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Foreword 

I S 0  (the International Organization for Standardization) is a worldwide 
federation of national standards bodies ( I S 0  member bodies). The work 
of preparing International Standards is normally carried out through I S 0  
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. I S 0  
collaborates closely with the International 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 I S 0  294 was prepared by Technical Committee 
lSO/TC 61, Plastics, Subcommittee SC 9, Thermoplastic materials. 

This second edition cancels and replaces the first edition ( IS0  294:1975), 
of which it constitutes a technical revision. 

Annex A of this International Standard is for information only 
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Introduction 

Many factors in the injection-moulding process can influence the proper- 
ties of moulded test specimens and hence the results of tests using such 
specimens. The mechanical properties, in particular, of test specimens are 
strongly dependent on the conditions of the moulding process used to 
prepare the specimens. 

An exact definition of each parameter of the moulding process is essential 
to ensure reproducible and comparable operating conditions. 

It is important in defining the moulding conditions for a thermoplastic 
material to consider any dependence of the properties to be determined 
and the conditions used in the moulding process. Thermoplastics may 
exhibit molecular orientation (important mainly with heterogeneous 
polymers) or differences in crystallinity (for crystalline or semi-crystalline 
polymers). Residual ("frozen-in") stresses in the moulded specimens and 
thermal degradation of the polymer during moulding may also influence 
the properties of the specimens. 

Each of these phenomena must be controlled to avoid fluctuation in the 
numerical values of test results. 

General correlations between the properties of test specimens and basic 
injection-moulding parameters are given, for information only, in 
annex A. 

... 
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INTERNATIONAL STANDARD 0 I S 0  IS0 294:1995(E) 

Plastics - Injection moulding of test specimens of 
thermoplastic materials 

1 Scope 

This International Standard specifies the general prin- 
ciples to be followed when injection moulding test 
specimens of thermoplastic materials. It describes 
two preferred mould designs and gives examples of 
other acceptable mould designs. It provides a basis 
for establishing reproducible moulding conditions. Its 
purpose is to promote uniformity in describing the 
esse'ntial moulding parameters and also to establish 
uniform practice in reporting moulding conditions. The 
exact conditions required to prepare specimens in a 
defined, reproducible state will vary for each material, 
mould and machine used. These conditions shall be 
agreed upon between interested parties unless they 
are part of an International Standard for the relevant 
material. 

.- 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publica- 
tion, the editions indicated were valid. All standards 
are subject to revision, and parties to agreements 
based on this International Standard are encouraged 
to investigate the possibility of applying the most re- 
cent editions of the standards indicated below. 
Members of IEC and I S 0  maintain registers of cur- 
rently valid International Standards. 

- 

I S 0  179:1993, Plastics - Determination of Charpy 
impact strength. 

I S 0  180: 1993, Plastics - Determination of lzod im- 
pact strength. 

I S 0  527-1 : I  993, Plastics - Determination of tensile 
properties - Part I :  General principles. 

I S 0  527-2:1993, Plastics - Determination of tensile 
properties - Part 2: Test conditions for moulding and 
extrusion plastics. 

I S 0  31 67: 1993, Plastics - Multipurpose test speci- 
mens. 

I S 0  5725-1 : 1994, Accuracy (trueness and precision) 
of measurement methods and results - Part 1: 
General principles and definitions. 

3 Definitions 

For the purposes of this International Standard, the 
following definitions apply. 

3.1 mould temperature: The average temperature 
of the mould cavity surface measured after the sys- 
tem has attained thermal equilibrium and immediately 
after opening the mould (see also 5.3). 

It is expressed in degrees Celsius, "C. 

3.2 melt temperature: The temperature of the 
molten plastic in a free shot (see also 5.4). 

It is expressed in degrees Celsius, "C 

3.3 injection pressure: The maximum pressure ap- 
plied to the plastic material in front of the screw dur- 
ing injection (see figure 1 ) .  

It is expressed in megapascals, MPa. 

3.4 hold pressure: The pressure applied to the 
plastic material in front of the screw during the hold 
time (see figure 1). 

It is expressed in megapascals, MPa 

3.5 moulding cycle: The complete sequence of 
moulding operations required for the production of a 
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time 

m 
0 I S 0  

- Mould open time 

test specimen or a set of test specimens (see 
figure 1). The time required for a complete moulding 
cycle is a function of the injection time, the hold time, 
the cooling time and the mould open time as indicated 
in figure 1. 

3.5.1 cycle time: The total time required to carry out 
the complete sequence of operations making up the 
moulding cycle. The sum of the cooling time and 
mould open time is the total time required to perform 
one moulding cycle. 

It is expressed in seconds, s 

3.5.2 injection time: The time from the beginning 
of screw forward movement until the mould cavity is 
filled. 

It is expressed in seconds, s. 

3.5.3 hold time: The time interval between the 
point in time when the mould cavity is filled and the 
Doint in time when the hold timers have timed out. 

It is expressed in seconds, s. 

3.5.4 cooling time: The time from the beginning of 
screw forward movement until the mould starts to 
open. 

closed again. This includes the time during which the 
moulded test specimens are removed from the 
mould. 

It is expressed in seconds, s 

3.6 average melt velocity: The velocity of the front 
of the melt as it passes through the section of the 
mould which forms the critical portion of the test 
specimen. This portion is often the narrow, parallel- 
sided section which bears the most stress during 
testing. 

It is expressed in millimetres per second, mm/s. 

The average melt velocity va,, expressed in milli- 
metres per second, is given by the equation 

2 nD vç 
vav = ~ 

4nA, 

where 

D is the screw diameter, in millimetres; 

vs is the screw advance speed, in millimetres 
per second; 

n is the number of mould cavities; 
It is expressed in seconds, s. 

3.5.5 mould open time: The time interval from the 
instant the mould starts to open until the mould is 
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A, is the cross-sectional area, in square milli- 
metres, of the critical portion (the test re- 
gion) of the test specimen. 

Hold oressure 

Mould 
closing 

Mould 
opening 

Cycle time -1 
Figure 1 - Schematic diagram of an injection-moulding cycle (pressure as a function of time) 
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In the case of injection-moulding machines without NOTE 3 A single-cavity mould occasionally gives un- 
microprocessor control, the average melt velocity usual values for some properties. This may occur be- 
va;, expressed in millimetres per second, is given by cause the ratio of the specimen volume to the total 

volume of the single-cavity mould is less than for other the equation types of mould. Also, the smaller total volume of this 
type of mould makes conformance with the volume- 
ratio requirements of 4.2.1 more difficult, and failure to 
meet these requirements may contribute to the occur- 

n1 
P t 4 n  

Vav' = ~ 

where rence of non-comparable values. 

m 

p is the density, in grams per cubic milli- 

is the total mass, in grams, of the shot; b) The multi-cavity mould (see figure 3) contains two 
or more identical cavities. The flow-path geometry 
is identical for each cavity and the cavities are 
positioned symmetrically in the mould, thus en- 
suring that all test specimens from one shot are 
equivalent in their properties. The series arrange- 

metre, of the melt; 

is the injection time, in seconds; t 

A, is the cross-sectional area, in square miIli- ment of cavities is not permitted. 

metres, of the critical portion (the test re- 
gion) of the test specimen. 

The family mould (see figure4) is a mould con- 
taining more than one cavity, not all of which are 
identical. There may be, for example, flat bars 
mixed with dumbbell bars and discs. A family 
mould may be used when the properties of test 

L NOTE 1 The values of va" and va"' are not necessarily 
comparable. 

4 Apparatus 

4.1 Injection mould 

4.1.1 Mould types 

Three basic types of mould are generally used for in- 
jection moulding test specimens. These are the 
single-cavity mould, the multi-cavity mould and the 
family mould. Care in choosing a suitable mould de- 
sign is essential if requirements for reproducibility of 
test specimens are to be met. 

NOTE 2 I S 0  round-robin tests with ABS, SB and PMMA 
have shown that the design of the mould is an important 
factor in the preparation of test specimens. - 
a) 

specimens obtained correspond to those obtained 
when using an I S 0  injection mould (see 4.1.2). 

NOTE 4 In many cases, simultaneous filling of the 
different types of cavity is not possible under different 
moulding conditions with a family mould. This is why 
this type of mould is not suitable for the preparation of 
reference test specimens. 

4.1.2 IS0  injection moulds 

Type A and type B I S 0  injection moulds are strongly 
recommended for the preparation of specimens to be 
used in the generation of common data for Inter- 
national Standards for materials. These moulds shall 
be used in case of dispute. 

4.1.2.1 Type A IS0  injection mould 

The single-cavity mould (see figure 2) consists of 
a mould with one cavity. The shape of the cavity 
may correspond to that of a dumbbell bar, a disc 
or another shape. 

Dumbbell bars conforming to I S 0  3167 for multi- 
purpose test specimens shall be moulded in a two- 
cavity mould as shown in figure5 and conforming to 
the requirements of 4.1.2.3. 

Figure 2 - Example of a single-cavity mould 
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A-A 

Figure 3 - Example of a multi-cavity mould 

Figure 4 - Example of a family mould 

Dimensions in millimetres 

l 
I I 

I 
G 

I 

Figure 5 - Type A IS0 injection mould 
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4.1.2.2 Type B IS0  injection mould 

Rectangular-section bars (80 mm x 10 mm x 4 mm) 
shall normally be moulded in a four-cavity mould with 
a "double-tee" runner as shown in figure6 and con- 
forming to the requirements of 4.1.2.3. 

NOTE 5 Rectangular-section bar specimens can also be 
taken from the central, parallel-sided part of multipurpose 
test specimens produced using a type A IS0 injection 
mould. 

4.1.2.3 Design requirements 

The main design details of the I S 0  injection moulds 
shall be as shown in figures 5 and 6. In addition, the 
moulds shall meet the following requirements: 

The sprue diameter on the nozzle side shall be at 
least 5 mm. 

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

The mould cavities shall be end-gated as shown 
in figures 5 and 6. 

The height of the gate shall be two-thirds of the 
height of the cavity at the point where the gate 
enters the cavity. The transition in cross-section 
from the runner to the gate may be streamlined 

A-A 
G 

to avoid turbulent melt f low and shear heating a t  
high injection speeds. 

The gate shall be as short as possible, not ex- 
ceeding 3 mm. 

The draft angle of the runners shall be a t  least 
IO" ,  but not more than 30". The specimen cavity 
shall have a draft angle no greater than 1 O ,  except 
in the area of the shoulder (type A I S 0  injection 
mould), where the draft angle shall be not greater 
than 2". 

Machining tolerances on the cavity itself depend 
upon the material being moulded. Test specimens 
shall, in all cases, conform to the requirements for 
test specimen tolerances given in I S 0  standards 
for test methods (e.g. I S 0  179, I S 0  180, 
I S 0  527-1, IS0 527-2). 

Ejector pins, if used, shall be located outside the 
test area of the test specimen. 

The mould-plate heat-transfer system shall be de- 
signed so that differences in temperature be- 
tween any two points on the surface and 
between each half of the mould are less than 
5 "C. 

NOTE 6 
given in figure7 as a guideline 

A schematic drawing of a cooling system IS 

Dimensions in millimetres 

G 
I 

Figure 6 - Type B IS0 injection mould 
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