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National foreword

This British Standard reproduces verbatim ISO 14616 : 1997 and implements it as the
UK national standard.

The UK participation in its preparation was entrusted to Technical Committee
PRI/75, Plastics and rubber films and sheets, which has the responsibility to:

— aid enquirers to understand the text;

— present to the responsible international/European committee any enquiries

on the interpretation, or proposals for change, and keep the UK interests
informed;

- monitor related international and European developments and promulgate
them in the UK
A list of organizations represented on this committee can be obtained on request to
its secretary.
Cross-references

The British Standards which implement international or European publications
referred to in this document may be found in the BSI Standards Catalogue under the
section entitled ‘International Standards Correspondence Index’, or by using the
‘Find’ facility of the BSI Standards Electronic Catalogue.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the ISO title page,
page ii, pages 1 to 7 and a back cover.

Amendments issued since publication

Amd. No. Date Text affected
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Plastics — Heatshrinkable films of
polyethylene, ethylene copolymers and
their mixtures — Determination of
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Plastiques — Films thermorétractables en polyéthyléne, en copolyméres
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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISC member bodies). The work of
preparing International Standards is normally carried out through 1SO
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. I1SO
collaborates closely with the Intemnational Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an international
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 14616 was prepared by Technical Committee
ISO/TC 61, Plastics, Subcommittee SC 11, Products.

Descriptors: plastics, thermoplastic resins, ethylens, polyethylene, heat-shrinkable materials, films, tests, determination, shrinkage.
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Plastics — Heatshrinkable films of polyethylene, ethylene

copolymers and their mixtures — Determination of shrinkage
stress and contraction stress

1 Scope

The purpose of this standard is to describe a conventional method for
measuring the shrinking and contracting forces of heatshrinkable films made
from polyethylene, ethylene copolymers and their mixtures.

The method described in this standard can possibly be applied to other
materials under proper operating conditions.

NOTE 1 This method also allows a shrinkage ratio to be assessed. However,

the reference method for measuring the shrinkage ratio is ISO 11501, Plastics
- Film and sheeting - Determination of dimensional change on heating.

2 Definitions

*S* (IR

For the purposes of this standard, the following definitions apply:

2.1 heatshrinkable film: Film which is extruded and stretched (hot drawn)
during manufacture and which remains in this state after cooling down.

NOTE 2 When this film is again brought up to the temperature at which the

stress was induced and then fixed during its manufacture, this stress is
liberated and the film shrinks back.

Depending on the treatment applied, the film can be

either heatshrinkable both lengthwise and crosswise: this film is called
"biaxially oriented",

or mainly heatshrinkable lengthwise: this film is called "uniaxially
oriented".

2.2 shrinkage ratio: Decrease in the length of the specimen when it is

brought up to the shrinkage temperature, expressed as a percentage of the
initial specimen length.

2.3 shrinking force, F_.: Force developed by the film when it reaches the

temperature corresponding to that at which the stress was induced at the time
of manufacture.

Copyriightwby the British Standards Institution
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A high film shrinkage is linked to this small force.

This small force and this high shrinkage permit the Film to gently shrink
down on the load.

2.4 contracting force, Fc: Force developed by the film during its cooling
process.

This force, much greater than the shrinkage force, ensures the fastening of
the load.

2.5 reference temperature, er: Air temperature measured by the probe located
5 mm adjacent to the force measurement specimen 45 s after mounting in the
heating hood. Under these conditions, it is considered that sufficient time

is allowed for the thermocouple used for the measurement to reach the
temperature.

3 Principle of the measurement

Specimens connected to a force meter or to a displacement transducer are
rapidly brought up to the shrinkage temperature, then cooled in the open air
to an ambient temperature of 23°C + 2°C.

A device continuously records the reference temperature, the force and
possibly the displacement. The recording of these measurements allows one
to determine the optimal shrinking conditions.

4 Apparatus

4.1 Heating hood, vertically mobile, equipped with heating elements and with
a regulating device capable of maintaining the air temperature at the
specified temperature.

4.2 T-shaped bracket allowing the fixing of the specimen.
4.3 Force meter, allowing the measurement of the shrinkage and contraction

forces within a force range of at least 20 N with an accuracy of * 2%

4.4 Displacement transducer, capable of measuring a displacement with an
accuracy of + 1 mm.

4.5 Multichannel acquisition device, allowing the continuous recording of
the different variables: times, forces, displacement,

4.6 Thermocouple probe, having a diameter of 1,5 mm (max), capable of
measuring the air Eemperature 5 mm off the force measurement specimen with
an accuracy of + 2 C.
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The thermocouple tip shall be oriented towards the middle of the specimen.
This thermocouple is used for determining the reference temperature Or.
Depending on the heating resistors and on the location of the apparatus
{influence of the environment), the performance characteristics of each
individual testing apparatus may differ slightly.

It is theretore necessary to determine the relationship between the
temperature ¢ (45 s after mounting the heating hood, see 2.5) and that
displayed by the regulating device.

Plot the correlation curve between er and the settings of the hood
temperature regulating device.

This operation shall be repeated at regular intervals in order to detect any
possible drift.

NOTE 3 In general, this correlation curve is determined for a range of
temperatures @ between 100°C and 230°C.

4.7 Thickness gauge, capable of measuring to an accuracy of 1 ym.

*S= [N

Heating hood

Regulating Insulator
thermocouple
Bracket
Oven lowering jack
Specimens
Shrinkage Force meter
measurement

Thermocouple

Figure 1 - Example of apparatus

Copyrightrby the British Standards Institution
Sat Nov 26 21:48:14 2005



STD.BSI BS IS0 1l4blLb-ENGL 1997 EE lk24Ybkd Ob44327?75 557 I

BS 1SO 14616 : 1997

5 Specimens
Prepare at least ten specimens in each direction (lengthwise and crosswise).
Their width shall be 15 mm + 0,5 mm,

Their length shall be such that it is possible to have an effective length
between jaws of 100 mm.

Their thickness, measured by the thickness gauge (4.7) to the nearest 1 um,

is represented by the mean of three measurements repeated regularly on the
specimen length.

6 Procedure

6.1 Measurement of the shrinking and contracting forces

The procedure is identical irrespective of the direction of the specimens,
lengthwise or crosswise,

As the curves obtained with the lengthwise specimens are easier to develop,
it is advised to begin testing in the lengthwise direction.

6.1.1 Install the specimeng perflectly flat and straight on the force meter
without applying any tensile force.

6.1.2 In the absence of a reference temperature er’ known or specified by
a product standard, set the temperature regulating device so as to obtain a

reference temperature Gr of 200°C * 3°C using the correlation curve defined
in 4.6.

6.1.3 Lower the hood in order to bring the specimens to the shrinkage
temperature.

Start the timer (or the recording of the time on the plotting table) and the
recording of the force.

The film shrinkage temperature is reached when the maximum shrinking force
is attained.

Record this force, Fr’ in newtons.

When this force has decreased by around 15 % to 30 %, 1lift the hood and stop
the timer (or the recording of the time). Record the time.

Continue to record the forces.

Record the maximum value of force attained by the contraction, Fc, in

newtons.

Copyright by the British Standards Institution
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6.1.4 If the maximum of the recorded shrinking force appears after less than
15 s exposure to the heat, repeat the test by lowering the reference

temperature O_ by successive steps of 10°C until shrinkage is obtained
between 15 8 and 30 s.

If the maximum shrinking force does not appear after 30 s exposure to the

heat, resume testing by raising the temperature by successive steps of 10°C
until shrinkage is obtained between 15 s and 30 s.

Forces

Shrinkage ratios Contracting force

Shrinkage ratios

xSx

Shrinking force

=3 Lift the hood after a drop of
around 25 ¥ in the shrinkage force

A I A i L 1 1 A A L
10 20 30 40 50 60 70 80 90 100 110120 Time
r I (in s)

Hood mounted Hood dismounted

Heating Cooling phase
phase

Figure 2 - Measurement of the forces and of the shrinkage ratio -
Example of typical kinetics of the phenomena
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6.2 Assessment of the shrinkage ratio

The assessment of the shrinkage ratio can be carried out either at the same
time as that of the forces or consecutively, depending on the configuration
of the apparatus.

It enables one to rapidly compare the properties of the shrinkable films in
the production control procedure.

NOTE 4 This method does not replace the reference method for measuring the

shrinkage ratio specified in IS0 11501.

6.2.1 Install the specimen perfectly flat and straight, between cone of the
arms of the bracket and the displacement transducer, the effective length of
the specimen being 100 mm.

6.2.2 Conduct the measurement under the same conditions as those adopted for
the measurement of the shrinking and contracting forces.

When they are conducted simultaneously, make additional provision for
recording of the displacements.

Record the final value of the displacement after the cooling down of the
specimen.

7 Expression of results

Calculate:

- the shrinking stress in pascals, Pa

F
o, = — x 107
S
- the contracting stress in pascals, Pa
F
o, = Sy 107®
S
- the shrinkage ratio, R, in percentage
L - L
R = x 100
L
o

F_ is the shrinking force, in newtons;

F_ is the contracting force in newtons:
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S 1s the area of the initial cross section of the specimen, in square
millimetres;

L0 is the initial length of the specimen, in millimetres;

L is the length of the specimen after heat shrinking, in millimetres.

Precision

Since the precision of this test method is not known because inter-laboratory
data are not available, this method is only applicable for comparison
purposes within a laboratory.

9 Test report
The test report shall refer to this standard and shall mention the following
information:
a) type and origin of the film being tested;
b) thickness of the film:
= c) degree of orientation;
—
E d) reference temperature Or;
. e) value of the shrinking stress g » in pascals, Pa, and value of contracting
0 . r
N stress, 0.
f) shrinkage ratio, R, in percentage for information;
g) mean and standard deviation;
h)

i)
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procedural details not provided for in the standard and incidents which
may have influenced the results;

date of test.
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BSI — British Standards Institution

BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Contract requirements

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Revisions

British Standards are updated by amendment or revision. Users of British Standards
should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the responsible technical committee,
the identity of which can be found on the inside front cover. Tel: 0181 996 9000; Fax:
0181 996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services, Sales Department at Chiswick: Tel: 0181 996 7000;
Fax: 0181 996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library, the Standardline Database, the BSI Information
Technology Service (BITS) and its Technical Help to Exporters Service. Contact the
Information Department at Chiswick: Tel: 0181 996 7111; Fax: 0181 996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Customer Sexrvices, Membership at Chiswick:

Tel: 0181 996 7002; Fax: 0181 996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means — electronic,
photocopying, recording or otherwise — without prior written permission from BSL

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager, BSI,
389 Chiswick High Road, London W4 4AL.
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