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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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INTERNATIONAL STANDARD

ISO 14287:2021(E)

Plain bearings — Pad materials for tilting pad bearings

1 Scope

This document specifies requirements for some commonly used pad lining materials utilized on tilting
pad bearings. The requirements in this document are expressed by specifying the chemical composition
of the lining materials. Other lining materials can be used if they have been proven to be equally suitable

atth
with

e required operating conditions. Descriptive characteristics of the lining materials arg
the appropriate selection of pad backing and pivot materials.

2 Normative references
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Terms and definitions

rms and definitions are listed in this document.
nd IEC maintain terminological databases for use in standardization at the following z

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

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

Requirements
Lining materials

Chemical composition

hemical composition of'alloy elements and compounds of the materials covered by th
be within the limitsspecified in Tables 1, 2, 3 and 4.

purchaser's requirements necessitate limits for any element not specified, or limits di

e already spe€ified, these should be agreed upon between manufacturer and purchaser.

given along

ddresses:

is document

fferent from

NING—Lead's (Pb) toxicity was recognized, and its use has since been phased ¢ut of many

ications. However, many countries still allow the sale of products that expose

lead

humans to

Lead is a neurotoxin.
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4.1.2 Mechanical properties

Mechanical properties of linings can be expected to vary in individual cases due to the range of
possible elemental and compound compositions of a specified alloy, the marked influence exerted by
the cooling conditions an alloy experiences and the influence of the backing material. Consequently,
material properties for lining materials shall be the subject of agreement between the manufacturer

and purchas

er.

4.1.3 Selection of lining materials

Guidance on

properties and selection materials is given in Annex A.

4.2 Backjng materials

Requiremen
used if they
lining mate

4.3 Pivot

Pivot mater
pivot wear 3
for the pivd
of a separaf
magnitude
permitted fq

design and, fonsequently, shall be the subject of agreement,between the manufacturer and purchg

ts for suitable backing materials can be found in ISO 6280. Other backing materials c3

ial, is ensured by control of the manufacturing process.

materials

nd ensure pivot stresses remain within acceptable limits<Ih'some cases, the require
t material cannot be satisfied by the chosen pad backing material, leading to the

bf the load, requirements for self-aligning capability and the degree of pivot flexi
r the application. Due to these factors, pivot materiadls cannot be specified in isolation ¢

Table 1 — Tin-based white metals

als are usually selected in combination with the type of pivot design in order to minnil‘mize

in be
have been proven in service and an optimum bond, between the backingmaterial and the

ents
use

e pivot, or ‘insert’. Various factors determine the type' of pivot to be used, including the
hility

fthe
Ser.

Chemical ¢glement Ch(fnn:liscsaflrcaocrtr;gg’s(i);)i)o n
SnSb8Cu4 SnSb10Cu5 SnSb12Cu6Zn
Sn Remainder (eax89) Remainder (ca. 87) Remainder (ca. 81)
Sb 7t08 8,5to 10 11to 13
Cy| 3 to 4 3,5to5 55t06,5
Zn — — 0,3t0 0,7
Ag — — 0,05to0 0,15
Impurlties
Ph| <0,35 <0,35 <0,06
As| <01 <0,1 <0,03
Bi <0,08 <0,08 < 0,06
Fe <01 <0,1 <0,03
Al <0,01 < 0,005 <0,01
Zn <0,01 < 0,005 —
Cd <0,05 <0,05 <0,03
Ni — — <0,06
Total others 0,2 0,2 0,2
NOTE Data is valid for raw materials in the shape of ingots or welding wires.
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Table 2 — Aluminium-tin alloys

. Chemical composition
Chemical (mass fraction, %)
element
AlSn40Cul AlSn40
Al Remainder Remainder
Sn 35to0 42 37 to 42
Cu 0,7to 1,3 0,35t0 0,70
Fe <0,7 <0,3
Si <03 <03
Ni <0,15 <0,1
Mn — <0,1
Ti — <0,1
Total others 0,3 0,3

Table 3 — Copper alloys

. Chemical composition
Chemical (mass fraction, %)
element
CuPb20Sn5
Cu Remainder
Pb 18%0'23
Sn 4t06
Impurities
Zn <1
P <01
Ni <2
Sb <0,5
Si <0,01
Total'others 0,3

Table 4 — Polymer bearing materials

Chemical com-

Chemical composition
(mass fraction, %)

pound - -
PEEK material PTFE material
PEEK Remainder | Remainder — —
PTFE 1to3 8to12 Remainder | Remainder
CF 27 to 33 — 1010 20 10to 20
Graphite — — — 1to5
MoS, — — 4to6 —

Key

PEEK: polyether-etherketone

PTFE: polytetrafluoro-ethylene

CF: carbon fibre

MoS,: molybdenum disulphide

© IS0 2021 - All rights reserved
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5 Designation

EXAMPLE A tilting pad bearing consisting of a metallic lining material with chemical composition SnSb8Cu4
is designated as follows:

Lining material ISO 14287 - SnSb8Cu4

Polymer lining materials will be subject to a more general designation, with the specific compounds
agreed between the manufacturer and the purchaser, e.g.:

Lining material ISO 14287 - PEEK, or

Lining material ISO 14287 - PTFE

4 © IS0 2021 - All rights reserved
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Annex A
(informative)

Guidance on properties and selection of materials

Table A.1 — Application notes for lining materials

Minimuwm| shaft
hardndss?

Lining

material Characteristics and principal uses in tilting pad bearings

Good sliding properties, conformability and high toughness;
good embeddability and seizure resistance; suitable for high
sliding velocities in the hydrodynamic range and moderate

loads; impact stress at low frequency; insensitive to reverse
SnSb8Cu4 bending stress. The maximum permissible sliding surfacetem- 160 HRW
perature is approximately 120 °C to 130 °C.

Used for high-speed turbomachinery, electric machines, gear-
boxes, pumps and propeller shafts.

Good sliding properties and conformability;geod embeddability
and seizure resistance; suitable for high sliding velocities in the
hydrodynamic range and moderate loads;impact stress at low
SnSb10Cu5 | frequency. The maximum permissible sliding surface tempera- 160 HRW
ture is approximately 120 °C to 130.°C:

Used for high-speed turbomachinery, electric machines, gear-
boxes, pumps, and propeller shafts.

Good sliding properties, conformability and high temperature
strength; least creep deformation; good embeddability; suitable
for high sliding velocities in the hydrodynamic range at high
SnSb12CubZn |]oad; high fatigueTimit at high frequency. 160 HEW

Used for high#speed turbomachinery, electric machines and
gearboxes:s

Good sliding properties, conformability; embeddability and sei-
zure(résistance approaching that of tin-based white metals, but
witha usefully higher fatigue strength at elevated temperatures;
sujtable for high sliding velocities in the hydrodynamic range and

AlSn40 higher loads than tin-based white metals. The maximum permis-
sible sliding surface temperature is approximately 25 °C to 30 °C
and higher than tin-based white metal lined bearings. Unhardened 160 HEW

AlST40Cu1 |steel shafts can be used.

Used for high-speed turbomachinery, electric machines, gearboxes
and special applications where the levels of copper found in tin-
based white metals and polymer lined pads with bronze interlayers
are prohibited.

High strength and high temperature characteristics — the max-
imum permissible sliding surface temperature is approximately
30 °C to 40 °C higher than tin-based white metal lined bearings.
CuPb20Sn5 | Good compromise between strength and surface properties. 350 HBW
Requires hardened shaft surface.

Used for high-speed turbomachinery and gearboxes.

a2 In multilayer plain bearings, the difference between the hardness of the lining material and the shaft
material should be such that welding under working conditions is safely avoided. The working conditions,
in particular the lubrication conditions, have considerable influence on the selection of the shaft material.
For this reason, the recommended hardness value for the shaft material is a minimum value. In general, the
unquenched and untempered shaft materials are used in the case of lining materials based on tin.

© IS0 2021 - All rights reserved 5
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Table A.1 (continued)

Lining
material

Characteristics and principal uses in tilting pad bearings

Minimum shaft
hardness?

PEEK and PTFE polymer materials: excellent sliding properties
compared to metallic bearing alloys (low coefficient of friction
and seizure resistance); good embeddability; superior corrosion
resistance; low thermal conductivity — reduces pad thermal dis-
tortion leading to increased load-carrying capability.

Experimental results for start-up friction coefficient under static
load conditions are shown in Figures A.1 and A.2. In some cases,

Polymers

The USe of jJacKing ot for large-siZe verticat TSt bearings can be
eliminated by specifying PTFE or PEEK thrust pads.

Non-conductive polymer materials have the advantage of preventing
electro-erosion without an additional insulation.

PEEK characteristics: excellent load-carrying capability; low wear/
creep deformation under high surface pressure conditions; high
fatigue strength; high temperature capability — the maximum per-
missible sliding surface temperature is approximately 75 °C higher
than tin-based white metal lined bearings. Used for subsea pump
and motor applications with low viscosity lubricants (including
mineral and water-glycol), electric submersible pumps {ambient
temperatures up to 200 °C), process lubricated pumps;water-filled
motors, high-speed turbomachinery, electric machines, gearboxes.

PTFE characteristics: excellentload-carrying capability; conform-
ability under high surface pressure and misalighment conditions;
very low coefficient of friction and smooth.breakout under high
surface pressures; excellent capability under boundary lubrication
conditions, low sliding speeds and oil film thicknesses. The maxi-
mum permissible sliding surface temperature is similar to that of
tin-based white metal lined beariigs.

Used for vertical pumps, hydroelectric turbine-generators and
marine propulsion applications.

To be'deter-
minedby the
bearing manu-
facturer in line
with their expe-
rience for the se-
lected material
and working
conditions.

a2  Injmultilayer plain bearings, the difference between the hardness of the lining material and the shaft
materipl should be such that welding-uhder working conditions is safely avoided. The working conditions,
in partlicular the lubrication conditions, have considerable influence on the selection of the shaft material.
For thif reason, the recommended hardness value for the shaft material is a minimum value. In general, the
unqueiiched and untempered shaft materials are used in the case of lining materials based on tin.

An overview of the operatienial range for the lining materials is available in Figure A.3.

© ISO 2021 - All rights reserved
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Tin-based white metal.

EEK.

These results are based on a test carried out on a tilting padthrust bearing with eight pads having an
outsifle diameter of 457 mm and an inside diameter of 246 mm.

on a vertical static load test machine

Y
0,25

Figure A.1 — Example of PEEK and tin-based white metal start-up coefficient of friction

0,2

0,15 ek ;

0,1

0,05 N— -

X  specific bearing load (MPa)

Y friction coefficient at start-up

NOTE

These results are based on tests carried out on a tilting pad thrust bearing with 12 pads having an
outside diameter of 251 mm and an inside diameter of 161 mm.

Figure A.2 — Example of PTFE start-up coefficient of friction on a static load test machine
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