
r~-:,~-'~ ·:~-r·. .-.; '.~ .~;."t"'.: J .'
\'/--- - - .' t"#:-~ I

•~. ~... ..~ .A ••••••••

.~ !9 .

'. '

, -

~'

:
.....

"

... I

-, ., ...

. ," .~ :'. ":":~ "':?;=.;~~
. " ..~:

...•

\
\'., \
-~....

..:..... ",. ..
., • '"'4

- '
, "

" ......., ; ' ...-

, ,

:... . "

" --,

.' ", . "

.. :
-',

',-

•
-,

~.

FINITE ELEMENT STUDIES.
IN INJECTION MOLD FILLING-

-4

By'

....

- .

"

@
'cO

HARILAOS MAVRIDIS, Dipl. Chern, Eng,

A Thesis

Submitted to the School of Graduate Studies

in Partial Fulfillment of the Requirements

for the Degree

Doctor of Philosophy

McMaster University
April 1988 '



-,

"

\.

•

FINITE ELEMENT STUDIES

IN INJECTION MOLD FILLING

..... '-



:' ."

/

.. '; .."

."
0·" ... ~;."

...
oJ •

"

_dO o_.~. __

fOU



~):tf:"7-'::::;:;:{~":' ". '"
r:

.. "';:'.....:"::.-:: ... ~.:: ...... - :' .'. - .. - 7.:r"·· '.

I , .>. .-~ ~H'''~'?~~

:.~.

'. ~

"

;

Fl·
~-

DOCTOR OF PHILOSOPHY Of

(Chemical Engineering)

"

McMASTERUNIVEHSITY
Hamilton, Oni.i:-io .

\t..

TITLE:

AUTHOR:

SUPERVISORS:

. :.,
.Finite ElelIlent Studies in Injection l'4old Filling

Harilaos Mavridis,
Dip!. Chern. Eng. (Atistotle Univ~rsityofThessaloniki, Greece)

vi

Drs. A.N. Hrymak and J. Vlachopoulos
(Chemical Engineering) ---

. ~

NUMBER OF PAGES: xvili,182

.:

ii



i ./
r.

.. ' .; .... ~". . ',: ~ .:.. ,..~ . ,: '.-,' ' ...~ - ....... -, . .' :~.'.' .. ··.·-.:_.·I ..~···

.... {

'ABSTRACT

..
..i

..

Flow phenomena associated with the injection mold filling process have a
- ..... , .... -.

'significant .impact on the microst~ucturedevelopment and hence on the final properties of

molded articles. The present' work is concerned with the mathematical modeling and

numerical simulation of the mold filling process. The aim is to provide in-depth

understanding of the flow phenomena involved and investigate t,heir impact on the

microstructure of the molded polymer article.

The mold filling process takes place as a rolling-type advancement of the flow front

over the 'mold walls. The flow field behind the advancing flow front is known as fountai n flow.
; ..

and it is the salient feature of mold filling. The fountain flow phenomenon is examined

extensively with finite element techniques, both in the steady-state and in the time domain..

The u-v-p-h-o formulation described in the present work is a powerful numerical technique for

the simulation offree surfac~ flows, and determines simultaneously the flow field and the free
,

surface shape. Steady-state and transient simulations with Newtonian and shear-thinning

fluids inplanar and axisymmetric geometries are presented. Various features of fountain

flow are described with the aid of velocity vector, pressure, free surface shape, and streamline

plots. The general problem of fountain and reverse fountain flow (tmmiscible liquid

displacement) and the collision of two flow fronts to form a weldline are also investigated.
,

The d~formationhistory experienced by the fluid due tQ. fountain flow is examined

on the basis of the n.umerically computed flow field, by tracking material elements as they

move through the flow domain. It is found that matetial elements from the centerline

migrate towards the mold walls, extend in 'the flow direction and form characteristic V·

shapes, fully in agreement with available visualizationexperiments.
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A viscoel~stic constitl1tive eq~ation (multi-mode Leonov model) is introduced in ,

order to investig'ate the effect of fountain flow on the molecular orientation of injectio~

molded parts, a~ refl~cted in available birefringence measurements. A finite element

algorithm for the numerical simulation of viscoelastic fre~ surface flows 'is described.

Fountain flow simulations are performed for material properties and processing conditions

corresponding to available' experiments. Finite element ~olutionsare obtained at high levels

of fluid elasticity and they converge with mesh refinement, provided that a slip boundary
.....

condition is applied at the wall to alleviate the stress singularities. The finite element results

are combined with a simple theory to predict frozen-in stress and birefringence d!stributions.

Computational results are compared to, and agree favorably with, available experimental

data. It is demonstrated quantitatively that fountain flow is responsible for the molecular

orientation pattern of the surface layer ofinjection molded parts.

. .
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