reliability, type of
bearing steel and lubricant viscosity. .

* The SKF 'new life theory' that takes into account the other factors included in the ISO

q adjusted rating life method but also takes into account the fatigue load limit and cleanliness.
-

_ As each of these methods can produce a different answer, it is evident that calculation of rolling
%l element bearing life should be regarded an estimate since many factors apart from load can

influence bearing life. The more of these factors that are known and the more preciselytheyare
known, the more precisely bearing life can be calculated.
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Selection of bearing type

Thirty seven common types of bearings are listed on pages 19 and 20. The selection chart on
page 21 can be used to select the most appropriate type of bearing according to the various
selection factors such as load direction, shaft speed, accuracy, noise, friction, self-alignment etc.

Selection of bearing size
Asstep-by-step method of bearing size selection is now detailed for four main types of bearings,
namely deep groove ball, self-aligning ball, roller, and self-aligning roller.

Selection of deep groove ball bearings

Method 1 - ISO L;, life method

1.

Determine the required life of the bearing in operating hours. This depends upon whether the
bearings will operate continuously or intermittently and the expected life of the equipment. In
mechanical design it is often the case that the bearings should be selected for a life of 10 years.

. Convert the design life in hours into a design life Lexpressed in millions of revolutions. The

equation is:

7 - 60 N h :
10°
Where:
L = design life in millions of revolutions
N = average operating speed in rev/min
h = design life in hours

. Determine the average.radiai load Fr and axial load Fa onthe bearing. In most cases the loads

on the bearings are the shaft reaction forces at the bearing.
Note: Where dynamic loads occur, shock factors shouid be applied to the steady loads.

. Calculate the ratio Fa/Fr. )

. Knowing the shaft size, use the data tables on pages 26 and 27 to select abearing fromthose

available for this size of shaft. In the absence of other knowledge, select abearing around the
mid-range of those available. Write down the static load rating Co and the dynamic load rating
C. :

Calculate the ratio Fa/Co and hence read off the value of e from the graph on page 22 by
projecting across to the e line and then down to the e scale.
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Rolling Element Bearings Chapter 1

7. Calculate the equivalent dynamic bearing load P. If:
Fa/Fr <= ¢ then P=Fr

Fa/fFr>e then P=X Fr+ Y Fa where X=0.56 and the value of Y can be read off the -

graph on page 20 by projecting across from the Fa/Co value to the Y line and then down to
the Y scale.

Note: this graph has been drawn for normal clearance bearings.

8. For the bearing selected calculate the bearing L, life using the equation:
C 3
L. =|=
10 ( P]

9. If Lig< L, the bearing is too small. Repeat steps 5- 8 using a bearing with ahlgher load
carrying capacity (further down in the table). '
If L, = L the bearing is OK.
If Ly;> L, the bearing may be too large. Repeat steps 5- 8 using a bearing with a lower
load carrying capacity (further up in the table). :

10. Calculate the equivalent static bearing load Po using the equation:

Po=0.6 Fr + 0.5 Fa and check that Po is less than Co. If not another beanng should be
selected.

Note: If Po < Fr then make Po = Fr.

1. Check the minimum radial load on the bearing. For satisfactory operation:
Fr>001C

Note: this is a Tule of thumb’, more accurate methods of: calculating the minimum load based
upon lubricant viscosity, operating speeds etc are given in the SKF catalogue.

12. Check that the maximum shaft speed does not exceed the speed rating of the bearing.

Mechanical Design Data Manual : ) : —_—
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Selection of self-aligning ball bearings

Method 1- ISO Ly, life method

1. Determine the required life of the bearing in operating hours. This depends upon whether the
bearings will operate continuously or intermittently and the expected life of the equipment.
Inmechanical design it is often the case that the bearings should be selected for a life of 10
years.

2. Convert the design life in hours into a design life Lexpressed in millions of revolutions. The
equation is: 4

I = 60 N h
I
Where:
L = design life in millions of revolutions

N = average operating speed in rpm
h design life in hours

3. Determine the average radial load Fr and axial load Fa on the bearing. In most cases the
loads on the bearings are the shaft reaction forces at the bearing.
Note: Where dynamic loads occur, shock factors should be applied to the steady loads.

4. Calculate the ratio Fa/Fr.

5. Knowing the shaft size, use the data tables to select a bearing from those available for this
size of shaft. Use pages 28 and 29 for bearings without adaptor sleeves and pages 30 and
31 forbearings with adaptor sleeves. In the absence of other knowledge, select a bearing
around the mid-range of those available. Write down the dynamic and static load ratings C
and Co and calculation factors: e, ¥, 15, ¥,.

6. Calculate the equivalent dynamic bearing load P. If:
Fa/Fr <= e then P=Fr + Y, Fa
Fa/Fr > e then P=0.65Fr+ Y, Fa

7. For the bearing selected calculate the bearing L, life using the equation:

C 3
L. = 1=
o (g

8. If Ljy< L, the bearing is too small. Repeat steps 5- 7 using a bearing with a higher load
carrying capacity (further down in the table).
If L, ~ L the bearing is OK.
If L,y> L, the bearing may be too large. Repeat steps 5- 7 using a bearing with a lower
load carrying capacity (further up in the table).
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Rolling Element Bearings Chapter 1

9.

10.

11

12.

Calculate the equivalent static bearing load Po using the equation:
Po = Fr + YoFa and check that Po is less than Co. If not another bearing should be
selected.

Note: If Po < Fr then make Po = FT.

Check the minimum radial load on the bearing. For satisfactory operation:
Fr>0.01C

Note: thisis a tule of thumb”, more accurate methods of calculating the minimum load based
on Jubricant viscosity, operating speeds etc are given in the SKF catalogue.

Check that the maximum shaft speed does not exceed the speed rating of the bearing.

Ifthe bearing has a tapered bore and adaptor sleeve check that the axial load on the bearing
does not exceed the permissible load on the adaptor sleeve, that is:
Fa<3Bd
Where: Fa = the axial load on the bearing in N

B = the width of the bearing in mm

d = the internal diameter of the bearing in mm
Note: The tables for self-aligning bearings with adaptor sleeve do not list the internal
diameter of the bearing. Use the designation of the bearing with adaptor sleeve and go to
the tables for the same designation of bearing without adaptor sleeve in order to obtain
the internal diameter.
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Rolling Element Bearings Chapter 1

Selection of cylindrical roller bearings

Method 1 - ISO Ly, life method

1. Determine the required life of the bearing in operating hours. This depends upon whether
the bearings will operate continuously or intermittently and the expected life of the
equipment. In mechanical design it is often the case that the bearings should be selected
for a life of 10 years.

2. Convert the design life in hours into a design life L expressed in millions of revolutions.
The equation is:

I - 60 N k
10°
Where:
L = design life in millions of revolutions
N = average operating speed in rpm
h =

design life in hours

3. Determine the average radial load Fr and axial load Fa on the bearing. In most cases the
loads on the bearings are the shaft reaction forces at the bearing,.
Note: Where dynamic loads occur, shock factors should be applied to the steady loads.

4. Calculate the ratio Fa/Fr.
Note: This ratio should not exceed 0.5.

5. Knowing the shaft size, use the data tables (pages 31 to 34) to select a bearing from
those available for this size of shaft. In the absence of other knowledge, select a bearing
around the mid-range of those available. Write down the static load rating Co and the
dynamic load rating C. '

6. Calculate the equivalent dynamic bearing load P. For bearings without flanges
(type NU) :
P=Fr
For bearings with flanges:
Fa/Fr ‘<= ‘e then P=Fr
Fa/lFr > e then P=0.92Fr+ YFa
where e = 0.2 and Y = 0.6 for bearings of series 10, 2 .3 and 4
¢ =0.3 and Y= 0.4 for bearings of series 22 and 23

7. For the bearing selected calculate the bearing L, life using the equation:
C] 103
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Rolling Element Bearings Chapter 1

8. If Ljp< L, the bearing is too small. Repeat steps 5- 7 using a bearing with a higher
load carrying capacity (further down in the table).
If Ly =L the bearing is OK.
If Ly, > L, the bearing may be too large. Repeat steps 5- 8 using a bearing with a
lower load carrying capacity (further up in the table),

9. Check that Po is less than Co/1.5. If not another bearing should be selected.
Note: Po = Fr for cylindrical roller bearings.

10. Check the minimum radial load on the bearing. For satisfactory operation:
Fr>002C
Note: this is a rule of thumb’, more accurate methods of calculating the minimum load
based upon lubricant viscosity, operating speeds etc are given in the SKF catalogue.

11. Check that the maximum shaft speed does not exceed the speed rating of the bearing.
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Rolling Element Bearings Chapter 1

Selection of spherical (self-aligning) roller bearings \

Method 1 - ISO Ly, life method
1.

TAFE:} | 14 | ; Jannary 2000

- Knowing the shaft size, use the data tables on page 35 to select a bearing from those

Determine the required life of the bearing in operating hours. This depends upon whether
the bearings will operate continuously or intermittently and the expected life of the
equipment. In mechanical design it is often the case that the bearings should be selected
for a life of 10 years.

Convert the design life in hours into a design life L expressed in millions of revolutions.
The equation is:

I = 60 N h
10°
Where:
L = design life in millions of revolutions
N = average operating speed in rpm
h = design life in hours

Determine the average radial load Fr and axial load Fa on the bearing. In most cases the
loads on the bearings are the shaft reaction forces at the bearing.
Note: Where dynamic loads occur, shock factors should be applied to the steady loads.

Calculate the ratio Fa/Fr.

available for this size of shaft. In the absence of other knowledge, select a bearing around -
the mid-range of those available. Write down the static load rating Co and the dynamic
load rating C, also calculation factors: e, 1}, Y, Yo

Calculate the equivalent dynamic bearing load P. If:
FalFr<=e¢ then P=Fr + Y, Fa !
Fa/fFr>e then P=0.67Fr+ Y, Fa

For the bearing selected calculate the bearing L,, life using the equation:

C 1073 . iy
Ly = (—-]

P

If Ly, < L, the bearing is too small. Repeat steps 5- 7 using 2 bearing with a higher
load carrying capacity (further down in the table).

If L,,~ L the bearing is OK.

If L,y > L, the bearing may be too large. Repeat steps 5- 8 using a bearing with a
lower load carrying capacity (further up in the table).
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9. Calculate Po and check that Po is less than Co/1.5. If not another bearing should be
selected.
Note: Po=Fr + Y, Fa for spherical roller bearings.

10. Check the minimum radial Joad on the bearing. For satisfactory operation:
Fr>0.02C
Note: this is a rule of thumb’, more accurate methods of calculating the minimum load
based upon Iubricant viscosity, operating speeds etc are given in the SKF catalogue.

11. Check that the maximum shaft speed does not exceed the speed rating of the bearing.

Method 2 1SO Adjusted rating life method
The method is basically the same as already detailed for the various types of bearings. The
only difference is that the adjusted rating life L, is used rather than the L, life. The adjusted
rating life is calculated using the following formula:

Lu= aayazly,

Where :  a, = life adjustment factor for reliability
a; = life adjustment factor for material

= life adjustment factor for operating conditions

Using the generally accepted reliability of 90%, factor a, has a value 1. For other reliability
values a table in the SKF handbook gives the corresponding value of the reliability factor.

Factor @, depends upon the type of steels used in the bearing. For standard steel types (as

~ defined by ISO) this factor has a value of 1.

a3 1s essentially determined by bearing lubrication (provided operating temperatures are not
excessive and cleanliness is normal).

SKF claims higher life properties for their steels than the ISO standard and have combined
factors a, and a, into a combined factor a,;. So:

L= ajanly

Then if a; =1, (mormal’ 90% reliability) :
Lna = ay Ly

Factot a,; can be determined using Diagrams 1 and 3 (on page 23). Diagram 1 gives the
required kinematic viscosity v, for adequate lubrication at the rotational speed (as a function
of the mean diameter of the bearing). Diagram 2 gives the value of factor a,; as a function of
the viscosity ratio «, defined as : x = v/v, where v = actual kinematic viscosity of the
lubricant used (at the operating temperature of the bearing).

Mechanical Pesign Data Manuat
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Rolling Element Bearings Chapter 1

Notes:

»  The shaded area on Diagram 3 is for lubricants with additives.

» The diagrams are valid for mineral oils and greases under conditions of normal cleanliness.

«  Since lubricant viscosity depends upon the temperature, it is necessary to estimate the
operating temperature of the bearing in order to calculate « . Operating temperature
depends on a number of factors such as the ambient temperature, the load on the bearing,
shaft speed, housing design and so on. Temperature measurement of similar bearings
under operating conditions is a good method of obtaining this temperature. SKF have a
computer program that will calculate operating temperature for a particular application.

Method 3 SKF New Life Method
This is a variant on the ISO Adjusted Life Method. SKF introduce the concept of a fatigue
load limit Pu whose value is given in the bearing tables. It represents that load below which
fatigue will not occur in the bearing. That is with adequate lubrication and cleanliness, for
values of load below Pu the bearing will last indefinitely. The life of the bearing L, is then
related to the ratio Puw/P. The equation is:
Liaa = ay asxrLio

Where

= adjusted rating life to new life theory
al = life adjustment factor for reliability (as given by the ISO adjusted life method)
asee = life adjustment factor based on the new life theory

* Assuming ‘normal’ 90% reliability, a;= 1 so the equation becomes:

Lsxr= asgrLio

Values of agye can be obtained from Diagram 4 (page 24) for ball bearings and Diagram 5
(page 25) for roller bearings for various values of the viscosity ratio x (defined in Method 2).
The x axis on these diagrams are 7. Pu/P.

The factor 1, is a factor to take into account contamination. The following table may be used
as a guide to the contamination factor m,: _ ‘

W
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Rolling Element Bearings Chapter 1
Condition e
Very clean - debris size the order of the lubricant film thickness 1
Clean - conditions typical of bearings greased for life and sealed 0.8
| Normal - conditions typical of bearings greased for life and shielded 0.5
Contaminated - bearings without seals, particle ingress likely from surroundingss - 0.1
Heavily contaminated ' 0
Example

A 45 mm diameter shaft running at 5000 rpm is fitted with a deep-groove ball bearing number
6309. The radial load on the bearing is 8 kN and there is no axial load. The bearing is to be
oil lubricated using oil with viscosity 20 mm?s at the operating temperature. Reliability is
normal (90%). Determine the bearing life using all three methods if conditions are:

(a) clean

(b) contaminated with an estimated contamination factor of 0.2.

Solution
(a) Using the ISO L,y method

From the bearing tables (page 26) for bearing 6309 (45 mm shaft) : C = 52.7 kN
Since there is no axial load : P=Fr=8kN
Lig= (_C_'_)3 n L= (52.7 )’ = 286 million revs

P 8

Using the ISO adjusted life method
Ina= ayaxnly,

For normal’ (90%) reliability, a, =1

For bearing 6309, from the bearing tables (page 26), D = 100 mm

Since d =45 mm d, = 0.5 x (45 + 100) = 72.5 mm

From Diagram 1 (page 23) for 5000 rpm, the required oil viscosity v, =7 mm?s
Since the actual viscosity v=20mm%*s, « = viv, =20/7=2.9

From Diagram 3 (page 23) withk =2.9,a,, =2 g Yo
Therefore L, = 1 x 2 x 286 = 572 million revs

Note: The longer life is due to the viscosity of the lubricating oil being almost three times
higher than that required for adequate lubrication

e
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Rolling Element Bearings Chapter 1

Using the SKF new life method |
Lo = @ asxrlao

For ‘normal’ (90%) reliability, a; =1

From the bearing tables for 6309 bearing (page 24), Pu=1.34kN

From the table on page 15, for normal cleantiness, 1, = 0.8

Since P =8 kN, n Pw/P=0.8x 1.34/8 = 0.134

Since x = 2.9 (calculated above), from Diagram 4 (page 15) asxe= 8

Therefore Lnaa = 8 x 286 = 2288 million revs

Note: this is four times higher than the L,, life as predicted by the adjusted life method

(b) Because conditions are contaminated, the only method applicable is the SKF new life

method. ,

Nown,=02 - n.Pu/P=02x134/8 = 0.0335

Since k¥ = 2.9 (calculated above), from Diagram 4 (page 22) askr ~ 1.2
Therefore L, = 1.2 x 286 = 343 million revs

Note - there is a considerable reduction in life due to the contaminated conditions
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Rolling Element Bearings " Chapter 1

Calculation faclors for single row deep groove bail baarings
Single baarings and bearing pairs in tandem

Normal clsarance
Fo/Co e X .y - For Eg >e

- r
- L === 0025 022 05 2 b ==
= 004 024 056 18 ==
3 : E 007 027 056 18 =
= = 0,18 031 056 14
et 028 037 0568 1.2
05 D44 058 1

0.6 :
0.5 Ft =

0_4 " 1] . Jb

w.
—

0.1 4 --
: S ERERE S = DD ==t
0'0 % 7 _..‘.:.-1 : 3=k '...: .-. =% : : “... =
0.08 = S  EE=oos
0.07
0.06 "
0.05 / 1
0.04 S=SES==s ==SS====
e -
0.03 = 52532
0.02 e e e Sy 1 o 115
0.2 0.25 o Il).?gl.'i'_‘_iq_ e -J10.35 [T - ﬂ'ﬁ = 0.45 1
A 3 R I i MR EWE
L 1l Y i 1 .:-1_1 Ry i 1 i 1
2.0 1.9 H1.8 i-1.7 1.6 -{-1.51+1.4 +41.3+1.2-+41.1+1.0
NN RRRRS Ny REey !
ey l |

SEwanTmEAT
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ﬂ Rolling Element Bearings . Chapter 1 -
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Rolling Element Bearings

Chapter 1
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Factor agy for radial ball bearings
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If k > 4, use Kk = 4 curve
As the value of 1), (P,/P) tends to zero, agye tends to 0,3 for all values of K
Diagram 4
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Factor agy for radial roller bearings
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Ifx>4.ﬁsex=4curve )
As the value of M, {P,/P} tends to zero, agyy tends to 0,1 for all values of k -

Diagram 5
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Rolling Element Bearings - Chapter 1
B

2]

T2

- )

5

D D-| d d1 [)2 Da I{ da
7,
With Jull cuter With recessed outer
ring shouldars ring shoulders
Principat Basic joad ratings Fatigue Speed ratings © Mass Designation Dimensions Abutment and fillet
dimensicns dynamic  static load Lubrication dimensions
{imit grease il
d D B c Cy P, d, D, D, T2 d, B, Ta
= = = min min max max
mm N N - r/onie kg - mm
15 24 5 1560 800 34 28 000 34 000 0,0074 s1802 179 211 - 0.3 17 22 0.3
28 7 4030 2040 85 24000 30009 0,016 61902 184 247 - 03 17 26 0.3
32 8 5 590 2850 120 22000 28000 0,025 18002 202 27 282 03 17 30 0.3
32 9 5 530 2850 120 220000 28000 0,030 6002 202 27 282 032 17 30 0.3
3 N 7 800D 3 750 160 18000 24 Q0O 0,045 6202 215 282 304 06 19 31 06
42 13 11400 5400 228 17000 20000 0,082 6302 237 338 363 1 20 37 1
17 26 & 1 680 930 39 24000 30000 0,0082 61803 20,2 232 - 0.3 19 24 03
30 7 4 360 2320 98 22000 28000 0,018 81903 204 267 - 6.3 19 28 03
s 8 6050 3250 137 13000 24000 0,032 16003 227 295 312 03 19 33 03
s 10 6 050 3250 137 19000 24 000 0,039 5003 227 295 912 03 19 33 0.3
0 12 9 560 4750 200 17 000 °.20 000 0,065 6203 242 329 35 0,6 21 36 0.6
47 14 13500 6550 275 6000 19000 0,12 5303 265 376 386 i 22 42 t
g2 17 22900 19800 485 12000 15000 0,27 6403 324 474 - 11 235 555 1
20 32 7 2700 i 500 63 19000 24000 sm8 61864 24 283 - 0,3 22 3o 03
37 8 6 370 3 650 156 18000 22000 0,038 61904 256 314 - 0,3 22 35 03
42 .8 6890 4050 173 17000 20000 0,050 6004 273 345 - 0,3 22 40 03
42 12 9 350 5 Q00 22 17000 20000 0,065 6004 ot2 351 372 08 24 38 0,6
47 14 2700 6550 280 15000 18000 0,11 6204 285 387 405 1 25 42 1
52 15 15900 7800 335 13000 16000 0,14 6304 303 421 448 14 265 455 1
72 18 30700 15000 640 10000 13000 0,40 6404 a7l 556 - 1,1 265 655 1
25 37 7 4 360 2600 125 17000 20 000 0,022 61805 285 3383 - 0,3 27 35 0,3
42 8 6 630 4000 176 16000 19000 0,045 1905 30,2 368 - 0,3 27 40 0,3
a7 B 7610 4750 212 14000 17 000 0,060 16005 333 407 - 0,3 a7 45 03
47 12 11200 6550 275 15000 18 000 0,080 6005 32 403 422 08 28 43 0,6
52 5 14000 7800 335 12000 15000 0,13 6205 34 442 463 1 30 47 1
62 57 22500 11600 480 11000 14000 023 6305 366 508 527 11 35 555 1
8 2% 35800 19300 815 9000 11 000 0,53 6405 454 838 - 1.5 a3 72 15
36 42 7 4.490 2900 146 15000 18 000 0,027 1806 337 385 - 0.3 32 40 03
47 8 7 280 4 560 212 14000 17 000 0,05t 61908 352 418 - 0.3 32 45 03
55 @ 11200 7350 310 12000 15000 0,085 16008 36 473 - 03 32 53 0.3
55 13 13300 8300 355 12000 15000 0,12 6006 a2z 471 49 t 35 50 1
62 16 19500 11200 475 10000 13000 0,20 6206 40,3 521 541 i 35 57 1
7218 28100 16000 670 5 000 11 000 0,35 6306 446 599 619 1,1 35 858 1
90 23 43600 23 600 1000 8 500 10 000 0,74 6406 53 707 - 1.5 B a2 1.5
35 47 7 4750 3200 166 13000 16000 0,030 61807 38,7 435 - 0,3 37 45 0.3
55 10 9 560 6 200 250 11000 14 000 0,080 61807 416 496 - 0,6 39 51 06
62 ] 12400 8150 a7s 10000 13000 0,11 18007, 44 533 - 03 37 50 03
&2 14 15900 10 200 440 10000 13000 0,16 €007 437 535 557 1 40 57 1
72 17 25500 15300 655 9 000 11 000 0,29 5207 469 606 627 1.1 M5 655 1
80 21 33200 18000 815 8 500 10 000 0,46 5307 485 661 692 1,5 43 72 1.5
00 25 55300 31000 1280 7 000 8 500 0,95 6407 574 B0G - 1,5 43 9z 1.5
44 52 7 4940 3450 186 11000 14000 0,034 61808 437 485 - 0,3 42 50 03
62 12 13800 9300 425 10000 13000 0,12 51808 47 552 - 0.6 44 58 0.6
68 g 13300 Q150 440 9500 12 000 013 16008 454 57 - 03 42 56 0,3
68 15 16800 11600 450 9 500 12 000 0.49 5008 482 531 611 1 45 63 1
80 18 307200 19000 800 8 500 10 000 0,37 6208 526 679 698 11 45 735 1
80 23 41000 24000 1020 7 500 9 000 0.63 €308 61 747 77 1.8 48 82 1,5
10 27 63700 36 500 1530 6 700 8000 1,25 6408 628 B8 - 2 49 101 z
a5 58 7 6 050 4 300 228 9 500 12 000 0,040 61809 48,7 545 - 0,3 47 56 0.3
68 12 14000 9800 465 9 000 11 000 0,14 61808 523 608 - 06 49 84 0,6
75 10 15600 10800 520 9 000 11 000 0,17 16009 55 654 - 0,6 45 71 0,6
75 16 20800 14 600 640 9 000 11 000 0,25 6009 §47 656 678 1 50 70 1
.85 19 33200 21800 915% 7 500 2000 0,41 £209 576 729 752 1.t 51,5 785 1
100 25 52700 31500 1340 6 700 8 000 0,83 8300 621 B37 867 1.5 53 a2 1,5
120 28 76 100 45000 1900 6 000 7 000 1,55 8409 689 968 - 2 54 111 2
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% Rolling Element Bearings ) Chapter 1

B~ i
T 2’3
T——' "1 G T i ):g&
i . NS 22 I
- {l > | )
|
3] D1 d d1 Dz Da I da
| |
i L >
LT
With full outer With recessed outer
ring shoulders fing shoulders
Principal Basic load ratings Fatlgue Speed ratings Mass  Designation Di i ‘5." utment and fillet
dimensions dynamic  static load tubrication 7
limit grease oit b . d D .
d D B c Gy Py ] l?_;’ = i min  max  max
mm N N t/min kg - =
50 & .7 6240 4750 250 9000 11000 0052  evat0 547 605 - 0.3 FA S
72 12 14600 10 400 500 8500 10000 014 61910 568 653 - 08 4 68 08
80 10 16300 11 400 560 8500 10000 0.18 16010 60 704 - 0.6 54 %08
B0 16 21600 16000 710 BS00 10000 026 5010 597 706 728 1 B, B 1
20 20 35700 23 2po 980 7000 @500 0,46 6210 625 78t 817 1 x5 85 1
1o 97 61800 38000 1 600 6300 7500 1.05 8310 687 921 g52 2 & 12
130 31 87100 52 co0 2 500 5300 6300 1.80 8410 754 106 - 2.1 & 119 2
55 72 9 8840 6800 360 8500 10000 0,083 61811 802 67 - 0.3 o 10 03
80 13 15900 11 400 550 8000 9500 619 §1911 63 721 - 1 60 75 1
90 19500 14 000 85 7500 9000 026 .  180%1 67 78 - 08 v, & 08
0 B 28100 21 200 300 7500 9000 0,39 6011 663 791 B1E 13 615 835 1
100 21 43800 29000 1250 6300 7500 - 085 6211 69  B66 - 894 1.5 83 2 15
120 29 71500 45000 1500 5600 £ 700 1.35 6311 753 101 104 2 64 m 2
140 33 99500 gg.oo0 2600 . 5000 600D 230 8411 818 115 - 21 B8 128 2
66 78 10 . 8710 & 700 365 7500 9000 011
85 13 16 500 12 000 600 7500 8000 0,20 g:g}g 22'5 ;5? Z ?‘3 §§ gg 3'3
95 11 15 900 15 000 735 6700  BOOD 0,28 16012 72 834 - 0.6 a1 0.6
95 18 29600 23200 580 6700 8000 .42 6012 715 841 @ : & ’
110 22 52700 36000 1530 6000 7000 0.78 6212 75 g eg.s b & N
% 31 - se0  s2om 2 200 5000 6000 1.70 6312 e e o 25 7o
5 168 000 89 500 2500 4800 5600 275 6412 88,1 123 - 2.1 7 139 2
65 85 1n 11800 9650 510 7000 B 5D 1
0 13 17400 13 400 680 6700 8000 g:zg g}g b n ol ?'6 ?3 - e
00 17 21200 16600 830 §300 7500 0.30 16013 7 . o
100 18 30700 25 00g 1060 6300 7500 . Qa4 6013 85 o 3 8 Sis oo 0o
120 23 55 900 40 500 1730 5300 6300 0,98 6213 By B ms o1 AL ;
140 3 $2300 @0 0oD 2500 4800 5800 210 5313 s RER 25 R 125 2°
3 118000 78 000 3150 4500 5300 730 6413 94 132 - 21 76 149 2
7 s 10 12100 10000 540 6700 800D
10 15 23800 18300 300 6300 7800 8;;; g:;: 33'}, Sﬁ'é Z ?’B ;g o e
10 13 28100 25 Do 1060 6000 7000 0,43 16014 3 - o7 _ o 5
110 2 37700 31000 1320 6000 7000 0,60 6014 83'5 876 @ e 74 055
125 24 60500 45000 1900 5000 6000 1,08 6214 pe? T e 1 A
;gg gg 104000 68 0OO 2 750 4500 5300 2,50 €314 SZ 9 182 1:143 25 ;‘13 }ég 2°
143000 104000 3300 3800 4500 485 6414 103 147 - 3 83 167 25
5 85 1 12500 10800 585 8300 7500 1
105 18 24200 19300 965 6000 7000 o3 g:::: ) M b o e
115 13 28 600 27 000 1140 5600 6700 046 16015 op- S : 4 bt :
115 20 38700 33500 1430 5600 6700 0,64 6015 . e S B e Y e
130 25 66300 49 0no 2040 . 4800 5600 1.20 §215 &t 1% 11 63" 1385 1
180 37 114000 76 500 3000 4300 5000 3.00 6315 o b 130 i o i 2
1 X :
53000 114000 4150 3600 2300 680 6415 110 156 58 3 88 177 25
80 100 10 12700 19 200 B10 6000 7 '
e 2210 20400 1020 5600 doey 040 Hr by S wooR % 3
33200 31500 1320 5300 6300 0.60 16018 Y Z
125 22 47500 40000 1 ; 953 110 - 06 84 121 08
I;g 26 70200 55000 2 ggg : goog gg% (1}'38 ' :g:g : ?3'14 15% 15 5 gg,s ! ;?'5 ;
ag 124000 86 500 3 250 3800 4500 3,60 6316
LCO 124 000 X 108 143 147 2. gt 158 2
?o 125000 4800 3400 4000 8,00 6416 116 164 - 3 93 187 25
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Chapter 1

Cylindricat bore ‘Tapered bore
taper 1:12 an diameter
Prinetpal Basic load ratings  Fatigue  Speed ratings Mass Designations Bimensions Abutmeni and fillat Calculation factors
dimensions dynamic  static load { ubrication Bearings with dimensions
Hralt grease  oil cylindrical
d 3] B c Cq P, bore d; Dy fy2 o, D, ’n e Y, Y, Yo
= = N min max max

mm N N T/min kg - mm -

5 19 ] 2 810 480 25 32 000 38 oeQ 9,009 135 103 15,4 0,3 7 17 63 0,33 18 K] 2

6 19 & 2510 430 25 32 000 33 000 0,008 128 103 154 a3 8 7 03 033 18 3 2

7 22 7 2630 560 29 30 000 36 900 0014 127 12,8 17.6 0.3 9 26 03 0,33 19 3 2

8 22 7 2 850 560 28 30 Q00 36 000 0,014 108 12,6 7.6 0.3 10 20 0,3 0.33 1.9 a 2

8 26 5 3900 815 43 26 0OS 32 000 0,022 128 148 211 0.6 13 22 0.6 0,32 1.9 3 2

10 30 k] 5 530 118¢ €1 24 Cob 30 000 0,034 1200 E 18.7 24.4 0.6 14 26 133 033 18 3 2
30 14 B 060 1730 80 22 000 28 000 Q047 2200 E 153 24,3 0.6 14 26 0.6 0,54 1,15 1.8 1.3

12 32 10 & 240 1430 72 22 000 28 0G0 0,040 1201 E 18.2 26,4 0.6 16 28 0.6 0,33 1.9 3 2
32 . 14 B 520 1800 98 20 000 26 000 0.053 201 E 175 26,5 06 16 28 06 8,50 1,26 2 1.3
a7 12 § 360 2180 112 18 000 22 000 0.067 1301 E 20 30.8 ® 17 az 1 0,35 1.8 28. 18
37 7 11 7¢0 2700 140 17 000 20 000 0,095 2301 16,6 30 1 a7 32 1 0.60 198 186 1.1

15 35 11 7 410 1760 90 19 000 24 000 0,049 1202E 21,2 29,6 0% 19 3t 0.6 0,33 1,9 3 2
35 14 3710 2 040 104 18 Q00 22 000 D060 2202 E 20,9 ag,.2 0.6 19 31 0.6 043 1.5 23 1.6
42 13 10 80¢ 2 600 134 47 QoC 20 000 0,094 1302 E 23,9 353 )] 20 a7 1 031 2 34 2,2
42 17 11 900 2 900 150 15 000 18 000 0.1 2302 23,2 35.2 1 20 az 1 052 1.2 1.9 1.3

17 40 12 8 840 2 200 114 18 000 22 900 0,073 1203 E 24 336 0.6 21 36 05 0,21 2 an 2.2
40 16 10 680 2 550 132 17 000 20 000 0,088 2203 E 23,8 34, 0.6 2t 36 08 0,43 1.5 2.3 1.8
47 14 12 700 3 400 176 14 000 17 000 0,13 1303 E 289 41 1 22 42 i 0,39 21 33 2.2
47 19 14 860 3 550 183 13 00O 16 00O 0,16 2303 258 394 3 22 42 1 052 1.2 1.9 1.3

20 47 14 12700 3 400 176 15 000 18 000 0,12 1204 E 289 41 1 25 42 1 030 24 33 22
47 18 16 800 4150 218 14 000 17 Q00 0,14 2204 E 27.4 H 1 23 42 1 0,40 1.6 24 16
52 15 14 300 4000 204 12 000 15 000 0,16 134 E 33.3 456 1,1 255 45,5 1 0.28 2,2 a5 25
52 21 tB 200 4 750 240 41 000 14 00D 0.2t 2364 26,8 43,7 1.1 26,5 455 1 0,52 1.2 19 13

25 52 15 14 300 4 000 204 13 000 16 000 314 1205E 333 456 1 30 a7 1 0,28 22 3.5 25
82 18 16 800 4 400 228 11 000 14 000 0,16 2X5E 323 461 1 30 47 1 0,35 1.8 28 18
62 17 19000 5400 280 9 500 12 400 0.26 1305 E 378 525 1,1 31,5 555 1 0.28 22 35 25
62 24 24 200 6 550 340 % 500 12 coo 0,34 2305 352 52,5 1.1 31,5 55,5 1 048 13 2 14

30 62 16 15 600 4 650 240 10 400 13 000 0.22 1206 E ! 40,1 53 1 35 57 1 0.25 25 39 25
B2 20 23800 6700 345 9 500 12 Q00 0,26 2206 € 88 55 1 a5 57 1 0,33 1.9 3 ) 2
7218 22500 6800 355 9000 1000 €39 1306 E ° 448 603 11 365 655 1 025 25 3% 25
72 a7 31200 8 BDO 459 8 500 10 Q00 0,50 2306 41,7 60,9 11 36.5 65,5 1 044 1.4 2.2 14
20 28 55 200 17 00 865 6 700 8 000 1,00 14068 463 75.8 1.5 358 92 1.5 0,40 1.6 2.4 1.6

3/ 7z 17 19000 £000 305 9 000 11 000 0,32 120TE 47 623 1.1 415 655 1 023 27 42 28
72 23 30790 § 800 455 8 500 10 000 0,40 2207 E 45,3 64,2 1.1 a5 €55 1 o 2 3.1 22
80 21 26 500 8500 430 7 500 9 006 0,51 1367 E 51.5 68,5 1.5 43 72 15 0,25 2.5 39 25
B0 3 33700 11 200 5BS 7000 8 500 0,68 2367 E 46,5 BB.4 1.5 43 72 1.5 .46 135 2t .4
100 30 62 400 18 000 930 6 300 7 500 1,30 1407 53.2 838 1.5 43 a2 1.5 0.37 17 25 1.8

40 B0 18 19 600 € 850 ass a8 540 10 000 D42 1208 E 536 68,8 1.1 48,5 73.5 1 022 29 a5 28
80 23 31 900 10 000 510 7 500 8 000 .51 2208 E 52,4 7.6 1.1 46,5 73,5 1 0,28 2.2 3.5 25
a0 23 33800 11 200 570 6 700 8 0ol 0,72 1368 E 61,5 81.5 1.5 48 az 1.5 023 27 4.2 28
a0 33 54 600 16 000 B15 £ 200 7 500 0,93 2308 E 23,7 79.2 1.5 48 82 15 0,40 1.8 24 15
110 32 76 100 23 600 1200 5 300 6 300 1,70 1408 B0 934 2 49 1m 2 4,35 1.8 28 18

5 85 19 22800 7800 400 7 500 9 00D 0,47 1200 E 57.5 73,7 1.1 51,5 78,5 1 0,21 3 46 32
as 23 32 50 10 600 540 7 000 8 500 0,55 2208E . 552 74,6 1.1 51,5 78,5 1 0286 24 37 25
160 25 39 000 13 400 895 6 300 7 500 4,96 1308 E 67,7 88,5 1,5 53 g2 15 0,23 27 4,2 28
100 36 63 700 19 300 1 000 5 600 6 700 125 2309 E 0.1 a7.4 15 53 g2 1.5 0,323 19 3 2
t2¢ 35 88 400 27 500 1400 5 000 2,15 1408 564 103 2 54 111 2 0.35 18 2,8 18

6 (00

Note: for bearings with a tapered bore add K’ to the designation
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Rolling Element Bearings - Chapter 1

|

Cylindrical bore Tapered hare
taper 1:12 on diameter

Principal Basic load rutings  Fatigue  Spaed ratings Mass Dasignations Dlmenslon; Abutment and fiNet Calculation factors
dimensions dynamic  static load Lubrication Bearings with dimensians
« limit grease oil cylindrical
d ) Y c Cy P, bore d2 By fi2 d, D, a e A Y2 Yp
= = min min max max
mm N N r/min ’ kg - fmm -
50 90 20 26500 9150 475 7000 8500 0,53 o g3 185 13 565 835t Sa 3, 45 32
W 23 33800 11200 89 5300 ooo9 e o 615 815 i 565 835 1 023 27 43 28
10 27 43600 14000 720 §600 © 6700 120 3wE  Lp ¥ E- o2y 28 4 23
10 4D 63700 20000 1040 5300 6300 163 s 5 a2 a2 o3 12 @ 18
W 37 101000 32000 1630 4800 5600 a8 oai 2oz s e 2 03 18 28 b
55 100 21 27600 10800 560 300  7S00 o7 1 Y oms ol 8 m 15 w33 51 36
10 25 3D000 13400 895 6000 7000 Oy Bue 7 s fs & s 15 oxm 27 42 28
1B 0% PRI o0 @15 500 8o is0  veiE 7 104 2 o 2 o &1 42 28
120 43 76100 24000 1250 4800 5600 290  aa0) Toa o2 oo oa 18 24 15
140 40 11000 36500 1850 €300 2o Fon 4N 794 120 24 66 120 2 633 19 3 2 :
0 110 22 200 12200 620 S60C 6700 0,50 1212 E ' 3 i
10 28 48800 17000 B8O 5300 6 300 1,10 2212 E ';'E 5 gg‘g : g SE }85 };'; 3';3 22 i: 2'3 :
180 31 8500 22000 1120 4500 5 300 1,95 1312 € 87 115 21 119 2 023 27 42 28
136 46 87100 28506 1460 4 500 5 300 2,60 2312 w9 11z 21 71 118 32 63z ts 3 32
150 42 125000 41 809 2160 3 80O 4 500 3.85 1412 a5 128 214 71 138 2 033 19 3 2
€ 120 23 35100 14000 720 5300 6300 115 1213E :
120 31 57200 20 000 1020 5000 6000 1,45 213 E 23-? ig? }2 ;3 1}2 }2 3'52 32 i:‘; Z‘S
140 33 65000 25500 1250 4300 5 000 2,45 1313 E 89 127 21 7% 28 2 . 022 28 45 28
140 48 95600 32500 1650 4000 4800 3,25 2313 855 22 =1 76 128 o 037 17 26 18
70 125 24 84500 13700 710 5000 6000 1,25 1214
125 31 44200 17000 880 4800 5600 150 - 2214 3;-2 }?? }2 ;E H; 12 3’;2 33 3‘3 32
1507 38 74400 27500 1340 4000 480D 3.00 1314 977 129 21 Bl 139 2 022 28 45 2@ ;
150 51 111000 37500 1860 3600 4500 3,50 2314 916 130 21 B1 139 2 837 1,7 26 18
75 130 25 35000 15600 OO 4800 5600 135 1215
130 M 44200 18000 90D 4500 5300 1.60 2215 33 1 H? 12 23 :55 }2 3'32 3; 35 ;5
160 . 37 78300 30000 1430 3800 4500 355 1315 104 w8 21 86 148 2 022 28 45 28
160 55 124 000 43 000 2040 3 400 4 000 4,70 2315 978 139 24 BE 149 2 037 1.7 286 18"
80 140 26 39700 17000 830 4500 5300 1,65 1218 '
- 140 33 65000 25500 1250 4000 4800 2,00 2216 E ) ;S‘ }S? § 33 :3: S 8;2 3:3 5:; 3,3
70 3 88400 -33600C 1500 3600 4300 420 1316 109 147 2.1 91 158 2 022 28 45 28
170 58 135000 49000 2240 3200 380 6,10 2316 104 148 34 M 159 =2 037 17 26 18
8 150 28 48800 20800 980 4000 4800 2,05 217
: 150 36 58500 23800 1120  3B00 4500 2,50 2217 }g; }g; § 3: ::] 5 3-;2 2; 33,' ;5
T 180, 41 97500 38000 1700 3400 4000 5,00 1317 17 158 3 98 167 25 022 20 45 28
180 60 140000 51000 2280 3 000 3600 7,05 2357 111 157 3 98 167 25 037 17 26 18
80 160 30 57200 23800 1080 3800 4500 2,50 1218
160 40 70200 28500 1320 3600 4300 3,40 2218 }}5 ::i i SS }2} 5 8’5 S; 35 Z 5
190 43 17000 44000 1830 3200 2800 - 580 1318 122 165 3 3 177 25 029 28 45 28
190° 64 153 000 57 000 2 500 2 800 3400 845 2318 115 164 3 W03 177 25 037 17 26 18

Note: for bearings with a tapered bore add K’ to the designation
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