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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ISO 15312:2018(E)

Rolling bearings — Thermal speed rating — Calculation

1

Scope

This document defines the thermal speed rating for oil bath lubricated rolling bearings and defines
calculation principles for the determination of this parameter. The parameter determined in accordance
with this document applies to rolling bearings of the given series and sizes of standard design or of a
design that, from a frictional point of view, can be related to a standard design bearing.

In mpst cases of standard assembly, the permissible temperature determines the maximu
speefl. Heating of the assembly is then generated by the bearing.

Thrust ball bearings are excluded from this document as kinematic effects{do’not allow
speefl rating defined in this document to be applied.

NOTE1 In Annex A mean values for the coefficients for and f1 are given —fot for calculating vis
oil bath lubricated bearings and f1, for calculating frictional losses of bearjngs.

NOTE 2  Explanatory notes on the limiting criterion are given in Aithex B.

NOTE 3 In Annex C the reference conditions for grease lubrication are defined. The reference c
chosdn such that the thermal speed rating for grease lubricatiéhJds identical to that for oil bath lubr

2
The

Normative references

following documents are referred to in_the text in such a way that some or all of t

constitutes requirements of this document.For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO 76, Rolling bearings — Static load ratings

ISO 1132-1, Rolling bearings —Tolerances — Part 1: Terms and definitions

ISO 3593, Rolling bearings~ VYocabulary

ISO §753-1, Rolling bearings — Internal clearance — Part 1: Radial internal clearance for radli

[SO 15241, Rolling bearings — Symbols for physical quantities

3

Terms-and definitions

m operating

the thermal

tous losses of

bnditions are
cation.

heir content
applies. For
hts) applies.

al bearings

593, and the

For theZpurposes of this document, the terms and definitions given in ISO 1132-1 and ISO 5
following, apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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thermal speed rating
inner ring or shaft washer rotational speed at which equilibrium is reached between the heat generated
by the friction in the bearing and the heat flow emitted through the bearing seating (shaft and housing)
under the reference conditions

Note 1 to entry: The thermal speed rating is one among various criteria which permit comparison of the different
rolling bearing types and sizes with regard to their suitability for operation at high speed.

Note 2 to entry: Mechanical and kinematic criteria which could lead to further speed limitations are not taken
into account by the thermal speed rating.

3.2
reference |
conditions f

a) the me
referen

temper

b) the fact

— the
the

oth

referen

onditions
br the thermal speed rating related to

e temperature, and the mean environmental temperature, i.e. the, veference am
ture;

brs determining the friction losses in the bearing, such as:
magnitude and direction of the bearing load;
method of lubrication, type of lubricant, its kinematic viscosity and quantity;

b1 general reference conditions;

‘e surface area of the rolling bearing” and thé*“reference heat flow density specific t

rolling

Note 1 to en
the heat emis
arrangement

3.3

heat emitti
sum of the c
washer) and

3.4
reference I¢
bearing load

3.5
reference h
heat flow, e

Jl

earing”.

y: The heat emission under the reference-conditions is based on empirical values and repr¢
sion of the real bearing arrangement.dt\s, however, independent of the real design of the be

ng reference surface aréa

housing, through whigh the heat flow is emitted

pad
, determinedby the reference conditions, which causes the load-dependent frictional mo

eatflow
nitted by thermal conduction through the heat emitting reference surface, and causq

hin temperature of the stationary outer ring or housing washer of the~bearing, i.g.

the
bient

the heat flow emitted from the rolling bearing defied as the product of the “heat emitting

O the

sents
aring

ontact areas, between inner ring (shaft washer) and shaft and between outer ring (hofising

ment

ed by

frictional re

3.6

sistance, when the bearing is operating under the reterence conditions

reference heat flow density
reference heat flow divided by the heat emitting reference surface area

3.7
reference a

mbient temperature

mean environmental temperature of the bearing arrangement under the reference conditions

3.8

reference temperature
mean temperature of the stationary outer ring or housing washer of the bearing under the reference

conditions
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4 Symbols and units

For the purposes of this document, the symbols given in ISO 15241 and the following apply.

Table 1 — Symbols and units

Symbol Term Unit
Ay Heat emitting reference surface area mm?2
B Width of rolling bearing mm
Coa Basic static axial load rating in accordance with ISO 76 N
Cor Basic static radial load rating in accordance with ISO 76 N
D Bearing outside diameter mm
D1 Inside diameter of the outer ring of thrust spherical roller bearing mm
d Bearing bore diameter mm
dm Mean diameter of rolling bearing dy, = 0,5 x (D + d) mm
d1 Outside diameter of the inner ring of thrust spherical roller bearing mm
for Coefficient for the load-independent frictional moment for the reference conditions 1
fir Coefficient for the load-dependent frictional moment for thié reference conditions 1
My Load-independent frictional moment N-mm
Moy Load-independent frictional moment under the refetence conditions at the thermal N-mm
speed rating, ngr
My Load-dependent frictional moment N-mm
M1, Load-dependent frictional moment undetthe reference conditions at the thermal N-mm
speed rating, ngr
Ny Bearing power loss under the reference conditions at the thermal speed rating, ngr \\
ner Thermal speed rating min-1
P1r Reference load N
qr Reference heat flow density W/mm?2
T Total width of tapered roller bearing mm
Vr Kinematic viscosity)of the lubricant under the reference conditions (at the reference[| mm2/s
temperature, Op,0f the rolling bearing)
a Contact angle °
Oar Referenice ambient temperature °C
Or Reference temperature °C
(o8 Reference heat flow w
5 Reference conditions

5.1 General

The reference conditions in this document are mainly based on the operating conditions of the most
frequently used bearing types and sizes.

5.2 Reference conditions determining the frictional heat generation

5.2.1 Reference temperatures

Reference temperature of the bearing on the stationary outer ring or housing washer: 8, = 70 °C.

Reference temperature of the bearing environment: 64, = 20 °C.

© ISO 2018 - All rights reserved
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5.2.2 Reference load

5.2.2.1 Radial bearings with contact angle 0° < a < 45°
5 % of the basic static radial load rating Cor as pure radial load.

In the case of a single-row angular contact bearing, the reference load refers to the radial component of
that load which causes a purely radial displacement of the bearing rings in relation to each other.

P1r=10,05 x Cor

5.2.2.2 Tlllrust roller bearings with contact angle 45° < a < 90°
2 % of the bpsic static axial load rating Co, as centrically acting axial load.

Plr = 0,02 X C()a

5.2.3 Lubfrication

5.2.3.1 Lubricant

A mineral oil without EP additives having the following kinematic viscosity, vy, at 8 = 70 °C:
a) Radial hearings vy = 12 mm2/s (ISO VG 32);
b) Thrust foller bearings v, = 24 mm2/s (ISO VG 68).

5.2.3.2 Mgpgthod of lubrication

Oil bath lubtication with an oil level up to the centre of the rolling element in the lowest position.
5.2.4 Other reference conditions

5.2.4.1 Bearing characteristics

size range standard type bearings up to and including a bore diameter|of
1 000 mm

internal clearance complying with group “N” as specified in ISO 5753-1

seals not provided with contacting seals

double row fadial bearings and dou- presumed to be symmetrical

rolling bearings where the rolling presumed that the running surface of the shaft or housing is
elements operate directly on the equivalent in all respects to the raceway of the bearing ring or
shaft or in the housing washer which it replaces

4 © ISO 2018 - All rights reserved
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5.2.4.2 Arrangement of the bearing

bearing rotational axis horizontal

NOTE For thrust cylindrical roller and needle roller bearings, care should be taken to supply oil to the
upper rolling elements.

outer ring or housing washer stationary

angular contact bearing setting zero operating clearance

5.3 | Reference conditions determining the heat emission

5.3.1 Heat emitting reference surface area
The following surface areas are defined as the heat emitting reference surface area Ar.

a) For radial bearings with the exception of tapered roller bearings, see’Figure 1 and Forraula (1).
B

od

Figure 1 — Radial bearings with the exception of tapered roller bearings

A, =X B(D+d) (1)

b) [For tapered roller bearings, see Figure 2 and Formula (2).

od

© IS0 2018 - All rights reserved 5
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NOTE The total width of the bearing has been used instead of the individual ring widths to give results that
align more correctly with empirical data.

Figure 2 — Tapered roller bearings

A, =nxT(d+D) (2)

c) For thrustcylindrical roller bearings and thrust needle roller bearings, see Figure 3 and Formula (3).

@D
|
|
i
od

—\

Figure 3 — Thrust cylindrical roller bearings and thrust needle roller bearings

A =o,5><n(DZ—d2) (3)

r

d) For thryst spherical roller bearings, see Figure 4 and Formula (4).

®d,

80
oD,
I
I
|
od

Figure 4 — Thrust spherical roller bearings

4, =0,25xn(D? +df - D} -d?) @)

5.3.2 Reference heat flow density
The reference heat flow density, g, is defined as:

r
= — 5
ar a, (5)

For normal applications the following values for the heat flow density qr may be assumed, when the
temperature difference 6, — 85 equals 50 °C:

6 © ISO 2018 - All rights reserved
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10 10° 10° 10* 50000 10° 10° [X
Radipl bearings (see Figure 5, curve 1) Thrust bearings (see Figure 5, curve 2)
—for Ay <50000 mm?2 — for . Ay'< 50 000 mm?2
qr=0,016 W/mm?2 qr = 0,020 W/mm?2
— Ar>50000 mm?2 — for Ay >50 000 mm?2
A -0,34 A -0,16
=0,016%| —F W/mm? =0,020%| —F W/mpm?
r [50 000] / ar [50 000] /
Key
X  heat emitting reference surface) Ay, mm?2
Y feference heat flow density, ¢y, W/mm?2
1 1adial bearings
2 thrust bearings
Figure 5 — Curves related to radial and thrust bearings
6 Calculation of the thermal speed rating

The calculation of the thermal speed rating is based on the energy balance in the rolling bearing
system under the reference conditions. The frictional heat generated in the bearing under the reference
conditions and at the thermal speed rating equals the heat flow emitted from the bearing:

Ny = @y (6)

The frictional heat of a bearing running at the thermal speed rating under the reference conditions is
calculated as follows:

:—(MOr+M1r) (7)

© ISO 2018 - All rights reserved 7
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2
7 > w3
Mo, =107" X fo (v, xng, )3 xdy, (8)

My, = f1XPypxdpy 9)

The heat flow emitted from the rolling bearing under the reference conditions is calculated from the
reference heat flow density, qr, and the heat emitting reference surface area, A;:

D .=q. XA, (10)

With Formulae (7), (8) and (9) for the frictional heat generated and Formula (10) for the heat|flow
emitted, the equation for the determination of the thermal speed rating ng; is given as:

2

TTXn —7 - 3
——or4 10 ><fOr(Vr><nOr)3de"'ferPerdm :quAr (11)

30x10°
The therma] speed rating ng, is determined from Formula (11) by iteration.

8 © ISO 2018 - All rights reserved
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(informative)

Coefficients for and fir
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Table A.1 contains values of coefficients for and f1 for use in the calculation of the thermal speed rating

ngr from Formula (11) for different bearing types without contacting seals.

They are the result of extensive experimental investigations as well as the analysis of emp

Lrical values

from|literature.
Althgugh the values for for and fir naturally scatter, a mean value without %olérances| is given in
Tablg¢ A.1, which makes it possible to calculate uniform thermal speed ratings:
The ¢oefficients for and f1r are dependent on the bearing type.
The ¢limension series referred to in Table A.1 are those defined in ISO.15 and ISO 104.
Table A.1 — Coefficients forand f1r
. Dimension . Dimension
Bearing type series | Jor far Bearing type series | Jof fir
Single-row deep 18 1,7 | 0,000 10 Four-point contact 02 2 0,000 37
grdove ball bearings 28 17 | 000010 ball bearings 03 al 1000037
) ) .'i‘ )
@ 38 1,7 | 0,000.40 n
19 17 | 0,000 15 =
39 1,7:.4.0,000 15
00 1,7 | 0,000 15
10 1,7 | 0,000 15 Single-row 10 2 0,000 20
02 2 |000020 | |  SYlindricalroller 02 2| |0,00030
earings with cage
03 2,3 | 0,000 20 22 3 0,000 40
04 2,3 | 0,000 20 %— 03 2 0,000 35
Self-aligning ball 02 2,5 | 0,00008 23 4| | 0,000 40
bearings 22 3 | 0,00008 04 2| | 0,000 40
!’Q‘Yﬁ 03 3,5 | 0,000 08 %
N T
23 4 0,000 08
Single-row 18 5] 10,000 55
cylindrical roller
bearings full 29 6 | 0,00055
complement 30 7 10,00055
Single-row angular 02 2 | 0,00025 22 8 |0,00055
contact ball bearings a1
290 < o < 45° 03 3 0,000 35 23 12 | 0,00055
a  Dimension series for thrust needle roller bearings according to ISO 3031.
© ISO 2018 - All rights reserved 9
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Table A.1 (continued)
Double-row or paired 32 5 0,000 35 Double-row 48 9 (0,00055
single-row angu'lar 33 2 1 0.00035 cylindr'ical roller 49 11 | 0.00055
contact ball bearings ’ bearings full ’
@ % 50 13 |0,00055
Needle roller bearings 48 5 0,000 50 Thrust cylindrical 11 3 0,001 50
@ 49 5,5 | 0,00050 roller bearings 12 4 10,00150
1 69 10 | 0,000 50 U:;:U
Sphericzal roller 39 4,5 | 0,000 17 Thrust negdle roller a 5 0,001 50
bearings 30 45 | 000017 bearings
@E 40 6,5 | 0,000 27 IHI
31 5,5 | 0,000 27
41 7 | 0,00049
22 4 | 0,00019
32 6 | 0,00036 Thrust spherieal 92 3,7 | 0,000 30
03 3,5 | 0,00019 roller bearifigs 93 4,5 | 0,00p 40
23 4,5 | 0,000 30 @ 94 5 |0,00p50
Tapered roller 02 3 0,000 40
bearjngs 03 3 |0,00040
%% 30 3 | 0,00040
29 3 0,000 40 Thrust spherical 92 2,5 10,000 23
20 3 | 0,000.40 r;‘(’)lé?;gdezr;ggn 93 3 | 0,00p30
22 4,5 | 0,000 40 (optimised internal 94 3,3 {0,000 33
23 450,000 40 construction)
13 4,5“| 0,000 40 @
31 4,5 | 0,000 40
32 4,5 | 0,000 40
a  Dimension series for thrust needle roller bearings according to ISO 3031.
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