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Abstract

The work shows the use of simulation software iiting the design of forming elements of injectiosutds and
for the analysis of the phenomena occurring while injection mould cavities are filled with polynraaterial. The
digital analysis was used for the design work afeaearch modular injection mould equipped with & honer
system. The use of the injection moulding processlation software significantly simplifies the dysis of the
appropriateness of the assumptions concerning tastip part shape, the location of the gating psjrthe gaiting
geometry as well as facilitates the recognitiortlef phenomena taking place inside the mould cavkije polymer
freezes. The use of the simulation software refudia the necessity to adopt the right assumptmrcerning the
simulation model and the knowledge of the procesarpeters used for processing a particular plastiaterial. In
addition to injection mould design aiding, simudati programs constitute a tool to define advantageplastic
material processing parameters.
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1. Introduction

New construction plastic materials, thermoplastiaterial structure modifications, adopting
new control systems in injection machines and m®@atomation are the most visible symptoms
of the development of polymer material processifige aim of injection moulding is to achieve
plastic parts of specified geometrical charactessand physical-chemical properties. Obtaining a
part characterised by the required utilitarian prtips depends on a number of factors connected
both with the process settings and injection malddign (e.g. the melt feeding into the cavities,
gating type or the number of cavities) [1-5, 7,18-13]. The influence of many variables,
remaining in mutual interaction, causes that digiagrams describing the injection process
progress become a substantial tool used for imeatiould design verification as well as for the
injection moulding process optimisation. AccordingDSM Engineering Plastics, the introduction
of CAE (Computer-Aided Engineering) into the plagiroduct development caused the reduction
of the total manufacturing costs, saving of theetiralated to the product design and processing as
well as the final product quality increase. Theutssof simulation are not only used for product
design work concerning its geometry and the geogmeftrthe injection mould, but also as an
important tool for the processing optimisation215, 11]. Consequently, applying the simulation
software may significantly support even an expeehdesigner, especially in cases, where work



connected with the realisation of the tool design processing reinforced plastic materials
(shrinkage anisotropy) and for processing innowatenstruction thermoplastic materials. The
result suitability depends on the mathematical rmadigorithm assumed by the program, which
describes the basic melting and filling processesvell as the polymer material properties, and
are, in addition, the derivative of the quality tok plastic part model. The value of the results
depends also on the correct assumption concerengéart model, the processing settings and gate
geometry [1-4, 6-8, 9-13]. The next approximatidntlee real injection moulding conditions is
introduction into the calculations the correct fogacal plastic material model, which will take
into account the viscosity changes depending oerotiputs. [6, 7, 10, 11, 13]. If one aims at the
absolute imaging of the real process conditions, ghmulation project should also take into
account the position and sizes of the mould coadinbeating channels, but as well the materials
used for manufacturing the particular mould eleméghs 2, 5, 6, 11, 13]. The implementation of
the new product is accompanied by the necessityj@ftion mould trial shooting, whose aim is to
eliminate the injection mould design errors andirdiefjy the optimum processing parameter
setting.

One of the most popular simulation programs aidinegpolymer injection moulding process is
Cadmould by the company Simcon (Germany). The progalso allows to read momentary
injection process parameter values at a requirechend of the process at a required section and
point of the moulded part. The analysed coursé®telt filling the cavity can be presented in the
animated form. The course is obviously, realisetl time moulding is removed from the cavity,
and, consequently, it takes into account the madteolume change during the holding and cooling
phases. In addition to the results of the fillimgldolding pressure distribution, the moulded part
temperature distribution during filling and cooljrtbe shear stress values, the shrinkage and shear
velocity distribution, the melt filling and freezrtimes, it is also possible to define the locatén
the gating points, the sizes and types of gatisgwell as the weld line positions, air traps and
fibre orientation. The shrinkage distribution andlnflow analysis allow to describe the maximum
values of shape deformations. The simulation modahich is used by Cadmould, is a surface
model, which allows to conduct the analysis onrifependent layers of the moulded part, where
only the neighbouring nods influence the final tesin particular model points.

2. Exemplary self-conducted digital research conducted in Cadmould
2.1. Defining of the polypropylene freezing timein a pinpoint gate

Pinpoint gate is a significant element of an in@timould flow system. In case, where semi-
crystalline polypropylene is injected, due to iighhvalue of the volume shrinkage, the holding
time should on average amount to about 8 secondsk iam of the part thickness (for a moulded
part of the wall thickness between 3 and 4 mm)ingilup the mould cavity with the melt resulting
from volume counteraction while the moulded padeftes will be effectively realised in the
assumed time only if the viscoplastic polymer witit freeze earlier in the gate. As a result, the
gating point should have the appropriate diaméter.the research work, a geometrical model of
the gate was prepared and its sections assigriedttthe freezing time (Fig. 1).

It was established that the size of the pinpointe gdiameter significantly influences the
polypropylene freezing time. What is worth mentragiis that the melt material freezes the fastest
in section 3 (Fig. 1) for the channel diameter du& mm (Fig. 2). It is the consequence of the fact
that a considerable amount of heat is generatedgltlie melt flow through the small-diameter
narrowing, which causes an additional polypropylemeperature rise in this area.



Fig. 1. Pinpoint gate model with characteristicdmng time measurement diameters

The influence of the analysed gate lengths onrdezing time of PP is less significant, and the
differences amount maximally 0.2 s. For channelghef diameter above 1.5 mm the length
increase causes the delay in polypropylene freezing
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Fig. 2. The influence of the pinpoint gate crosst®n and its length on the PP freezing time maarowed feeding
channel

2.2. Defining the conditions of ABS/PMMA blend injection moulding for a large-size thin-
walled part. Selected results.

A large-size plastic part characterised by a compgkometry and thin walls with construction
latch elements usually generates many problemsglunjection moulding process realisation
(Fig. 3). During the filling and holding phasese timelt of a specific viscosity must fill the thin-
walled volume located the furthest from the gaitpmnt, which is usually connected with the
necessity of applying very high injection and holfpressures. The conducted analysis of the real
part surface quality proved that a minor wall timeks (from 1.6 up to 2.3 mm) and a number of
construction latch elements generates problems fillithg the cavity with the melt plastic. The
part was produced of a ABS/PMMA polymer blend af tompany Evonik of the trade name of
Plexalloy NTA-4. The use of polymer blends is of¢he observed manners of polymer property
modification. The use of PC/ABS and ABS/PA blends hanufacturing the white and brown
household product housings might be the evidenae.tb the high melt flow rate of PC/ABS, it is
used for mobile phone housing production. Digiedearch was preceded by generating a 3D
model, which was the exact image of the shape ameérgions of the real plastic part. In the



digital program the rheological model of the ABS/MW melt worked out by the company
Simcon was applied.

The realised simulation research indicates theilpitiss of the proper mould cavity filling
with the ABS/PMMA polymer blend through combininbet high injection velocity with the
appropriate polymer melt temperature and the teatpes of the injection mould cavity (Fig. 4a).

Fig. 3. A fragment of a digital model of a thin-veal part of the wall thicknesses between 1.6 mnm2adidim

In case of large-size thin-walled parts, ABS/PPM@&nkl processing should be realized at high
temperatures of the cavity and processed meltddmshe upper limit suggested by the producer).
The high temperature settings should be accompamyedtigh cavity filling velocity, which,
however, should not exceed the value of 200 mmscalse of the analysed thin-walled part,
injecting the blend into the cold injection moulkérfiperature of 30 and 50 °C) causes that the
polymer melt freezes too fast, which, in turn, esuthat the fragments of the part that are the
furthest from the gating point as well as the fragts of complex geometry and very thin walls
are not filled or filled with difficulty (Fig. 4b)The complete stop or slow-down of the melt front
movement means its temperature decrease resuitingthe prolonged contact with cold walls of
the mould. A high dynamics of the melt polymer mmeat causes faster cavity filling with the
plastic material of a lower viscosity and highemperature (Fig. 4c). However, one should
remember that this may cause a sudden melt predsarease in the cavity, which requires the use
of an injection machine of a very high nominal atjen pressure. Due to this reason, the estimated
maximal injection velocity was of the value of 2@dn/s.

a) b) - )

Fig. 4. Examples of the test results: a) the niel tirection in the cavity, b)unfilled fragmenttdting from the too
fast melt freezing (simulation realised at a lowicatemperature of 30 °C and low injection velgaf 30 mm/s), c)
temperature distribution in the mould cavity aftiee filling phase for the appropriately produce@gtic part
(injection velocity of 145 mm/s and cavity temperaiof 70 °C)

The injection process realisation with a long taMilling time at simultaneously low
temperatures of the plastic material and tool gavitaused the greatest shape distortions,



especially on the surfaces with the greatest cureatsignificantly remote to the gating points

(Fig. 5a). Increasing the temperature and reductiencavity filling time considerably decreased
the warpage differences in the particular partriragts, with the greatest deformation not bigger
than 1 mm (Fig 5b). Consequently, applying the appate injection settings may significantly

influence the plastic part quality.

a) _ ) b)

Fig. 5. Examples of deformation distribution: a) &osample realised at the injection velocity ofr8th/s and low
values of temperatures of the melt and mould cab)tfor a moulding produced in a hot injection ftb(¥0 °C) at
the injection velocity of 145 mm/s and the melfperature of 250 °C

2.3. Resear ch injection mould design with the use of the simulation program

The experience gained in the area of simulatiseaech, caused that the research on designing
and manufacturing a research injection mould fandard research mouldings (dumbbells) was
started. Considering the numerous conditions comegrthe research samples described in
standards, it was decided that the injection mouwdld be modular with the possibility of fast
exchange of forming elements. The design and toop svork was preceded with the simulation
research analysis, which was conducted on differesgarch sample models and with a group of
plastic materials. The example of mould cavity poes distribution for a strength research
dumbbell is presented in Fig. 6a. As a result, alutar two-cavity mould with interchangeable
inserts equipped with a modern hot runner nozzlethey company HASCO (Germany) was
designed and manufactured (Fig. 6b).



Fig. 6. a) Selected results of PP injection procsirsulation — gradient of pressure changes in tloalch cavity after
the filling phase, b) the design and manufactudfithe two-cavity research injection mould

3. Conclusions

Digital software significantly aids the work contet with the injection mould design,
especially in the area of final cavity shape forgpias well as the cooling elements and gating
points, considerably decreasing the time neededhfiproject implementation. With the proper
initial assumptions and a well-prepared digital ®latlis possible to achieve the simulation results
close to the results obtained in real conditions.

Injection mould design basing only on the designexkperience and intuition or on the
practical testing becomes insufficient in todaylasgfic processing.

The use of a digital software for the filling andlding phase realisation allows to correct the
possible mould designer’s errors at the stage efd#sign. The analysis of the melt flow and the
kinetics of the part constitution in the mould dgvallows to better understand the phenomena
taking place in the melt during the freezing phaste injection mould.
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