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The effects of injection moulding on two types of

glass filled polystyrene have been considered using an
instrumented moulding machine. Certain machine para-
meters have been shown to be important in determining
the properties of speoimens cut from long glass poly-
styrene moiilded disos but rather less important with
short glass polystyrene. The importance of avoiding out
edges on moulded samples has been confirmed. No obvious
correlations have been found between moulding pressures
and mechanical properties but a relationship exists
between cavity pressure and moulding weight and size
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1 INTRODUCTION

Polymeric materials are processed by the app lication of heat and pressure
fo.Llowed usually by rapid cooling . These para meters cause changes to occur in
the material . Heat can cause chemical degradation which is normally detectable.
Pressur e appl ied to make the material flow in the moulding machine and Into the
mould cavity causes more subtle but , in many materi als , more important changes.
These include orientation leading to anisotropy , molecular scission and in the
case of fibre filled materials , fibre degradat ion . High rates of cooling of
mouldin gs also produce physical effects on mould ings such as amorphous skins
or anisotropy throug hout the thickness of the mouldings .

A considerable amount of effort has been directed towards examining and
understanding the effects produced in both thennoplastics~~~ and ther mosets.~ ’8

Some of the moulding machine vari ables affecting the properties of direct
9, 10blended polymer /glass strand have previ ously been examined. In this present

work an instrumented moulding machine has been used to examine some processing
effects on two commercially availabl e glass filled polysty-rene s. This work
completed in 1 972 was the first work within the MOD on this topic. Lessons
learnt from this report have been incor porate d in the pre sent research pro gra mme.
The results have been publ ished as a guide to others engaged in this work .

2 ~ CP~~IM~~TAL

2. 1 Materials

Two types of polystyrene were chosen. One of these , Fiberfil G3OSL,
contains long glass fibres since the material is prod uced by a patented process
whereb y a continuous glass roving is impre guated with polymer and then chopped
into a granule , thus the initial glass length is the length of the granule. The
other material, LNP CF Series CF1008 , is produced by the more normal compounding
of glass strand and polymer in an extru der and pelleti sing . Properties claimed
for these mat erials differ considerabl y and they are expected to depend also on
the conditi ons employed during the moulding process.

1 2.2 Mouldin g Machine

An Ankerwerke V17/65 reoip rooat ing screw injection moulding machine was

used throughout this work worki ng on a normal two stage injection cycle. The
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mouldi ng cycle followed the sequence mould close, boost pressure , hold pressure

(packing pre ssure), screw return , mould open. This type of cycle, although not

the best for experimentation , was adopted since this is the way ruaohines are

normally run . The change, boost pressure to hold pressure , is governed on the

Ankerwerke by a cam on the volume slide . Although the boost pressure is not

controlled as such, the ram forward movement (speed of fill) can be altered
by a needle valve . At all filling speeds , the attainable boost pressure is
governed by the balance between the polymer being injected into the cavi ty

from the mouldin g cylinder and the capacity of the high pr essur e hydraulic
pump to pump oil via the needle valve to the ram. In consequence the boost
pressure can be quite low when using large runners and gates in the mould. The

hold pressure is regulated by a diaphr a~n valve and can be set from zero to

93 MPa. (kie further feature of the desigu of the hydr aulics is that the

hydraulic line pre ssure dro ps to zero on chan ge from boost to hold pressure.

This feature can be seen as a drop in the nozzle pressu re/time trac e at change

over .

The moulding machine was instru mented by fitti ng pressur e transducers

(Kistler type 601H) in the hydraulic line and in the nozzle. In addition an

unsheathed therm ocouple was Inserte d into the nozzle adjacent to the pressure

transducer (Fig 1A). The mould contained two disc cavities of 100 x 3 and

100 x 6 mm respectively, only the thinner cavity being used for this work . The

mould (Fig 2) could be fitted with inter changeable gate blocks (Fig 1B) .

Pressure transducers In the mould were located in the fixed half just before and

after the gate and at the far side of the cavity . A linear transducer was

fitted to the mouldi ng machine screw slide to indi cate screw position. Siguals

from the pressure transducers were fed via Kistler char ge amplifiers together

with the thermocou ple sigoal to a UV recorder (Bell & Howell 5-127).

The parameters which were varied durin g the investigation were injecti on

rate , gate size, screw speed and back pressure. Other moulding conditions are

given in Appendix A.

2.3 Moulding Properties

Properties measured on some or all specimens included dimensions, weight,

tensile strength, flexura). strength and modulus and impact strength. Tensile
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strengths were measured on miniature dumb-bells ( for design see Fig 3) cut from
moulded discs as described In Appendix B, on a Tensometer testing machine at a
croashead separation rate of 10 nmi/min. Flexural strengths and moduli were
similarly measured on bars cut from moui.ded discs. Impact strength s were
determined on bars cut from the discs.

3 R~~ULTS AND DISCUSSION

3.1 Instrumental Results

A typical trace of the pressure/temperature/time relationship for the
melt passing into the mould during a cycle is given in Figs k and 5 for the
two types of polystyrene under different moulding conditions . It can be seen
how the pressures var y in a complex manner during the cycle. Certain point s,
however , can readily be identified. At A the shut-off noz~te opens, at Al the
melt reache s the gate , at B the change from high pr essure to hold pressure
occurs . Between ~ and C the cavi ty je preasuriaed but at C the gate freezes
and the cavity pr essures begin to fali. At D the hold pressure is released
and the screw retu rfls .. At , E the clamp opens and the moulding is ejected .

The measured temperature rise in the nozzle as the material is injected
is quite small (“5°C). The pressure /time curves can be used to set up the
moulding machine to give a correct cycle. Fig 6 show how different moulding
faults show up on the pres sure/time curve.

Pressure values taken from the recorder records are listed in Tables 1
and 2. However it is rather diffi cult to decide which values to compare. In
Figs 7 and 8 the peak pressures attained at various point s in the system are
plotted against injection speed and gate size for the long and short glass
polystyre nes. Apart from a slightly higher level of’ pressures with the short
glass materi al the effects are similar for both materials and can be discussed
together .

1t can readily be seen that as the Inject ion speed Increases the peak

t nozzle pressure rises rapidly. This is not reflected in the runner and cavity
pressures because at this point the cavity is not full and little pres sure is
shown by the sensors. The recorded maximum cavi ty pr essures reflect the hold

or packing pres sure applied. The effect of gate size can aleo be examined.
For both materials and at all injection speeds the cavity pressure falls as

7



the gate size is decreased. In addition the cavity pressure falls as the speed

of injection fa.Us. The wei ght of the mould.Ings (Tabl e 3) shows the same trend
wi th heaviest mouldings from fast Injection , large gated shots. This effect is
expected and has previously been shown with thermoset mouldings . 5

In the static system after the mould is full there are still considerable
pressure falls throughout the polymer melt system. Most surprising is the fall
in pressure of approximately 3 MPa across the cavity, a distance of only 80 mm.
This effect is even more marked with the short glass filled polystyrene material,
the pr essure drop being of the order of 6 MPa over the same distance. Also of’
interest is the comparativel y low nozzle pressures required to fill the cavity
at the fastest injection speeds compared with the maximum available on the
moulding machine (1 17 MPa).

An alternative way of’ examining the results is to record the instantaneo us
values of the cavi ty pressures at different nozzle pressures . This can only be
done in certain cases because the boost pressure has often cut off before the
cavity sensor records any value. These results are summarised for short glass
polysty rene in Table ~1, as the fall in pressure between nozzle and runner and
runner and cavity near transducers at variou s nozzle pressures. The conclusions
from this tabl e are that the major pressure loss in this moulding system is
between the nozzle and runner, ie through the nozzle. The drop in pressure
through the nozzle is almost independent of gat e size bit is of’ course dependent
on filling speed , being approxi mately 5O~ of the total pressure loss at the
fastest Injection speeds . The pressure drop from runner to cavity, ie across
the gate , depends on gate size as expected bit appears to be independent of
filling speed. This suggests that any increased pressure loss at increased S

fi lling speed is offset by the reduction in apparent viscosity with shear rate .

3.2 Effect of’ Processin g on Material Properties

Properties were measured on specimens cut from the moulded discs in two
directions at right angles to each other as descri bed in Append ix B.

Results for the two types of polystyrene are given in Tables 5 and 6. In
all cases , the strength values obtained from the out specimens were much lower
than the values given by the material manufacturer and also the values deter-
mined by ourselves on moulded specimens having an unbroken moulded skin. This

8
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lowering of’ strength, In some cases 50% of the published value , must be a
consequence of the cut edges of the specimen s and showz that post iiiouldin~
machining should be avoided at all costs with these types of materi aJ..

3.2 , 1 Long Glass Polysty rene

The tensile properties of dumb -bells cut from long glass polystyrene
moulded discs in the two directions are given in Table 5 and show that different
gate sizes and rates of’ fill produce totally different orientations within
these disc ~pecimens.

The specimens moulded with a lar ge gate are the most uniform as judged
by tensile strength measurements , followed by those moulded using the small
gate whi ch appear to be orien ted in the other direction . Those moulded using
the medium sized gat e show the greatest di fference in strength on specimens cut
In the two different directions. The highest overall tensile strength , le the
sum of the strengths in the two directions, is obtained with a large gate and a

slow speed of injection . This is exactly in line with expectation since the

glass fibres in these samples should be the least damaged mechanically by the
moulding process.

Flexural bars out from similar discs show the same general trends in
strength values as the tensile specimens with the highest stren gth value , again
obtained from discs moulded using a large gate and slow injection speed. There

was a marked effect of back pressure on flexural strength but the effect of
changing from 52 to 127 r/min screw speed was minimal . This is in line with
previous results for polypropylen e/glass. 10

Unnotched impact strengths measured on out bars were higher in a direction
perpendicular to flow as expected, since fibres tend to align with the flow

thus increasing impact strength of samples cut in the flow direction. There was
an effect of gate size noticeable with impact strengths with the highest
strengths being produced using large gates. The effect of back pressure was very
pronounced with the Impact strength being reduced to one quarter of the value

I when back pressure was not used.

The effects of different moulding conditions could be seen in a visual
examination of the moulded discs (Fig 9). Gat e size altered the filling
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characteristics and produced different orientations, whereas back pressure
comple tely dispersed the fi bres wi thin the mouldings. This dispersion and
associated fibre degradation is responsible for the lower impact and flexural
strengths observed .

3 2.2 Short Glass Polystyrene

The highest overall tensile strength, parallel and perpendicular, is shown
when using the large gate and slow injection speed (Table 6). The strength
values are about 15% less than those for long glass polystyrene. The strength
in the direction denoted as parallel to the flow direction was much larger in
some cases than that perpendicular to f ..ow, particularly when using the large
gate. Samples moulded with back pressure showed a reversal in the direction of
maximum strength. ~~th these effects differ from those in the long glass poly-
styrene. The most uni form samples produced in the short glass material , as

judged by equivalence of strength in the two directions, were those produced
when using a small gate with fast injection; the most highly oriented those

samples produced with a large gate.

Flexural strength values on cut bars showed no general pattern, except that
the strength measured on bars cut in a direction parallel to flow was about 50%
larger than that of bars cut perpendicular to flow .

Impact strength values were considerably less than those for long glass
materials even when this latter material was moulded under the most severe
conditions. This Illustrates the energy absorbing capability of long glass
reinforced materials.

For both long and short glass polystyrenes there is no observable relation-
ship between cavity pressures end properties. However this does not preclude
the existence of such a relationship since the effeots may well be smaller in
magnitude than those of’ fill speed and gate size on orientation, distribution
and brealcage of the glass fibres. As already noted cavity pressures do affect
the moulding weights and dimensions (Table 3).

~ CONCLUSIONS

The measurement of pressures through a moulding system have shown how the
pressures vary during the moulding cycle. These values have enabled pressure

10
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losses to be calculated at various point s in the system with short glass
polystyrene. The major dynamic pressure loss occurs at the nozzle in this
mould system.

Certain machine parameters have been shown to be important in determining
the properties of specimens cut from mouldi ngs in long glass polystyrene but

be much less important with short glass polystyrene. No obvious correla-
tions between measured pressures and mechanical properties are apparent, but a
relationship exists b.~ ween maximum cavity pressure and moulding weight and
size. The importance of avoiding out edges on mouldings cannot be over
emphasised ,
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APPENDIX A

Moulding Conditions

Cy~lnder temperatures Zone 1 Setting 190°C

2 225°C

3 235°C

It 225°C

Mould 65°C

Inj ection time 25 s

Cooling time 15 s
Interval 15 s
Volume 3.0 cm

Boost cut off 0.7

Cushion 0.2

Injection speed Various
Hold pressure (line) 250 psi (1.72 MPa)

Back pressure (line) 0 or 400 psi (2.76 MPa)

Screw speed 52 or 127 r/min

• 12
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APPENDIX B

Moulding Properties - Experimental

Discs were moulded with a tab as below

Gate

Samples cut in direction Y were designated cut down the disc; those in

direction X, across the disc.

Five sample bars were cut from each disc by using a set of’ slitting saws
and suitable spacers. Those cut 12 mm wide were used without further treatment

for flexural specimens. Similarly those cut at 6 mm (7) were used as impact
bars.

All specimens from one disc were tested and the average of the 5 results

quoted (7 for Impact specimens). This compensates to some extent the variation

of properties across the disc.

]Xzmb-bells were produced from bars by using a profiled horizontal milling

wheel to give the required dumb-bell form on one edge of a set of 5 bars. The

bars were then inverted and the profile out into the other long edge to form
the dumb-bell. Water only was used as a lubricating fluid during all the
milling processes .
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TABLE 3 $

Weight of Short Glass Polystyrene Discs

as a Function of Inj ection Speed/Gate Size

-• Slow Injection Medium Injection Fast Injection
(g) (g) (g)

Large gate ~8. 2 39. 1 39.9
Medium “ 37• Z1_ 37.9 38.6
Small “ 37.0 37•6

All values average weight of five mouldings .
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TABLE 5

Mechanical Properties of Cut Discs
(Long glass Polystyrene)

Tensile Strength Flexura]. Strength Modulus 
Imp t ngth

• No •~ Crossw e (GPa ) 
_________ __________

Crosswise Downwards j Crosswise Downwards

A 37.3 37.8 90.8 4. 1 0.39 0•39
A 2 38.7 36.1 93.7 3.5 0.36 0.26

A 3 39.9 45.4 89.3 4.6 O.~6 0.30
A 4 38.9 43.0 93.1 4.2 0.36 0.31

A 5 36.6 47.4 94.4 4.1 0.40 0.32
A 6 ~o.4 41.8 98.6 4.1  0.47 0.27

A 7 37.6 46.1 96.5 4.4 0.41 0.29
A 8 38.6 40.11 90.7 4.7 0.48 o.~4
A 9 40.2 • 42.7 96.7 4.3 0.56 0.33
A l O 38.9 40.5 92.5 4.9 0.61 0.38

• All 46.9 43.4 110 5.3 0.62 0.39
A 12 42.4 39.5 107 5.0 0.48 0.38

• A 13 39.4 37.7 97.0 4.6 0.47 0.36

Al k 42.7 43.0 105 5.2 0.114 0.34
Al5 37.6 37.0 75.8 4.6 0.15 0.12

A16 36.8 37.6 75.8 4.5 0.11 0.10

A17 38.3 42.1 78.2 4.2 0.27 -

A18 47.6 44.6 98.4 4.5 0.60 0.55
• .-~~~~ - .
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