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SIMULASI DAN KORELASI CIRICIRI ALIRAN MENCAIRKAN OLEH POLIS

TIRENA DALAM RONGGASIMETRI SUNTIKAN ACUAN

ABSTRAK

Masalah-masalah yang ditemui dalam peringkai mercka acuan untuk menghasilkan
suntikan plastik ialah keupayaan aliran plastik dan penghasilan acuan rongga suntikan yang
tak simetri. Perbezaan ketebalan, morfologi dan isipadu ronga akan mm%:bkan ciri-ciri

, R 0, ko
aliran rongga dan hasil yang berbeza pada masa suntikan yang ha;&.u. Penyelidikan ini
menggunakan  teknologi " Solid-Work”  dan  "'Cad-Mould" ngm‘ “Computer  Aided
Engineering "(CAE) untuk analisis corak dan pembimla%fbmn rongga suntikan yang tak
simetri. Bahan yang digunakan dalam kajian ini adaht\@:k mencari kesan-kesan keupayaan
aliran plastik, ialah polistirena (PS). Pvmhcn’vhuh%@mhuh’huhah vang telah digunakan dalam
acuan rongga suntikan vang tak simetri ini yﬁh suhu takat lebur. Acuan suntikan praktikal
dilakukan dengan menggunakan acuan Q’:}:ﬂ'k{m BOY 22M. Parameter-parameter suntikan yang
ditetapkan  telah direkodkan dco\ﬁgunakan untuk simulasi.Sampel-sampel PS yang telah
disuntik dicirikan pada x{ﬁn-x[@ ketumpatan dan mekanikal (tegangan dan lenturan). Sifat-sifat
mekanikal tertinggi )‘(J&{bﬁpﬂi adalah pada pengesetan suhu 210 °C, kadar aliran 116 em’/s.
dan tekanan mah{qgﬁ 614 bar. Perilaku reologi polistirena disifatkan melalui Indeks Aliran
Leburan a%@cmmw‘ Rerambut untuk proses simulasi. Hasil yang diperolehi adalah
kelikaygmkadar ricihan dan faktor anjakan suhu — parameter-parameter jubin. Untuk simulasi,
empat pengesan telah disediakan di kedudukan get dan hujung untuk setiap rongga. Keputusan
proses simulasi telah dianalisis dengan menggunakan program Cadmold. Korelasi antara
praktikal dan simulasi telah dibuat. Daripada situ, pengubahsuaian acuan di get rongga
dijalankan untuk mendapatkan aliran dan produk -produk suntikan yang lebih baik. Analisis dan
pertimbangan yang dibuat berdasarkan kepada keputusan-keputusan proses simulasi. Hasil
kajian menunjukkan pengubahsuaian acuan telah mencapai kelikatan yang lebih tinggi dan

kadar ricihan yang lebih rendah untuk rongga dumbel yang boleh menjanjikan sifat-sifat

mekanikal lebih baik.
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SIMULATION AND CORRELATION OF THE MELT FLOW
CHARACTERISTIC USING POLYSTYRENE IN UNSYMMETRICAL CAVITY

INJECTION MOLD
ABSTRACT

In plastic injection molding, the problems found in the mold design stage are the
capability of plastic flow and unsymmetrical cavity of the injection muldin@'rum thickness,
morphology and volume of cavities have causes the different flow ch eristic and results in
different injection times. This research uses Solid-Work and\ "Mold as Computer Aided
Engineering (CAE) technology for design analysis and t@?mc'!ian of unsymmetrical cavity

L]

Iding. The material used in this study in o&d) ects of the capability of
injection molding. The material used in this study in e to find the effects of the capability o
plastic flow is polystvrene (PS). The \'un'uhie.\@fn this unsymmetrical cavity injection mold
consist was melt temperature. Prm-n'cu!{@ ton molding is carried by BOY injection molding
22M. The injection setting pammq@,m'e recorded and used for simulation. The injected PS
samples are characterized b(Sm:_q‘g- and mechanical properties (tensile and flexural).

. ? %, 7 . .
Temperature setting at 2I0;C, 116 cm’/s flow rate and maximum pressure of 614 bar achieved
the highest mech@ﬁm;mrﬁes. For simulation, the rheology behavior of polystyrene is

.

) N\

characterized s@m melt flow index and capillary rheometer. The obtained results by the
rheu!@lrvgmlg are viscosity, shear rate and temperature shift factor - carreau parameters. As
for simulation, four sensors are setup at the gate and end of each cavity. While simulation results
are analyzed by a Cadmold program. The correlation between practical and simulation are
made. From there, a modified mold at a cavity gate is carried out in order to get better flow and

better injection products. The analysis and judgment is based on simulation results. The result

shows that the modified mold achieve higher viscosity and lower shear rate for the dumbbell

cavity which could better mechanical properties.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Plastic product has an important role in@ur daily life. The process of forming
and shaping can be done in many bchav@fguch as injection moulding, blow molding,
and thermal compression. Amunt(}hcsc processes, injection moulding is the most

<

generally used process for l{éa\‘oduclion of plastic part. There is approximately 70-

80% of worldwide in.d\ug%:s used an injection in plastic part production (Sakchai,

2007). &

<2

N\

N
©/A$cording to the plastic injection process, the most critical step is the flow of

melt plastic from nozzle to fill in a narrow shaped mold (Dominick, 1998). It is
difficult to control the flow of a melt plastic through the narrow channel or at the far
mold end from the nozzle due to the distance, the cross section of channel, mold

temperature, and plastic type. Therefore, an investigation of plastic flow behavior and

variables effecting an injection of plastic into the mold is needed for a better

understanding.



Injection molding is the most common method of part manufacturing. Injection
molding is used to create many products such as wire spools, packaging, bottle caps,
automotive dashboards, pocket combs, and most other plastic products available today.
Some advantages of injection molding are high production rates. repeatable high
tolerances, the ability 1o use a wide range of materials, low labor Losvéfmmal scrap
losses, and little need to finish parts after molding. However, s@e isadvantages of

this process are expensive equipment investment, potenna]QIngh running costs, and

the need to design moldable parts (Charles, 2006). . Q,b

AO.Q\QO

Simulation of injection moldingé},'\grguably, the most successful example of
simulation for any plastic I‘onnir&(’ps‘bccss. The expense associated with creating an
injection mold and the likeli@i that a problem discovered in production will result in
costly retooling and los\ﬁ'yn , make molding simulation of high value to industry. This
may be r;ontrast;{idé% other polymer forming processes where tooling costs are much
lower or whifgpmhlems may be overcome by varying process conditions (Rong, et al,
201 I©&pne the apparent success of injection molding simulation, too few parts are

subject to any simulation. Moreover, the prediction of shrinkage and warpage is subject

to increasingly higher standards of accuracy.



1.2 Problem statement

The geometrically symmetric runner system is required to use when designing a

multi-cavity mold. Moreover, the mold cavities are usually needed to be similar
. X

volume and morphology. This is to overcome the uneven slrctgghg that occurs

during injection, resulting in a variation in wall lhlckm:‘sle d to prevent the

unfulfilled samples obtained. The originated reaml\i()%car-induccd imbalance
during injection (Tim, et al., 2008) \Q/b

O\
Imbalance filling for each cavity is siror&erpcnding on the melt rheology of the

injected polymer. Imbalance ﬁlling@@es defective product on shape, dimension

2
and performance properties. (,}’
X

A system of unsymm t(lgl cavities of injection mold is less understood and
difficult to camml.'\c’)
2

>

N
1.3 Ru@%h Objectives

a)

b)

c)

©

Comprehension of the flow behavior of runner system and unsymmetrical cavity
injection mold during injection with polystyrene. (UniMAP injection).
Simulation and correlation the melt flow characteristic between practical (UniMAP

injection machine) and Theoretical (Cadmold sofiware).

Modify to get optimum design for the mold for better injection products by Solid

work software and simulate with Cadmold sofiware.



CHAPTER 2

LITERATURE REVIEW

2.1 Injection Molding

&
Injection molding is a process of forming a product by Ibf@moltcn plastic

material under pressure into a mold where it is cooled, m@ and subsequently

@)
released by opening the two or three halves of the mold. pg\-nrding to (Bryce, 1996) has

stated that the injection molding is used for the f&m@ion of intricate plastic parts with
excellent dimensional accuracy. A large nun@g\nf items associated with our daily life

are produced by way of injection mnlt@g. Typical product categories contain house

wares, toys, automotive parts, furélre, rigid packaging items, appliances and medical

disposable syringes. QO
: \Q)Q
Plastic }&@ﬁ molding is one of the most important polymer processing
opcratinn@e plastic production today. According to (Michael, 2009) has stated that
the @li{: industry that is injection molding and involving manufacturing has high

growth potential caused by the products are made nowadays is from the polymer

material.

The most establish method for producing plastic or polymer parts in mass
production is plastic injection molding. This is a highly cost-effective, accurate and
competent manufacturing method, which can be automated. However, it is very costly

tooling and machinery are needed this manufacturing process. This process is also



applicable to metals and ceramics by a new technology known as powder injection
molding (PIM). The design of a polymer or plastic injection mold is an integral part of
plastic injection molding as the quantity of the final plastics part is greatly reliant on the
injection mold. A plastic injection mold is a high precision tooling used to mass

produce plastic parts and it by itself an assembly of cavities (Vannessa, 2004).

xX
. o8
2.1.1 The Molding Machine &\Qo
)

R
\()

Injection molding machines can fasten the mn@:’geilher a horizontal or vertical
position. The majority of machines are horizomgy\oricnled as shown in Figure 2.1, but

vertical machines are used in some nichc\@calia)m such as insert molding, allowing
the machine to 1ake advantage of gr&g&. As stated in (Tim, et al., 2008) there are many

ways to fasten the tools to tl‘é‘lalens, the most common being manual clamps (both
halves are bolted to lhg\al)ag)s); however hydraulic clamps (chocks are used to hold the
tool in place) and n@elic clamps are also used.
A
\{'\\‘9

@é injection molding process consists of injecting molten plastic material from a
reservoir into a closed mold, allowing the plastic to cool down and solidify, and ejecting
the finished product from the mold (Bryce, 1996). Injection molding is the most widely
used process for manufacturing thermoplastic products (Mitchell, 1996). The time since
the molten plastic is injected until the solidified part is removed is called cycle time,
and it is typically in the range of 10 to 30 seconds. although longer cycles are not rare 10

find with large parts. Injection molding is the most popular method to process

thermoplastics and some thermosets. Continuous efforts have been made to increase the



productivity of injection machines; these changes are often the replacement of the
injection unit for a more efficient one, the re-design of the mold to simultaneously

produce more than one part. cooling of the injected parts out of the cavity, etc.

To arrive at high-quality products, the machine settings at the beginning of the
injection molding process optimization procedure should be as clo@%’ possible to
O\
optimal processing conditions. Although an educated guess of theﬁéﬁcessing conditions
for a given material is always at hand, the final conditi\n{& dependent on specific
material grades, injection molding machine size, scre@ear. part and mold design, and
other material independent variables. Each p@?ﬁsing condition setting is directly
influenced by the following parameters (gm al., 2008):
x<&
@)
_ <
e Desired {@\%nics of the Finished Product
. lnk\cg& Molding Machine
. {?/ jection Mold
N\ :
\(—) ¢ Injection Molding Material

L&

© e Part Geometry



Hopper
Hydraulic Ut

Tool or Mold
Nozzle

Figure 2.1: Injection m@i}lg machine
S

e

2.1.2 Injection Molding Fundan@ﬁ#&ls.
X
KO
e

Injection molding“consists of several stages: plastication, injection, packing,
cooling, and q{&%n It is more complex than extrusion or thermoforming, but also
more cwc)of producing very complex components to tight specifications (David,
200©’lasticalinn of the polymer melt is accomplished through simultaneous shearing

by rotation of an internal screw and heating by an externally heated barrel. As shown in

Figure 2.2.

Granules of polymer are poured or fed into a hopper as in Figure 2.2 (a). At the
start of the injection phase a pressure is applied to the screw moving it forwards.
The check or back flow valve at the tip of the screw closes as a result of this

movement and enables the screw to act as a plunger to push the molten material

(the melt) in the mold cavity (David, 2007).





