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Plastics — Amorphous thermoplastic moulding materials —
Preparation of test specimens with a defined level of shrinkage

0 INTRODUCTION

The proper
are influen
and directi
methods u
orientation
measuring
temperatur
by using t
orientation

ties of test specimens of thermoplastic materials
ted by their molecutar orientation. The degree
bn of such orientation are dependent upon the
ed to prepare the specimens. The amount of
induced during processing can be assessed by
the shrinkage of the specimens at an elevated
2. Reproducible test results can best be obtained
bst specimerls which are in the same state of
For industrial purposes, the conditions of

similar state are reasonably fulfilled when the measured

shrinkages

pf test specimens produced by a specified heat

treatment dre equal.

1 SCOPE

AND FIELD OF APPLICATION

This International Standard specifies procedures for the

preparation
shrinkage
longitudina

of test specimens with a defined level “of
which is measured by determining ‘the
shrinkage of a sample of the specimens by a

standardized test method. The method is suitable“only for

specimens
the form
thermoplas
reinforcem

By modify
the mould
level of sh
molecular
need to be
Unless oth
partial or

xhibiting uniaxial orientation, i.e\specimens in

of bars and made from (Tigid amorphous
lics other than those( containing fibre
nts.

ng the conditions of ‘the’moulding operation for
land machine used;test specimens with a defined
inkage and, consequently, in the same state of
brientation ¢an>be prepared. Those conditions
determinéd for each type of moulding material.
Brwise,_agreed, the choice between determining
maximum shrinkage shall be decided by the

material spgecification which shall also define the required

level of sh

2 DEFINI

2.2 defined state (of specimens) : The,state
specimens have a defined level of shrinkage v
specified for the material under consideration
by agreement.

2.3 basic state (of specimens) : The state
specimens are considered to be if they do ng
than 2% in length When tested as specified
after that treatment, they are not changed
either in appearance or in mechanical propert

in which the
vhich is either
or established

in which the
t shrink more
in 4.3 and if,

significantly
es.

2.4 ~shrinkage : The percentage change in lepgth measured

as defined in 4.2 when the specimen is subject
heat treatment.

lo = I

x 100

where
S is the shrinkage;
/o is the original length;

/4 is the length after shrinkage;

2.4.1 maximum shrinkage (S.): The sh
mined at a relatively high temperature. It
influenced by small changes of time or tempe

to a specified

rinkage deter-
value is not
Fature.

"Tikageandthe conditons of Tts determimation. 24,2 partal shrinkage (S,J 7 The shrinkage measured
under less extreme, but specified, conditions; for example
VST/B + 20 °C, 45 min."

TIONS

For the purposes of this International Standard, the

following d

2.1

efinitions apply :

state {of a specimen) : The condition of a specimen as

characterized by its shrinkage.

S, is influenced by the temperature and
treatment (S, <Sn, ).

NOTE — The temperature used for the heat treat

the time of

ment should be

above the glass transition temperature of the material.

1) For convenience, the temperature chosen may be related to the Vicat softening temperature, method B (VST/B, see 1SO 3086, Plastics —

Determination of the Vicat softening temperature of thermoplastics).
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3 PREPARATION OF TEST SPECIMENS

3.1 Apparatus
3.1.1 Injection moulds

Single-cavity moulids are recommended. If multi-cavity
moulds are used, the cavities must be similar and should be
fed in parallel and not in series. The sprues and runners
should be as short as possibie and the gate located at one
end of the specimen. Gate diameters should be as large as

possible and sq

between specimgns from all of the cavities may be attained.

NOTE ~— Bending

of specimens during shrinkage is due to an

asymmetric distribption of stresses and orientation. The difficulty

can be obviated
balanced cooling.

3.1.2 Compres

The mould ass
consists of a

0,1 mm foils m
made of tool ste

by careful mould construction, in particular

jon moulds

bly is illustrated in figures 1 and 2. it
ulti-cavity mould, two metal plates, and
de of soft akiminium. The mould shall be
| or stainless steel.

For the mouldifg of sheets, the assembly of the mould is
the same excedt that a “picture-frame’’ type of mould

is used instead o

NOQTE — Foils are

a multi-cavity mould.

helpful for equalizing cooling and in dissipating

volatile material which could cause bubbles.

3.2 Procedure
3.2.1 [Injection

The orientation
injection-mouldg
many variables
shrinkage requir
of flow, coupled

To obtain spec
trial may first
specification fol
manufacturer. §
attain steady cd
or dimensions

imoulded specimens

and consequent shrinkage on heating, of
d specimens is a complicated_function of

To obtain minimum orientation and
bs high melt temperatures_and/or low rates
with slow cooling.

mens with a defined)level of shrinkage, a
be made at_tonditions stated in the
I the material{ 6r recommended by the
bufficient smouidings should be made to
nditions_{determined for instance by mass
of the~'mouldings) before making the

required batch

of-test specimens, which should then be

sampled and tested for shrinkage in accordance with

clause 4.

resultant specimens determined in accordance with 4.2 are
then plotted versus cylinder temperatures as shown in
figure 3 and a curve is drawn. Subsequently, when the
same kind of material is to be moulded with that particular
machine and mould, the cylinder temperature expected
to produce the desired level of shrinkage can be read off the
curve usually without need for additional experimentation.

Alternatively, another processing variable such as injection
speed (injection pressure) may be correlated with shrinkage,
while maintaining other machine control settings constant.

Setected—that @ batance of —shrikages The njection speed required to produce a desired ghrinkage

value may then be estimated.

3.2.2 Compression-moulded specimens

The specimens shall be compression moulded diregt to the
required shape or be machined™from moulded sheet (see
3.1.2}). The time, temperdtur€ and pressure jand the
quantity of the granule$ or piastic powder uged shall
conform to the directionsJgiven in the specificatign of the
moulding material. Af<there are no recommendat|ons, the
amount of material“shall be such that the mould|cavity is
completely filled after mouiding and a minimum qf flash is
formed.

NOTE —PRrecompaction by milling or extrusion may alsg be used.

3.2:3 Specimens in a basic state

If specimens in the basic state are required, they may be
prepared by compression moulding (see| 3.2.2).
Alternatively, injection-moulded specimens may be placed
in a mould cavity (the dimensions of which are |identical
to those of the injection-mould) and placed | between
plates {and foils) as shown in figure 1. The assembly is then
heated and cooled in a press under conditjons for
compression moulding given in the specification for the
material in question. In that way, orientation pfesent in
injection-moulded specimens may be released.

The specimens shail conform to the

specified in 2.3.

reqyirements

4 DETERMINATION OF SHRINKAGE

If the required level of shrinkage is not obtained, then
moulding conditions may be adjusted in accordance with
the principles given above, taking care to attain steady
conditions before repeating the determination of shrinkage.

The need to experimentally determine the moulding
conditions required to produce mouldings with a defined
level of shrinkage may be minimized by establishing a corre-
lation between cylinder temperature and shrinkage. For a
particular injection machine and mould, a given material
may be moulded at several cylinder temperatures within the
range recommended for it while maintaining all other
machine control settings constant. Shrinkages of the

4.1 Apparatus

4.1.1 Specimen holder (conditioning chamber)

The specimen holder must have a high thermal capacity and
a small working volume so that the temperature is kept
constant to within £ 2 °C during the insertion and removal
of test specimens.

The specimen holder consists of two metal blocks separated
by two spacers — for example 13 mm for specimens with a
maximum thickness of 6,35 mm; 25 mm for specimens
with a maximum thickness of 12,7 mm — with a metal back
plate 5 mm thick.
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- The test specimens are placed on an aluminium sheet which

just fits in notches in the spacers and projects from the
specimen holder when in position (see figure 4). The whole
assembly is mounted in a suitable oven; an asbestos sheet is
placed in front of the assembly to avoid a fall in
temperature when the oven door is opened. The asbestos
sheet has a slot to allow the aluminium sheet, with
specimens, to be inserted or withdrawn (see figure 5).

4.1.2 Liguid bath

1SO 2557-1976 (E)

4.4 Determination of partial shrinkage

For determining partial shrinkage, the test specimens shall
be placed on supports in the liquid bath and kept at the
required temperature for the specified period of time in the
tiguid bath preheated to the temperature given in the
specification for the relevant type of material or as
otherwise agreed.

NOTE — The liquid bath is used to provide good heat transfer where
the shrinkage is time and temperature dependent.

The bath [TUST De farge enough SO as Not (0 Interfere with
the shrinkage of the specimens and shall be filled with a
liquid which is inert with respect to the test specimen ma-
terial. The liquid must also be less dense than the specimen
material. |The temperature of the bath shall be kept
constant fo within * 2 °C with adequate agitation. It is
recommerijded that the test specimens be placed in the bath
on a smog¢th support of a material which has no deleterious
effect on ¢ither the specimen or the liquid.

4.2 Test specimen

Unless otHerwise stated in the specification for the material,
whole spefimens shall not be used for the determination of
shrinkage.| They shall be reduced to a length of 30 mm by
trimming [a simitar portion from both ends. The length of
the centrg lines of the two opposite sides shall be measured,
at room femperature, to within £ 0,1 mm and the mean
recorded Ithe initial length, /g.

Five test specimens shall be used for each determinationt

NOTE — I evaluating the results for specimens longer than 30 mm,
it must be|borne in mind that the orientation, and therefore the
shrinkage, fhay vary along the specimens. For this reason; the overall
shrinkage may be less than that measured on\the 30 mm test
portion.

4.3 Detefmination of maximum shrinkage

For deteqmining maximum shrinkage, the test specimens
shall be placed on the aluminium sheet, which has been
coated with a mixture gonsisting of 20 parts taic and 80
parts silidone oil?’. Thé. assembly is then placed in the
specimen |holder (4T\1') fot the specified period of time.
The specimen holder shall be at the temperature given in
the specification” for the relevant type of material or as
otherwise|agfeed.

After the specified time, the test specimenls, while still on
their support, shall be removed from'the bath and allowed
to cool in still air, the support resting on g heat-insulating
surface. The final length of the‘test spedimens shall be
measured after they have reached room iemperature, as
specified in 4.3.

4.5 Precision of measurement

The percentage shrinkage for the individual specimens
should not{differ by more than 1 to 2/%, the higher
differencerelating to a group of specimeng with relatively
high_shrinkages. If greater differences afe found, it is
necessary to examine both the moulding prgcedure and the
test conditions to find and hence eliminate the cause.

5 REPORT

The report shall include the following particplars :
a) the moulding material (type, designatjon);

b) the dimensions of the test specimens;

c) details of the preparation of the specimens :

1) for injection-moulded specimens :

type of mould and moulding conditipns (relevant to
temperature and pressure);

2) for compression-moulded specimefs :

moulding temperature, pressure, time and cooling
conditions; "[

After the specified time, the test specimens, while still on
their support, shall be removed from the specimen holder
and allowed to cool in still air, the support resting on a
heat-insulating surface. The final length of the test
specimens shall be measured after they have reached room
temperature. The length of the centre lines of the two
opposite sides shall be measured to within £ 0,1 mm and
the mean recorded as the final length /; (see figure 6).

NOTE — Owing to the decrease of orientation in the specimen from
the surface to the centre, the latter shrinks less; thus a protuding
nose occurs as outlined in figure 6. This nose has to be neglected for
the determination of /4.

1) Silicone oil 200 mPa-s, stabilized.

3) for relaxation in amould :

moulding temperature, pressure, time and cooling
conditions;

d) all details of the shrinkage testing of the specimens,
including the length of the test bars before and after
shrinkage, the shrinkage expressed as a percentage
(individual and average rounded to the nearest whole
number), the test temperature, test period and, if a
liquid bath is used, the immersion medium;

e) other relevant details.
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FIGURE 1 — Schematic diagram of a mould for compression
moulding (3.2.2) and relaxation (3.2.3)
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FIGURE 3 — Detgrmination of cylinder temperatire for a given
shrinkage rate
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Enlarged view of area X on figure 1 and’section A-A

on figure 2
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See figure 5 for key.

FIGURE 4 — Specimen holder (conditioning chamber)

59 Mould surfaces-highhy polished
A

HGURE2—TFop-and-side-views-of-part-ef-a-multi-eadity
compression mould, for example for standard bars

50 mm X 6 mm X 4 mm
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