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Abstract

Core deflection results from an unevenly
advancing melt front around long slender coresnduri
injection molding. It is a pervasive problem ineth
manufacturing of long slender hollow parts, esgbcia
when they are thin-walled. Core deflection notyonl
causes uneven wall thickness, but also affectarték
flow. In this paper, an effective 3D numerical egach
is developed to simulate the flow around a cartiled
core, to calculate the uneven pressure distribw@ionnd
the core, and to predict the core deflection. Maego
the relation between volumetric flow rate and core
deflection will be compared with a recent analytica
solution (Giacomin and Hade, 2005).

Introduction

When injection molding long slender hollow parts
with one closed end, cantilevered cores arise n@isi
manufacturing challenges. The unevenly advancintj me
front around such cores, inevitable during injattio
molding, causes core deflection. It is a pervasive
problem in the manufacturing of long slender hollow
parts, and especially when they are thin-walled ek&h
its deflection causes the core to touch the cawdll, a
hole will perforate the part. Therefore, mold desig
are interested in the maximum core deflection &vent
this. In this study, an effective 3D numerical agguh is
developed to simulate the flow around a cantiledere
core and is able to predict the core deflectiorinking
the flow analysis to the stress analysis. We vididae
new simulation with a recent analytical solution
(Giacomin and Hade, 2005).

Conventional 2.5D CAE molding analysis adopts
the mid-plane model, replacing the flow geometry with
analysis along its midplane. This technology is now
mature, computationally efficient and accurate,
especially for thin-walled plastic parts. This iey2.5D
analysis is now so widely used in injection moldifrgr
the more complicated problem of core deflection, we
prefer to depart from the mid-plane model. Here, w

develop a 3-dimensional numerical approach to sitaul
the uneven flow and pressure around core components
during mold filling and we further predict the
corresponding core deflection.

Theory

Analytical Solution [5]:

Fig. 1 illustrates a cantilevered core of constant
rectangular cross-section. We restrict our worsteca
analysis to the Newtonian fluid, conservatively
neglecting its solidification. Accordingly, we caaer
the mold filling very unevenly, with the polymeniling
down just one side of the mold. Giacomin and Hade
studied this problem analytically and discoveredt th
core deflection is governed by the dimensionless
volumetric flow rate Q which they called core
deflectability. The dimensionless core deflectiéhand
Q arerelated by:
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and where 1z is Newtonian viscosityQ is volumetric

flow rate, L is core lengthEl is the core stiffness, and
B, is the gap between the mold wall and the core.base

Dimensionless core deflection is defined by:

vy=Y 3)

BO

wherey is core deflection, and the dimensionless axial
position along corX is defined by
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Three-Dimensional Numerical Approach

In this study, the melt flow pressure during figin
is predicted by the following numerical solutionherl

governing equations to  simulate  transient,
non-isothermal 3D flow are:
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whereu is the velocity vectolT is the temperature, t is
the time,p is the pressureg is the total stress tensor,
ois the fluid density, » is the viscosity, k is the
thermal conductivity, €is the specific heat, ang is

the magnitude of the rate of deformation tensor.

The melt pressurp during filling is governed by
Eq. (7). Moreover, it exerts a net lateral forcetlom core
surface. Hence the core deflection can be obtdioead
the force balance:
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where & is the stress and™ is the body force from
melt pressure.

The finite volume method (FVM) due to its robustes
and efficiency is employed in this study to sohe t
transient flow field in complex three-dimensional
geometries. In FVM, to discretize the equationg th
whole computational domain is subdivided into atdin
number of non-overlapping control volumes. The
transport variables are stored at the centroid asfhe
control volume. The transport equations are then
integrated over each of the control volumes in the
domain. The central differencing scheme is combined
with the upwind scheme to approximate the transport
variables at the cell faces. This solver has been
successfully applied in injection molding filling
simulation [3]. Numerical experiments confirm the
reliability and efficiency of the solver.

Results and discussions

To validate our core deflection simulation, we
compare with a recent analytical solution (Giacoaniad
Hade, 2005) [5]. Since the analytical solution erypl
proposed under several assumptions, we simplify our
3-dimensional simulation accordingly, first by atiog a
symmetric pressure distribution along thicknessation
during filling. We then restrict our analysis to a
temperature-independent Newtonian melt. Since petym
flowing down just one side of the core was congidén
the analytical solution, we use the pressure lgadinen
the mold fills with the polymer just flowing down
beneath the slender core as the initial conditamofur
stress analysis. Since solidification was negleatethe
analytical solution, we output the simulation résuf
filling analysis to the sequential stress solvey. EB)
incorporates heat transfer between the hot melttiaad
cold mold (including the cold core), whereas the
analytical solution is for the much simpler isothef
problem. Finally, whereas Eq. (8) accounts focwis
heating, the analytical solution to which our résudre
compared does not.

Fig. 1 illustrates our 3-dimensional model whose
specific dimensions are chosen arbitrarily (see Ei(p)
and (b)) for comparison with a dimensionless aitzdit
solution for core deflection. Table 1 lists the eor
material, its elastic modulus and its moment, alotith
the molding conditions. We use these data as the
simulation conditions for filling and core deflemi
analysis, and then change the filling time to eslo
different flow rates. As the polymer on just ondesbf
the mold reaches the end of the slender core,réespre
loading on the core exerted by this fluid is outpsitthe
boundary condition for the subsequent stress aBalys
(see Fig. 3(a)).

Here we consider the two most common
cantilevered core conditions. Case 1 is with a free
tip, gated near this tip. Case 2 is also with a frere tip,
but gated near its base. Were these cores undaef|dor
both Cases 1 and 2, the pressure loadings ondhdesl
cores would mirror one another. Thus, to approaeh t
analytical solution, we use the two constraintsaghdn
Fig. 4 to simulate Case 1 and Case 2 in the stress
analyses. After these stress analyses complete, the
maximum core deflection arising at the core’s fed is
obtained for each different flow rate.

Table 2 lists the simulated maximum core
deflection change for different flow rates. Fig. 5
compares the simulation and the analytical resaid
shows that these agree closely in the linear regime
where Q<0.1 . However, we also find that the
simulations fail to capture the nonlinearity forgihéer
values of Q . This is because the effect of core



deflection on flow pressure is not considered i ou
simulations.

Moreover, in our 3-dimensional numerical
approach for core deflection prediction, we can jgota
the core deformation and its stress distribution at
different times during filing. We can thus expothe
effect of the unevenly advancing melt front on the
developing deflection. Take the base-gated Run 3
(Q :0,01) for example. Fig.6 (a) and (b) show the melt

front position and the pressure distribution afedént
times during filling. The pressure loading on the
cantilevered core at each time is then output écsthess
solver, after stress analysis completes; Fig.6afd) (d)
show the corresponding Von Mises stress and the
deformed shape of the cantilevered core. From these
figures, we can see that the unevenly advancing mel
front around the core strongly affects core deifbectAs

the amount of polymer injected into cavity increggbe
stress and deflection of core also increases. Hemves
polymer reaches another side of the core, the marim
stress and deflection of core decreases since ypeess
exerted by fluid on the top to core increases.

Conclusion

A 3-dimensional numerical approach is developed
to simulate the flow around a cantilevered core and
accurately predicts core deflection by linking thaw
analysis to the core stress analysis. The simulato
validated by its close agreement with a recentysical
solution (Giacomin and Hade, 2005), especiallyoat |
flow rate, where core deflection varies linearlyttwihe
injection flow rate.
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Table 1 Polymer, core properties and molding conditions

Molding Conditions

Polymer ABS STYLAC VA29
Core Material Name Copper
Melt Temperature 225°C
Mold Temperature 60C
Core Elastic Modulus 1.15x1012 dyne/cm?
Core Moment of Inertia 0.16276 cm*

Table 2 Peak dimensionless core deflection at different
dimensionless flow rates

Dimensionless Simulation Results:
Run Flow Rate Viscosity
Flow Rate Dimensionless Core Deflection Y
(gfcm's)

No. Q 0 (em? J sec) Core tip Core base
1 0.0001 453647 69.8947 0.0001032 4.18692E-05
2 0.001 45.3647 69.8947 0.0010359 0.000420935
3 0.01 453.647 69.8947 0.0107747 0.004414579
4 0.1 9.85723 32166.8 0.1484112 0.05686271
5 1 98.5723 32166.8 1.0314953 0.418504673
6 10 985.723 32166.8 10.316636 4.186449598
7 100 9857.23 32166.8 103.36449 46.63738318
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Fig.1 Schematic of base-gated core deflection [5].
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(a) Part shape and thickness
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(b) Solid mesh of cavity and slender core

Fig.2 Model geometry: (a) Part shape and thickness (b)
Solid mesh of cavity and slender core

(b) ixeddiplacement (tip-gatd)

Fig. 3 Boundary condition settings in stress analysis
(a) Initial pressure condition
(b) Fixed displacement (tip-gated)

= Case1:
= Gated near the tip

= Case2: :

= Gated near the base 4

Fig.4 Settings for fixed displacement of Cases 1 and 2
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Fig. 5 Comparing numerical simulation with analytical

solution
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(b) Filling: Pressure distribution
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(c) Von Mises Stress
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Fig. 3 Multiple time steps (a) Melt front (b) Pressure
distribution (c) Von Mises Stress (d) Deformed
core shape



