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[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).
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n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

use of (a)

e
patent(s). I$0 takes no position concerning the evidence, validity or applicability of any claitned patent

rights in regpect thereof. As of the date of publication of this document, ISO has notireceived 1
ich may be required to implement this document. However, implementers are ca
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ
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tioned that
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hame used in this document is information given for the convenience of users and does not

pxXpressions
Yorld Trade
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types of plain bearings.
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Introduction

Water-lubricated bearings are widely used in fields such as submersible pumps, marine stern tubes,
hydroelectric generator turbines, water treatment equipment, water valves and rolling equipment for

steelmaking.

Water-lubricated plain bearings are used for the following conditions or reasons:
a) oil or greases cannot be used due to equipment usage conditions;

b) there is plenty of water available as a lubricant around the equipment;

c) even if water for lubrication leaks, it does not pollute the environment like oil or grease.

However, when using water as a lubricant, it is necessary to take the following into account:

— water freezes at 0 °C or below and becomes vapor at 100 °C or above, at normal pressure; ther
load cafrying capacity;

— water Has low viscosity in comparison with oil;

— water ¢annot support a high load because the increase in viscosity‘that occurs in oil

efore losing

lubrication

(elastohydrodynamic lubrication: EHL) when it is under high pressurecannot be expected ifp water.

— water does not have the ability that oil and grease have to prevent corrosion on shafts and b

While watdr-lubricated plain bearings have been used in various fields around the world an
that is used as a lubricant has its own specific features differing.from oil, there have been no Iy
Standards that apply to water-lubricated plain bearings thus-far.

earings.

1 the water
ternational

© IS0 2024 - All rights reserved
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Plain bearings — Water-lubricated plain bearing materials

1 Scope

This document specifies requirements for the selection and use of water-lubricated plain bearing materials
used in different equipment and plants under various lubrication conditions, such as

fluid-fi
mixed

conditi

In addition

1 h ) H des pa
I TUDT ICAtIUIT CUITUITIULL,

L

brication condition, and
bn comprising a non-lubrication condition which shifts to a fluid-film lubrication con

this document also specifies requirements for mating (shaft) material)the lubricaf

and for itenps to consider during the design of water-lubricated plain bearing materials.

The water
apply to thd

2 Norm

The followi
requiremen

1sed as a lubricant is pure water, tap water, river water or seawater. This docume
water solution of chemicals, refrigerants, liquid fuels, etc.
ative references

ng documents are referred to in the text in such a wiay that some or all of their content]
ts of this document. For dated references, only, the edition cited applies. For undated

the latest edlition of the referenced document (including-any amendments) applies.

[SO 1043-1,

1SO 4378-1,
and their pn

[SO 4378-2,
[SO 4378-3,
[SO 8044, C

3 Terms

For the pur
ISO 4378-3

Plain bearings — Terms, definitions,classification and symbols — Part 1: Design, beari
pperties

Plain bearings — Terms, definitions, classification and symbols — Part 3: Lubrication

prrosion of metals dnd alloys — Vocabulary

and definitions

poses ofithis document, the terms and definitions given in ISO 1043-1, ISO 4378-1,
and, [S0'8044 apply.

Hition.

ion method

nt does not

constitutes
references,

Plastics — Symbols and abbreviated terms«— Part 1: Basic polymers and their special chqracteristics

hg materials

Plain bearings — Terms, definitions, classification and symbols — Part 2: Friction and wear

[SO 4378-2,

ISO and IEC

mdaintain ‘rm‘minnlngirnl databases for use in standardization at the fnllnwing addre

5ses:

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

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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4 Plain bearing materials and mating (shafts) materials

4.1 Bear

ing materials

4.1.1 General

Depending

on the equipment, bearings are used in the following lubrication conditions:

a) bearing is constantly immersed in water;

b) there is no lubrication at first and water is supplied after the start of operation;

c) water is forcibly supplied from the beginning.

When requ
selected. W

NOTE
used for wat

4.1.2 Wo
Lignum vitz

Wood-base

4.1.3 Can
Artificial gy
a)

b)

impreg
low me

Carbon-bas
used in seajy

NOTE T

red to operate without lubrication, a bearing material with a self-lubricating prope
hen used in seawater, a bearing material that does not cause galvanic corrosion'shall

In) addition to the materials listed below, the bearing materials listed in ISO 1925%and ISO 2(

br-lubricated bearing materials.

pd-based material
e or materials such as maple and beech impregnated with wax'ean be used.

l material has self-lubricating properties.

bon-based material

aphite with or without the following can be used:
hated resin (phenolic resin, etc.);

ting point metals (such as Cu, Sn, Cu-Snralloy, etc.).

ed material has self-lubricating properties, however, there is a risk of galvanic cory
vater.

brms related to galvanic corfosion are defined in ISO 8044.

4.1.4 Rubber-based material

Natural ruh

(NBR), and
NOTE 0

These rubb
plastic tubg

ber (NR) or synathetic rubber, such as chloroprene rubber (CR), acrylonitrile-butad
ctyrene-butadiene rubber (SBR), can be used.

ther rubber:based materials are defined in ISO 1629.

er-based materials are typically bonded to the inner surface of the metal tube or fibrg

rty shall be
be selected.

054 are also

osion when

iene rubber

-reinforced
erties.

. They are resistant to abrasive wear, however, they do not have self-lubricating prop

4.1.5 Thermosetting resin-based material

Thermosetting resin such as phenolic resin and unsaturated polyester resin reinforced with fibre or woven
fabric, and, as needed, added with fillers such as graphite, carbon fibre and polytetrafluoroethylene (PTFE)

to improve

sliding characteristics can be used.

Thermosetting resin-based material has self-lubricating properties and impact load resistance.

© IS0 2024 - All rights reserved
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4.1.6 Fluoro resin-based material

Fluoro resin such as PTFE, tetrafluoroethylene-perfluoroalkylvinylether copolymer resin (PFA) and
tetrafluoroethylene-hexafluoropropylene copolymer resin (FEP) added with fillers such as glass fibre and
carbon fibre to improve wear resistance can be used.

Fluoro resin-based material is used as solid type or multilayer type bonded to a metal substrate. It has self-
lubricating properties.

4.1.7 Thermoplastic resin-based material

Thermoplastic resin such as polyamide (PA), polyoxymethylene (POM), polyphenylenesulfide (PPS),
polyetheretherketone (PEEK), polyurethane (PU) and polyethersulfone (PES) added with fillers such as

glass fibre,

Thermoplaj

4.1.8 Cer

rarbon (ibre and PTFE To IMprove wear IresiStance and [upricity can be used:

tic resin-based material has self-lubricating properties.

amic-based material

Silicon nitride (Si3N,), silicon carbide (SiC) or Sialon (Si;N4-Al,03) can be used.

These ceral
properties.

mic-based materials are resistant to abrasive wear, however, they do not have self

4.1.9 Cenmet-based material

Composite |
(TiC) based

materials of ceramics and metals, such as tungsten carbide (WC) based alloy or titan
alloy, are the most commonly used among cermeét-based materials. Cromium carl

alloy is usedl for a coating on a metal substrate.

These cernj
properties.

4.2 Mati]

et-based materials are resistant to abrasive wear, however, they do not have self

ng (shaft) materials

4.2.1 General

Lubricating
corrosionr
should be s

and mating

water does not prevent corrosion like oil or grease, so the mating shaft select
esistant. A materialwith high surface hardness, preferably HV 600 or higher and wea
blected, in case hard-foreign matter, such as sand, enters between sliding surfaces of
shaft.

However, when using @&rubber bearing, the shaft does not need to have a hard surface, becaust

deformatio

4.2.2 Coy

1 of the rubber traps hard foreign matters resulting in less damage to the shaft.

peralloy

Hubricating

um carbide
bide (Cr3C,)

Hlubricating

ed shall be
I resistance
the bearing

b the elastic

A bronze sleeve should be fitted on to a steel shaft for marine propulsion shafts.

4.2.3 Stainless steel

Austenitic, martensitic, two-phase precipitation hardening stainless steel, high nitrogen steel or the like
should be used.

NOTE

4.2.4 Plating

Hard chromium plated steel shaft should be used.

© IS0 2024 - All rights reserved
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4.2.5 Ceramics
Ceramic material such as silicon carbide (SiC), silicon nitride (Si3N,) and Sialon (SizN4-Al,03) should be used.

For small size, e.g. shaft diameters of 20 mm or less, it is recommended to use for a solid type, and for larger
size than that, it is recommended to fit on a steel shaft as a sleeve, but the aforementioned values are not

limiting as the dimensions depend on the manufacturing capacity of the shaft.

4.2.6 Cer
A WC based

5 Chara
combinat

In order to
method of
materials a

6 Water

6.1 Gene
Water lubri
a) waters
b) wateri

9

or tap y

6.2 Forcg

Where this
of a plain bg

A great coo
is often use

6.3 Circu

Water stors
sliding surf

As the tank

met
alloy or TiC based alloy should be used by fitting it as a sleeve on a steel shaft.
teristics, licati ' facturi thod i tib]
ions

hssist in selecting material, an outline of the characteristics, applications and-the ma
water-lubricated bearings, and the compatible combinations of water-lubricat
hd shaft materials is given in Annex A.

supply method

ral

ration may be achieved by the following means:
urrounding the equipment;

h a tank attached to the equipment;

Vater supply where pressure is needed.

2d water supply

aring from the outside by uSing a pump or the like. For tap water, supplied water press

ling effect is expected when using river water and seawater. A filter or a centrifug:
d in order to remove foreign matters. Both are used together when high cleanliness i

lating water supply

bd in a tank that is attached to the equipment is mechanically circulated and sup
hce of a-bearing.

attached to the equipment has a small capacity, the cooling effect is limited. Howevy

hufacturing
ed bearing

method is used, water such as river water and seawater are forcibly supplied to the slidling surface

ure is used.

1] separator
5 required.

blied to the

T, it has the

H B arc fir AqQuina Nt

benefit that4

6.4

o foraign yaatd antaring +
ITCIIIITIICO 1TUT \'lsll IITUATLCIT O IT \.Illl CIITLCT lll6 bll\' b\.iulylll\'lll-

Immersed in water

The sliding surface of the bearing is immersed in the surrounding water such as seawater and river water

without the

use of force-feed means.

This method is suitable when a large amount of water exists around the equipment.

It is recommended to use a filter or a centrifugal separator in order to remove foreign matter from water

supplied to

the sliding surface.

© IS0 2024 - All rights reserved
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7 Design considerations

7.1 General

The selection of material for water-lubricated plain bearings should take into account the operating
conditions of the equipment and the water supply method.

7.2 Water temperature

The quantity of force-feed lubricating water shall be controlled on the basis of the temperature of the water
discharged. That is, if the temperature is higher than a predetermined temperature, the amount of water is
increased. For example, the temperature is controlled to be 60 °C or less.

If the ambie
order to prg

7.3 Rem

7.3.1 General

The most iy
is the pres¢
matters sud
plants and s

When hard
bearing, ca
causes wea
the bearing
resulting in|

Aquatic pla
lubrication

7.3.2 Me

7321 G

nt temperature of the equipment is expected to be low, the lubricating water shall b4
vent freezing.

pval of foreign matters

nportant thing to be considered when supplying lubricating water to water-lubricat
ence of foreign matters. Foreign matters affecting water-lubricated bearings are 1
h as sand, mud, metal rust, barnacles and shells, but soft matters such as algae and o
ludge can also affect them.

1sing abrasive wear on the bearing. If hard foreign matter is inlaid on the bearin
I on the shaft and as a result, wear debris from the shaft, as well as hard matters
and then inlaid on the bearing surface, causihg increased wear on both the bearin
major damage.

hts and sludge do not directly wear the shaft or bearing, but they can interfere with 1
hnd increase the friction surface temperature, causing bearing damage.

thods of removing foreign.matters

pneral

The remova3
of basic co

7.3.2.2
In principle

However,

| of foreign matters.from different sources of lubricating water is described below, an
ntermeasuresdor-some problems including foreign matters is given in Annex B.

hen pure'water or tap water is used

no«countermeasures are required.

warmed in

ed bearings
nainly hard
ther aquatic

foreign matter enters with the lubricating water, it rells through the gap between the shaft and

b surface, it
can scrape
g and shaft,

ormal fluid

d an outline

7.3.2.3 When lake or river water is used

Filter or centrifugal separator shall be used in order to remove foreign matters.

7.3.2.4 When seawater is used

Filter or centrifugal separator shall be used in order to remove foreign matters.

7.3.2.5 When water storage tank is attached to the equipment

Control that algae does not grow on the inside of the storage tank, and install a filter at the inlet.

© IS0 2024 - All rights reserved
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7.4 Operating conditions

The selection of material for water-lubricated plain bearings shall take into account the characteristics of
the bearing material, the usage conditions of the equipment, the structure of the equipment and the water

quality.

a) When used under frequent start and stop conditions or under boundary lubricating conditions, the
lubricating water film can be easily broken. Therefore, self-lubricating materials shall be selected.

b) In vertical shaft axial flow pump, the lower-side bearing is constantly immersed in water and the
intermediate bearing (the bearing located in the centre of the large vertical pump) is under non-
lubrication conditions until water is introduced after start. Therefore, rubber bearings shall be used for
the lower-side bearing and self-lubricating bearings shall be used for the intermediate bearing.

c¢) When

sed in seawater, galvanic corrosion can occur in some combinations of bearin

b and shaft

(includ]ng sleeve) materials. Therefore, the combination of materials that causes galvanic corrosion
shall nqt be used. Shafts made of general steel that have not been treated for corrosion resi
not be Yised either, because they will corrode in seawater.

d) When
plastic

e) Cerami
bearing
wrappe

sed under partial loading conditions or under impact loading conditions, rubber
bearings shall be selected.

 bearings are easily broken by extreme partial contact or ipipact load. Therefor
is used under such conditions, the outside of the bearing shall either be sphericall
d with a rubber bush in order to reduce the effects of the-partial contact and impact

stance shall

bearings or

e, when the
y shaped or
load.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Characteristics, applications, manufacturing methods and compatible

combinations

A.1 Characteristics and principal applications

Table A.1 g
various maf

Table

ives an outline of the characteristics and applications of water-lubricated beatin

erials.

A.1 — Characteristics and principal applications of water-lubricatedplain bea

gs made of

rings

Base njaterial

Characteristics

Prineipal applications

Can be used under boundary lubrication
conditions as well as fluid-film lubrication

Principal applications include be
the stern tubes of small ships an

arings for
1 for simple

to medium load conditions.

Wood conditions because of its self-lubricating water, pumps.
properties. Ordinarily used under relatively
light load conditions.
Can be used under boundary lubrication Principal applications include bejarings for
conditions as well as fluid-film lubrication “\‘f{water pumps, chemical pumps, ajgitators,
conditions because of its self-lubricating and electric water pumps for automobiles.
Calbon properties and hydrophilicity. Ordinarily
used under relatively light load conditions.
Careful handling is required because of the
brittle fracture. It can cause galvanic corro-
sion and is not used in seawater.
Requires water lubrication at all times. Principal applications include bejarings for
Elastic deformation of the bearing contrib- |the stern tubes for vessels, rudd¢r, water
Rubber utes to hard foreign material resistance. pumps, and under seawater excavators
Used under lightload conditions. They have |(dresser cutter).
vibration absorption capacity.
Can be used.under boundary lubrication Principal applications include bearings for
conditions’as well as fluid-film lubrication  |hydroelectric generator turbineg, water
Thermosdtting resin conditions because of its self-lubricating treatment equipment, valves for[water
properties and hydrophilicity. Excellent supply, roll mill for steel making|plants, and
impact load resistance. Used under light to |water pumps.
heavy load conditions.
It is not hydrophilic but has excellent self-lu- |Principal applications include bejarings for
Fluorp resin bricating properties. Used under light load |water pumps and hydroelectric generator

turbines.

© IS0 2024 - All rights reserved
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Table A.1 (continued)
Base material Characteristics Principal applications

Can be used under boundary lubrication Principal applications include bearings for

. . conditions as well as fluid-film lubrication |water pumps, electric water pumps for auto-

Thermoplastic resin o . o .
conditions because of its self-lubricating mobiles, and vane pumps.
properties. Used under light load conditions.
Can be used under boundary lubrication Principal applications include bearings for
conditions as well as fluid-film lubrication |water pumps, hydraulic cylinders, and screw
conditions. Used under light load condi- Ccompressors.
Ceramic tions. Due to brittle fracture properties,

care should be taken in handling. Excellent

abrasive wear resistance and corrosion
racictanca

TCoTotoets

Can be used under boundary lubrication Principal applications include bearings for
conditions as well as fluid-film lubrication = |water pumps.
conditions. Used under light loads. Excellent
abrasive wear resistance. WC alloy cermet
sometimes creates galvanic corrosion in the
seawater.

Cerlmet

A.2 Compatible combinations

Table A.2 gijves an outline of compatible combinations of water-lubri¢ated bearing base materialls and shaft
materials.

(==

Table A.2 — Compatible combination of bearing®ase material and shaft materig

Shaft material
Base mgterial Bronze sleeved | Stainless steel\\{'Hard chromium Ceramic Cermet
steel plated steel
Wogd Xa X
Carbjon X X X X
Rubljer X X X X X
Thermogetting X X X X X
resin
Fluoro X X X X
resin
Thermoplastic X X X X
resin
Cerallnic X X X X
Cernpiet X X X X
a  Compatibple eémbinations of bearing base materials and shaft materials are shown with “X”.

A.3 Manufacturing methods of water-lubricated bearings and their dimensions

Table A.3 gives an outline of the manufacturing methods of water-lubricated bearings and their dimensional
characteristics.

© IS0 2024 - All rights reserved
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Table A.3 — Manufacturing methods of water-lubricated plain bearings and their dimensions

Base material

Manufacturing method

Dimensions

Since raw materials are grown in a natural envi-
ronment, production and supply are unstable.

The properties change depending on how the wood
is cut, including position and direction of the cut,
due to the influence of annual rings, etc.

Bearings ranging from small to large
sizes can be manufactured.

The dimensional stability of the bear-

ing is low due to water abs
dehydration.

orption and

Wood For large products, multiple plates are glued to-
gether or bolted together to assemble into a barrel
shape (see Figure A.1).
Woods other than lignum vitae are usually impreg-
nated with wax in order to improve lubricity.
Block pieces are produced by sintering at a high Bearings ranging from smhpll to medi-
temperature in an electric furnace and bearings um sizes can be manufactyred.
are produced by machining the block piece to a pre-|Bearings have highdithengional accu-
determined shape. racy and dimensienal stabjlity.
The bearing produced is porous, so it can be
Carbon impregnated with resin or a low melting point
metal. In the case of resin impregnation, the carbon
product is immersed in a resin solution to impreg-
nate the resin to the carbon product, and then it
is heated to cure the resin. In the case of metal
impregnation, the carbon product is immersed in
the molten metal.
A small sized bearing is produced by compression |Bearings ranging from small to large
moulding. sizes can be manufactured.
Large sized bearings can be produced by-the fol- Bearings have low dimensjonal accu-
lowing means: racy due to the elastic defqrmation of
a) By vulcanizing and bonding rubber with several bearing.
grooves on its bore to the inner suirface of a cylin-
Rullber drical shell made of cast bronZe) high strength cast
brass, fibre reinforced thermosetting resin, etc.
(full-mould type, see Figure A.2 a));
b) By consisting of a eylindrical shell with dovetail
grooves on its bore and segments, each comprising
a metal plate on-which rubber is vulcanized and
bonded in advance and assembling to the dovetail
groove (segniental type, see Figure A.2 b).
Small sized bearings can be produced by compres- |Bearings ranging from smpll to large
sion@gulding or injection moulding, so they are sizes can be manufactured.
able 1o be mass-produced. Deformation due to water pbsorption
[farge sized bearings are manufactured by com- and dehydration of the resfin and cot-
bining compression-moulded members in a barrel |ton cloth can occur, so the dimension-
shape. al stability of the bearing i slightly
Cylindrical-type bearings are manufactured, for inferior.
example, by a rolled forming method. This method |Deformation can be reducg¢d by using
illVU‘lVCD VVilldills d lJl Cpl Cs LUllDibtills de L}Utll d tVVU'}dyCl ldlllilldtcd Dtl U Cture

Thermosetting resin

impregnated with thermosetting resin composition
around a core die under heating and pressurizing

(see Figure A.3).

Cotton chips or a cotton cloth are used as a
reinforcing material to improve the mechanical
strength of the bearing.

In order to improve lubricity, either graphite or
PTFE are mixed with a resin solution in advance
and moulding is performed.

comprising an inner sliding surface
layer with cotton cloth and an outer
backing layer with glass cloth (see

Figure A.3).
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Table A.3 (continued)

Base material

Manufacturing method

Dimensions

Fluoro resin

Small sized bearings can be produced by compres-
sion moulding, so they are able to be mass-pro-
duced.

In order to improve wear resistance, glass fibre or
carbon fibre are mixed in advance and moulding is
performed.

Dimensional stability and load bearing capacity
can be improved by bonding a thin fluoro resin
sheet to a metal substrate (see Figure A.4). From
the point of view of corrosion resistance, stainless

Bearings ranging from small to large
sizes can be manufactured.

Since the thermal expansion coeffi-
cient is large, the dimensional stabili-
ty of these bearings is slightly inferior.

The dimensional stability can be
improved by compounding with fibres
such as glass, carbon and ceramic or
metal powders such as bronze.

The dimensional stability and me-

""""""" chamicatstr 539824 thcamrbe improved by
bonding thin fluoro-resintjayer to a
metal plate.

Thermoplpstic resin |Bearings can be produced by injection moulding, so|Production is limited to small sized
they are able to be mass-produced. bearings, but domplex shapes can be
Fillers are kneaded into base resin during the man- |€asily produced.
ufacture of resin pellets for injection moulding. The diménsional stability pf bearings

is slightlyinferior for matgrials with a

large thermal expansion cpefficient.
The powder sintering method is used for ceramic  [Bearings ranging from smpll to large
bearings. sizes can be manufactured.

C ; In order to prevent impact load and partial contact, | The dimensional stability pf the bear-

ergmic L . I
arubber bush can be joined to the outer circuinfer- |ing is excellent because of jts small
ence of the bearing [see Figure A.5 a)] or a sphieri- |thermal expansion coefficlent.
cal seat can be provided [see Figure A.5 b)}:
The powder sintering method is used.for cermet Bearings ranging from smpll to large
bearings. sizes can be manufactured.

Cermet The thermal spraying coating method is also used. |The dimensional stability pf the bear-
ing is excellent because of jts small
thermal expansion coefficjent.

|
i
Key
1  shell
2 wood plate
3 clasp
4  groove

Figure A.1 — Bearing of wood-based material
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a) Full-mould type

b) Segmental type

Figure A.2 — Bearing of rubber-based material

re'’A.3 — Bearing of thermosetting resin-based material (two-layer laminated t

ype)
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