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Abstract: This paper is establishing the influence of tlecpssing temperature on the in-mould (cavity) guses at
injection moulding of the polymers used for mantdaog of sport products. The processed polymersewe
polyoxymethylene (POM, polyacetal), polyamide @&\ (6,6), polycarbonate (PC), thermoplastic polynaet (TPU) and
polypropylene (PP)The injection machine employed was an horizontalGEN G/11/10/116/3, model VC 500/110
TECH, made in 2002. The temperature in the injectiglinder nozzle was measured through a DYNISC@2ZJ
thermocouple. The cavity temperature was determimedneans of a thermocouple temperature probe, InR@i4T,
produced by Digitron Instrumentation Ltd. and tlity pressure was measured with a transducer, IniDde made by

Dynisco Europe GmbH.
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1. Introduction

The injection moulding is a cyclical processach
cycle comprising several operations: feeding, megltnd
homogenization of polymer grains inside the plaxtig
cylinder, mould closing, injection under pressufentlt
in mould's cavities, solidification and cooling pblymer
inside the mould, mould opening and ejection of lded
piece [1].

The process is influenced by several pararseihe

main factors which determine the moulding procefs o

thermoplastic materials are: the chemical, physizad
flowing properties of polymer in the specific cotains of
the injection process, temperature, pressure ant t
required for moulding the product [2].

The melting of thermoplastic material is lizd by
the thermal energy transmitted from the heated wél
plasticizing cylinder to material and by the thetmmaergy
resulted as a frictional transformation of the nzetbal
energy.

The pressure exerted by screw conveys theirfg
state polymer from the cylinder chamber - throughus

and mould runners — inside the mould cavithe mould
cavity pressure reaches the maximum values atnteot
screw stroke and depends on the force exerted igrpi
screw, polymer viscosity and the hydraulic resistaof
flow path. In injection process, the following &g of
pressure are defined: external pressure, innersyres
holding pressure, sealing pressure and remamemr i
pressure [3].

The injection moulded products have to gaspecific
requirements related to their properties and dinoeas
stability in use.

The conformity with such requirements is akesl
through analysis of product properties with consitlen
of the source-material and the processing conditiditiso
there are considered the measurement technicbleufta
determination of macromolecules orientation, residu
stress, possible density alteration and other cheniatics
as well [4, 5].

The residual stress in injection mouldeddpiais are
induced by two main sources: the first are the sstre
induced by cooling of material which flows into nid@and

the second, the stress induced by the processing
parameters, temperature and pressure. The firstaarsed

by the viscoelastic flow of polymers during the rabu

| filling and the others are due to the differentirskage. In

absolute figures, the stress induced by temperaisire
greater than the stress induced by flow. However th
macromolecular orientation generated by the coolifig
flowing melt determines the anizotropy of the neauhal,
thermal and optical properties and it influences libng-
termed dimensional stability of the moulded produiio
[6].

For sport products, it is advisable to hboxe residual
stress since these products are subject to higinstand an
eventual deterioration of one of the product's congmts
can put in danger the life of sportsman.

The present study aims to analyze the \anabf
pressure required for filling the mould cavity degag on
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the temperature of injected material, for someechnhical The mould inner (cavity) parameters - terapge and
polymers used at production of sport products. pressure - were determined by means of a themapbeo
The polymers used were : temperature probe(i.e., supplier Digitron Instrumentation
- polyoxymethylene (POM, polyacetal), Ltd., model 2024T) and a pressure transducer §upplier
- polyamide 6,6 (PA 6,6), Dynisco Europe GmbH, model IDA).
- polycarbonate (PC), Depending on the type of material procesddterent
- thermoplastic polyurethane (TPU), feeding time values have resulted for each matasa
- polypropylene (PP). presented. These differences originated in the natgte

features : the rate of thermal transfer, shapedamémsion
of polymer grains and - the last, but not the leatie melt

2. Experimental part viscosity is different for each material.
Different temperatures were set for différemulds.

The polymers used for determinations were:

- pol thyl de TENAC 2013 A -
) Bglzg)r%rc?eeG )éeg?a{dgera'lrEGCHNYL A 221 ' complexity of moulded product, on another.

- polycarbonate, grade XANTAR 18 UR For the performance of injection experimenitse

- thermoplastic polyurethane, grade DESMOP®RA
8377 plastic poyu g producers were generally set (Tab. 1).

- polypropylene, grade INNOVENE 100- GBO6.

All these polymers are used for manufactuohsport TABLE 1. Temperature intervals recommended by the material

producers

products.
N The test-pieces were moulded using an ENGEL Technopolymer Temperature interval
injection moulding machine, type G/11/10/116/3, ®lod recommended
VC 500/110 TECH, made in 2002. The temperaturénef t TENAC 2013 A 180 - 240°C
flowing-state polymer was measured with a thermpteu TECHNYL A 221 270-345C
DYNISCO, type Ti422J fit in the nozzle of plasticig XANTAR 18 UR 280 - 340 C

. ; L DESMOPAN KA 8377 200 - 240°C
cylinder in order to get the real temperature wittihe INNOVENE 100- GBO6 550 -300°C.

central stream of the polymer melt flow (Fig.1).

3. Results and discussion

For injection of polyoxymethylene (POM), dea
TENAC 2013 A the following conditions were set:

- injection pressure = 1900 bar,

- feeding time =8 s,

- mould temperature (fixed plate and moviate) =
80°C,

- real temperature of the mould cavity 2®5

Figure 1. The thermocouple fit in the nozzle ofsgilzEizing cylinder:
a) nozzle ;
b) thermocouple DYNISCO, type Ti422J ;
c) plasticizing cylinder.

The results obtained are presented in Table

TABLE 2. The variation of peak pressure depending on the injection temperature (POM, grade TENAC 2013 A)

Real injection temperature

[Cl 180 190 200 210 220 230 240

In-mould peak pressure

(bar) 1900 | 1900| 1900, 1900 185p 1800 17Pp0O

At increasing the injection temperature, thenould - feeding time at 9 s,
pressure peak, (i.e., the maximum pressure needed -tmould temperature (fixed plate and moving plat&0°C,
compact the material into the cavity) is decreasilh@700 - real temperature of the mould cavity = 65°C.
bar at 240°C temperature. This decrease of thetycavi  The injections were done between 270 — 346%Cthe
pressure is the result of the lower melt viscositythe pressure peak is significantly modified. In Figueeis

These values were required by the type of material
processed, on one hand and by the dimensions and

temperature intervals recommended by the material

processing temperature is higher. presented the variation of in-mould peak pressure

For injection of polyamide 6,6, grade TECHNY depending on the injection temperature (PA 6,6dgra
221, the following conditions were set: TECHNYL A 221).
- injection pressure at 1200 bar,
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Figure 2. The variation of peak pressure dependinghe injection

From Figure 2 can be noticed that a majarekese in
pressure from 800 bar to 200 bar occurs for a teamtyes
rise from 270°C to 345°C, meaning that using athéig
processing temperatures an external pressuresOff Aar

temperature (PA 6,6, grade TECHNYL A 221)

is not justified. This fact leads to important enesavings
and reducing the wear of machine’s hydraulic system
For injection of polycarbonate, grade XANTAE

UR, the following conditions were set:

- injection pressure = 1600 bar,
- feeding time = 11 s,
- mould temperature (fixed plate and moving plat&0°C,
- real temperature of the mould cavity at 65°C.

The injections were done between 280 — 3487
modification of the in-mould pressure peak occuréithe
variation of in-mould peak pressure depending oa th
injection temperature is presented in Table 3.

TABLE 3. The variation of peak pressure depending on the injection temperature (PC , grade XANTAR 18 UR)

It can be noticed for PC as well, a majocrdase in
pressure at increase of injected material temperatu
meaning that using at higher processing tempersatare
external pressures of 1600 bar is not justified.

Real injection temperature 280 205 310 305 340
S|
In-mould peak pressure 1500 1200 1000 860 720
(bar)
For injection of the thermoplastic polyurtie (TPU), For injection of polypropylene (PP), grade

grade DESMOPAN KA 8377, the following conditionsINNOVENE 100- GBO06 the following conditions weret:se

were set:
- injection pressure = 1600 bar,
- feeding time =12 s,

- injection pressure = 1900 bar,
- feeding time = 11,5 s,
- mould temperature (fixed plate and moving platdD°C,

- mould temperature (fixed plate and moving plat&0°C,
- real temperature of the mould cavity = 67°C.

- real temperature of the mould cavity = 35°C.
The results obtained are presented in Tabd4dshows
The injections were done between 200 — 240f€Cthe that the in-mould pressure decreases as the niateria
temperature of flowing state material significantlytemperature increases.
influenced the in-mould pressure peak and the ptomiu According to these data related to the teptaymers,
of moulded piece. In Fig. 3 is presented the tanaof it is noticed that the real in-mould pressure iwdo than
peak pressure depending on the injection temperatihe external pressure, excepting the processirigQi at
(TPU, grade DESMOPAN KA 8377). temperatures below 210°C where the cavity pressire
equal with the external pressure. This fact caexpained
by the considerable decrease in viscosity of ifigwstate

Pressure

(bar) :jzz polymer which automatically implies important press
o losses in the cylinder—screw assembly.
1000 e The results obtained are compliant with specialty
800 . literature data [7, 8], which indicate importantaoges of
600 - melt flow rate for these polymers within the analyz
400 \ temperature ranges. In injection moulding, the p&ys
200 viscosity is one of the most important charactexssof the
0 ‘ ‘ : " fempernmre  flOWING process and this depends mainly on tempegat
200 210 220 230 240

shear and molar mass. For the moulded pieitbsthe
chosen polymers, the results obtained are concordatin
the presented information.

9

Figure 3. The variation of peak pressure dependinghe injection
temperature (TPU, grade DESMOPAN KA 8377)

TABLE 4. The variation of peak pressure depending on the injection temperature (PP, grade INNOVENE 100- GB0O6)

Real |nject[|°cgl] temperature 290 240 260 280 300
'”'m"“'d(g:gk pressure 610 610 590 560 530
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The production of parts having qualitative For all the analyzed polymers, it was detred a
characteristics and time-stable dimensions is ¢mmdid significant decrease of material pressure insigentould
by the processing and formation of polymers witthe cavity as the real injection temperature increases,
domain of viscoelastic deformations. All the polysiased condition of maintaining the external pressurehat $ame
- excepting POM - in flow-state have low viscositgyd value.
their viscosity decreases as the temperature righih This would permit a decrease of the extepmaksure
implies increasing of pressure losses. Due to tignger's too, meaning energy saving and reducing of nmechi
chemical structure, the viscosity of melted PONMhigh, wear.
reason why the pressure losses are much lower in However, over certain values of the realgerature,
cylinder—screw assembly. thermal degradation occurs affecting the charesttesi of

these materials used for producing of sport praduct
For this reason, there must be establisinedpdmum

4. Conclusions of pressure and temperature, specific for each ebrt
material.
There were established correlations betweke A study of a specific pair polymer — prodatiows the
injection temperature, external pressure and thbaavity —€stablishing of optimum conditions both for product
pressure for the following polymers: properties and economical considerations.
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