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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
ical standardization.
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Thermoplastic polymers for plain bearings —
Classification and designation

1 S

cope

This document specifies a classification and designation system for a selection of the most common

unfill

The \

prope
does

be infferchanged in all cases.
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The f
const
undat
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ISO 5

ISO 5
extru

ISO 5

ISO 5
ortho

ISO 5
reinfo

polyrlzrers as well as listing some of the fundamental parameters that influence the

od thermonlasticnolumers for nlain bearings
T | S ) 5

nfilled thermoplastic polymers are classified on the basis of appropriate lewels ¢
rties, additives and information about their application for plain bearings. The'design
hot include all properties; thermoplastic polymers having the same designation can

provides an outline of the properties and applications of the most common unfilled t

oplastic polymers for use for plain bearings.

In the further course of the work, it is intended to prepafe)standards on “thermosett
hixed polymers” for plain bearings.

ormative references

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document. For“dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

)7, Plastics — Polyamides — Determination of viscosity number
p7-1, Plastics — Determination of tensile properties — Part 1: General principles

27-2, Plastics — Determindtion of tensile properties — Part 2: Test conditions for 1
bion plastics

p7-3, Plastics — Detepmination of tensile properties — Part 3: Test conditions for films

27-4, Plastics.= Determination of tensile properties — Part 4: Test conditions for
tropic fibresréinforced plastic composites

p7-5, Plastics — Determination of tensile properties — Part 5: Test conditions for unidire
rced plastic composites

f distinctive
ation system
hot therefore

hermoplastic
selection of

ing polymers”

their content
applies. For
ents) applies.

noulding and

nd sheets

sotropic and

ctional fibre-

ndltheir special

ISO 1133-1, Plastics — Determination of the melt mass-flow rate (MFR) and melt volume-flow rate (MVR)
of thermoplastics — Part 1: Standard method

ISO 1183-1, Plastics — Methods for determining the density of non-cellular plastics — Part 1: Immersion
method, liquid pycnometer method and titration method

ISO 1183-2, Plastics — Methods for determining the density of non-cellular plastics — Part 2: Density
gradient column method

[SO 1183-3, Plastics — Methods for determining the density of non-cellular plastics — Part 3: Gas
pyknometer method
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ISO 1628-5, Plastics — Determination of the viscosity of polymers in dilute solution using capillary
viscometers — Part 5: Thermoplastic polyester (TP) homopolymers and copolymers

ISO 16396-1, Plastics — Polyamide (PA) moulding and extrusion materials — Part 1: Designation system,
marking of products and basis for specifications

ISO 16396-2, Plastics — Polyamide (PA) moulding and extrusion materials — Part 2: Preparation of test

specimens an

d determination of properties

[SO 17855-1, Plastics — Polyethylene (PE) moulding and extrusion materials — Part 1: Designation system
and basis for specifications

[SO 17855-2,
specimens an

[SO 20028-1
Designation {

3 Terms
No terms an
ISO and IEC
ISO Onli

IEC Elec

4 C(Classif

4.1 Gener

The classific
“Identity blo
and an “indiy
item block” i

|

Plastics — Polyethylene [ PE) moulding and extrusion materials — Part 2: Preparation
d determination of properties
Plastics — Thermoplastic polyester (TP) moulding and extrusion materials’— P|

ystem and basis for specification

and definitions

definitions are listed in this document.

aintain terminological databases for use in standardizatien at the following addres
he browsing platform: available at https://www.iso.or

ropedia: available at http://www.electropedia.org?

cation and designation system

al

htion and designation are based‘en a block system consisting of a “description block

bf test

art 1:

bES:

” and

Ck” (see Table 1). The “Identity.block” comprises an “International Standard number block”

idual item block”. For unambiguous coding of all thermoplastic polymers, the “indiy
5 subdivided into four data blocks.

Table 1 — Classification and designation

Designation
Identity block
Desdription™ International Individual item block
block Standard number| Data block Data block Data block Data block
block 1 2 2 4

ridual

The “individual item block” starts with a dash. The data blocks are separated by commas.

Data blocks 1 to 4 include the following information:

data block 1: material symbol (see 4.2, Table 2);

data block 2: intended application or method of processing (see 4.3);
data block 3: distinctive properties (see 4.4);

data block 4: type and content of fillers or reinforcing materials (see 4.5);

The meaning of the letters and digits is different for each data block (see 4.2 to 4.5).

© IS0 2021 - All rights re
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Data block 2 comprises up to 4 positions. If at least one of positions 2 to 4 is used, but no information is
given in position 1, then the letter “X” shall be placed in position 1. The letters in positions 2 to 4 shall
be arranged in alphabetical order.

If a data block is not used, this shall be indicated by consecutive data block separators, i.e. two
commas (,,).

Designation examples are given in Clause 5.

4.2 Datablock1

The chemicalnature of the fhormnp]acfir‘ pn]ymor 1S anign ated hy its cym]‘\n] in—accgrdance with
[SO 1043-1.
Table 2 — Symbols for the chemical structure of the materials
Thermoplastic polymers )
Name and chemical stpucture
Group/Name Symbol
Polyamide PA 6 Polyamide 6; homopolymer based ons‘caprolactam
PA 6 cast |Polyamide 6, cast; homopolymer(based on &-caprolactan;
PA 66 Polyamide 66; homopolycondéensate based on hexamethylenediamine
and adipic acid
PA 12 Polyamide 12; homopolymer based on w-laurinlactam of w-aminodo-
decanoic acid
PA 12 cast |Polyamide 12, cast; homopolymer based on w-laurinlacthm or w-ami-
nododecanoic.acid
PA 46 Polyamide 46} a co-condensate based on 1,4-diaminobutiane and
adipic acid
Polyoxymethylene POM Polyacetal (homopolymer), Polyacetal (copolymer)
Polyallkyleneterephthalate PET Polyethylene terephthalate
PBT Polybutylene terephthalate
Polyefthylene PE-UHMW |Polyethylene with ultra high molecular weight
PEFHD High density polyethylene
Polyfluorocarbon PTFE Polytetrafluoroethylene
Polyipnide PI Polyimides from polyaddition reactions are available as fhermo-
setting plastics. Polyimides from polycondensation reactions are
available as thermoplastics and thermosetting plastics, 4s well as
copolymers of the imide group. Some thermoplastic polylimides are
“apparent thermosetting plastics” because their thermoplastic range
lies above the decomposition temperature. Because of their inter-
mediate position, polyimides and imide copolymers are pnly treated
marginally in this document.
Polyaryletherketone PEEK Polyetheretherketone
Polyvinylidene fluoride PVDF Homopolymer based on vinylidene difluoride
Polyphenylene sulfide PPS Polyphenylene sulfide, linearly structured phenyl ring and sulfur
atoms (tribologically modified material)
Poly(amide-imide) PAI Poly(amide-imide) reacted by polycondensation is a hard/tough,
amorphous thermoplastic. After postcuring the PAI parts cannot be
used for re-processing (“pseudo-thermoset plastics”).

4.3 Datablock 2

Position 1 gives the code for the intended application (see Table 3).

© IS0 2021 - All rights reserved
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Table 3 — Data block 2 — Position 1

Code
E

Intended application

Extrusion

General use

Injection moulding

Compression moulding

Rotational moulding

XIIOIZ O

No indication

Up to three i

Table 4 — Data block 2 — Positions 2 to 4

Code Important properties and/or addi-

tives

A Processing stabilizer

F Special burning characteristics

H Heat ageing stabilizer

L Light and weather stabilizer

R Release agent

S Slip agent, lubricant

4.4 Datablock 3

4.4.1 Geng
The levels of]

bral

distinctive properties are coded bydetters and numbers.

The propert

Owing to m
It is up to thd

442 Poly

Polyamides
(see Table 5
represented

In the last pd

I

s used for the designation are. different for every thermoplastic polymer.

ufacturing tolerances, single property values can lie on, or to either side of, two inte
manufacturer to state (which interval will designate the thermoplastic polymer.

hmides

hre designatedvin data block 3 by their viscosity number, represented by two
in accordance with ISO 16396-1 and, separated by a dash, their modulus of elas
by three digits (see Table 6).

sition; rapid-setting products may be indicated with the letter N.

mportant properties and/or additives can be indicated In positions Z to 4 (see l1able 4).

rvals.

digits
ticity

The viscosity number shall be determined in accordance with 1SO 307 USIng the solvents given in
Table 5. The modulus of elasticity shall be determined in the dry state in accordance with ISO 527-1,
[SO 527-2,1S0 527-3, IS0 527-4 and ISO 527-5, under the conditions specified in ISO 16396-2.
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Table 5 — Viscosity number for polyamides

Polyamide Code Viscosity number, ml/g
Solvent
Sulfuric acid 96 % (mass fraction) m-cresol
> < > | <
09 — 90
10 90 110
12 110 130
PA6 14 130 160
PA 6 gast 18 160 200 —
PA 66 22 200 240
27 240 290
32 290 340
34 340 —
11 — 110
12 110 130
PA 12 14 130 150
16 — 150 170
PA 17 cast 18 170 200
22 200 240
24 240 -

© IS0 2021 - All rights reserved 5
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Table 6 — Modulus of elasticity

4.4.3 Poly

Polyethylens
with ISO 178
three digits

The density

pthylenes

see Table 8),

Code Modulus of elasticity
N/mm?
> <

001 50 150
002 150 250
003 250 350
004 350 450
005 450 600
007 600 800
010 800 1500
020 1500 2500
030 2500 3500
040 3500 4500
050 4500 5500
060 5500 6500
070 6500 7 500
080 7 500 8.500
090 8500 9500
100 9500 10 500
110 10 500 11 500
120 11 500 13000
140 13 000 15000
160 15.000 17 000
190 17 000 20000
220 20000 23000
250 23000 —

ISO 1183-3 under the conditions specified in ISO 17855-2.

hall bha Aot

itk ICN 11

s are designated-by their density represented by two digits (see Table 7) in accorflance
55-1 and, separated by a dash, their melt flow rate (MFR) represented by one lettdgr and

pf the base material shall be determined in accordance with ISO 1183-1, ISO 1183 and

1
T

The melt m

floay +
SS—TIOVW Tacc

d
Stiiall OC OCTCT IIIIctTr

in—o rdonon
III ALlUIrudqrlitc vwilll 109U 11

2 o IALL 2
33-+at190-2C-with-atoad of

2,16 kg (symbol D). For thermoplastic polymers with a melt mass-flow rate <0,1 g/10 min, a test under a
load of 5 kg (symbol T) is recommended. If the melt mass-flow rate is still <0,1 g/10 min, the test should
then be carried out under a load of 21,6 kg (symbol G).

The symbols D, T and G shall precede the code for melt flow rate given in Table 8.

© IS0 2021 - All rights reserved
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Code Density?
g/cm3

> <
15 — 0,917
20 0,917 0,922
25 0,922 0,927
30 0,927 0,932
35 0,932 0937
40 0,937 0,942
45 0,942 0,947
50 0,947 0,952
55 0,952 0,957
60 0,957 0,962
65 0,962 —

a  Density ranges for uncoloured and unfilled polyethylene materials.

Table 8 — Melt mass-flow rate (MFR)

Code Melt flow rate
g/10 min

> <
000 = 0,1
001 0,1 0,2
003 0,2 0,4
006 0,4 0,8
012 0,8 1,5
022 1,5 3
045 3 6
090 6 12
200 12 25
400 25 50
700 50 100

4.4.4| Polyalkyleneterephthalates

s e b £ 1 11 | b Joil ) . - 4] - . 1 3
The Wistinctive Property Ol pPOlydIKyICIEtCTePIItIarates 15 tIc  VISTOSITY  Nulnoet cCCOI‘dll’lg to

[SO 20028-1, determined in accordance with ISO 1628-5, and designated by two digits (see Table 9).

© IS0 2021 - All rights reserved
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Table 9 — Viscosity number for polyalkyleneterephthalate

Polyalky- Code Viscosity number
lene-terephtha- ml/
late J
> <

06 — 60
07 60 70
08 70 80
09 80 90

PET
10 aQ 100
11 100 120
13 120 140
15 140 —
08 — 90
10 90 11Q
12 110 130

PBT
14 130 150
16 150 170
18 170 —

4.4.5 Othdgr polymers

The coding flor the distinctive properties of polyoxymethylene, polytetrafluoroethylene, poly(amide-
imide), polyimide, Polyetheretherketone, Polyvinylidene fluoride and Polyphenylene sulfide wjill be
included in a|future edition of this document.

4.5 Data t[lock 4

The fillers afd reinforcing materials, as well as additives specific for the application in plain beajrings,
are coded as|follows:

— position|1: types of fillers and /or-reinforcing materials, coded by a letter (see Table 10);

— position|2: physical formg effillers and/or reinforcing materials, coded by a letter (see Table 11);

— position$ 3: mass content of fillers and/or reinforcing materials, coded by two digits (see Table 12);

— positions 4: TypeS of lubricants, coded by two letters (see Table 13).

8 © IS0 2021 - All rights reserved
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Table 10 — Types of fillers and/or reinforcing materials (position 1)

Code Type
C Carbon
G Glass
K Chalk
S Synthetic organic material
T Talcum
X No indication
Table 11 — Physical forms of fillers and/or reinforcing materials (posigo(l 2)
Code Physical forms q>)'
D Powder - -
F Fibre O~
S Spheres ,-O -
X No indication Q\‘O
N
Table 12 — Mass content (pos'@gn 3)
)
Code Mas&p‘ércentage
. ol <
(0):¢ ,&\‘ONO indication
01 0,1 (inclusive) 15
02 1,57 3
05 xOB 7,5
10 ..oF 75 12,5
15 ) 125 17,5
20 A 17,5 22,5
25 O 22,5 275
30 27,5 32,5
35 )7 32,5 37,5
40 & 37,5 42,5
42,5 47,5
(50 47,5 55
7 60 55 65
A 70 65 75
80 75 85
90 85 —

© IS0 2021 - All rights reserved
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Table 13 — Types of lubricants (position 4)

Code Type
GR Graphite
MO MoS, (Molybdenum disulfide)
OL Mineral oil
PE Polyethylene
TF PTFE (Polytetrafluoroethylene)
X No indication

5 Designation examples

A summary ¢f the designation system is given in Table 14.

Table 14 — Summary of the designation system
Description plock Thermoplastic
Internationdl Standard
number blodk 150 6691
. Reference
Data block | Position Content
Subclause Table
1 — Material symbol 4.2 Table 2
Intended application or method
) 1 of processing 43 Tabje 3
Important properties and/or
2to4 additives 4.3 Table 4
Individual itgm block
3 — Distinctive properties 4.4 Tables 5
to|9
1 Types of reinforcing materials 4.5 Tablg 10
5 Physu:_al forms of reinforcing 45 Tablk 11
4 materials B
3 Mass content of reinforcing 45 Tablk 12
materials B
4 Types of lubricants 4.5 Table 13

10 © IS0 2021 - All rights reserved
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EXAMPLE1 A polyamide 6 (PA 6), for injection moulding (M) with mould release agent (R), having a viscosity
number of 140 ml/g (14), a modulus of elasticity of 2 600 N/mm? (030) and rapid setting (N) is designated as
follows:

Thermoplastic ISO 6691 -PA 6, M R 14 -030 N

Description

International Standard

Data block-1l:material cymhn]

Data plock 2: Position 1: for injection moulding

Position 2: for mould release agent

Data plock 3: Position 1: viscosity number

Position 2: modulus of elasticity

Position 3: rapid setting

Designation: ThermoplasticISO 6691-PA 6, MR, 14-030N

©1S0 2021 - All rights reserved 11
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EXAMPLE 2 A polyamide 66 (PA 66), without indications as to use additives in data block 2, having a viscosity
number of 280 ml/g (27), amodulus of elasticity of 4 000 N/mm? (040), rapid setting (N) and 20 % (mass fraction)
glass fibre (GF20) is designated as follows:

Thermoplastic ISO 6691 -PA 66 “ 27 -040 N, G F 20

Description

International Standard

Data block 1: aterial cyml'\n]

Data block 2:no indication, therefore two commas only

Data block 3: [Position 1: viscosity number

Data block 3:[Position 2: modulus of elasticity

Positfion 3: rapid setting

Data block 4:[Position 1: for glass

Data block 4:|Position 2: for fibres

Data block 4:|Position 3: for mass content

Designation: Thermoplastic’ISO 6691-PA 66, , 27-040N, GF20

6 Orderipg information

The purchaser and supplier shall agrée on the tests to be carried out.

If mechanicall and/or tribological’properties are to be tested, it shall be agreed whether such tesfs are
carried out gn

a) unmodified parts.ofthe delivered goods,

b) testbard, manufactured from the same batch, or

c) testbardtaken from a finished part to be supplied,

and whether the test shall be carried out parallel or perpendicular to the flow direction and/or
machining direction.

12 © IS0 2021 - All rights reserved
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(informative)

ISO 66

91:2021(E)

Properties and applications of the most common unfilled
thermoplastic polymers

A1l

Table|A.1 gives an outline of the properties and applications of unfilled thermoplastic¢ pd
only used for plain bearings.

com

Properties and applications of unfilled thermoplastic polymers

Table A.1 — Outline

lymers most

roup of
thermoplastic

olymers

ymbol)

General description

Chemical properties

Examples of

application

Polyamide (PA)

Resistant material, extraordi-
narily shock- and wear-resist-
ant, good damping proper-
ties.

High sliding resistance in
dry running. Relatively high
moisture absorption.

Resistant to fuels, oils, and
greases and-to'most common
solvents. Sensitive to mineral
acid evén-in dilute solution,
but not attacked by strong
alkalis even at high concen-
trations. The use of PA 6 and
PA 66 in hot water requires
formulations that are stabi-
lized against hydrolysis. PA 11
and PA 12 are widely resistant
to hydrolysis.

Bearings subje
and vibration.

Guide blocks in
couplings.

Bushes for bra
wagon construyl

Bearings for ag
al machinery. S
bushes.

cted to shock

steel mill

ke rods in
ction.

ricultur-
pring eye

Polyoxymethylene
(POM)

Hard materialitherefore
higher resi§tarice to pres-
sure thampolyamide, but
more Seirsitive to shock. Less
wear-resistant but smaller
coefficient of friction than
polyamide. Very low moisture
absorption.

High resistance to numerous
chemicals, above all to organic
liquids. Only a few solvents
can dissolve POM. Even at
high temperatures POM-co-
polymer withstands strong
alkaline solutions such as

50 % NaOH. Chemicals having
an oxidizing effect and strong
acids (pH < 4) attack POM.

Plain bearings
requirements d
ing dimensiona
and coefficient
Good for dry ry
deficient lubrid
bearings for fiy
ics, electromec
household app

having strict
oncern-

1 stability

of friction.
inning or for
ation. Plain
e mechan-
hanics and
iances.

Polyefthylenetere-
phch lasa (DETY

Hardness similar to that of
POM: baosazavuzar dacrancac

da
o, TOWevVeHF aeereases

Good weather resistance and

igh racictanmen 0 ;i ne oy o

plain

Application for

bearingssimiar to POM.

latePET
Polybutylenetere-
phthalate (PBT)

considerably above 70 °C. Up
to 70 °C, wear and coefficient
of friction very low. Low
moisture absorption.

THE T T oSt CeToO o troats

solvents, oils, greases, and salt
solutions. Sufficiently resist-
ant to many acids and alkalis
in aqueous solution. Attacked
by concentrated inorganic
acids and alkalis. Halogen-
ated hydrocarbons such as
methylene chloride and chlo-
roform lead to high swelling.
Sensitive to hydrolysis at high
temperatures.

Mostly for plain bearings at
temperatures below 70 °C.
Good for dry running and
for deficient lubrication.
Plain bearings for fine

mechanics and

installations, guide bushes
for rods. Plain bearings for
oscillating movements.

submerged

© IS0 2021 - All rights reserved
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ene with ultra
high molecular
weight (PE-UHMW)

High density poly-
ethylene (PE-HD)

resistance. PE-HD has low
resistance to permanent
pressure. However, it is re-
sistant to shock. About twice
the thermal expansion of PA

Table A.1 (continued)
Group of
thermoplastic General description Chemical properties Examples of application
polymers
(symbol)
Polyethyl- PE-UHMW has high shock Atroom temperature, PE is Plain bearings for Instal-

inert to water, alkaline solu-
tions, salt solutions, and inor-
ganic acids (except strongly
oxidizing acids). At room tem-
perature, polar liquids such as

lation in waters carrying
sand.

Road and agricultural ma-
chinery construction.

and POM.

Excellent wear resistance
against abrasive stresses.
Good sliding and bedding
characteristics.

No moisture absorption. Re-
sistant to low temperatures.

alcohols, organic acids, esters,
ketones, and the like only re-
sultin slight swelling. Aliphat-
ic and aromatic hydrocarbons
and their halogen derivatives
are absorbed more strongly,
resulting in a decrease in
strength. After the diffusion
of these media, polyethylene
can regain its original proper-
ties. Non-volatile liquids su¢h
as greases, oils, waxes, etg,
are less active.

Bearings for low temp{
tures.

Plain bearings in chemifical
installations!

Polytetrafluoro-
ethylene (PTFE)

Resistant to shock, has good
bedding characteristics and
can be used for dry running.
Under high load and slow slid-
ing velocity, low coefficient of
friction. Anti-adhesive; can be
used at high and low temper-
atures. No moisture absorp-
tion. Unfilled PTFE is less
resistant to wear; it is mostly.
used for confined bearings.

At temperatures bélew 260 °C,
is not attacked byychemi-

cals, except byxdissolved or
molten alkali\or alkaline earth
metals. Elemental fluorine or
chlorinefluoride attack above
room'‘temperature.

Plain bearings in chemijical

installations, high-frequen-
cy engineering, applicdtion
at high temperatures or
very low coefficients of
friction. Bridge bearings

and similar bearings with
very low sliding velocities
(crawling velocity).

For plain bearings useI]i in

the foodstuff sector unffilled
PTFE is physiologically
harmless.

Polyimide (PY)

High-temperature mate-
rial, with high hardness.
Low wear-Relatively high
coefficientof friction in dry
running at sliding surface
temperatures below 70 °C.
High load-carrying capacity.
Low moisture absorption.
Also suitable for use at very

Resistant to most of the ali-
phatic and aromatic hydrocar-
bons, to diluted or weak acids
and to oils and fuels. Depend-
ing an concentration and tem-
perature, alkaline solutions
are attacking. When used in
hot water or steam, hydrolysis
has to be taken into account.

Plain bearings in tunngl
furnaces.

Iow temperatures.

Polyetheretherke-
tone (PEEK)

PEEK is a semi-crystalline
thermoplastic polymer and

a high-temperature material
with high tensile and bending
strength. Due to the extraor-
dinary fatigue strength under
reversed bending stresses
under cyclic loading it has
along life. The material has
excellent resistance to hy-
drolysis.

The material is resistant to
most chemicals. The product
is only dissolved by concen-
trated sulfuric acid. Nitric
acid and some halogenated
hydrocarbons decompose the
material.

Plain bearings and sliding
elements under heavy
conditions up to 250 °C. The
very advantageous tribolog-
ical behaviour in itself can
be considerably improved
by addition of PTFE, graph-
ite and carbon fibres.
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sulphfide (PPS)

relatively brittle high-crystal-
line thermoplastic polymer.

The temperature of use is up
to 220 °C. The relatively high
coefficient of friction of 0,4 to
0,7 is decreased by addi-
tives, and impact resistance
and fatigue strength under
reversed bending stresses are
improved.

Group of
thermoplastic General description Chemical properties Examples of application
polymers
(symbol)
Polyvinylidene This fluoroplastic has Resistant to acids, alkalis, Plain bearings in chemical
fluoride (PVDF) PTFE-allied properties, yet  |solvents and chlorinated hy- |installations - machines for
higher mechanical strength, |drocarbons, hot acetone, ke- |foodstuff production.
rigidity and viscosity. The tones and esters. Not resistant
temperature limit in use is to primary amines at higher
150 °C. The creep tendency is |temperatures. No objection
distinctly restricted in com- |against use 1in contact with
parison with PTFE. foodstuff. The material is
physiologically nontoxic.
Polyphenylene Without additions PPS is a Excellent resistance to chemi- |Plainfbearingsfin contact

cals - when used below 200 °C
no solvents are known to
attack. Not resistant to chlo-
rosulfonic acid. The materiatl
is resistant to hydrolysis.

with chemicald
peratures and
conditions.

at high tem-
inder heavy

Poly(pmide-imide)
(PAI)

High performance ther-
moplastic of exceptional
strength for use at extreme-
ly high and extremely low
temperatures, high fatigue
strength, extremely favoura-
ble wear characteristics,;-PAI
parts require post-curing in
order to achieve ptimum
wear and chemical resist-
ance.

Excellenitchemical resistance.
At ingreased temperature
(93°C) PAl is attacked by phe-
nylsulfonic acid, formic acid
and soda lye (30 %). Above
160 °C steam (water vapour)
leads to degradation.

Plain bearings pnd slide
elements for hiFh load and
temperatures yp to 260 °C.
The tribologicdl behaviour
can be improved by addi-
tives of PTFE o[ graphite.

A2

The c
are th
their

Characteristic'properties in plain bearing applications

haracteristieproperties for thermoplastic polymers used for plain bearings in tribolo
eir behayiour under compressive stress, their resistance to temperature and moistulre, as well as
heat conductivity and sliding characteristics including wear resistance.

rical systems

The tribological system depends not only on the properties of the plain bearing material, but also
on the type and surface of the mating partner, the type of application, the design, the environmental

influences, the general working conditions, and, if applicable, the lubricant. (See also Annex B.)

Table A.2 and Figure A.1 show approximate values of these parameters.

The actual values can deviate within the groups of thermoplastic polymers according to the type of
plastic used and the manufacturer’s grades. Depending on the application, other properties should also

be considered.

A.3 General properties

In addition to the properties referred to in A.1 and A.2, other thermoplastic properties are important
for plain bearings applications.

© IS0 2021 - All rights reserved
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Table A.3 gives some values for guidance for such properties. The actual values may differ widely
depending on the thermoplastic polymer used and on the type of processing (within each group).

The wear of the thermoplastic plain bearing depends to a large extent on the accuracy of the geometrical
shape.

16 © IS0 2021 - All rights reserved
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Y1
v 10000
X1
Y1 B Y
Y2 HVI
X2
Y1
v 0 0 n HHB HHHHHH
X3
Y1
v 10T HHMH
X4
] v
Y1
v2 ] 7
X5
\ogﬁﬁ\o 43 <R -
s z=zz58E8g¢£ Sceg

Key

X1 tendency to stick-slip

X2 sliding resistance (coefficient of friction)
X3 tendency to wear, Rz shaft > 2um

X4 tendency to wear, Rz shaft < 2um

X5 permissible pressure

Y1 high

Y2 low

Figure A.1 — Typical behaviour of some unfilled thermoplastic polymers when used in plain
bearings sliding at low velocity against steel, without lubrication (relative comparison)

© IS0 2021 - All rights reserved 19


https://standardsiso.com/api/?name=c3c743d32585b7d732deec4caec8e2e6

:2021(E)

ISO 6691

— | — — — — - — — - - 0¢ 0€ (A2 154 0¢ 0¢ isiowt (ww/A¥) yaduaaas
9€z | 12 | 0Z 14 - 05 06 60T | 68 0L 09 S€g €€ 0§ 0S 0S K1p 2Andnisip [ed1129]g
[O1-w)/m]
9z'0 | €0 | 610 | SZ0 | §0 | €20 %0 | £L2°0 | 920 | TE€0 €0 | 620 620 | €20 | €20 || €2 AIp A31andnpuod [EULIDY)
Jouamiyeo)
0L1 (-9-0T)
0€ | 0S |oyper | LF 153 — — 09 | 08 0zT 06 00T 01T S8 SL S8 A1p  uorsuedxo [euLioy)
JIeaul[ JO JUSIDIJJ90)
Jsiow (;w
He21q ON £1p /D1 yaSuans joedu]
08 yeauq
. J— P — - J— J— - — —_ Siow
ST ST ST | o0z 0€ on | (/b)) pSuens
/1 joedur yojoN
T | € i 9 - 9T |¥edIqON|90IE| 9 6 019 9 | STOIS | Yoy | SOVE | €OMGT [ 90¢E A1p
— | =] = — — — — — | = — 106ST| 00TZ | 009T | 009T | 00ST || 00% T | 3slowr
(uw/N) (or1su21)
00%%| 00% | 008 T | 009 € [0OPp¥ €| 00L | 06L [0082Z|000€ owmm%m 00T}, 00¥Z | 006T | 008Z | 00,7 ||0097 | Aip AWNINSE[JOSNNPON
— | =1 = — - — — — | = — 0S - - 09 09 0S | slow
(;uw/N) ssaa1s
_ 0¢ SOT 0cT £ Surpuaq Sunrwry
¥HZ | 0ST| L 0L1 0197 LZ SOT | 06T | o) 0op | 0ST 06 0L | oyegr | OFF 0ZT Ip
— | =1 — — — — — — | = — 00T | 002 082 | 0ST 0L 0zZz | 3stow
Y4 (%)
ST | @ | 08 0S - 00€ 0S¥ | 00Z | 0S | 0L01SZ | ST 0ST 0S¢ 0% 0T 0€T Kip  ¥ed1q3e uonesuoly
ST
— = = | = kK| - — | == = |ss| s 07 | oval09010%|| 08 | asiow (i
/N) (uiod praif)
Z6T | 08 | ¥S | 6 | E8 |STO0IL|8E0I0Z| 09 | OL | TLOIS9 | 00T | SS 0S o%wm S80¥0S omwm Aip  WBUSDS IS,
TV'Z |SET| 8LT | €T | 9¥'1 | ST'C 760 | 62T |LET| THT |8I'T| €07 20T | ¥IT €T'T €T'T Ap (gud/3) Ansua
MINHN 1sed 1sed
IVd | Sdd | AQAd | MAdd | Id | 4ld | -Ad | 1ldd | 18d | WOd |9¥Vd| ZIVd | ZIVd | 99Vd | 9Vd | 9Vd | siowkjod onsejdowriays
[eLId)Ie 10j san.aadoud [eaauan

s3urreaq ure[d ur siowAjod sn3sejdouwriay) pajjun 1oj sanradouad [erausy — £y I[qeL

© IS0 2021 - All rights reserved

20


https://standardsiso.com/api/?name=c3c743d32585b7d732deec4caec8e2e6

B.1

ISO 66
Annex B
(informative)

Fundamental application parameters

General

91:2021(E)

This pnnex lists some of the fundamental parameters that influence the selection gf't
polymers for use for plain bearings.

Howsepver, it is by no means sufficiently comprehensive for the final selection,¢alculatio
of thqrmoplastic plain bearings. Definitive information should be obtained friont the supp
bearipgs or raw materials.

B.2
The

Selection and application of thermoplastics used for plain bearings

thermoplastic polymers referred to in this document fulfil; o various degrees, the 1

for plain bearings application, such as the following:

a)
b)
‘)
d)
e)

low coefficient of friction;

hligh resistance to wear;
aflequate load-bearing ability;
aflequate temperature stability;

emergency running ability.

In addlition, the following properties, which depend on the type of thermoplastic polymer
be mgntioned, even though a wide'range of characteristics may be given:

f)
g)
h)

diry-running ability;
whether it is mairtenance-free (in many cases one lubrication during assembly will sy

imteraction with the environmental medium (such as water, lyes, acids) which may
lybricant er\€oolant, depending on the chemical resistance of the plain bearing thermc

whether-it is smooth running;

hermoplastic

h and design
liers of plain

equirements

used, should

ffice);

r function as
plastic;

ability to absorb vibrations and Impacts:

resistance to corrosion;
resistance to chemicals;
whether it is of low toxicity;
insulation;

whether it is of low mass.

The thermoplastic plain bearing with the mating partner, the lubricant and the environmental
influences form a tribological system the field of application and service conditions of which are mainly
determined by the temperature (ambient temperature + temperature rise due to friction). Figures B.1

© IS0 2021 - All rights reserved
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and B.2 show the dependence of the mechanical values of thermoplastic polymers on temperature using
the example of the modulus of elasticity.

B.3 Influences of system and environment

B.3.1 Plain bearing type

Depending on the type of thermoplastic polymer, unlubricated radial bearings give PV value between

two and four

B.3.2 King

times better than thrust bearings.

afrmaoaticon
VUl 1I11IULIVII

In instrumer
and vehicles,

The differeq]

ts, thermoplastic plain bearings are mainly used to support rotating shafts. Inmac
they are mainly used to absorb oscillating and reciprocating motions.

t stresses between rotating, oscillating and reciprocating movemént’ and bet

hines

ween

continuous and intermittent operation have an important influence on the permissible PV value and on

wear.

B.3.3 Mati

B.3.3.1 Matterial

Hardened st¢
suitable. Mat
to be taken i

a) the coeftf
b) sliding w
c)

better tH

PE shows red
PTFE shows
alloys; howe
unless the su

If a thermop

friction can pe achieved:

Table A.2 giv

the permpissible PV value and the wear resistance are lower even though the heat conductiy

ng partner

el is the most suitable material as mating partner for.thermoplastic polymers. Glass i
ing partners made of non-ferrous metals can be.uséd as well but the following points
1to account:

icient of friction is higher if the surface hardness is <50 HRC;

fear may increase;

an that of steel.

1sonable sliding properties when running with a mating partner made from copper §
reasonable sliding properties when running with a mating partner made from c
ver, it should not be Gsed when running with a mating partner made of aluminium
rface is hard anodized.

lastic polymerruns with a plastic partner instead of a metallic one, lower and cor

es suitable matings.

s also
have

ity is

lloys.

ppper
hlloys

Istant
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Figure B.1 — Dynamic modulus of elasticity versus temperature (mass moisture content of
specimen <0,2 %) for thermoplastics PA 6, PA 6 cast, PA 66, PA 12, PA 12 cast, PA 46, POM, PET,
PBT and PE-UHMW
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