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Materials

AbstrAct
Purpose: The paper presents the results of the investigations of influence of the amorphous polystyrene (PS) 
processing on the diversity of the internal stresses observed in the injection moulded piece.
Design/methodology/approach: For the tests, the standardized mould piece designed for the investigations of 
the processing shrinkage of thermoplastics materials has been used. The samples have been prepared using the 
Design of Experiment (DoE) theory. 
The state of internal stresses has been analysed by means of photoelastic method (used stress viewer equipment) 
on the basis of the layout and size of the isochromatics (fields with the same colour), which determine the mould 
piece’s areas where the same value for the difference of main tensions. In the article the results of investigations 
of influence of 5 chosen processing parameters such as injection temperature Tw, mould temperature Tf, 
clamping pressure pd, cooling time tch and the injection speed vw on the changes in isochromatics layout as a 
determinant for diversity of internal stresses in injection moulded pieces have been presented. 
Findings: The performed investigations of the influence of injection conditions on the state of internal stresses 
reached for injection mould pieces were to determine the parameters of injection at which the achieved state of 
the stresses in the mould piece (described by the difference of main tensions) will show the lowest values.
Practical implications: Effects of examinations of influence of processing conditions on residual stress in 
injection molded parts (presented in the article) could find practical application in polymer industry, both small 
and large enterprises.
Originality/value: New approach to fast estimation of value of residual stresses were present in the paper.
Keywords: Engineering polymers; Mechanical properties;  Injection molding; Residual stresses

1. Introduction 

The occurrence of the internal stresses in injection mould 
pieces is a problem which can not be underestimated since their 
high values may lead to self-released cracking of the mould 
pieces, their deformation and stress corrosion which unfavourably 
influences their operation process [10-14].  

Diversification of processing shrinkage which occurs in each 
part of the mould piece is the reason for appearance of 
unidentified internal stress in the mould piece. In case of mould 
pieces with high stiffness the stresses become fixed inside but 

they fundamentally influence on the strength propertiesIt is to be 
expected that during this operation a significant change in 
dimensions may happen, therefore both time and temperature of 
heating should be chosen on the basis of tests. In case of mould 
pieces with high stiffness the stresses remain fixed inside, 
however, they influence significantly the strength properties [4-7]. 
In case of mould pieces with lower stiffness, the material 
tendency to balance causes warping of the moulds and their 
deformation. There are many factors independent on each other 
which influence the summary (resultant) state of the internal 
stresses. In the figure 1 they were presented hypothetically as if 
they interact independently on each other [3]. 
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The existence of the internal stresses in the injection mould 
pieces is a result of cooling time diversification in different areas 
and layers of the mould piece. Quickly cooled and solidified 
surface layers create stiff layer, which limits the shrinkage of still 
liquid core. The result of such limitation is existence of tensile 
stresses in outside layer and compressive stresses in inner areas. 
Another reason is sudden increase in pressure during the 
compression phase and excessive clamping pressure causing 
packing the particles which results in high tensile stresses in 
solidifying skin layers of the mould piece surface, which may 
manifest in cracking during pushing out [16, 17].  

Fig. 1. Resultant of residual stresses as a sum of:  
a) shrinkage,  
b) stress in hold stage,  
c) stresses which appeared during flow, [3] 

2. Methodology, materials for research 
and equipment 

2.1. Methodology of the research 

One of the techniques for the estimation of internal stresses is 
a photoelastic method which employs the phenomenon of double 
refraction during passing through a transparent medium The 
definition of the nominal stresses, stress gradients and full 
distribution of the stresses in a model is a so called “full-field” 
image analysis. Such an analysis requires fundamental knowledge 
of properties of the image that appears on the screen and the skills 
to interpret it. Isoclinic lines are observed under the linear-
polarized light and define the places with fixed directions of main 
tensions. The main tensions directions coincide with the 
directions of the polarizer and analyser. The fringes of the 
isoclinic lines coincide with isochromatic patterns as a black lines, 
strands or areas [1, 2, 8, 9, 15].  

Isochromatic layout which appears on the surface of the 
model observed under the circularly polarized light on the stress 
viewer can be treated and presented as a contour map of principal 
stresses difference (without mark) or maximum shear stresses. 
The properties of the isochromatic are identical with the contour 
lines on the topographic maps. The isochromatics pattern creates 
the tops and the valleys with “zero” level in form of zero 
isochromatic (black colour) in isotropic points (with any 
directions).

2.2. Equipment 

General view of the circular polariscope (stress viewer) used 
for the photoelastic tests and the method of placing the samples is 
shown in the figure 2. The picture in form of multicoloured 
fringes and fields is visible on the machine’s analyzer. Single, 
homogenous colour on the large surface shows, that the difference 
in principal stresses in this area is small, while very small fringes 
which radiate indicate higher concentration of stresses in the 
analysed area. 

Fig. 2. Sight of circular polaricope (stress viewer) with the view 
of tested sample 

2.3. Materials and experiment 

The purpose of the performed tests is the evaluation of the 
influence of processing on the diversification of the internal 
stresses in injection mould pieces manufactured from 
thermoplastic material polystyrene (PS). 

For each of the investigation design arrangement, 10 
samples have been prepared. Within the investigations, the 
influence of the injection conditions (such as injection 
temperature, mould temperature, cooling time, injection rate and 
clamp pressure) have been defined. On the basis of initial tests, 5 
input parameters have been specified; they were being changed 
within the limits presented in the Table 1. Each sample was 
prepared with the boundary values of the variables which 
determine the injection conditions. 

Table 1.  
Range of variability of parameters for polystyrene (PS) 

Parameter, symbol, unit of 
measurement 

Range of variability of 
parameters for polystyrene (PS) 

Mould temperature, Tf, oC
Polymer temperature, Tw, oC

Cooling time, tch, s
Injection speed, vw, mm/s
Holding pressure, pd, MPa

30-70
200-240
15-56
20-120

200-500
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3. Chosen results of research of effect of 
processing conditions on the residual 
stresses distribution

3.1. Effect of post filling pressure 

The state of internal stresses in mould pieces produced at 
different values of the hold pressure (clamp pressure) is shown in 
the figure 3. In the solidified mould piece, certain pressure is 
present, which depends on the hold pressure. The higher the 
pressure is, the higher values of principal stresses differences are 
reached. At the hold pressure of 60 MPa the value of principal 
stresses difference was ca 100% higher (in places of stresses 
concentration on the left and right side of the gate in the upper 
part of the mould piece) than in case of hold pressure of 30 MPa. 

The result of high values of the stresses may be self-contained 
deformation and even cracking. Therefore the hold pressure 
should be maintained only at the level which ensures the 
replenishment with the liquid plastic for the loss due to the 
volume shrinkage of the cooled plastic. Too high values of the 
hold pressure are inadvisable due to the appearance of high 
internal stresses in the mould pieces. 

Fig. 3. Images of samples produced with hold pressure 30-60 MPa 

3.2. Effect of injection temperature

The state of the internal stresses which occurs in the mould piece 
at different injection temperatures is shown in the figure 4. At lower 
plastic temperature (200°C) the isochromatics are distributed evenly 
and symmetrically, however, the width of the individual areas of 
isochromatics is low, which means high difference in the principal 
stresses (following the gate 6,84 MPa). However the isochromatics 
layout for the mould piece manufactured at the injection temperature 
of 240°C indicates the existence of lower differences in stresses 
which is proved by broad fields of isochromatics. For the same 
sample there is visible, in form of circular radiating isochromatic 
lines, concentration of stresses which reaches its extreme point in the 
area next to the gate.  

Similarly to the previous case, for higher injection temperature 
the zero isochromatic (marked with black colour) is much wider 
which should be explained by longer cooling time and 
consequently longer stress relaxation time. 

Fig. 4. Sight of circular polaricope with the view of tested sample 

4. Conclusions 
The performed investigations of the influence of injection 

conditions on the state of internal stresses reached for injection 
mould pieces were to determine the parameters of injection at 
which the achieved state of the stresses in the mould piece 
(described by the difference of main tensions) will show the 
lowest values.  

The injection process parameters which basically do not 
influence the existence of higher of lower internal stresses and 
their concentration have been selected. During the investigation it 
was proved that, from this point of view, the significant values are 
hold pressure and injection temperature, while application of 
higher injection temperature and lower hold pressure value seems 
to be more favourable. 

Due to the fact that in industrial (manufacturing) conditions 
there is no possibility to perform such analyses, the knowledge on 
the dependence between the injection conditions and the state of 
internal stresses in mould pieces is necessary, which is especially 
important during manufacturing of technical mould pieces e.g. 
mechanical gearing, fan rotors etc. It should be observed that 
these stresses depend on all the phenomena which exist during 
injection process, both of heat nature and those connected with 
the flow, which influences the injection conditions. Proper 
selection of these conditions enables to control the quality and the 
mechanical properties of the manufactured production.
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