°
BE SLOVENSKI STANDARD

SIST ISO 12131-1:2002
01-marec-2002

Drsni legaji - Aksialni hidrodinamilni drsni legaji z nepomilnimi blazinicami - 1.
del: Preralun blazinic

Plain bearings -- Hydrodynamic plain thrust pad bearings under steady-state conditions -
- Part 1: Calculation of thrust pad bearings

Paliers lisses -- Butées hydrodynamigues a-patinstgéemetrie fixe fonctionnant en régime
stationnaire -- Partie 1: Calcul des butées a segments

Ta slovenski standard je istoveten z: 1ISO 12131-1:2001
ICS:

21.100.10 Drsni lezaji Plain bearings
SIST ISO 12131-1:2002 en

2003-01.Slovenski institut za standardizacijo. RazmnoZevanje celote ali delov tega standarda ni dovoljeno.



SIST ISO 12131-1:2002

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SISTISO 12131-1:22002
https/standards.iteh.ai/catalog/standards/sist/c7525e9¢c-ab37-453b-bc3c-
6ad1d0f42a0fsist-iso-12131-1-2002



INTERNATIONAL 1SO
STANDARD 12131-1

First edition
2001-04-15

Plain bearings — Hydrodynamic plain
thrust pad bearings under steady-state
conditions

Part 1:
Calculation of thrust pad bearings

Paliers lisses — Paliers de butées hydrodynamiques a patins géométrie
fixe fonctionnant en régime stationnaire

Partie 1: Calcul des butées a segments

_— Reference number
_m\_ ISO 12131-1:2001(E)

© S0 2001



ISO 12131-1:2001(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2001

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © I1SO 2001 — All rights reserved



ISO 12131-1:2001(E)

Contents Page
o =1V o T o PR iv
1 o7 0] o 1 2 PSPPSR 1
2 N (o] g0 = LAV =] =T 0 =T Lol =L TSP UP PP PPPPPPPPPP 1
3 Fundamentals, assumptions and PremMiSES .....c.ccoii ittt e e e e e e eeeeaseseseseaenersrnnes 1
4 SYMDBDOIS @NA UNITS 1ouiiiiiiiiiiiii e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaeananan s 3
5 L% 1 [od UL F= U Lo T 0] o Tox = o [ 1 = 6
5.1 [ =T [T g Yo T 0T 0 = = 11 o 1 o = 6
5.2 (o T= o [or=Tg Y/l g Lo R ox=T o= ol | Y A OO PP OUP PP OTPPPN 8
5.3 [ A Tol A ToT o b= I o101V = T P PO T O UP PP PTPPPON 8
54 T oY g Tor=Ta L (01T = = USRS 9
5.5 [ (= L o = =T Y o RSP 10
5.6 Minimum lubricant film thickness and specific bearing 10ad ..o 13
5.7 OPEratiNg CONUITIONS ...eiiiiiiiii ittt ettt et a et e s b et e e b bt e e e sa b e et e s kb et e e aabb et e aa e e sbb e e e s nbneeesnnneeas 13
5.8 FUPTNEr INTIUENCE FACTOIS ...t e e e e et e et e e e s e e e b b n et e e e e e s e anbbreeeeeeeas 13
Annex A (normative) EXamMpPIeS Of CAICUIATION . urereitreiireseeseeesearas smensmensar s osagomessas smssssssssssssssssssnsssnssnnsnnnsnnsnnnsnnnnnnnns 15
=TT o1 To T =T 01 Y20 N 25

© SO 2001 — All rights reserved iii



ISO 12131-1:2001(E)

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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of ISO 12131 may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard 1SO 12131-1 was prepared by Technical Committee I1SO/TC 123, Plain bearings,
Subcommittee SC 4, Methods of calculation of plain bearings.

ISO 12131 consists of the following-parts,. Under the general title Plain bearings— Hydrodynamic plain thrust pad
bearings under steady-state conditions:

— Part 1: Calculation of thrust pad bearings
— Part 2: Functions for the calculation of thrust pad bearings
— Part 3: Guide values for the calculation of thrust pad bearings

Annex A forms a normative part of this part of ISO 12131.

iv © SO 2001 — All rights reserved
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Plain bearings — Hydrodynamic plain thrust pad bearings under
steady-state conditions

Part 1:
Calculation of thrust pad bearings

1 Scope

The aim of this part of 1ISO 12131 is to achieve designs of plain bearings that are reliable in operation, by the
application of a calculation method for oil-lubricated hydrodynamic plain bearings with complete separation of the
thrust collar and plain bearing surfaces by a film of lubricant [11.

This part of ISO 12131 applies to plain thrust bearings with incorporated wedge and supporting surfaces having
any ratio of wedge surface length |,,q to length of one pad L. It deals with the value |,,e4/L = 0,75 as this value
represents the optimum ratio [2l. The ratio of width to length of one pad can be varied in the range B/L = 0,5 to 2.

The calculation method described in this part of ISO 12131 can_be used for other incorporated gap shapes, e.g.
plain thrust bearings with integrated baffle, when forlthese typésithe humerical solutions of Reynolds' differential
equation are known.

The calculation method serves for designing and optimizing. plain thrust, bearings, e.g. for fans, gear units, pumps,
turbines, electrical machines, compressors.and machine tools., It is Jimited to steady-state conditions, i.e. load and
angular speed of all rotating parts are constant under continuous operating conditions. Dynamic operating
conditions are not included.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 12131. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 12131 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

ISO 3448:1992, Industrial liquid lubricants — ISO viscosity classification

ISO 12131-2:2001, Plain bearings — Hydrodynamic plain thrust pad bearings under steady-state conditions —
Part 2: Functions for the calculation of thrust pad bearings

ISO 12131-3, Plain bearings — Hydrodynamic plain thrust pad bearings under steady-state conditions — Part 3:
Guide values for the calculation of thrust pad bearings

3 Fundamentals, assumptions and premises
The calculation is always carried out with the numerical solutions of Reynolds' differential equation for sliding

surfaces with finite width, taking into account the physically correct boundary conditions for the generation of
pressure.

© 1SO 2001 - All rights reserved 1
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See [ for the derivation of Reynolds' differential equation and [2] for the numerical solution.

For the solution of equation (1), the following idealizing assumptions and premises are used, the reliability of which
has been sufficiently confirmed by experiment and in practice [31.

a) The lubricant corresponds to a Newtonian fluid.

b) All lubricant flows are laminar.

¢) The lubricant adheres completely to the sliding surfaces.

d) The lubricant is incompressible.

e) The lubrication clearance gap is completely filled with lubricant.

f) Inertia effects and gravitational and magnetic forces of the lubricant are negligible.

g) The components forming the lubrication clearance gap are rigid or their deformation is negligible; their surfaces
are completely even.

h) The lubricant film thickness in the radial direction (z-coordinate) is constant.

i)  Fluctuations in pressure within the lubricant film normal to the sliding surfaces (y-coordinate) are negligible.
i) There is no motion normal to the sliding surfaces (y-coordinate).

k) The lubricant is isoviscous over the entire lubrication clearance.gap.

I) The lubricant is fed in at the widest lubrication clearance gap; the magnitude of the lubricant feed pressure is
negligible as compared to the lubricant film pressures themselves.

m) The pad shape of the sliding surfaces is replaced by rectangles.
The boundary conditions for the solution of Reynolds' differential equation are the following.
1) The gauge pressure of the lubricant at the feeding point is p(x=0, z) = 0.

2) The feeding of the lubricant is arranged in such a way that it does not interfere with the generation of
pressure in the lubrication clearance gap.

3) The gauge pressure of the lubricant at the lateral edges of the plain bearing is p(x, z= 0,5 B) = 0.
4) The gauge pressure of the lubricant is p(x = L, 2 = 0 at the end of the pressure field.

The application of the principle of similarity in hydrodynamic plain bearing theory results in dimensionless
parameters of similarity for such characteristics as load carrying capacity, friction behaviour and lubricant flow rate.

The use of parameters of similarity reduces the number of necessary numerical solutions of Reynolds' differential
equation which are compiled in 1ISO 12131-2. In principle, other solutions are also permitted provided they satisfy
the conditions given in this part of ISO 12131 and have the corresponding numerical accuracy.

ISO 12131-3, contains guide values according to which the calculation result is to be oriented in order to ensure the
functioning of the plain bearings.

In special cases, guide values deviating from 1ISO 12131-3, may be agreed for specific applications.

2 © IS0 2001 — All rights reserved
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4 Symbols and units

See Table 1 and Figure 1.

Table 1 — Symbols and units

Symbol Designation Unit
A Heat emitting surface of the bearing housing m?
B Width of one pad m
Cp Specific heat capacity of the lubricant (p = constant) JI(kg-K)

Cuwed Wedge depth m
Mean sliding diameter (diameter of thrust bearing ring) m
D; Inside diameter of thrust bearing ring m
Do Outside diameter of thrust bearing ring m
f* Characteristic value of friction 1
fg* Characteristic value of friction for thrust pad bearing 1
F Bearing force (nominal load) N
F* Characteristic value of load carrying capacity 1
Fg* Characteristic value of load-carrying capacity;forithrust,pad bearing 1
Fst Bearing force (load) under stationary conditions N
h Local lubricant film thickness' (clearancé ‘gap-height) m
Niim Minimum permissible lubricant film thickness during operation m
Niim, tr Minimum permissiblellubricant film:thickness inthestransition-into; mixed-lubrication m
Nrmin Minimum lubricant film thickness (minimum clearance gap height) m
k Heat transfer coefficient related to the product Bx L x Z W/(m?2-K)
kA External heat transfer coefficient (reference surface A) W/(m?2-K)
lwed Wedge length m
L Length of one pad in circumferential direction m
M Mixing factor 1
N Rotational frequency (speed) of thrust collar st
p Local lubricant film pressure Pa
P Specific bearing load p =F/(Bx L x Z) Pa
Ps Frictional power in the bearing or heat flow rate generated by it W
Biim Maximum permissible specific bearing load Pa
Pih, amb Heat flow rate to the environment w
Pih, L Heat flow rate in the lubricant w
Q Lubricant flow rate m3/s
Q* Characteristic value of lubricant flow rate m3/s
Qo Relative lubricant flow rate Qy =B x hy,;;, x UX Z m3/s
Q1 Lubricant flow rate at the inlet of the clearance gap (circumferential direction) m3/s
Q*1 Characteristic value of lubricant flow rate at the inlet of the clearance gap 1

© ISO 2001 - All rights reserved 3
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Table 1 — (continued)

Symbol Designation Unit
Qo Lubricant flow rate at the outlet of the clearance gap (circumferential direction) m3/s
Q* Characteristic value of lubricant flow rate Q"; — Q"5 at the outlet of the clearance gap 1
Q3 Lubricant flow rate at the sides (perpendicular to circumferential direction) md/s
Q*3 Characteristic value of lubricant flow rate at the sides 1
Re Reynolds number 1
Rz Average peak-to-valley roughness height of thrust collar pum

Tamb Ambient temperature °C
Tg Bearing temperature °C
Tetf Effective lubricant film temperature °C
Ten Lubricant temperature at the inlet of the bearing °C
Tex Lubricant temperature at the outlet of the bearing °C
Tiim Maximum permissible bearing temperature °C
T, Lubricant temperature at the inlet of the clearance gap °C
T, Lubricant temperature atithe outlet of the clearance gap °C

U Sliding velocity relative to mean diameter of bearing ring m/s
Wamb Velocity of air surrounding the bearing housing m/s
X Coordinate in direction of motion (circumferentiahdirection) m
y Coordinate in direction'of lubrication‘clearance ‘gap-(axial) m
z Coordinate perpendicular to the direction of motion (radial) m
z Number of pads 1
n Dynamic viscosity of the lubricant Pa-s
et Effective dynamic viscosity of the lubricant Pa-s
P Density of the lubricant kg/m?3

© ISO 2001 - All rights reserved
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1  Wedge surface

2 Thrust collar

3 Supporting surface
4  Lubrication groove
5  Thrust bearing ring

Figure 1 — Schematic view of a thrust pad bearing (bearing with incorporated wedge
and supporting surfaces)
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5 Calculation procedure
5.1 Loading operations
5.1.1 General

Calculation means the mathematical determination of the correct functioning using operational parameters (see
Figure 2) which can be compared with guide values. Thereby, the operational parameters determined under
varying operation conditions shall be permissible as compared to the guide values. For this purpose, all continuous
operating conditions shall be investigated.

5.1.2 Wear

Safety against wear is given if complete separation of the mating bearing parts is achieved by the lubricant.
Continuous operation in the mixed lubrication range results in premature loss of functioning. Short-time operation in
the mixed lubrication range such as starting up and running down machines with plain bearings, is unavoidable and
can result in bearing damage after frequent occurrence. When subjected to heavy load, an auxiliary hydrostatic
arrangement may be necessary for starting up or running down at a low speed. Running-in and adaptive wear to
compensate for surface geometry deviations from the ideal geometry are permissible as long as these are limited in
time and locality and occur without overload effects. In certain cases, a specific running-in procedure may be
beneficial. This can also be influenced by the selection of the material. Attention is drawn to the fact that in the case
of this bearing design, wear can lead to a rapid decrease in the load carrying capacity.

5.1.3 Mechanical loading

The limits of mechanical loading are given by the strength of the bearing material. Slight permanent deformation is
permissible as long as it does not impair correct functioning of theplaindearing.

5.1.4 Thermal loading

The limits of thermal loading result not only from, the thermal stability, of the bearing material but also from the
viscosity-temperature relationship and the ageing tendency of the lubricant.

5.1.5 Outside influences

Calculation of correct functioning of plain bearings presupposes that the operating conditions are known for all
cases of continuous operation. In practice, however, additional disturbing influences frequently occur which are
unknown at the design stage and cannot always be computed. Therefore, the application of an appropriate safety
margin between the operational parameters and the permissible guide values is recommended. Disturbing
influences are, e.g.:

— spurious forces (out-of-balance, vibrations, etc.);
— deviations from the ideal geometry (machining tolerances, deviations during assembly, etc.);
— lubricants contaminated by solid, liquid and gaseous foreign matters;

— corrosion, electric erosion, etc.
Information as to further influence factors is given in 5.8.

The applicability of this part of ISO 12131 for which laminar flow in the lubrication clearance gap is a necessary
condition, is to be checked by the Reynolds' number:

Re= £2=20Mn o pe )
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