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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.

The prog¢edures used to develop this document and those intended for its further maintenance ar

describefl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
different| types of ISO documents should be noted. This document was drafted in accordance, with t}
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may\be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patenbrights. Details
any patent rights identified during the development of the document will be in the_Introduction and/
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arg
expressipns related to conformity assessment, as well as infermation about ISO's adherence to t}
World Trjade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.0r¢
iso/foreword.html.

This docpment was prepared by Technical Committee lSO/TC 123, Plain bearings, Subcommittee SC
Calculatipn methods for plain bearings and their appli¢ations.

Alist of gll parts in the ISO/TS 31657 series can<be found on the ISO website.

Any feedback or questions on this documentshould be directed to the user’s national standards body.
completg listing of these bodies can be found at www.iso.org/members.html.
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TECHNICAL SPECIFICATION ISO/TS 31657-4:2020(E)

Plain bearings — Hydrodynamic plain journal bearings
under steady-state conditions —

Part 4:
Permissible operational parameters for calculation of
multi-lobed and tilting pad journal bearings

b

Scope

This document establishes the permissible operational parameters in terms“of guide values for the
calculation of selected multi-lobed and tilting-pad journal bearings.

I1} order to attain a sufficient operational safety of multi-lobed and tilting-pad journal bearings by the
cqlculation according to ISO/TS 31657-1, it is necessary for the opesational characteristic value h,;,
tq be significantly above the permissible operating parameter hf, ,; and for the permissible gperating
pprameters Ty, and py;,, not to be exceeded by the calculated eperational characteristic values T,
and pp ..

The guide values represent geometrically and technolegically founded operational limiting yalues in
the tribological system of plain bearings.

They are empirical values that enable sufficient ‘operational safety even in the event of smaller
d|sturbing influences (see ISO/TS 31657-1). Thé&empirical values indicated can be modified fqr special
application areas.

NPTE The explanations for the symbols\and calculation examples are contained in ISO/TS 31657-1l.

2| Normative references

There are no normative reférences in this document.

3] Terms and définitions
Np terms and définitions are listed in this document.
140 and IEEumaintain terminological databases for use in standardization at the following addresses:

— IS©;0nline browsing platform: available at https://www.iso.org/obp

— “JEC Electropedia: available at http://www.electropedia.org/

4 Operational guide values for start-up and run-down

The minimum lubricant film thickness, h,;,, is calculated for the operating point. Its size primarily
determines the requirements for the lubricant with respect to its cleanliness and defines the fineness of
the oil filter to be used.

At the transition of a hydrodynamic plain bearing into mixed friction, the minimum lubricant film

thickness, h,:,,, at the transition sliding speed, U,,, attains the value h

min’ tr min,tr

In the range 0 < U < U,, the load percentage carried by solid body contact increases significantly with
decreasing rotational frequency.

© IS0 2020 - All rights reserved 1
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It depends on the energy density occurring in the contact area whether a permissible fine wear occurs
on the sliding surfaces or a further roughening affecting the functional capability.

For this reason, there is a close relationship between the limit values hy;, . and Uy, ;. on the one hand
and the specific bearing load, p,., present at the transition on the other hand.

The minimum admissible lubricant film thickness at transition to mixed friction, hy;, ., is derived
according to Figure 1 from the roughness of journal and bearing and the misalignments and
deformations occurring in the lubrication gapl81[2l:

hlim,t

After co

can resullt due to smoothing and adaptation of the journal and bearing in the load zones,”than wer

determir
pairing 3

/U
r:1’5‘Rz,] +0’5.RZ,B +0,535] -W+O,5-fl (

mpleting a running in process, significantly smaller permissible lubricant film thicknessg

led according to Formula (1). This presupposes the choice of running in a compatible materi
nd optimal running in operating values.

)

bS
e
hl
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a) Roughness

(B+35)

b) Misalignment

B

c) Bending

Figure 1 — Influences on the minimum permissible lubricant film thickness

When selecting the materials for the journal and bearing, favourable sliding and running in conditions
are to be ensured in the mixed friction area by means of a sufficient hardness difference.

For soft bearing materials (lead-tin alloys and lead bronzes), a hardness difference between bearing
and journal material of about 100 HB has proven effectivel19l,

© IS0 2020 - All rights reserved 3
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In the case of harder bearing materials (tin bronzes), the journal shall be up to 5 times harder than the
bearing materialll1,

Crucial for the operational safety at the transition to mixed friction is the present circumferential
speed at transition to mixed friction, U,.. Presupposing normal run-down times (no exceeding gyrating
masses), it should not be greater than Uy, = 2 m/s.

The limit values permissible at hy;, (. for sliding velocity, Uy, .» and specific bearing load, py;, ., are

then as given in Formula (2), also shown in Figure 2[2l:

o — 6
Plim fr 'Ulim,tr =2,5-10°N/(s-m)

for j <5-10°N/m? and Ujim ¢ 2 m/s

-lim,tr
In many |application cases, the value p,.., present in the range U < Uy, differs from that present in the

operating point, p, as usually p,. <p.

If the spgcific bearing load at the start-up or the shut-down is p,. > p;; .. (.., @ hydrestatic jacking should

be provigled in order to prevent impermissible high wear or even destruction,

Y i

5+ 10°

2,5+ 10°

Key
X Ujpyt,inm/s

Y By, in N/m

Figure 25— Permissible values for the specific bearing load, p; .., depending on the sliding

speed, Uy, ,» at transition to mixed friction at operating temperature

5 Operational guide values for avoiding thermal and mechanical overloading

In nominal operation at hp;, >> hy;,, ,, maximum value of pressure and temperature occur on the
sliding surfaces, which must be tolerated by the materials and lubricants used in continuous operation
without damage.

The strength of the bearing materials depends on the temperature. Therefore, the limit values, p;;,,
for the nominal operation (see Table 1) can only be given in relation to the limit value, Ty, for the
maximum lubricant film temperature.
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Table 1 — Temperature-dependent maximum admissible lubricant film pressure for di
bearing materials

Bearing material group? p ““I\‘I/(?rfilzim)
Lead alloys 16 (100 °C) to 25 (50 °C)
Tin alloys 25 (130 °C) to 40 (50 °C)
Copper alloys (bronzes) 25 (150 °C) to 50 (50 °C)
a  For materials, see ISO 4381, ISO 4382-1, ISO 4382-2 and ISO 4383.

o =

nd misalignments of the shaftis reduced. This must then be compensated by the design and ins
the supporting body.

o o T

he indicated maximum values of py;,, apply to lubrication with minefal oils. At higher g
mperatures, special lubricants shall be used if necessary. As a rule, thecompatibility of the
aterial and lubricant shall be ensured.

ulti-lobed and tilting-pad journal bearings are generally operated with forced-feed cif

O TWT == 7o

"the lubricant.

()}

Operational guide values for the bearing clearance

Tp be able to fulfil special requirements with respect to the guiding accuracy and/or cooling, in|
tq the bearing clearance, Cy, the profil¢factor, K, or the gap ratio, h; max » €an also be selected,

operating performance.

The value of the optimal relative bearing clearance, 1, depends primarily on the circumferentia
at nominal speed, as this'is relevant to the heating. However, large bearings can have smalle]
clearances, with thexesult that the diameter of the shaft also influences the choice of bearing c

This is taken intovaccount if we determine the relative bearing clearance as a function of the r
speed, N:

1 N\l/4
N[s71]
=0,001-

fferent

1) the case of composite bearings with soft bearing metals (lead, tin alloys), these limit valuesalsp depend
h the thickness of the bearing metal layer and on the constructive design of the supportingbody.

ligher load values can be approved for thin layers. On the other hand, the adaptability to deformations

tallation

perating
bearing

culatory

brication. The ageing of the lubricants is generally accelerated at high temperatures. Only a small
hrt of the total amount of lubricant available for the bearing lubrication is located in the luprication
hp subject to high thermal loads, with the result that both the maximum temperature and [the ratio
btween total lubricant volume and lubricant flow rate;lye. the circulation time, is relevant to the ageing

addition
with the

r¢sult that an appropriate combination of both values permits an extensive optimisation of the

| velocity
" relative
earance.

btational

3)

InThe case of multi-lobed journal bearings, the stability and cooling IMprove as the gap ratio i
in the tabulated range. The bearing load carrying capacity declines on the other hand.
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