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Introduction

Many factors in the injection-moulding process may-.i
properties of moulded test specimens and hence the.(me3
obtained when the specimens are used in a test method. Th
properties of such specimens are in fact strongly- deper
conditions of the moulding process used to preparé the sped
definition of each of the main parameters of,the moulding
basic requirement for reproducible and compardble operating

It is important in defining moulding conditions to consider
the conditions may have on , the" properties to be
Thermoplastics may show differentes in molecular orientati
mainly with amorphous polysners), in crystallization mo
crystalline and semicrystalline polymers), in phase mo
heterogeneous thermoplasties) as well as in the orientation
fillers such as short fibres. Residual (“frozen-in") stresses in
test specimens and ‘thermal degradation of the polymer du
may also influence. properties. Each of these phenomd
controlled to avadid fluctuation of the numerical values of t
measured.
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Plastics — Injection moulding of test specimens of thermoplastic
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pf 1SO 294 specifies the general principles to be followed when injection moulding test
stic materials and gives details of mould designs for ptéparing two types of specimen for u
data, i.e. multipurpose test specimens as specifigd in 1ISO 3167 and 80 mm x 10 mm X
basis for establishing reproducible mouldingttonditions. Its purpose is to promote
the main parameters of the moulding progéss and also to establish uniform practic
conditions. The particular conditions required for the reproducible preparation of test spel
omparable results will vary for each material used. These conditions are given in the
Dr the relevant material or are to be agreed upon between the interested parties.

O round-robin tests with acrylonitrile/butadiene/styrene (ABS), styrene/butadiene (SB) and poly(meth
ve shown that mould design is animportant factor in the reproducible preparation of test specimens

ing standards-contain provisions which, through reference in this text, constitute provisio
. At the.timme of publication, the editions indicated were valid. All standards are subject td
agreements based on this part of ISO 294 are encouraged to investigate the possibility d
nt editions of the standards indicated below. Members of IEC and ISO maintain registe
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ISO 179:1993, Plastics — Determination of Charpy impact strength.

ISO 294-2:1996, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 2: Small tensile

bars.

ISO 294-3:1996, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: Small plates.

ISO 294-4:—1), Plastics — Injection moulding of test specimens of thermoplastic materials — Part 4: Determi-
nation of moulding shrinkage.

1) To be published. (Revision in part of ISO 294:1995)
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ISO 3167:1993, Plastics — Multipurpose test specimens.
ISO 10350:1993, Plastics — Acquisition and presentation of comparable single-point data.

ISO 11403-1:1994, Plastics — Acquisition and presentation of comparable multipoint data — Part 1: Mechanical
properties.

ISO 11403-2:1995, Plastics — Acquisition and presentation of comparable multipoint data — Part 2: Thermal and
processing properties.

ISO 11403-3:—2), Plastics — Acquisition and presentation of comparable multipoint data — Part 3: Environmental
influences on properties.

3 Definitipns

For the purpdses of the various parts of ISO 294, the following definitions apply.

3.1 mould temperature, 7: The average temperature of the mould cavity surfaceé measured after {he system
has attained fhermal equilibrium and immediately after opening the mould (see 4.2:\5 and 5.3).

It is expressed in degrees Celsius (°C).

3.2 melt temperature, T),: The temperature of the molten plastic_ina free shot (see 4.2.5 and 5.4).

It is expressed in degrees Celsius (°C).

3.3 melt piessure, p: The pressure of the plastic material in front of the screw at any time during the moulding
process (seelfigure 1).

It is expressdd in megapascals (MPa).

The melt prg¢ssure, which is generated-hydraulically for instance, can be calculated from the forcq Fg acting
longitudinallylon the screw using equationA1):

4 %103 Fy
p: 2
nD

where
p is the meltpressure, in megapascals;

Fs is thedongitudinal force, in kilonewtons, acting upon the screw;

D is the'screw diameter, In millimetres.

3.4 hold pressure, p,;: The melt pressure (see 3.3) during the hold time (see figure 1).

It is expressed in megapascals (MPa).

3.5 moulding cycle: The complete sequence of operations in the moulding process required for the production
of one set of test specimens (see figure 1).

2) To be published.
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Injection time, f, Hold time, ty Time

Cooling time, #¢ Open time, £,

Cycle time, t+1

Melt pressure, p
~=== Longitudinal position of screw

Figure 1 — Schematic diagram of an injection>moulding cycle, showing
the melt pressure (full line) and the Jongitudinal position
of the screw (dashed line) as a function of time

3.6 cycle time, r1: The time required to carry out aComplete moulding cycle (see 3.5).

It is expregsed in seconds (s).

The cycle [time is the sum of the injection time ¢, the cooling time ¢ and the mould-open time td (see 3.7, 3.8
and 3.10).

3.7 injeqgtion time, #: The tije’ from the instant the screw starts to move forward until the swjtchover point
between the injection period:and the hold period.

It is expregsed in seconds(s).

3.8 coolng time, .: The time from the end of the injection period until the mould starts to open.

It is expressed-in-seconds-s)-

3.9 hold time, 7;: The time during which the pressure is maintained at the hold pressure (see 3.4).

It is expressed in seconds (s).

3.10 mould-open time, ¢5: The time from the instant the mould starts to open until the mould is closed and
exerts the full locking force.

It is expressed in seconds (s).

It includes the time required to remove the mouldings from the mould.
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3.11 cavity: That part of the hollow space in a mould that produces one specimen.

3.12 single-cavity mould: A mould with one cavity only (see figure 4).

© SO

3.13 multi-cavity mould: A mould that has two or more identical cavities in a parallel-flow arrangement (see

figures 2 and 3).

Identical flow-path geometries and symmetrical positioning of the cavities in the mould ensure that all test

specimens from one shot are equivalent in their properties.

3.14 fam“y mould:-A-rouldthat containsmore than one cavity which have different geometries (see figure 5).

3.15 ISO mlould: Any one of several standard moulds (designated type A, B, C, D1 and D2)nntended for the
reproducible preparation of test specimens with comparable properties. The moulds have a.fixed plate with a

central sprue,|plus a multi-cavity cavity plate as described in 3.13.

Additional dethils are given in 4.1.1.4. An example of a complete mould is shown in annex €.

3.16 critica| cross-sectional area, A-: The cross-sectional area of the cavity ifa single- or multi-cavity mould at
the position wWhere the critical portion of the test specimen, i.e. that part on#hiich the measurement will be made,

is moulded.

It is expressefl in square millimetres (mm?2).

For tensile-baf test specimens, for instance, the critical portion of'the test specimen is the narrow sectign which is

subjected to fhe greatest stress during testing.

3.17 moulding volume, V),: The ratio of the mass of.the moulding to the density of the solid plastic.

It is expressefd in cubic millimetres (mms3).

3.18 projedted area, Ap: The overall profite of the moulding projected on to the parting plane.

It is expressefd in square millimetresmm?2).

3.19 Locking force, F),: The)force holding the plates of the mould closed.
It is expressefd in kilongwtons (kN).

The minimumn) locking force necessary may be calculated from the inequality:

Fyy = Ap - Progx X T0°°

where
Fy s the locking force, in kilonewtons;
Ap s the projected area (see 3.18), in square millimetres;

Pmax IS the maximum value of the melt pressure (see 3.3), in megapascals.

3.20 injection velocity, v;: The average velocity of the melt as it passes through the critical cross-sectional area

Ac (see 3.16).

It is expressed in millimetres per second (mm/s).
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It is applicable to single- and multi-cavity moulds only, and may be calculated from equation (3):

V]:

where

VM

t|'Ac'n

v, is the injection velocity, in millimetres per second;

n is the number of cavities;

Ac s the critical cross-sectional area (see 3.16), in square millimetres;

Vs is the moulding volume (see 3.17), in cubic millimetres;

oo

3.21 sh
Cross-sec

It is expre

5 the injection time (see 3.7), in seconds.

pt capacity, Vs: The product of the maximum metering stroke of the injection-moulding m
ional area of the screw.

ssed in cubic millimetres (mm3).

4 Apparatus

4.1 Mo

4.1.1 1S(

4111 |
which is |
use in the

4112 N
using a Z-
in4.11.4
obtained.

4.11.3 H

ilds

D (multi-cavity) moulds

5O moulds (see 3.15) are strongly recommended for producing test specimens for the acq
htended to be comparable (see IS@:10350, ISO 11403-1, ISO 11403-2 and ISO 11403-3),
case of disputes involving International Standards.

lultipurpose test specimenis_as specified in ISO 3167 shall be moulded in a two-cavity typ
or T-runner (see annex A)./The mould shall be as shown in figure 2 and meet the requiren
Of the two types ,of_runner, the Z-runner is preferred owing to the more symmetrica
The bar mouldings.‘preduced shall have the dimensions of the type A specimen specified in

ectangular 80-mm x 10 mm x 4 mm bars shall be moulded in a four-cavity type B 1SO

double-T funner. THe)mould shall be as shown in figure 3 and meet the requirements specified in 4.

produced
specimen

shall_have the same cross-sectional dimensions along their central section as mul
5 (s€e¥1SO 3167) and a length of 80 mm =2 mm.

achine and the

Lisition of data
as well as for

e A ISO mould
ents specified
closure force
ISO 3167.

mould with a
.1.4. The bars
lipurpose test

4.1.1.4 The main constructional details of type A and B ISO moulds shall be as shown in figures 2 and 3 and shall
meet the following requirements:

a) The sprue diameter on the nozzle side shall be at least 4 mm.

b)  The width and height (or the diameter) of the runner system shall be at least 5 mm.

c) The cavities shall be one-end gated as shown in figures 2 and 3.

d) 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.

e) The gate shall be as short as possible, in any case not exceeding 3 mm.
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Dimensions in millimetres

X-Y

Key
Sp Sprue Moulding volume V), 30000 mm3
G Gates Projected area Ap £46:300 mm?

Figure 2 — Cavity plate for a type A ISO mould

Dimensions irf millimetres

\
I
60 +10

G G
Y
Key
Sp Sprue Moulding volume Vy, = 30 000 mm3
G Gates Projected area Ap = 6 500 mm?2

Figure 3 — Cavity plate for a type B 1ISO mould
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The draft angle of the runners shall be at least 10°, but not more than 30°. 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 moulding shrinkage, 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 type A and B ISO moulds, the main cavity
dimensions, in millimetres, shall be as follows (see ISO 3167):

depth: 4,0 to 4,2;

width of central section: 10,0 to 10,2;
ehgth (type B mould): 80 to 82.

Ejector pins, if used, shall be located outside the test area of the specimen, i.e. at thepshoulderp of dumbbell
specimens produced from type A and type C ISO moulds (for type C, see ISO 294-2), outside the central
20 mm section of bar specimens from type B ISO moulds and outside the 60-taim-square seftion of plate
specirens from type D ISO moulds (see ISO 294-3).

The hgating/cooling system for the mould plates shall be designed so that, under operating cpnditions, the
differgnce in temperature between any point on the surface of a cavity,and either plate is less than 5 °C.

Interchangeable cavity plates and gate inserts are recommended.to“permit rapid changes in production from
one type of test specimen to another. Such changes are facilitated by using shot capacities Vg|which are as
similaf as possible. An example is shown in annex A.

It is rqcommended that a pressure sensor be fitted in the'central runner, to give proper control of the injection
period (the sensor is mandatory for ISO 294-4). A sensor position suitable for the various types off ISO mould is
given |n subclause 4.1, item k) and in figure 2 of 1SQ,294-3:1996.

To enpure that cavity plates are interchangeable between different ISO moulds, it is importarft to note the
following constructional details in addition\te those shown in figures 2 and 3 and those given in SO 294-2 and
ISO 294-3:

1) It]is recommended that a cdvity length of 170 mm be used for multipurpose test specimers moulded in

2)

The width of the mould plates may be affected by the minimum distance required
c

bnnection points forsthe heating/cooling channels. in addition, space may need to be prov

I
the type A ISO mould. This.gives a maximum length of 180 mm for the space between the cpvity plates.

between the
ded in type B

n)

I$O moulds for the fitting of a special insert enabling notched bars for use in ISO 179 to be moulded.

3) Ljnes along Which the test specimens can be cut from the runners may be defined e.g. 170
type A, Bland C ISO moulds (for type C, see ISO 294-2). A second pair of lines 80 mm
defined.for cutting bars from multipurpose test specimens from a type A mould and may be
f

r oGitting off small-plate mouldings (see ISO 294-3).

mm apart for
apart may be
used as well

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.

Surface imperfections can influence the results, especially those of mechanical tests. Where appropriate, the
surfaces of the mould cavities shall be highly polished therefore, the direction of polishing corresponding to the
direction in which the test specimen will be placed under load when it is tested.

4.1.1.5 For more information on those mould components described in other International Standards, the reader is
referred to annex B.


https://standardsiso.com/api/?name=d9e2e90dee865a235541c86b18609836

ISO 294-1:1996(E) ©1SO

4.1.2 Single-cavity moulds

The cavity of a single-cavity mould (see figure 4 and 3.12) may be that of a dumbbell, a disc or any other shape.

Test specimens from a single-cavity mould generally give values for certain properties which are different from
those obtained with specimens from ISO moulds.

NOTE — This difference may occur because the ratio of the volume of the cavity to the volume of the moulding Vyy may be

different from that for 1SO moulds. Also, the smaller volume of the moulding produced by a single-cavity mould makes

conformance with the volume-ratio requirements of 4.2.1 different, and failure to conform to these requirements may
contribute to erratic values of properties.

g > ]
(e

b) sp I

a) Sprue (Sp) normal to moulding plate
b) Sprue parallel to the parting plane (the bend in the runrer prevents jetting)

Figure 4 — Examples of single-cavity'moulds

4.1.3 Family moulds

A family molild (see figure 5 and 3.13) may be used to produce, for example, flat bars plus dumbbellg and discs.

A family mofild may be used when the properties of the\test specimens obtained correspond to thoge obtained
from ISO mdulds.

NOTE — In fnost cases, steady, simultaneous filling.of the different cavities is not possible with a family mould| under more
than one set ¢f moulding conditions. Thus this typeofimould is not suitable for the preparation of referee test specimens. In
addition, the ipjection velocity v, (see 3.20) cannot.be-defined precisely for a family mould.

% |
; )
C _ )
- -
JI__/ ~——
| v
U

Figure 5 — Example of a family mould

4.2 Injection-moulding machined

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.

3) For further information, the reader is referred to JOHANNABER, F. Kunststoffe (German Plastics), 79 (1989), 1, pp. 15-28.
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4.2.1 Shot volume

The ratio of the moulding volume V), (see 3.17) to the shot capacity Vg (see 3.21) shall be between 20 % and 80 %
unless a higher ratio is required by the relevant material standard or is recommended by the manufacturer.

4.2.2 Control system

The control system of the machine shall be capable of maintaining the operating conditions within the following
tolerance limits:

Injection time, ¢, (see 3.8) +0,1s
Hold presqure, py (see 3.4) 5 %
Hold time, |ty (see 3.9) 5 %

Melt tempgrature, Ty, (see 3.2)  +3°C

Mould tenpperature, T¢ (see 3.1) +£3°C up to 80 °C
+5 °C above 80 °C

Mass of noulding 2 %

4.2.3 Screw

The screw| shall be of a type suitable for the moulding material (e.gxlength, diameter, thread height] compression
ratio).

It is recommended that a screw with a diameter in the range between 18 mm and 40 mm is used.

4.2.4 Logking force

The mould-locking force Fy, shall be high enodghto prevent flash forming under any operating conditipns.

The reconpmended minimum locking farce Fy, for type A and B ISO moulds is given by Fy; = 6 500 X pjay X 103
(see 3.19)} i.e. 520 kN for a maximum'melt pressure of 80 MPa.

An injectign-moulding system wijth interchangeable cavity plates will need to take into account the type D1 and D2
ISO moulds for which Ap = 11900 mm?, thus requiring a significantly higher mould-locking force.
4.2.5 Thermometers

A needle-proberthermometer accurate to +1 °C shall be used to measure the melt temperature|T,, (see 3.2).

A surface|thermometer accurate to +1 °C shall be used to measure the temperature of the surfacd of the mould
cavity, whjchi_gives the mould temperature T (see 3.1).

5 Procedure
5.1 Conditioning of material

Prior to moulding, condition the pellets or granules of the thermoplastic material as required in the relevant material
standard or as recommended by the manufacturer if no standard covers this subject.

Avoid exposing the material to an atmosphere at a temperature significantly below the temperature of the
workshop to avoid condensation of moisture on to the material.
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5.2 Injection moulding

5.2.1 Set the machine to the conditions specified in the relevant material standard or agreed between the
interested parties if no standard covers this subject.

5.2.2 For many thermoplastics, the most suitable range for the injection velocity v, is 200 mm/s = 100 mm/s when
using type A or B I1ISO moulds. Note that, for a given value of the injection velocity v|, the injection time ¢ is
inversely proportional to the number of cavities n in the mould [see equation (3) in subclause 3.20]. Keep any
changes in the injection velocity during the injection period as small as possible.

5.2.3 To determine the hold pressure py, a parameter which is frequently not specified, carry out the following
procedure:

Starting from zero, gradually increase the melt pressure until the mouldings are free from sink,marks| voids and
other visible faults and have minimal flash. Use this pressure as the hold pressure.

5.2.4 Ensur¢ that the hold pressure is maintained constant until the material in the gate region has sqlidified, i.e.
until the masp of the moulding has reached an upper limiting value under these conditions.

5.2.5 Discand the mouldings until the machine has reached steady-state opeéeration. Then record th¢ operating
conditions ard begin test-specimen collection.

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

5.2.6 In thd event of any change in material, empty theimachine and clean it thoroughly. Discqrd at least
10 moulding$ made using the new material before beginning-test-specimen collection again.

5.3 Measyrement of mould temperature

Determine the mould temperature T afterrthe system has attained thermal equilibrium and immediately after
opening the [mould. Measure the temperature of the mould-cavity surface at several points on each [side of the
mould cavity] using a surface thermometer. Between each pair of readings, cycle the mould for a minimum of ten
cycles beforg continuing with the.fext pair of measurements. Record each measurement and calculatg the mould
temperaturelas the average of allthe measurements.

5.4 Measuyrement of the melt temperature

Measure thel melt temperature T, by one of the following methods:

5.4.1 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 molten mass, moving it about gently until the reading of the thermometer has reached a maximum.
Ensure that the preheating temperature is close to the melt temperature. Use the same injection conditions for the

free shot as those to be used to mould the specimens, allowing the appropriate cycle time to elapse between each
free shot.

5.4.2 The melt temperature may alternatively 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 melt-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
in5.4.1.

10
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5.5 Post-moulding treatment of test specimens

Once 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. Protect test specimens
made from thermoplastics sensitive to atmospheric exposure by keeping them in airtight containers, together with
a desiccant if necessary.

6 Report on test-specimen preparation

The reportrshat-retade-the-feltowingtnformation:

a) a refefence to this part of ISO 294;

b) the ddte, time and place the specimens were moulded;

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

e) the type of mould used (type A, type B or, in the case of another type of mould, the typg of specimen
produced, the relevant standard, the number of cavities and the gaté Size and location);

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

g) the moulding conditions:

— melt temperature T, (see 3.2), in degrees Celsius,

— mould temperature T¢ (see 3.1), in degregs-Celsius,

':[jection velocity v, (see 3.20), in millimetres per second,

imjection time ¢, (see 3.7), in seconds,
— hold pressure py (see 3.4), ilmegapascals,
h

old time 1 (see 3.9), in.seeonds,

|
Q

ooling time 1 (see 3:8), In seconds,

|
Q

ycle time t1 (see3:6), in seconds,

— rass of the moulding, in grams;

h) any dther relevant details (e.g. the number of mouldings initially discarded, the number retaified, any post-
mouldingdtreatment).

1"
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Annex A
(informative)

Examples of runner configurations

The ]ayout of a+rreud FRaY- be nhangod b\’l maanc nf g::fo neerte as shown in fignro A 1

/—— nterchangeable gate insert Interchangeable cavity plate

|

£ ;

L LE

a) Injectiop mould with Z-runner b) Variant with T-runner c) Variant with double-T rynner
(e.g. for studying weld dqtrength)

=

J

Figure A.1 — Different types of runner configuration
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