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Abstract . Convertional 29D analysis technalogy which adopts the “nid plane model” has been successful in predict -
ing filling behavior for most plastic parts sespecially for the thin shell parts ‘This i mported model causes some inconve -

nience during its application ‘This study iniroduces suface nodel as the datum plane instead of the conventional nid -

plane model and additional hot runner elements inthe gapwise direction are employed to keep the flows in the surfaces

at the same section coordinative - The si miations presenied here are compared with the available data from Han and

the short shot experi ments for rearview shell It proves to be feasible for flow si milation on solid nodel in injection

molding -
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0 Introduction

During the developnent of injection nolding plas -
tic si milation tools are used to predict die filling and
the subsequent cooling of the plastic -Conventional pro -
grans use geonetry representations » which describe the
md plane surface of the rea par’[[]J ‘These si milation
codes are usually referred to as 2.9D It si nylifies the
3D geonetry nodel into 2-°D nid plane one and pro -
ceeds the simulation -After a long period o develop -
ment this technoogy is quite mature and stable -Now it
is also good at the analytic speed and efficiency -Besi -
des it helps to ohtain accurate results for most of the
plastic parts sespecially for the thin shell parts -

In the past ten years » 3D CAD systens have be -
cone videly availahle -However . 2-9D programs can not
take advantage of these nodels ‘The effort required to
generate 2-9D nodels from 3D nodels is soneti mes e -
quivalent to generating 3D information from scratcht .
The preparation of such a mesh can take a considerable
ampunt of tine Indeed nodel preparation now repre -
sents the greatest share of tine of a filling analysis -

Three pri mary solutions to this problem present
themselves ‘The first is to avoid the use of the Hele -

Shaw equations and to sdve the governing equations in

Docunent code ; A

their full generality[ T That is provide a true 3D solu -
tion ‘This approach raises sone significant practical
problens but some progress is nade ‘The alternative so -
lution is to sinplify the process of ohtaining a mid -
}:lane[ ¥ But it needs users to interact and can t be
carried out autormtically Someti nmes the cost is al nost
the sane as to regenerate the nid plane nodel for com-
plicated parts -Another nethod is to introduce surface
model as the datum plane sinstead of the traditional
niddle plane nodel and additional boundary conditions
in the gapwise direction are enployed to keep the flows
in the sufaces at the sane section coordinativel 7 It is
this possihility that wll occupy us in the sequel -

In curent investigation » the sufaces o the sdid
model are meshed with trianges » and the nodes are
matched into pairs along the gapwise direction ‘The
coupling nodes are connected by an additional hot run -
ner elenent (Fg-1) which pernits the nelt polyner
flow from one node to its partner ‘This allows conven -
tional nethod can be applied in the whde partt do -
main -As there is no heat loses in hot runner and less
flow resistance conpared to sufaces s the physical val -
ues of the coupling nodes will approxi mately coin -
cide Inthis way »the nelt front of the developed pro -
gram keeps unifor m during filling -
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Coupling Nides

Imaginary Hot Runner

Lig -1 Sche mtic diagram of coupling nodes

1 Governing equations

The generalized Hele Shaw ( GHS) flow was as -
suned by Heber! ! for flow andlysis in a thin cavi -
ty -Considering the variable density effect > governing e -

quations for flow in the plane direction can be written

as
%(hu_) +%( hv) =0 ()
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Where h is the half gap -which nay be a fundion o x

and y »( )denotes an average over z the gapwise co -

ordinate - Pis the density » C,the specific heat and ki,
the thermal conductivity respectively -T denotes the

temperature >p pressure and [ Y, T ,p) the sheer vis -

cosity swhere 7is the effective sheer rate ‘To effectively
describe the shear thinning effect .a Gross type nodel is

employed as follows
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Here nis the power tawindex : T'is the stress level of

the asynptotic transition region bet ween the power taw

and Newomian fluds ;and B, T} » Bare nuerial con-

stants -

Integrating above equations yields
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The governing equations for IDrunner melt flow

can be written as
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Here Q is flow rate »x and r are axis and radius
direction respectively > Ris radius of the runner -
Si mlarly swe get
Q =mSA (19

with

=
s = |\ (1

The filling factor F .associated with the node

and the control volune region is tracked and solved

using a transport equation of the for m ]
dJ

2 Nunerical nethod

The Equ -( /) is discreted by Galerkin method

and we get

3
N N
28O 2D py =0 (19
=
Where i j (j = 1.2.0r 3) denote the local node
numbers of the element [ corresponding to gross

node N, Dff )= L(z’)( ALEZV)(x ) e L}l’)(x,

y))dA(LY ,)( x »y)is shape function -
If the node connects with runner elenents the

Equ -( 6) should be modified as
NS0 et 330 S
= l =

=

(19

Here Rf] =( *1)’# 7/AL( L denotes the length of a
runner elenent ) -

When the pressure field is solved from Equ -

(7 welocity field can be deternined from the

continuous equations and the temperature field can

be solved with finite difference method by discreting

while the hot

temperatures are kept: constant. with nelt...

the energy equation runner
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It is obvious that one does not have to handle
the coupling nodes particularly by this scheme ‘They
associate each other by the hot runner -When a node
is filled the melt will enter its coupling node through
this i maginary hot runner in short time ‘Therefore
the si miltaneous filling effect onthe dual sufaces is
achieved -

Gven the solution of F(«x t) swe seek the next
ti me step solution F(x .t T4) through an explicit
schene To make the solution F(x.t T &) nh
order accuracy » F(x st T 4) is expanded in Taylor

series as

Flxt T4&) = F(xt) T4 %F(x,t) +

d

() +

nl "
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Where the appropriate ti ne step 2 is given by[ 1
et =) 1/t
(n D! amx ‘a[nHF(x i)

2
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(19
with €being the fixed priori error of the scheme -
The ti me derivative termis determned by the

foll owing recursive form
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(a)Predicted nelt front on mid tane

Where |V lis the volume of the control volume with
thickness ;[ F] denotes the jump in the variable at
the inter vonirol volume interfaces and 9V is the
inflow boundary of V defined by

IV =1X € Wsu( X) «n(X) <0f (20

3 Experi nental and nunerical results

3.1 FHlling of Han experi nent nold

In current investigation swe use the test nold of
Han! 7 and his experi nental data to verify the validity
of current nethod ‘The nold set consists of four cavities
and creuar runners of 3 mm radius >as shown in
Fg -3.The neterial used in this experiment was PP ;
B 500 The barrel temperature was set at 180 C with
the mold wall temperature 40 C Flling ti ne set in the
machine was 1.9s Inthis paper the simiated results
were obtained both for md plane and sdid sur -
faces ‘The results are shown as Fg -3and Fg -4-

o Pressure sensor location
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Kg-2 Schemntic dagramof the mold
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(b)Predicted nelt front on solid

lg-3 Predicted ndt front

The shapes and locations on the dual surfaces of
solid nodel are al most alike ‘The nelt front arrives the

two coupling nodes nearly si mitaneously with the max -
imum delay 0.0Zsecond The nelt front profile is al -

nost identical to those from another well established
analysis programsnanely nid plane si milation system

taking account of the sane conditions -
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(a)Predicted pressures by md plane (b)Predicted pressures by solid nethod
Fg-4 Conparison of predicted and neasured pressures
The pressures obtained from the program are a - naterial used in the experi ment is ABS ‘The melt tem~

greeable with Han s experi mental results both for sdid perature is set at 200 “C with the mold wall te mperature
model and nid plane nodel -Because filling the i mag - 50 C Filling ti ne set in the machine is 2.0s In cur -
nary runners needs additional pressure sthe si milated rent investigation sthe model generated from Pro /E is
pressure of sdid nodd is little higher than of nid- meshed with 5 878 elements and additional 1 430
plane - imagnary hot runner elements ‘The simiation results
3.2 Hlling of rearviewshdl of Dayang notor are in agreenent with the experi nents It is denonstrat -
In this experi ment >we exanined the location and ed by the fdlowing diagrans .
shape of melt front by short shot during injection ‘The

2.0 1.8s 1.6% 1.4s 1.28 1.0s
‘ 1.15s r

There is a little difference bet ween si miation and nesh can t be fine enough to depict it and induce a
experi nent It is due to the part s complication that the little anount of unnatched nodes (about 60) -Another

Hg -5 Evdution of short shot

! 2.01s l 1.85s i 1.63s iu’h

Hg -6 Evdution of s miation
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reason accounts for this little difference is that flowing
through the i maginary hot runner elements needs addi -
tional tine which delays the filling si muilation -

4 Condusion

This paper presents a new nethod to si miate the
nelt flow of injection nolding based on 3D nodel by
nid plane technique It keeps the si mpleness and credi -
hility of mid plane and avoids the abundant cal culations
of ful 3D The simiation resuts from the developed
program are in agreemert with the experi nents -Most
inportantly it canintegrate with CADtools without fis -
sure -Based on the conparison nentioned above it
nmght be fair to condude that this method can success -
fuly predict the flow features in injection nolding and
the nunerical si milation system may be a useful tool
for mold designers -
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