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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
liasison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commissio

Internationg

The main ta

1 “Eb) on all matters Ol elecCtroteCnmiCal standardiZatior.

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

sk of technical committees is to prepare International Standards. Draft International Standardg adopted

by the technical committees are circulated to the member bodies for voting. Publicatioh,-as an Intgrnational

Standard rg

Attention is|
patent right

ISO 16589-
Sealing dey

ISO 16589
thermoplas

— Part 1:
— Part 2:
— Part 3:
— Part4:
— Part 5:

Annexes A,

quires approval by at least 75 % of the member bodies casting a vote.

ices.

ic sealing elements:

Nominal dimensions and tolerances
Vocabulary

Storage, handling and installation
Performance test procedures
Identification of visual imperfections

B, C and D of this part.of ISO 16589 are for information only.

drawn to the possibility that some of the elements of this part of ISO. 16589 may be the gubject of
5. ISO shall not be held responsible for identifying any or all such patentrights.

1 was prepared by Technical Committee ISO/TC 131, Fluid{power systems, Subcommittee SC 7,

consists of the following parts, under the general (ditle" Rotary shaft lip-type seals incdrporating
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Introduction

Rotary shaft lip-type seals are used to retain fluid in equipment where the differential pressure is re

latively low.

Typically, the shaft rotates and the housing is stationary although in some applications the shaft is stationary and

the housing rotates.

Dynamic sealing is normally the result of a designed interference fit between the shaft and a flexible element

incorporc ted In the seal.

Similarly] a designed interference fit between the outside diameter of the seal and the diameter pof\the h
retains the seal and prevents static leakage.

Careful gtorage, handling and proper installation of all seals are necessary to avoid hazards, both
during ingtallation, which would adversely affect service life.

pusing bore

brior to and
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INTERNATIONAL STANDARD ISO 16589-4:2001(E)

Rotary shaft lip-type seals incorporating thermoplastic sealing
elements —

Part 4:
Performance test procedures

WARNING — Persons using this part of ISO 16589 should be familiar with normal laboratony practice.
Whilst it does not purport to address all the safety problems, if any, associated, with its application,
attention is drawn to the need to employ sensible precautions while handling, hot“and cold|fluids and
equipmgnt. It is the responsibility of the user to establish appropriate safety and-health practices and to
ensure gompliance with any national regulatory conditions.

1 Scqpe

ISO 16589 describes seals utilizing sealing elements manufactured from:suitably formulated compounds, based on
thermoplastic materials, such as polytetrafluoroethylene (PTFE).

NOTE ISO 16589 is complementary to ISO 6194 which covers elastomeric seals.

This parf of the standard specifies general performance tests®which can be used for seal qualificatiop purposes.
Materialg quality control, dynamic testing and supplementary low temperature testing requirements are ¢overed.

2 Nornmative references

The folloing normative documents contain provisions which, through reference in this text, constitute grovisions of
this part pf ISO 16589. 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 16589 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. Hor undated
referencgs, the latest edition of the\normative document referred to applies. Members of ISO and IEC maintain
registers|of currently valid International Standards.

ISO 5598:1985, Fluid power systems and components — Vocabulary

ISO 16589-1:2001, Rotary shaft lip-type seals incorporating thermoplastic sealing elements — Part 1: Nominal
dimensions and tolerances

ISO 16589-2;2001, Rotary shaft lip-type seals incorporating thermoplastic sealing elements — Part 2: VVpcabulary

3 Terms—anddefinitions

For the purposes of this part of ISO 16589, the terms and definitions given in ISO 5598 and ISO 16589-2 apply.

4 Pre-test procedure

4.1 Inspect all seals submitted for testing for conformity to a relevant drawing or detailed specification declared
by the seal manufacturer

4.2 Ensure that the seal manufacturer has stated the material batch numbers from which the seals have been

manufactured. For seals with an elastomeric component, ensure that the seal manufacturer has stated the material
batch number from which the elastomeric component of the seal has been made.

© ISO 2001 — All rights reserved 1
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4.3

To facilitate accurate analysis of the test results, determine the following

data concerning the

characteristics of the seal and test apparatus before testing:

lip diameter immediately prior to assembly onto the shaft;
lip thickness when measured as assembled on the test shaft;
outer case mean diameter and out-of-roundness;

shaft diameter, material, hardness and surface roughness;

physical

the shaft shall be capable of maintaining the specified test eccentricity under dynamic conditions

) diameter, material and surface roughness;

p diameter, when applicable.

or parts a), b) and f), measuring instruments with sharp edges should not be used.
lleasurement of the radial lip load before the test is not recommended.

re that the specified shaft eccentricity and housing off-set of the test apparatus have been inco

mic test

apparatus

baratus shall be similar to the typical example shown in“Eigure 1 and shall consist of a suitablg
the test fluid and for positioning the test seals, as well’as a rotating member having a spindle

ISO 16589-1. The housing and the rotating member shall be capable of reproducing the ed
referred to in 4.4.

paratus shall also conform to the following additional requirements:

ft shall be capable of cycling and/6r.maintaining the shaft speeds to within £ 5 %;

mm throughout each test;

I head shall be designed and constructed so as to maintain the housing bore alignment relat
hft axis within 0,08°mm throughout the operating temperature range;

ign of the testthead support shall ensure minimum deformation and vibration;

head ‘and heat transfer system shall be capable of maintaining the temperature of the test fl
bnd<shall be vented to atmosphere;

porated.

housing
mounted

on suitable bearings. The design of the housing forthe seal shall be in accordance with the difnensions

centricity

to within

ve to the

Iid within

all be applied In a manner that aoes not subjectl the test TiUld 1O high loCalliZed temperatu

could cause fluid decomposition;

ments specified in ISO 16589-1:2001, clause 7;

the test housing bore shall comply with the requirements specified in ISO 16589-1:2001, clause 8;

bore, shall conform as closely as possible to the shaft and housing bore, to be used in service;

a)
b)
c)
d)
e) housin
f)  wiper i
NOTE 1 f
NOTE 2 N
44 Ensu
5 Dyna
5.1 Test
The test ap
for retaining
horizontally|
specified in
and off-set
The test ap
a) the she
b)
+0,03
c) thetes
test sh
d) the des
e) thetes
+5°C
f) heats
9)
require
h)
i)
j)
2

a minimum quantity of 0,75 | of test fluid shall be used;

es which

the test shaft shall have a surface which is free of helical machine marks and shall comply with the

the material properties, including hardness, surface finish and dimensions of the test shaft and test housing

© 1SO 2001 — All rights reserved
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k) the level of the test fluid in the test head shall be 0,34 to 0,54 above the lowest point of the shaft diameter d;

I)  where the seal housings have inboard bearings, the test housing shall be suitably relieved at the bearing
supports to prevent excessive fluid pressure between the bearing and seals;

m) means shall be provided for collecting and measuring the mass of any fluid leakage from the seals during the
test.

[

IT1
84
8D

/.
-\ ?

5

L

3 [ )
See ISO 16589-1 for symbols.
Key
1 Fillef tray 5  Locking ring 9 Testseal
2  Cooling-coil 6  Drive from prime mover 10 Seal housing
3 Testfud 7 Testhead support T Heater band
4  Spacerring 8 Test shaft 12 Insulation

Figure 1 — Typical example of dynamic test apparatus
5.2 |Installation
5.2.1 Thoroughly clean the test head of contaminants and extraneous matter.

5.2.2 Install the seal into the test head so that the cumulative eccentricities of the seal and the test head are
known.

© ISO 2001 — All rights reserved 3
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5.2.3

5.24

Ensure that the plane of the seal lip is perpendicular to the shaft axis, unless otherwise specified.

element of the test seal.

5.2.5
Figure 1.

5.2.6

Locate the test shaft in such a position that a clean unused area of its surface is in contact with the sealing

Introduce the test fluid, which should be identical to the service fluid, through the filler tray as shown in

If the viscosity of the test fluid is too high to flow out of the filler tray of its own accord, remove the filler tray

shown in Figure 1 and replace it with an adapter incorporating a grease nipple. Pump the requisite volume of test
fluid through the nipple using a grease gun. Remove the grease nipple prior to the start up, thus preventing over

pressurizati
5.3 Test

Apply test g

operating t¢mperature, normal operating shaft speed, maximum envisaged operating teniperature and 1

envisaged {
5.4 Test

Submit six
(see annex
speed, follg
alternate cy

5.5 Post

After comp
applicable,

5.6 Recc

Record all
annex A).

5.7 Acce

Typically, th
not greater

Since leakd
on between

6 Dyna

pn of the seals. Replace filler tray.

conditions

onditions which simulate the seal application operating conditions specified by thelcustomer, i.
haft speed (see annex A).

procedure

beals to ten cycles, each of 24 h duration, consisting of 14 h at normal operating temperature a
A), according to service conditions, and 6 h at the maximum.‘envisaged operating temperg
wed by a 4 h shut-down to allow the test machine to coal)to’room temperature. If applica
cle shall be in the reverse direction of rotation.

Htest measurements

etion of the test, determine the seal thickness;profile, i.e. when measured on a mandrel an
he minor lip diameter.

)rding

the test data on a seal test report (an example of seal test report for the dynamic test is

ptance criteria

e leakage from all six-seals shall be not greater than 12 g and the leakage from any single seg
than 3 g.

ge is dependent on the application and the design of the seal, the allowable leakage should b
the purchaser and manufacturer.

mic low temperature test

. normal
naximum

nd speed
ture and
ble, each

d, where

shown in

| shall be

e agreed

6.1

General

This test is applicable to all rotary shaft lip-type seals for which the minimum specified operating temperature is
stated to be — 10 °C or lower.

6.2 Test

This test ap

apparatus

paratus shall be similar to the typical example shown in Figure 2.

The test shaft and seal housing shall simulate the envisaged maximum eccentricities specified by the customer.
The test shaft diameter, the test shaft surface roughness and the seal housing dimensions shall also be those
specified by the customer or as specified in ISO 16589-1.

© 1SO 2001 — All rights reserved
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6.3 Installation

The requirements of 5.2.1, 5.2.2 and 5.2.3 shall be followed.
6.4 Test procedure

Submit two seals to the following procedure.

a) Correctly locate the seal in the test fixture.

b) Fill the test fixture with the test fluid to submerge the wetted side of the seal lip

c) Placg the test fixture in a cold box and soak for 16 h at the minimum temperature specified by-the clistomer.

d) With| the test fixture still in the cold box, rotate the shaft 10 revolutions by hand at an approximate speed of
60 r/min, pausing once every 180°.

e) Renove test fixture from cold box and allow to stand at room temperature for a minimum period of ¢ h.

f)  Remnove seal from text fixture.

B
L]

L [ ~ el
e !
N u::u J
2 3 L 6 5 8 1 9 10

Key
1 Handle 7  Testseal
2  Seal housing 8  Washer
3  Testfluid 9 Base
4  Test shaft 10 Holes to locate with pins in baseplate of refrigeration
5 Plain hexagonal nut unit
6  Washer

Figure 2 — Typical example of low temperature test fixture

© ISO 2001 — All rights reserved 5
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6.5 Post-test measurements

Inspect for any leakage that may have occurred during the test and visually inspect the seal lip, noting any cracks,

tears, splits

or any imperfections that may have appeared as a result of the test.

6.6 Recording

Record all test data on a seal test report (an example of a seal test report for the dynamic low temperature test is
shown in annex B).

6.7 Acceptance criteria

There shal
customer.

7 Matetial testing of the rotary shaft seal components

7.1 General

Quality con
order to en

sure that the materials used for production seals do not vary significantly fro

subsequeny production batches may need to be tested, subject to{agreement

manufactur

el

7.2 Metallic components (cases)

The type off

together wi

be no visible damage to the lip and there shall be no leakage greater than that specifidd by the

rol tests shall be carried out on all batches of material from which the'test seals are manufag¢tured. In

m those of the t¢st seals,
between purchaser and

material (e.g. steel, aluminium) from which the casgs or housings are manufactured shall be fecorded,
th its specification batch number and, if applicable, heat treatment. This will establish the| physical

characterisfics of the metal cases. Additional information shall be quoted, if applicable and requirefl by the

purchaser.

7.3 Nonimetallic components

7.3.1 Sea

Thermoplag
suitable fillg

ling elements

be stated tqgether with the physical properties relevant to the compound.

7.3.2 Gasket and sealant

tic sealing elements are usually manufactured from polytetrafluoroethylene (PTFE) compounded with
rs. The type of filler, if required, should be specified together with the supplier’s reference. This should

The materigl(s) from whieh the internal sealing gasket and any additional sealants have been manufactyred shall
be stated tggether with)any physical and compatibility characteristics considered relevant.

8 Ident

fication statement (Reference to this part of ISO 16589)

Manufacturers are strongly recommended to use the following statement in test reports, catalogues and sales
literature when electing to comply with this part of ISO 16589.

“The performance test procedures described in this document are in accordance with ISO 16589-4:2001, Rotary
shatft lip-type seals incorporating thermoplastic sealing elements — Part 4: Performance test procedures.”

© 1SO 2001 — All rights reserved
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Annex A
(informative)

An example of seal test report for the dynamic test

A.1 General data

Test repott reference:

Seal draming reference or specification:

Seal type

The material properties listed below shall be the measured values included in the test reports exemplified in
annexes|C and D.

Thermoplgstic Compound:

Density?: g/lcm?3 Tensile strengthb: MPa | Elongation at breakP: %
Elastome Compound:
(if used) , 3 , d

Density?@: g/cm Hardness®: IRHD | Compression set%: %

In accprdance with ISO 2781
In accprdance with ISO 37
€ In accprdance with ISO 48

d  |n accprdance with ISO 815

A.2 Pre-test measurement

Test seal No.

Seal lip thjckness: mm
(when mepsured prior to assembly)

Seal outer case Mean diameter: mm
Out-of-round: mm
Minor lip Mean diameter: mm

(where applicable)

© ISO 2001 — All rights reserved 7
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A.3 Test conditions

Test fluid: Description:
Normal operating temperature: °C | IS0 viscosity grade:
Maximum operating temperature: °C | ISO classification:
Shaft: Diameter: mm Material:
Hardnass: Surface rol |ghnncc, Rg: um
Eccentricity: mm Normal operating speed: r/min
Maximum operating speed: r/min
Housing: Diameter: mm Material:
Off-set: mm Surface roughness, Ra: pum
test cycle
(if different frpm
that specified
in 5.4)
A.4 Post-test measurement
Test seal No
Seal lip thickhess mm
(when measuired after removal from test fixture)
Minor lip Mean diameter: mm
(where appli¢gable)
A.5 Teptresults
Test seal No All seals:
Leakage: d Total: g
Comments pn-seal condition, before and after test:

© 1SO 2001 — All rights reserved
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Annex B
(informative)

An example of a seal test report for the dynamic low temperature test

B.1 General data

Test repotft reference:

Seal drawjing reference or specification:

Seal type

The material properties listed below shall be the measured values included in the test reports exemplified in
annexes|C and D.

Thermoplgstic Compound:

Density?: g/lcm?3 Tensile strengthb: MPa | Elongation at breakP: %
Elastome Compound:
(if used) . 3 ) d

Density?@: g/cm Hardness®: IRHD | Compression set®: %

@ In accprdance with ISO 2781
In accprdance with ISO 37
In accprdance with ISO 48

4 In accprdance with ISO 815

B.2 Pre-test measurement

Test seal No.

Seal lip thjckness: mm

(when mepsured prior to‘\assembly)

Seal outef case Mean diameter: mm
Out-of-round: mm

Minor lip Mean diameter: mm

(where applicable)

© ISO 2001 — All rights reserved 9



https://standardsiso.com/api/?name=2964b367abac534ef3d2c646f27fdc4f

ISO 16589-4:2001(E)

B.3 Test conditions
Test fluid: Description:
Normal operating temperature: °C | IS0 viscosity grade:
Maximum operating temperature: °C | ISO classification:
Shaft: Diameter: mm Material:
Hardness: Surface roughness, Ra: pum
Eccentricity mm Normal operating speed: r/min
Maximum operating speed: r/min
Housing: Diameter: mm Material:
Off-set mm Surface roughness, Ra: pum
Test cycle
(if different frpm
that specified
in 5.4)
B.4 Post-test measurement
Test seal No
Seal lip thickhess mm
(when measuired after removal from test fixture)
Minor lip Mean diameter: mm
(where appli¢able)
B.5 Test|results
Test seal No All seals:
Leakage: g Total: g
Comments lon=seal condition, befare and after test:
10 © 1SO 2001 — All rights reserved
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(informative)
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An example of a material test report (thermoplastic)

C.1 General data

Test repotft reference:

Seal drawing reference or specification:

Seal type

Thermoplastic

C.2 Telt conditions

Normal gmbient laboratory conditions, typically:

Temperature: 23 °C £ 2 °C
Relative humidity: (60 + 5) %
C.3 Tept results
Density:
Tensile stfength:

Elongation at break:

C.4 Cdmments

Compound reference: Grade:
Base material:

Specified Results
Specified Results
Specified Results

© ISO 2001 — All rights reserved
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