SURFACE MOLDING IN A SHORT CYCLE

IIME

Cross Referxences to Related
licati

This application is related to the following co-

zﬁénding applications: "Multilayer Composite Mold Structure
for Molding on Hot Surfaces", Serial No. 07/435,639, filed
‘November 13, 1989 which is a continuation of Serial No.
" -97/175,078, filed March 30, 1988 and now abandoned;
'; »Apparatus for Blow Molding Parts with Smcoth Surfaces”,
* Serial No. 07/435,640, filed November 13, 1989 which is a
' continuation of Serial No. 07/250,806, filed September 29,
1988 and now abandoned; "Plastic Mold Structure and Method of
Making", Serial No.07/437,051, filed November 15, 1989;
. 1S "Method and Apparatus for Molding Plastics on Hot Surfaces
Using Induction Heating", Serial No. 07/486,345, filed
7 February 28, 1990 which is a continuation of Serial No
%_ 07/253,836, filed October 5, 1988 and now abandoned; and
: "Method and Apparatus for Molding Plastics on Hot Surfaces
20 Using Dielectric Heating", Serial No. 07/486,491, filed

February 28, 1990 which is a continuation of Serial No.

_' 07/253,513, filed October 5, 1988 and now abandoned. All of
: these related applications are assigned to the same assignee
'% ; as the present invention.

29

Background of the Inveption
This invention relates generally to molding
thermoplastic materials and more particularly concerns a
; multilayered mold structure having active heating means and
' 8n improved insulating layer.

oAt ea s

This Sheet Has Been Repl

WA

i




RD-19, 297

Molding of thermoplastic resins is a promising

:iechnique for producing a wide variety of plastic parts.
pepending on specific requirements, such plastic parts can be
Lmade by any of a number of molding processes such as blow
-molding, compression molding and injectign molding. One
“important requisite for the use of molded plastic parts,
ﬁa;cicularly in large, exterior panel applications, is a
"smooth surface quality. The surface of molded plastic parts
-ghould be as smooth as that of current exterior parts made
¢rom sheet metal. However, conventional molding of plastic
parts tends to produqe various surface imperfections that
‘require labor intensive sanding and polishing operations tP
correct. Injection molding of resins with fillers in the
itorm of fibers or powders is particularly susceptible to such
'imperfections. Molds for injection molding of thermoplastic
resin are usually made from metal material such as iron,
steel, stainless steel, aluminum alloy or brass. Such
materials are advantageous in that they have high thermal
conductivity and thus allow the melt of thermoplastic resin
to cool rapidly and shorten the molding cycle time. However,
because of the rapid cooling, the injected resin freezes
instantaneously at the mold surface. The freezing of these
materials at the mold surfaces creates rough surfaces such as
exposed fillers, voids and porosity. Processing difficulties
arise when producing thin, large parts. The quick
solidification of the melt combined with limited flowability

=K ¢f the materials makes it difficult to achieve melt flow over

B 2 large area. The use of multiple gates for large and/or

3 complex mold cavities produces weld lines, which are

i; 30 unsightly and weak. Another important issue in injection

é} moiding of high quality parts is the residual stresses in the
. molded parts. Residual stress inside a part can result in
dimensional instability over the lifetime of the part. Non-

Uniform residual stresses also produce differential
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fractlve indices. The dimensional stability and uniformity
re

of the refractive index are critically required for high
20

'quality optical parts.
An approach to improve the surface quality of

plastic parts produced by compression meolding and blow

1d
-ppli
‘tespectively.
;tructure in which an insulating layer is disposed on the

. ' mold core a
layer. Due to the insulation, the skin layer retains heat

ing has been disclosed in the above mentioned
cations Serial No. 07/435,639 and 07/435, 640,
These applications generally disclose molding

nd a thin skin layer is disposed on the insulating
- d i 1 thereby avoiding the surface
during the molding operation, y g ’

“'1:regu1arities created by rapid surface cooling. Thus, these

* devices provide a smooth surface while maintaining a

. 1€relatively short cycle time. Similarly, U.S. Patent No.
-§,225,109 to Yotsutsuji et al. discloses using a thermal
insulating layer in an injection molding apparatus. Patent
No. 4,225,109 discloses using an insulating layer comprising
a thermosetting resin, a hardener or curing agent and at
" least one of an inorganic filler, a metal powder filler and a
~ fibrous filler.

The present invention addresses a problem existing
in molding processes employing thermal insulation layers of '

the type discussed above. In particular, layer delamination

S L Y. 7

2% may occur at the interface between the insulation laver and

5

the mold core and/or the interface of the skin layer and the
Undeflying insulating layer in cases where a skin layer is
employed. It is believed that delamination occurs because of
Poor adhesion between the different layers and due to the

differences in the coefficient of thermal expansion (CTE) of

b b

the materials of the different layers. Delamination is a
Prevalent problem in' insulated molds because the typically

Plastic insulating layers have poor adhesion to the adjacent

This Sheet Hag

i




-4 -

RD-19,297

‘ipecal ljayers and a higher CTE than the core which is usually

'jn“iron or aluminum alloy.

summary of the Invention

Accordingly, it is an object of the present
ﬁéntion to provide an insulated mul;ilayered injection
nbiding apparatus in which the wvarious layers are resistant
lfé“delamination.

g More specifically, it is an object of the present
1ﬁéention to provide an insulated molding apparatus in which
:Eﬁé {nsulating layer has a varying density to provide strong
gﬁesion to the adjacent layers.
S In addition, it is an object of the present
:“ ﬁihvention to provide the molding apparatus with a variety of
" setive heating elements.
T These and other objects are accomplished in the
present invention by providing a multilayered mold having a
- ¢ore, an insulating layer bonded to the core, and a hard skin
layer bonded to the insulating layer. The insulating layer
is produced in such a manner so as to have a density
variation across its thickness wherein the surface regions of
the insulating layer are relatively dense and the center
¥egion of said insulating layer is relatively porous or
coarse. 1In a preferred embodiment, the insulating layer is
made from the same material as the adjacent layers. Since
the same material is used throughout, the problems of poor
%; ; adhesion and differing coefficient of thermal expansion are
o minimized. The insulating layer derives its insulation
ProOperties from the porous nature of the center region.
q The mold may be heated passively by the hot,
».}0 injected resin, or the mold apparatus can be provided with
#ctive heating means such as a resistive heating element, an

in _
ductive heating element, or a radio frequency heating
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tailed description and the appended claims and upon

ference to the accompanying drawings.

{oti £ the T .

The subject matter which is regarded as the

Figure 1 shows a sectional side view of the present
~{nvention.

; Figure 2 shows a sectional side view of the present
~dnvention using hot mold inserts to heat the mold.

_ Figure 3 shows a sectional side view of the present
“i{nvention using resistive heating to heat the'mold.

Figure 4 shows a sectional side view of the present
‘{nvention using induction heating to heat the mold.

Figure 5A shows a secticnal side view of the
Present invention using a first embodiment of radio frequency
heating to heat the mold.

- Figure 5B shows a sectional side view of the
Present invention using a second embodiment of radio
frequency heating to heat the mold.

Invention
| Referring now to the drawlngs were like numerals
Ndicate like elements throughout, Figure 1 shows a
"
ultilayered mold 10 of the present invention. While the
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rated in the drawings.
12 situated in opposing relationship so as to form a
'dﬁcaVity 14 therebetween. Hot thermoplastic resin 11 is

The mold 10 comprises two core

core halves to reduce cycle time. A thermal
jlating layer 22 is disposed on each of the core halves
The thermal insulating layer 22 is ideally made from a’

Intals, ceramics and low-conductivity metal alloys. Other
ow thermally conductive materials used for insulation can
8180 be employed.

% Depending on the type of insulating material
selected, the insulating layer is often not sufficiently
!ﬁrong enough to withstand the molding process and cannot
produce the desired surface quality. Therefore, a hard skin
‘layer 24 is optionally applied over the insulating layer 22
to protect the insulating layer and to provide the desired
_.35 ~surface finish. The skin layer 24 must be made from a

“ ,FAterial which exhibits mechanical strength and abrasion
resistance. The skin layer should also have a reasonably
high thermal conductivity. The skin layer 24 can be
fabricated from carbon steel, stainless steel, nickel,

;; 1 '1“m1nJm, brass, copper, ceramics, glass, quartz, plastcs and
. 'J'fP;Q’tic composites. Metal alloys with a low thermal

X
Pansion coefficient, such as Invar ferronickel, can also be
used,
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When the same material is used for each

e regions.
throughout the mold structure, the insulation

region. That is, the center region has a lower

hermal conductivity because of its porous nature. Also,

"thgéﬁul expansion (CTE) of the insulating layer will closely
éﬁ the CTE of the adjacent core and skin layers. With the
q&5;§f the adjacent layers closely matched, the potential of
elamination is greatly reduced. <Ceramic or metal materials
C;used when using the same material throughout the mold
ructure.

. An insulating layer having a density wvariation
'xoss its thickness can be made by deposition of ceramlcs or
.nntals using such dep051t10n techniques as chemical vapor
depositiqn, electroplating, and metal spraying, such as RF
sputtering, electron beam deposition and plasma spraying.
;;The low density area can be created by providing air bubbles
€i°= adding low density fillers such as hollow glass spheres,

- €eramics, metal oxides, bentonites, silica and the like in
the center region.

In operation, as the hot thermoplastic resin 11 is
{njected into the mold cavity 14, heat from the resin is

> 4bsorbed by the skin layer 24. The insulating layer 22 not
Only Prevents quick cooling of the resin but causes the skin
layer to reheat. This results in a hot plastic surface for a
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passive heating of the hot thermoplastic need not

wfjélely relied on. As seen in Figures 2-5B, alternative
. ¥ -2 .

of heating may be utilized. Figure 2 shows hot mold

;reducing cycle time because the core halves 12 can be
ntained at a lower temperature than in conventional molds.
A mold 10b having electric resistive heating of the

'lding surface is shown in Flgure 3. The heating is

~between each insulating layer 22 and the respective skin

: ?1Gyer 24. A thermoelectric device 32 is disposed between the
ore halves 12 and the respective insulating layers 22 to
 provide fast cooling, thereby reducing cycle time. In Figure
' 4, 2 mold 10c using induction heating is shown. An inductive
¢odl 33 is encapsulated within the insulating layer 22. To
be compatible with the inductive coil, the insulating laver
is selected from a nonconductive insulating material. The
coil 33 is preferably wound with a stranded copper wire and
18 connected to an AC power supply (not shown). The skin
layer 24 Comprises a current carrying material that is
Preferably magnetic. Magnetic materials have a higher
heating efficiency than nonmagnetic materials when subjected
flt° induction heating. 1In operation, the induction coils

Produce eddy currents in the skin layers 24, thereby heating
the skin layers_
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In Figure 5A, a mold

ent forms of dielectric heating.
ovided with a pair of electrodes 34 which are

tween the respective core halves 12 and insulating
As with the previous embodiments, a skin layer 24

:or of the ceramic. The insulating layer 22 should be

+from a material having a low loss factor such as
rs
A loss factor is

ndicator of the relative rates of heating for different

rials at the frequency to be employed in the high

frequency field of the same intensity. The electrodes are

connected to a high frequency power source 36 using as high a

frequency as practicable to reduce the voltage requirements.

When the electrodes 34 are connected to the power source, a

high frequency field is created between the

field heats the RF sensitive skin layers 24
On the other hand, the

electrodes. The
and the resin 11

in the rold cavity. temperature of

the electrodes 34 is not significantly increased, thereby

keeping cycle time short.
The mold 10e shown in Figure 5B employs dielectric
Instead,

heating but without using separate electrodes.
current conducting skin layers 24' which act as electrodes
The skin layer/electrodes 24' are connected to the

high frequency power source 36. In operation, a high
t"equency field which heats the resin 11 in the mold cavity

18 created between the skin layers when the power source is
are not heated directly but

are used.

‘8ctivated. The skin layers
Yather are heated by the hot resin.
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, The foregoing has descrlbed an 1mproved insulated
V'pokﬁﬂg apparatus which produces smooth parts with low
fésidual stress while avoiding the problem of layer

baratuses can be adapted to incorporate the features of the
invention without great effort or expense.

while specific embodiments of the present invention

éis defined in the appended claims. For instance, while the
. !

applied to other types of molding devices such as blow

:molding and compression molding.
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WHAT IS CLAIMED IS: o
1. A multilayered mold for molding thermoplastié
material into finished parts comprising:
a core having a surface with the general contour of
the part to be molded; and
5 an insulating layer bonded to said contoured
surface of said core for slowing initial cooling of
thermoplastic material placed into the mold, said insulating
layer being made of the same material as said core and having
a density variation wherein the surface regions of said
10 insulating layer have a relatively high densitf and the
center region of said insulating layer has a relatively low
density. '
2. The mold of claim 1 further comprising a skin
layer bonded to said insulating layer, said skin layer being
made of the same material as said insulating layer and having
the contour and surface characteristics of the finished part.

3. The mold of claim 2 further comprising a heater

for heating said skin layer.
4. The mold of claim 3 wherein said heater

comprises a resistive heating element.

5. The mold of claim 3 wherein said heater
comprises an induction coil.
6. The mold of claim 3 wherein said heater

comprises a radio frequency heating system.

7. The mold of claim 1 wherein said insulating
layer is made of a ceramic material.

8. The mold of claim 1 wherein said insulating
layer .is made of a metallic material.
' 9. The mold of claim 1 wherein the low density
center region of said insulating layer includes a filler
selected from the group consisting of hollow glass spheres,

ceramics, metal oxides, bentonites, and silica.
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10. A multilayered msidnfogninjecti
preheated thermoplastic material into finished parts
comprising:

a core having a surface with the general contour of

5 the part to be molded;
| an insulating layer bonded to the contoured surface
of said core for slowing initial cooling of thermoplastic
material iﬂjected into the mold;

a skin layer bonded to said insulating layer and

10 having the contour and surface characteristics of the
finished part; and .

means for heating said skin layer disposed between

said core and said skin layer.

11. The multilayered mold of claim 10 wherein said
insulating layer is made of the same material as said core
and has a density variation wherein the surface regions of
said insulatiﬁg layer have a relatively high density and the

\\_ S center region of said insulating layer has a relatively low
density.

12. The multilayered mold of claim 10 wherein said
means for heating comprises a resistive heating element
disposed between said insulating layer and said skin layer.

13. The multilayered mold of claim 10 wherein said
means for heating comprises an inductive coil encapsulated

‘$ within said insulating layer.

' 14. The multilayered mold of claim 10 wherein said
core comprises two core halves, each of said core halves
having an insulating layer and a skin layer bonded thereto,
and said means for heating comprises an electrode disposed

5 between each of said core halves and the respective
insulating layers and a high frequency power source connected
to said electrodes. '

15. The multilayered mold of claim 10 wherein said

core comprises two core halves, each of said core halves
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having an 1nsulat1ng layer and a skin layer: bcnded theret
o
nd said means for heating comprises a high frequency pow ’
er

urce connected to the respective skin layer of each of
said

5 S0
core halves.
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