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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
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mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely wiin
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’2.
sk of technical committees is to prepare International Standards. Draft Interrational Stand
the technical committees are circulated to the member bodies for voting,“Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

0D was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 13, Compos
ement fibres.

th the other parts (see below), this part of ISO 1268 cancels and replaces ISO 1268:1974, w
chnically revised.

onsists of the following parts, under the general title Fibre-reinforced plastics — Method|
bst plates:

General conditions

Contact and spray-up moulding
Wet compression moulding
Moulding of prepregs

Filament winding
Pultrusion-moulding

Resintransfer moulding
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Part 8:

Part 9:

\Compression-mowtHding-of-ShG-and-BMG

Moulding of GMT/STC

moulding of multipurpose test specimens

Part 11: Injection moulding of BMC and other long-fibre moulding compounds — Small plates

Part 10: Injection moulding of BMC and other long-fibre moulding compounds — General principles and
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Introduction

Many factors in the injection-moulding process can influence the properties of moulded test specimens and
hence the measured values obtained when the specimens are used in a test method. The thermal and
mechanical properties of such specimens are in fact strongly dependent on the conditions of the moulding
process used to prepare the specimens. Exact definition of each of the main parameters of the moulding
pro¢ess 1S a basic requirement Tor reproducible and comparable operating conditions.

It i important in defining moulding conditions to consider any influence the conditions-may have on the
properties to be determined. Thermosets may show differences in orientation and length..of“anisqtropic fillers
such as long fibres and in curing. Residual (“frozen-in”) stresses in the moulded test.specimerls may also
inflyence properties. Due to the crosslinking of thermosets, molecular orientatiof’is of less influence on
meghanical properties than it is for thermoplastics. Each of these phenomenarmust be controlled to avoid
flucjuation of the numerical values of the measured properties.

The| principles described in this part of ISO 1268 are the same as those in 1SO 10724-1. Only a fgw details of
the moulds have changed, as has specimen thickness, because of the-use of long-fibre reinforcgments. It is
therefore possible to compare the properties of long-fibre moulding,compounds with those of thermosetting
powder moulding compounds (PMCs) and thermoplastics.

© 1SO 2005 - All rights reserved \
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Scope

part of ISO 1268 specifies the general principles to be followed whilé-injection moulding test
LIk moulding compound (BMC) and gives details of mould designs for preparing one type of s
in establishing reproducible moulding conditions. Where appropriate; this part of ISO 1268 ma

Cribing the main parameters of the moulding process and alsd to establish uniform practice
Iding conditions. The particular conditions required for the reproducible preparation of test
h will give comparable results will vary for each material used. These conditions are ¢
rnational Standard for the relevant material or are to be’agreed upon between interested partie
E Tests have shown that mould design in an impertant factor in the reproducible preparation of test

part of ISO 1268 is intended to be read incconjunction with ISO 1268-1.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition| gited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

472, Plastics — Vocabulary

1268- 11> Fibre-reinforced plastics — Methods of producing test plates — Part 11: Injection
C and'‘6ther long-fibre moulding compounds — Small plates

specimens
pecimen for
be applied

heet moulding compound (SMC) formulated for injection moulding. Its purpose is to promote Uniformity in

in reporting
specimens
iven in the

B.

specimens.

For dated
referenced

1268-1, Fibre-reinforced plastics — Methods of producing test plates — Part 1: General conditions

moulding of

ISO

ISO

2o/ 1, Plastics — Thermosetiing moulding materials — Determination or Shrinkage

3167, Plastics — Multipurpose test specimens

ISO 10350-2, Plastics — Acquisition and presentation of comparable single-point data — Part 2: Long-fibre-
reinforced plastics

ISO 10724-1, Plastics — Injection moulding of test specimens of thermosetting powder moulding compounds
(PMCs) — Part 1: General principles and moulding of multipurpose test specimens

ISO 10724-2, Plastics — Injection moulding of test specimens of thermosetting powder moulding compounds
(PMCs) — Part 2: Small plates
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ISO 11403-1, Plastics — Acquisition and presentation of comparable multipoint data — Part 1: Mechanical

properties

ISO 11403-2, Plastics — Acquisition and presentation of comparable multipoint data — Part 2: Thermal and

processing

properties

ISO 11403-3, Plastics — Acquisition and presentation of comparable multipoint data — Part 3: Environmental
influences on properties

3 Terms.and definitions

For the pur

3.1
mould tem
T

average ter

and immed

NOTE |

3.2

poses of this document, the terms and definitions given in ISO 472 and the following apply:

perature

ately after opening the mould

is expressed in degrees Celsius (°C).

temperature of material

Ty

temperaturg of the plasticized material in a free shot

NOTE 1 It is given by the temperature of the wall of the screw cylinder.
NOTE 2 I} is expressed in degrees Celsius (°C).
3.3
pressure on material
p
pressure on the plasticized material in_front of the screw at any time during the moulding pro
(see Figure|1)
NOTE 1 It is expressed in megapascals/(MPa).
NOTE 2  The pressure on the material, which is generated hydraulically, can be calculated from the force Fg a
longitudinally on the screw using-Equation (1):
4x10% x Fy
P=7"1"3
mx D

where

p is the pressure on the material, in megapascals (MPa);

Fg s the longitudinal force, in kilonewtons (kN), acting on the screw;

D s the screw diameter, in millimetres (mm).
3.4

hperature of the mould cavity surfaces measured after the system has attained-thermal equilib

um

€SS

cting

(1)

maximum pressure on the material

Pmax

maximum value of the pressure on the material

NOTE |

t is expressed in megapascals (MPa).

© ISO 2005 — All rights reserved
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3.5

hold pressure

PH

pressure on the material during the hold time (see Figure 1)
NOTE It is expressed in megapascals (MPa).

3.6

moulding cycle

complete sequence of operations in the moulding process required for the production of one set of test
specimens (see Figure 1)

NOTE It is expressed in seconds (s).

3.7
cycle time

T
time required to carry out a complete moulding cycle

NOTE 1 It is expressed in seconds (s).

NOTE 2  The cycle time is the sum of the injection time ¢, the cure time ¢~z and the mould open time 7.

1
8{ 10

3 A 11
5 1

6
Key
1 pressure on material, p 7 open time, ¢4
2 longitudinal position of the screw 8 mould opening
3 injection time, ¢ 9 mould closing
4 hold time, ¢, 10 hold pressure, py
5 curetime, 1o 11 time
6 cycle time, 11

Figure 1 — Schematic diagram of an injection-moulding cycle, showing the pressure on the material
(full line) and the longitudinal position of the screw (dashed line) as a function of time

© 1SO 2005 - All rights reserved 3
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3.8

injection time

Ul

time from the instant the screw starts to move forward until the switchover point between the injection period
and the hold period

NOTE It is expressed in seconds (s).

3.9

cure time

IcR

time from tHe end of the injection period until the mould starts to open

NOTE |
3.10

hold time
IH

time from th
NOTE |

3.1

mould-open time

o
time from th

NOTE |

3.12
cavity
that part of

3.13
two-cavity
mould that

NOTE |
specimens fi

is expressed in seconds (s).

e end of the injection period until the hold pressure py is released

is expressed in seconds (s).

e instant the mould starts to open until the mould is closed and exerts the full locking force

is expressed in seconds (s) and includes the time required\to remove the mouldings from the mould.

he hollow space in a mould which produeés one specimen
mould
contains two identical cavities ih.a‘parallel-flow arrangement (see Figure 2)

Hentical flowpath geometries and symmetrical positioning of the cavities in the cavity plate ensure that all| test
bm one shot are equivalent in their properties.

© ISO 2005 — All rights reserved
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Dimensions in millimetres
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shot capacity Vg = 30 000 mm?

projected area 4,, = 6 500 mm?
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3.14
ISO mould

any one of the standard moulds (designated type A, D1 and D2) intended for the reproducible preparation of

test specimens with comparable properties

NOTE 1 The moulds have a fixed plate with a central sprue, plus a two-cavity plate as described in 3.13. Additional

details are given in 4.1.4.
NOTE 2  An example of a complete mould is shown in Annex C.

3.15

critical crogs-sectional area
Ac

cross-sectignal area of the cavity of an ISO mould at the position where the critical portion .of ‘the

specimen, ife. that part on which the measurement will be made, is moulded

NOTE 1 I} is expressed in square millimetres (mm?).

NOTE 2 For tensile bar test specimens, the critical portion of the test specimen is the narrow section that is subjg

to the greatept stress during testing.

3.16
moulding yolume
M
ratio of the mass of the moulding to the density of the solid plastic
NOTE I} is expressed in cubic millimetres (mm3).
3.17
projected area
A
p
overall proffle of the moulding projected onto the parting plane
NOTE I} is expressed in square millimetres (mm?2)
3.18
locking force
Fy

force holding the cavity plates of the mould closed
NOTE 1 It is expressed in kilonewtons (kN).

NOTE 2  The minimum legking force necessary may be calculated from the inequality:
Fy = A} X Prax %107

where

Fy, is the locking force, in kilonewtons (kN);

A, is the projected area, in square millimetres (mm?);

Pmax 18 the maximum value of the pressure on the material, in megapascals (MPa).

3.19

injection velocity

VI

average velocity of the material as it passes through the critical cross-sectional area A

NOTE 1 It is expressed in millimetres per second (mm/s).

test

cted

)

6 © ISO 2005 — All rights reserved
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Equation (3):

VM

V= ——
tyx Ag x2

where

v, is the injection velocity, in millimetres per second (mm-s~);

2 is the number of cavities;

It is applicable to multi-cavity moulds only (in this case a two-cavity mould), and is calculated from

©)

3.2(
mag

my

tota] mass of the moulding, including the specimens, runners and sprue

NOTE It is expressed in grams (g).

3.21

shat capacity

Vs

prodluct of the maximum metering stroke of the injection*moulding machine and the cross-sectiona
scrgw

NOTE It is expressed in cubic millimetres (mmiS).

4 |Apparatus

4.1] Type A ISO mould (two-cavity)

410 ISO moulds (see-3-14) are strongly recommended for producing test specimens for the a
data that are intended:to'be comparable (see ISO 10350-2, ISO 11403-1, ISO 11403-2 and ISO 1
ISO[10724-1 and 4S0O"10724-2), as well as for use in the resolution of disputes involving |
Stapdards.

412 Mullipurpose test specimens as specified in ISO 3167 shall be moulded in the two-cavity

mog

Ag s the critical cross-sectional area, in square millimetres (mm?2);
Vu is the moulding volume, in cubic millimetres (mm3);

t, s the injection time, in seconds (s).

s of the moulding

reqtllirements specified in 4.1.4.

Id using a Z-runner (see Annex A). The mould shall be as shown in Figure 2 and sha

area of the

Cquisition of
1403-3, and
hternational

type A ISO
[l meet the

41.3 Rectangular 80 mm (nominal) x 10 mm x 4 mm bars shall be cut symmetrically from
parallel-sided section of the type A multipurpose test specimen (see ISO 3167) and the length shall be
(80 £ 2) mm.

the central

4.1.4 The main constructional details of the type A ISO mould shall be as shown in Figure 2 and shall meet
the following requirements:

a)

b)

The sprue diameter on the nozzle side shall be at least (4,5 £ 0,5) mm.

The width and height of the runner system shall be (6,25 £ 0,25) mm and (5,25 + 0,25) mm, respectively,

with a radius of 1 mm for the runner floor-to-wall angles at the gate.

© 1SO 2005 - All rights reserved
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c)

d)

)

k)

The cavities shall be one-end gated as shown in Figure 2.

The height of the gate shall be at least two-thirds the height of the cavity, and the width of the gate shall
be equal to that of the cavity at the point where the gate enters the cavity.

The gate shall have a length of (3,5 = 0,5) mm, all radii having a minimum value of 1 mm.

The draft angle of the runners shall be (13 + 3)°. The cavity shall have a draft angle not greater than 1°,
except in the area of tensile-specimen shoulders where the draft angle shall not be greater than 2°.

The dimensions of the cavities shall be such that the dimensions of the test specimens produced conform
to the [requirements given in the relevant test standard. To allow for different degrees of maulding
shrinkgge, the dimensions of the cavities shall be chosen so that they are between the nominal value|and
the upper limit of the dimensions specified for the specimen concerned. In the case of the dype A ISO
mould,|the main cavity dimensions, in millimetres, shall be as follows (see ISO 3167):

— depth: 4,0 to 4,2;
— widlth of central section: 10,0 to 10,2;
— length of central parallel-sided section: 80,0 to 82,0.

Ejecton] pins shall be located outside the test area of the specimen;\ire. at the shoulders of dumbbell
specimens produced from type A ISO moulds.

The heating system for the mould plates shall be designedtso that, under operating conditions,| the
difference in temperature between any point on the surface,of-a cavity and either plate is less than 5 °C.

Interchgngeable cavity plates and gate inserts are reecommended to permit rapid changes in produgtion
from one type of test specimen to another. Such changes are facilitated by using shot capacities Vg which
are as|similar as possible. Examples of differentyrunner configurations and the use of gate inserfs is
shown|in Annex A.

It is recommended that a pressure senson be fitted in the central runner, to give proper control of| the
injection period (the sensor is mandatoryfor ISO 2577). A suitable sensor position is shown in Figure 2.

To enspre that cavity plates are interchangeable between different ISO moulds, it is important to notg the
following constructional details-in-addition to those shown in Figure 2 and those given in ISO 1268-11;

1) It is recommended thata cavity length of 170 mm be used for multipurpose test specimens moulded
in [the type A ISQ_ mould. This gives a maximum length of 180 mm for the hollow space in cavity
plates.

2) The width-ef the mould plates may be affected by the minimum distance required between|the
cohnegtion points for the heating channels.

3) LII’ acalana ywhinh tha tnct cnacimAane ~aon ha W fram tha minnare maav bha dAafinad by o ol A +a|de

CoatoTTg— Wi CTr Tt tC ot opComTerTo—CarToT eUttHom—thRe-FdhRhers |||u_y TTOTTT et u_y T oot

the test area, e.g. 170 mm apart for a type A ISO mould. A second pair of lines 80 mm apart may be
defined for cutting bars from multipurpose test specimens from a type A ISO mould.

To make it easier to check that all the specimens from a mould are identical, it is recommended that the
individual cavities be marked, but outside the test area of the specimen [see item h) above]. This can be
done very simply by engraving suitable symbols on the heads of the ejector pins, thus avoiding any
damage to the surface of the cavity plate. Another option is shown in Annex B.

Surface imperfections can influence the results, especially those of mechanical tests. Therefore, where

appropriate, the surfaces of the mould cavities shall be highly polished. The direction of polishing shall
correspond to the direction in which the test specimen will be placed under load when it is tested.

© ISO 2005 — All rights reserved
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4.1.5 For more information on those mould components described in other International Standards, see the
Bibliography.

4.2 Injection-moulding machine

For the reproducible preparation of test specimens capable of giving comparable results, only reciprocating-
screw injection-moulding machines equipped with all the necessary devices for the control of the moulding
conditions shall be used.

4.2.1 Moulding volume

The| ratio of the moulding volume 7, (see 3.16) to the shot capacity Vg (see 3.21) shall be betwegn 30 % and
70 % unless a higher ratio is required by the relevant material standard or is recormmengled by the
manufacturer.

4.2 Control system

Thel| control system of the injection-moulding machine shall be capable of maintaining the operating conditions
within the following tolerance limits:

— |injection time, ¢ 0,2 s;
— |hold pressure, py 5 %;
— |hold time, # 5 %;

— |material temperature, T, +5°C (kept within these" limits by adjusting the temperature of the screw
cylinder wall);

— |mould temperature, T 3 °C;

— [mass of moulding, m), 2 %.

423 Screw
The| screw shall be of a type suitable for bulk moulding compounds.

It is[recommended that a-back flow valve be installed.

4.2.4 Locking force

Thel mould lacking force Fy, shall be high enough to prevent extensive flash formation under arly operating
conflitions.

Thel minimum locking force Fy, for a type A 1ISO mould is given by Fj; > 6 500 x p,,, x 1073 (see 3.18), i.e.
520NforamaximunT pressure o the Tmateriatof 80P

An injection-moulding system with interchangeable cavity plates will need to take into account the type D1
and D2 ISO moulds for which Ay is 11 000 mm?Z, thus requiring a significantly higher mould-locking force.

4.2.5 Thermometers
A needle-probe thermometer accurate to £1°C shall be used to measure the material temperature Ty,

(see 3.2). A surface thermometer accurate to +1 °C shall be used to measure the temperature of the surface
of the mould cavity, which gives the mould temperature 7 (see 3.1).

© 1SO 2005 - All rights reserved 9
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5 Procedure

5.1 Conditioning of material

Prior to moulding, condition the bulk moulding compound as required in the relevant material standard or, in
the absence of such information, as recommended by the manufacturer.

Avoid exposing materials to an atmosphere at a temperature significantly below the temperature of the
workshop to avoid condensation of moisture onto the material.

5.2 Injedtion moulding

5.21 Sefl the machine to the conditions specified in the relevant material standard or, in the @bsence of
such informlation, agreed between the interested parties.

5.2.2 Formany moulding compounds, a suitable range for the injection velocity v, is (150:©50) mm/s when
using a typg A ISO mould.

For a giver] value of the injection velocity v, the injection time ¢ is inversely propertional to the number of
cavities n in the mould [see Equation (3) in 3.19]. Any changes in the injection“velocity during the injegtion
period shoyld therefore be kept as small as possible.

5.2.3 A cpnvenient way of determining the hold pressure py, a parameter which is frequently not specified,
is by the following procedure:

Starting from zero, gradually increase the pressure on the material until the mouldings are free from [sink
marks, voids and other visible faults and have minimum flash. Use this pressure as the hold pressure.

This procedure can be used for most injection-moulding presses.

5.2.4 Ensgure that the hold pressure is maintained‘constant until the material in the gate region has cyred,
i.e. until thel mass of the moulding has reached an-upper limiting value under these conditions.

5.2.5 Disgard the mouldings until the machine has reached steady-state operation. Then record| the
operating cpnditions and begin test specimen collection.

—

During the moulding process, maintain the steady-state conditions by suitable means, e.g. by checking| the

mass of thg moulding m,.

5.2.6 In the event of any,ehanhge in material, empty the machine and clean it thoroughly. Discard at leadt 10
mouldings nade using thé.hew material before beginning test specimen collection again.

5.3 Measurementof mould temperature

Determine the.mould temperature 7 after the system has attalned thermal eqU|I|br|um and |mmed|ately 8
opening the-mould—Measure-the-temperature-of the-mould = everal pointson-each-side-of the
mould cavity usmg a surface thermometer. Between each palr of readlngs cycle the mould for a minimum of
10 cycles before continuing with the next measurement. Record each measurement and calculate the mould
temperature as the average of all the measurements.

5.4 Measurement of the material temperature

5.4.1 Measure the material temperature T, by one of the following methods:

5.4.2 After thermal equilibrium has been attained, inject a free shot of at least 30 cm3 into a non-metallic
container of a suitable size and immediately insert the probe of a preheated rapid-response needle
thermometer into the centre of the plasticized material, moving it about gently until the reading of the
thermometer has reached a maximum.

10 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=90b6f0a4c7229bee0d749a7db4ee2e34

ISO 1268-10:2005(E)

Ensure that the preheating temperature is close to the material temperature. Confirm this by using the same
injection conditions for free shots as those to be used to mould the specimens, allowing the appropriate cycle
time to elapse between each free shot.

5.4.3 Alternatively, the material temperature may be measured by means of a suitable temperature sensor,
provided the result obtained can be shown to be the same as that obtained using the free-shot method. The
sensor shall cause only low heat losses and shall respond rapidly to material temperature changes. Mount the
sensor in a suitable place, such as in the nozzle of the injection-moulding machine. In case of doubt, use the
method described in 5.4.2.

Onde removed from the mould, allow the test specimens to cool gradually and at the same rate to room
temperature in order to avoid any differences in the history of individual test specimens.

NOTE Experience has shown that at least a part of this cooling time can have a significant influence on the degree of
curimg of bulk moulding compounds.

6 [Report on test-specimen preparation

Thereport shall include the following information:

a) |a reference to this part of ISO 1268;

b) |the date, time and place the specimens were moulded;

c) |a full description of the material used (type, designation, manufacturer, lot number);
d) |details of any conditioning of the material cartied out prior to moulding;

e) |the type of specimen produced, the relevant standard and the gate size and location;

f) |details of the injection-moulding machine used (manufacturer, shot capacity, mould-locking fgrce, control
systems);

g) [the moulding conditions:

— material temperature T, (see 3.2), in degrees Celsius,
— mould temperature T (see 3.1), in degrees Celsius,

— injection velocity v, (see 3.19), in millimetres per second,

— _ injection time ¢, (see 3.8), in seconds,

—/ hold pressure p,, (see 3.5), in megapascals,

— maximum pressure on the material p,,,, (see 3.4), if a pressure sensor is installed, in megapascals,
— hold time 7 (see 3.10), in seconds,

— cure time R (see 3.9), in seconds,

— cycle time ¢; (see 3.7), in seconds,

— mass of the moulding m), (see 3.20), in grams;

h) any other relevant details (e.g. the number of mouldings initially discarded per cavity, the number retained,
any post-moulding treatment).
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Annex A
(informative)

Examples of runner configurations

The layout of a mould may be changed by means of gate inserts (a-a' or b-b') as shown in Figure A.1.

4 | b’ R
SESSE==
- |
J
a) Injection-mould as specified in b) Variant with double-T runner
this part of ISO 1268 (Z-runner) (e.g. for studying weld-line strength)
Key
1 interchapgeable gate insert
2 intercha o-cavity ptate

P  pressure sensor

Figure A.1 — Different types of runner configuration
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Marking of test specimens

ISO 1268-10:2005(E)

The purpose of marking test specimens is to permit the determination of the original position of the two
specimens in the mould, even if the tabs at the ends of the specimen are cut off (e.g. to obtain a bar specimen

with
the

marking by the heads of the ejector pins [seé 4.1.4, item m) and item h)].

Thel numbers used, and their positions in the mould cavities, should preferably be as follows!

the mirror images of the numbers “1” and “2” should be used;

the numbers should be located at the gate end of the cavity.

the numbers should be legible, upright and aligned with the direction of flow of the material;

the numbers should be outside the usual test-specimen support spans.for flexural-loading test
the length of an 80-mm-long bar specimen;

the numbers should be just visible (i.e. not very deeply “engraved”), to avoid stress concentrat

Dimensions

addition to

5, but within

ons, etc.;

n millimetres

Key
1 preferably 82 mm
2 cavity number
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Figure B.1 — Positions of the cavity numbers
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