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 Smocoth Surfaces”,
‘* Serial No. 07/435,640, filed November 13, 1989 which is a
. econtinuation 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 how 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

o these related applications are assigned to the same assignee

'% ; as the present invention.
25
Background of the Inveption
This invention relates generally to molding
thermoplastic materials and more particularly concerns a
!f multilayered mold structure having active heating means and
' 8n improved insulating layer.
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_ Molding of thermoplastic resins isa prom151ng
;chnique for producing a wide variety of plastic parts.
pepending on specific requirements, such plastic parts can be
made 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
should 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

' ecorrect. Injection molding of resins with fillers in the
; £orm of fibers or powders is particularly susceptible to such
.Aimperfections. 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

2 solidification of the melt combined with limited flowability
K ¢f the materials makes it difficult to achieve melt flow over

B 8 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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A cations: "Miltilayer. Conppsite Mbld: ‘Structdre " ‘for.-Mi di ng
aces", Serial No. 07/435,63 = 13 1989 which

i € ontinuation of Serial No. 07/ Y 75IGFB{ESTI 4 2l B AN C| 399%5 and
' andoned; 10 "Apparatus for Bl ow lvbl dljf%frntstmth Srmoth Sarfaces”
.07/ 435,640, filed Novenber 13 T989-Which=Ts=&"  continuation

0.7/ A5Qr8Q6esfi | eﬁleSepﬁ\eﬁbEOnag stab:.]l19t838 andl WMOYE abangpned,
stﬂa%rtructure and ge . # Seré’\}b th07é)437 051,
eibene 1 fragggve 50 R‘/E?ﬁ%dcaﬁa a?u%u I | astics on

a%ggnty detiik@ll peuesi.on Heating”, Serl al No. 07/ 486, 345 filed
. An approach to improve the surface quality of
fiastic parts produced by compression molding and blow
1ding has been disclosed in the above mentioned
plications Serial No. 07/435,639 and 07/435, 640,
:espectlvely These applications generally disclose molding
structure in which an insulating layer is disposed on the
mold core and a thin skin layer is disposed on the insulating
layer Due to the insulation, the skin layer retains heat
 during the molding operation, thereby avoiding the surface
'1:regu1ar1t1es created by rapid surface cooling. Thus, these
t devices provide a smooth surface while maintaining a
f;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

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

E, ] ’ Poor adhesion between the different layers and due to the

S

g ] differences in the coefficient of thermal expansion (CTE) of

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 Has B

i




1990 which is a conti nuatl,l on of Seri. aI No..© 07/ 253 836,

3 r 5, 1988 and now abandongd—gard \“Jﬁoq ‘and Apparatus for
Plastics on Hot Surfaces 20 [UsiHig il ¢ PetMgat i n ;eéég
491, filed February 28, 1§90 Wh-l ch-1'$7a_contlj nuat' oh eri al

0} ,_253 513, filed October 5, “t988 and now “abandoned. All of

! i:cakhans BIghestTRethd® dihe cane asgneeusuallgs the
M@’?ﬁ ‘i%ﬁ,er Background of the Invention
thflﬂ')ﬂ’ @Irataé§‘“@|§H'8r?aH‘§/yt o nol di ng

summary of the Invention

Accordingly, it is an object of the present

anention to provide an insulated multilayered injection
lding apparatus in which the various layers are resistant
o delamlnatlon
' More specifically, it is an object of the present
f{ﬁ&ention to provide an insulated molding apparatus in which
'iﬁé {nsulating layer has a varying density to provide strong
adhesion to the adjacent layers.
' In addition, it is an object of the present
T fﬁihvention to provide the molding apparatus with a variety of
" aetive heating elements.
i 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
minimized. The insulating layer derives its insulation
ProOperties from the porous nature of the center region.
The mold may be heated passively by the hot,
{njected 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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gFc materials and nmore particularly concerns a7 nuItLIayered
ire having active heating nmeans. and . an |nproved I nsul ating
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-gystem. Another alternative lé_that the woTa can be heated
%

uith removable hot inserts.
Other objects and advantages of the present

v

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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"errmpl astic resins is agprom sing - techni'qufé for. :prodUCi"ng a
of plastic parts. Dependi ng on specific reqU|renents such
1s can be made by any=ot-a-aunrber--of--mpl ding REOE such
ol di ng, conpression n¢ﬂdhmgaaﬂd.1nieﬁk on nol di ng. §t§§§

| SET
gtgibutes of the present inventienTar

-~

ééﬁﬁpilé ble to many

es'Of moldlng, an anectlon molding apparatus is

on, steel, stainless steel, aluminum alloy or brass.
'Thg lines 20 for receiving a cooling fluid are provided
core halves to reduce cycle time. A thermal

The thermal insulating layer 22 is ideally made from a’
5%§§“§thermally conductive material such as high temperature
i@:moplastlcs, thermosets, plastic composites, porous
I@Eals, ceramics and low-conductivity metal alloys. Other

ow thermally conductive materials used for insulation can

‘.1’° be employed.

% Depending on the type of insulating material
s
»"gelected, the insulating layer is often not sufficiently

irong 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,

53 ] 8luminam, brass, copper, ceramics, glass, quartz, plastcs and

r " ?1"tic composites. Metal alloys with a low thermal

Xpansion coefficient, such as Invar ferronickel, can also be
F“l.d
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|5|te for the use of mDIded plastlc parts - - particularly
‘erior panel appllcatloné s a snooth surfacé qguality. The
| ded plastic parts W-aHUHhu—He—dS—SﬁB_Th as tha %f current
s made 10 from sheet; MtaK =" HoWwever' qunvenfﬁ Al ﬁﬁlding of

arts tends to produceivari otis 'siiface inperfections that

Br 1 nt.ensine sapdicng @M'@ﬁ@mmmr @eh@RSnk@ion cCOrrect.
i di ng of resins with f||%ers forg%of fibers or

.v@aemuﬂcuhaﬁP}aEhggebFVﬁFe a§ﬁcﬁtf5adpﬁ58P?e Yohd. bl ds for
RFSHT | MY,k ibReppepeasbl e uses Bmesinsaletiisgalbyenuatdedd r om net al

Rhe DRk

he same material as the core and the skin layer and

;;g a density variation across its thickness. More
€ically, the insulating layer 22 has a low density in

nter region and a high density at each of the two

e regions. When the same material is used for each

throughout the mold structure, the insulation

erties of the insulating layer are due to the low density

region. That is, the center region has a lower

hermal conductivity because of its porous nature. Also,

'E Q the CTE of the adjacent core and skin layers. With the
#§f the adjacent layers closely matched, the potential of
deiﬁmination is greatly reduced. <Ceramic or metal materials
: 'used when using the same material throughout the mold
lt:ucture

l An insulating layer having a density wvariation
lcxoss its thickness can be made by deposition of ceramlcs or
matals using such dep051t10n techniques as chemical vapor

depositign, 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
':°' 3dding low density fillers such as hollow glass spheres,

Ceramics, 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
:ibSOrbed 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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s steel, aluminumalloy or brass. -Such -- - materd.als. are
t hat they have high thermal ‘conduct.ivity. and thus"
of thernopl astic resi QQLTLaggdiy and shorten the
i me. However, leCilisse- T ther rapld coollng, the
reezes i nst ant gneouskyratsthe mol d surf 019, FAé
ese mat eri al s at the~nol d: surfaces ‘creat es rough
ose [ S [ y. r

Feinea g tnen Broltainy T hoPar B edt s, e g AR
Oiqiahdtyeko ébﬁbfh@éshﬁﬂhpﬁFﬁwted flowability of the

it i i QUlHe AeQ n3cire¥ BeMBbk khaWm@¥ehstic need not

R molely relied on. As seen in Figures 2-5B, alternative
Ea _

n

‘of heating may be utilized. Figure 2 shows hot mold

ot mold surface for a short time. This techniaue has the

B .o

ntage of prov1d1ng a hot mold surface from external heat

: A mold 10b having electric resistive heating of the
nolding surface is shown in Figure 3. The heating is
achieved by a resistive heating element 30 which is disposed
between each insulating layer 22 and the respective skin
layer 24. A thermocelectric device 32 is disposed between the
C€ore halves 12 and the respective insulating layers 22 to
_nfprovgde fast cooling, thereby reducing cycle time. In Figure
' 4, 2 mold 10c using induction heating is shown. An inductive
coil 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
“:lto induction heating. 1In operation, the induction coils

Produce eddy currents in the skin layers 24, thereby heating
the skin layers.
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tes for large and/or .conpl ex nol d
unsi ghtly and weak. Anot her

a. The use of nultiple.

t oduces weld lines, which_are 30

i ssue in injection mpl di g Qf“thﬁ*ﬂu litypPpgtsgds the

tresses in the edhbai;§ q’h lf stress |%s?de a part
ifetime of the part.

in . di nensi onal |n3tablllty:over“Lhe L
uni f griguresi ddakngt 58sseswakso pmbddimenh § fwriang i al

s of dielectric heating. 1In Figure 5A, a mold

{zérent form
3g provided with a pair of electrodes 34 which are

_E?
the respective core halves 12 and insulating

v’t 'posed between
As with the preVLOus embodlments, a skin layer 24

1) ers 22.

e’ from a material having a low loss factor such as
s

tics, plastic composites and ceramics. A loss factor is

ndicator of the relative rates of heating for different

fteQuency field of the same intensity. The electrodes are

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

f:équency as practicable to reduce the voltage requirements.

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

ﬂigh 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 mold cavity. temperature of

the electrodes 34 is not significantly increased, thereby

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

heating but without using separate electrodes. Instead,

current conducting skin layers 24' which act as electrodes
8re used. The skin layer/electrodes 24' are connected to the
high frequency power source 36. In operation, a high
frequency field which heats the resin 11 in the mold cavity
_18 Created between the skin layers when the power source is
‘8Ctivated. The skin layers are not heated directly but

Yather are heated by the hot resin.
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:tive indices. The dinensiﬂyal stability aﬁd-unffOrniiy

Existing molding

gpparatuses can be adapted to incorporate the features of the

‘as defined in the appended claims. For instance, while the

d4nvention has been described in an injection molding !

ppparatus, the varying density insulating layer could be

‘applied to other types of molding devices such as blow !

molding and compression molding.
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i ndex are critical 1y requi red for hi. g'h 'quai ity optical
_art , !’“@! luhn approach to |rrprove the surface quallty of 5

pl ast | +C by conpression nolding and bl ow oy % -has been
I scl. osed in the above nentioned applicat hons peri al 7/3%35, 639
nd 07/ 435, 640, respectivel y“ LI‘hese appJ r|“(3at Iongs generally disclose

: gl NOWHAT §$ rCCAIMED | s Whi ch an--knsuj ating Layer-il s di sposed on the 10
S L Bt e st amin g er e 1S
per at i pat et hael ebytavbini shed h@rs;t;r ftapprising:
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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'i'"rreg.ullarl flﬁilmﬁat ed E rapi d surface cooling. Thus, these : devices
L

provi de a lﬂlﬂﬁ il e maintai 2!7 g al5 rel atlvely short ‘cycl e
time. Sim ) nt No. 225,109 to Yotsutsuji et al.

di scl oses using a therma i nsul ati g AYEr - Lh_an J-aje tlorg{ [

appar at us. Patent No 4,225,109 di Iogeé, ‘.;'ngan I ngul at' ng ﬁiﬁr
conpri si ng a therm)settl ng resin, alJJar dener _Of = Cl;l—F—l—ﬂg agent and at 20

| east One of an inongani @x fnUl'thlayér@&t ablpowder ihkkteLoANflodding fi brous
fille resent _invention_ a gres es.a %robl em exi sting

in rml di n@rﬁtr‘85§§9e§h§ﬁﬁf’8§l$ﬁ§l?h’@?ﬁ?ﬂ:l? stPE?i b TR POF

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 bet;een
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 whereln 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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MULTILAYERED MOLD STRUCTURE FOR EOT
SURFACE MOLDING IN A SHORT CYCLE
IIME

Abstract of the Disclosure

A multilayered insulated mold structure is
provided. An insulation layer provided on each of the mold
cores retains heat at the molding surface, thereby increasing
surface quality of the finished part. The insulating layer
has a varying density across its thickness so as to have a
low density center region and high density surface regions.
By having a relatively low density; the center region of the
insulating layer has a low thermal conductivety. Thus, the
insulating layer may be made from the same material as the
core and still have an acceptable insulating value. The use
of the same material for adjacent layers reduces the
potential of delamination of the layers. The multilayered
mold is compatible with passive or active heating of the
molding surface.
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4 metal |ayers and a higher CTE than the core which-s usually “an

i ron,-or*al um num al | oy. ' Summary of the Invention
Accordingly, it is an object of the present 5 invention to provide an
insulated nmultilayered injection prer=et Er-owhi ch the vari ous
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i nvention to provide ®m insul 2 &l qu,apparatus in-which 10 the
finsulatifig | §er 7 ‘ﬁ t'0 provide strong adhesion to
ithe adj agent | Q Q ddition, it is an object of the
; present I nv Npr ovi ‘§ | di ng apparatus with a variety of .
jactive hgating 15 ~ Th eets are
acconpli $hed in resentYl YTHIS ®HEETHASBREN: t) | ayered nol d
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Cross References to Related
adpplications

This application is related to the following co-
pending 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.
07/175,078, filed March 30, 1988 and now abandoned:
"Apparatus for Blow Molding Parts with Smooth 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
Making", Serial No.07/437,051, filed November 15, 1989;
"Method and Apparatus for Molding Plastics on Hot Surfaces
Using Induction Heating", Serial No. 07/486,345, filed
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
Using Dielectric Heating", Serial No. 07/486,491, filed
February 28, 1990 which is a continuation of Serial No.

REPLAGEME&’? s‘ﬁ'ﬁﬁ? |

of

07/253,513, filed October S5, 1988 and now abandoned. All of

as the present invention.

Background of +the Inveption
This invention relates generally to molding
thermoplastic materials and more particularly concerns a

these related applications are assigned to the same assignee

multilayered pold structure havihg active heating means and

an improved insulating layer.
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Description of the Draw ngs Thg

regarded as the invention is particularly pl mlt-l\ﬁcBMﬁ,&T WB FSt il nct y
claimed 10 in the concluding portion of the SpCI fi c&ﬁf’bﬁ'—""q
i nvention, however, nay be best understood by re '

drawi ng figures in which:

- Figure 1llshows _Ride
view of the present 15 invention.

\ Dads tae —_-______
L:::T”'~“— ’

Molding of thermoplastic resins is a promising
technique for producing a wide variety of plastic parts.

Depending cn specific requirements, such plastic parts can be

made by any of a number of molding processes such as blow

5 molding, compression molding and injection molding. One

important requisite for the use of molded plastic parts,

particularly in large, exterior panel applications, is a

smooth surface quality. The surface of molded plastic parts
should be as smooth as that of current exterior parts made

10 from sheet metal. However, conventional molding of plastic

parts tends to produce various surface imperfections that
require labor intensive sanding and polighing operations to

correct. Injection molding of resins with fillers in the

]
form of fibers or powders is particularly susceptible to such

15 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 moldiﬁg cycle time. However,
because of the rapid cooling, the injected resin freezes )

instantaneously at the mold surface. The freezing of these

20

materials at the mold surfaces creates rough surfaces such as
exposed fillers, voids and porosity. Processing difficulties

25 arise when producing thin, large parts. The quick
solidification of the melt combined with limited flowability
of the materials makes it difficult to achieve melt flow over
a large area. The use of multiple gates for large and/or
complex mold cavities produces weld lines, which are

30 unsightly and weak. Another important issué in injection
moldiqg 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

h\
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Figureg 2 shows a sectional side view of the present

_ I nvention using
-hot nold inserts to heat the nol d.

sectional side view of the present i nventjo ﬁé§@ﬁ¢W heat i ng
to heat the nold. 20 Figure 4 shows i ew of the
pr esent i nvention using induction heating

Fi gure 5A shows a sectional side view of the ifon using a
first enbodi ment of radio frequency heat i 25 :
Fi gure 5B shows a sectional side view of the n using a

second enbodi ment of radio ) . )
refractive indices. The dimensional stability and uniformity

of the refractive index are critically required for high
quality optical parts.

An approach to improve the surface quality of

S plastic parts produced by compression molding and blow
molding has been disclosed in the above mentioned
applications Serial No. 07/435,639 and 07/435, 640,
respectively. These applications generally disclose molding
structure in which an insulating layer is disposed on the

10

mold core and a thin skin Iayer is disposed on the insulating

layer. Due to the insulation, the skin layer retains heat

during the molding operation, thereby avoiding the surface

irregularities created by rapid surface cooling. Thus, these

devices provide a smooth surface while maintaining a

15 relatively short cycle time. Similarly, U.S. Patent No.
4,225,109 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

20 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

25 may occur at the interface between the insulation layer and
the mold core and/or the interface of the skin layer and the
underlying 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

30 differences in thé coefficient of thermal expansion (CTE) of

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

v
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frequency heating to heat the nold. -
-Description of the

Referring now to the drawi ngs were |ike
el enents throughout, Figure 1 shows a
present invention. Wile the

metal layers and a higher CTE than the core which is usually
an iron or aluminum alloy.

*
“

Summary of the Invenption
Accordingly, it is an object of the present
invention to provide an insulated multilayered injection
molding apparatus in which the various layers are resistant
to delamination.
More specifically, it is an object of the present
invention to provide an insulated molding apparatus in which

10 the insulating layer has a varying density to provide strong

adhesion to the adjacent layers.
In addition, it is an object of the present

invention to provide the molding apparatus with a variety of
active heating elements.

15 These and other objects are accomplished in the

present invention by providing a multilayered mold having a
core, an insulating layer bonded to the core, and a hard skin
layer bonded to the insﬁlating layer. The insulating layer
is produced in such a manner so as to have a density
20 variation across its thickness wherein the surface regions of
the insulating layer are relatively dense and the center
region of said insulating layer is relatively porous or
coarse. In a preferred embodiment, the insulating layer is
made from the same material as the-adjacent layers. Since
25 the same material is used throughout, the problems of poor
adhesion and differing coefficient of thermal expansion are
minimized. The insulating layer derives its insulation
properties from the porous nature of the center region.

' The mold may be heated passively by the hot,
injected resin, or the ﬁold apparatus can be provided with
active heating means such as a resistive heating element, an
inductive heating element, or a radio frequency heating

30
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system. Another alternative is that the mold can be heated

with removable hot inserts.

Other objects and advantages of the present
invention will become apparent upon reading the following
detailed description and the appended claims and upon
reference to the accompanying drawings.

The subject matter which is regarded as the
invention is particularly pointed out and distinctly claimed
in the concluding portion of the specification. The
invention, however, may be best understood by reference to
the following description taken in conjunction with thé
accompanying drawing figures in which:

Figure 1 shows a sectional side view of the present
invention.

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

Figure 3 shows a sectional side view of the present
invention using resistive heating to heat the mold.

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

Figure SA shows a sectional 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.

Detailed T ipti £ ¢}
Iovention

Referring now to the drawings were like numerals
indicate like elements throughout, Figure 1 shows a

multilayered mold 10 of the present invention. While the

This Sheet Has Been Replaced




attrihutes of the present invention are applicable
-nol di ng, an injection nolding apparatus: is I 11 us
THe nold 10 conprises two core hal ves 12 situat ef=in
relationship so as to forma 5 nold cavity 14 th
t hermopl astic resin 11 is I njected forpgm a souf
nold cavity 14 via a sprue 16 and a gate 18.
-made of a material with a relatively high th
as iron, steel, stainless steel, alum numalloy @

20 for recel ving, 3,590] 80, UL AG REOULESS are aBoh 08aSPI S ALY
reduce cycle Tine. therma _
types of molding, an injection molding apparatus is
illustrated in the drawings. -The mold 10 comprises two core
halves 12 situated in opposing relationship so as to form a

S 'mold cavity 14 therebetween. Hot thermoplastic resin 11 is

injected from a source (not shown) into the mold cavity 14
via a sprue 16 and a gate 18. The mold halves 12 are made of
a material with a relatively high thermal conductivity such
as iron, steel, stainless steel, aluminum alloy or brass.
10 Cooling lines 20 for receiving a cooling fluid are provided
in the core halves to reduce cycle time. A thermal
insulating layer 22 is disposed on each of the core halves
12. The thermal insulating layer 22 is.ideally made from a
low thermally conductive material such as high temperature
15 thermoplastics, thermosets, plastic composites, porous
metals, ceramics and low-conductivity metal alloys. Other
low thermally conductive materials used for insulation can
also be employed.
Depending on the type of insulating material
20 selected, the insuiating layer is often not sufficiently
strong 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
25 surface finish. The skin layer 24 must be made from a
material 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,

»

30 aluminum, brass, copper, ceramics, glass, quartz, plastcs and

plastic composites. Metal alloys with a low thermal

expansion coefficient, such as Invar ferronickel, can also be
used.

-
[
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i nsul ating |layer 22 is disposed on each of the core halv
thermal insulating layer 22 is ideally nmade froma I
conductive material such as high tenperature 15 thernopl=a
t hernosets, plastic conposites, porous netals, cera
| ow- conductivity netal alloys. O her ‘Iom1thernal|y C
used for insulation can - al so be enpl oyed.
the type of insulating material 20 selected, the insul atdngl3a\
not sufficiently strong enough to mnthstand t he nol di ng process
cannot produce t he TedesveecbmurthaceoquahipsobliEmepréf de ymigabaen skin

between the insulating layer 22 and its adjacent layers, the
present invention preferably uses an insulating layer made
from the same material as the core and the skin

v
THIS SHEET -fril?\ & 5o - ’:

layer and
S having a density variation across its thickness. More
specifically, the insulating layer 22 has a low density in
the center region and a high density at each of the two
surface regions. When the same material is used for each-
layer throughout the mold structure, the insulation
10

properties of the insulating layer are due to the low density
center region. That is, the center region has a lower
thermal conductivity because of its porous nature. Also,
because of the sameness of materials, the coefficient of
thermal expansion (CTE) of the insulating layer will closely
15 match the CTE of the adjacent core and skin layers. With the
CTE of the adjacent layers closely matched, the potential of
delamination is greatly reduced. Ceramic or metal materials

are used when using the same material-throughout the mold
structure.

20 An insulating layer having a density variation

across its thickness can be made by deposition of ceramics or
metals using such deposition techniques as chemical vapor
deposition, electroplating, and metal spraying, such as RF
sputtering, electron beam deposition and plasma spraying.

25 The low density area can be created by providing air bubbles
or adding low density fillers such as hollow glass spheres,
ceramics, metal oxides, bentonites, silica and the like in
the center region.' '

In operation, as the hot thermoplastic resin 11 is

30 injected into the mold cavity 14, heat from-the resin is
absorbed by the skin layer 24. The insulating layer 22 not
only prevents quick cooling of the resin but causes the skin
_1a}er to reheat. This results in a hot plastic surface for a

This Sheet Has Been Rep
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| ayer 24 is optionally applied over the insulating |aye

t.a._protect

the insulating |layer and to provide the desired 25 sur aMﬂSEHEE$@ASé@BN
sKin layer 24 nust be nmade from a mat eri al whi ch exhi bi tREMBREIHNI Ca
strength and abrasion resi stance. The skin |ayer s e
reasonably hi gh thermal conductivity. The skin | gye A B e
fabricated from carbon steel, stainless steel, nickel, ﬂ@BLéCbWENUMHEEﬁ%s
copper, ceramcs, glass, quartz, pl astcs ant ~ pla- C COQPEHL&B Metlal
alloys with a | ow t hernal expansi on coefficient, [|sHER

ferronickel, can also be used.

short time period. The hard skin layer provides the desired

surface quality to the finished part.
Passive heating of the hot thermoplastic need not
be solely relied on. As seen in Figures 2-5B, alternative
5 forms of heating may be utilized. Figure 2 shows hot mold
inserts 26 which are used instead of skin layers in the mold
10a. The mold inserts 26 are first heated in a heating
device 28 and are then inserted into the mold cavity just

prior to injection of the molten resin 11. The thin mold

10 inserts are insulated by the insulating layer 22 and provide
a hot mold surface for a short time. This technique has the
advantage of prdviding a hot mold surface from external heat
and reducing cycle time because the core halves: 12 can be

. maintained at a lower temperature than in conventional molds.

15

A mold 10b having electric resistive heating of the
molding surface is shown in Figure 3. The heating is
achieved by a resistive heating elenment 30 which is disposed
between each insulating layer 22 and the respective skin
layer 24. A therﬁoelectric device 32 is disposed between the
20 core halves 12 and the respective insulating layers 22 to
provide fast cooling, thereby reducing cycle time. 1In Figure
4, a mold 10c using induction heating is shown. An inductive
coil 33 is encapsulated within the iﬁsulating layer 22. To
be compatible with the inductive coil, the insulating layer

25 is selected from a nonconductive insulating material. The
coil 33 is preferably wound with a stranded copper wire and
is 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

30 heating efficiency than nonmagnetic materials when subjected

to induction heating. - In operation, the induction coils

produce eddy currents in the skin layers 24, thereby heating
the skin layers. '
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Figures SA and 5B show two embodiments using

different forms of dielectric heating. In Figure 5A, a mold

10d is provided with a pair of electrodes 34 which are
disposed'between the respective core halves 12 and insulating
layers 22. As with the previous embodiments, a skin layer 24
is bonded to eachlinsulating layer 22 to impart a textured
surface and protect the insulating layer. The skin layer of
this embodiment comprises a material sensitive to radio
frequency magnetic fields such as metals or ceramics
containing radio frequency activators to increase the loss
factor of the ceramic. The insulating layer 22 should be
made from a material having a low loss factor such as
plastics, plastic composites and ceramics. A loss factor is
an indicator of the relative rates of heating for different
materials 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 electrodes. The
field heats the RF sensitive skin layers 24 and the resin 11
in the mdld cavity. On the other hand, the temperature of
the electrodes 34 is not significantly increased, thereby
keeping cycle time short.

The mold 10e shown in Figure SB employs diélectric
heating but Qithout using separate electrodes. Instead,
current conducting skin layers 24' which act as electrodes
are used. The skin layer/electrodes 24' are connected to the
high frequency power source 36. In operation, a high
frequency field which heats the resin 11 in the mold cavity

. is created between the skin layers when the power source is

activated. The skin layers are not heated directly but
rather are heated by the hot resin.
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To overcone the conmon probl em of del ami nation ~between the insulating
~layer 22 and its adjacent |ayers, the presen entlon preferably uses
an insulating | ayer made fromthe sane mater he o g t he skin
| ayer and 5 having a density variation across
specifically, the insulating |ayer 22 has a | ow=d
region and a high density at each of the two

same nmaterial is used for each- | ayer {hnough' YFOCtlur e
i nsul ation

The foregoing has described an improved insulated
molding apparatus which prdduces smooth parts with low
residual stress while avoiding the problem of layer
delamination. The invention is compatible with passive as

S well as active heating of the mold surface. Existing molding
apparatuses can be adapted to incorporate the featurses of the
present invention without great effort or expense.

While specific embodiments of the present invention
have been described, it will be apparent to those skilled in

10 the art that various modifications thereto can be made
without departing from the spirit and scope of the invention
as defined in the appended claims. For instance, while the
invention has been described in an ihjection molding
apparatus, the varying density insulating layer could be

15 applied to other types of molding devices such as blow
molding and compression molding.
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- lllllll U llll




10 propertles of the insul atlng | ayer are due to the |ow density
t her mal

center region. That is, the cent'er region has a | ower

conducti vi tynﬂ ous nature. Also,
saneness of mmﬁlm“ I"}N Iumh i ci ent of t her

the. |nsulat|ng*1a3¢er'-vmhl glosely 15 match the C

C ore
and skin layers. Wth the CTE of the adjacent ,—=--~~"""‘""— V. 1mi ¢hed
t he potential of del am nation is greatlly +educad REPBAGRMENS t'a
materials - are used when using the sanme material|lthrou h’r Uﬁt mErm d
structure. 20 An insul ating | ayer havi ng Detede varl ton

WHAT IS CLAIMED IS:

1. A multilayered mold for molding thermoplastic
material into finished parts comprising:

a core having a surface with the general contour of
the part to be molded; and
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 density 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 sald 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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across-its thickness can be nmade by deposition of ceramcs or
usi ng such depQSLL+eﬂ~%ecﬁﬁTa’es as chem cal vapor deposi tion,

el ectroplating, and ng, such as RF sputtering, electron
beam deposi ti on\n ing. 25 The |ow dens
i

netal s

created by prov | es or addi ng | ow densii$ HEET bagsseell as
hol | ow gl ass spheres ceram' cs, netal oxides, bdntoni REPLAgED ca af]d
the like in the center region. - m Tl T O ot

hot thermoplastic resin 11 is 30 injected +nto thellnSFA-AGKNENT SHEER ol
fromthe resinis absorbed by the skin | ayer 24 he ifhgu | alyer
{rom the. dhe . T3 '

10. A multilayered mold for injection molding
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 injected 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 laver.

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

5 center region of said insulating layer has a relatively low
densxty. ' )

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.

i4. -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 ?onded thereto,
and said means for heating comprises an electrode disposed

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

15. The multllayered mold of claim 10 wherein said

: core comprises two core halves, each’ of -said core halves’
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onIy prevents gtick——couolTng of the resin but causes the skin | ayer to

-

-13 -

having an insulating layer and a skin layer bonded thereto.,
and said means for heating comprises a high frequency power

Source conrected to the respective skin layer of each of said
core halves.
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8 short time period. The hard skin layer provides the desired
surface quality to the finished part. Passi ve heating of the

hot thernopl astic need not be solely relied on. As- seen in Figures

2-5B, alternative 5 fornms of heating nay be utilized. Figure 2 shows hot
nol d

THIS SHEET Hag BEEN
REPLACED

TS 1996

Y
..........................

Abstract of the Disclosure

A multilayered insulated mold stfucture is
provided. An insulation layer provided on

cores retains heat at the molding surface,

10 . surface quality of the finished part. The
has a varying density across its thickness
low density center region and high density

each of the mold
thereby increasing
insulating layer
SO as to have a

surface regions.
By having a relatively low density, the center region of the

insulating layer has a low thermal conductivety. Thus, the
insﬁlating layer may be made from the same material as the
core and.still'have an acceptable insulatiﬁg value.
of the same material for adjacent layers reduces the
potential of delamination of the layers.

i5
The use

The multilayered
mold is compatible with passive or active heating of the
20 molding surface.

Figure 1

_¥;H“;*““-¥—~—-____ﬁ
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inserts 26 which are used instead of skin layers in the nold | Ca. The
nol d inserts 26 are first heated in a heating, . device 28 and are then
inserted into the nold cavity just prior to injection of the nolten
resin 11. The thin nold 10 inserts are insulated by thg=asulating |ayer
22 and provide a hot nold surface for a short tine. ﬂhm§sp e
“the advant age of providing a hot nold surface fromjexter
-and reducing cycle tinme because the core halves 12 can De
a lower tenperature than in conventlon?/ gmolds. 15 :
having el ectric resistive heating of t nmol di ng. s
Figure 3. The heating is

W -l e
v %// .

Fte. /
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achi eved by a resistive heating el enment 30 which is disposed bet ween

each insulating layer 22 and the respective skin | ayer 24. A

t hernoel ectric device 32 is disposed between the 20{fcore tarv

respective insulating |ayers 22 to provi de fas“ Bﬂéﬁfggf 'ﬁ%?@%ﬁ‘
reducing cycle time. In Figure 4, a nold | Oc udi heatj{ ng
I s shown. An inductive coil 33 is encapsul ated t.ha |nsuTat|ng

coil 33 is preferably wound with a stranded copper
connected to an AC power supply (not shown). The skim

.........................

| ayer 22. To be compatible with thesaductive IHEPLkbEM
I ayer 25_ is selected froma nonconductive insul ati 3 ‘?lAUG
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| ayer .24 conprises a current carrying material that is preferably
magnétic. Magnetic material s. have a higher 30 heatlng efficiency than

ndnmagnetic materials when subjected . to inducti
operation, the induction coils produce eddy cur ripitss SREEhEASKHERN
| ayers 24, thereby heating t he skin |ayers. REPLACED
REPLACEMENT SHEET
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REPLACEIVENT SHEET 9

Fi gures 5A and 5B show two enbodi nents using different forns of

diel ectric heating. In Figure 5A, a nold | 0d is provided with a pair of
el ectrodes 34 which are ' :
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diépoged betﬁé%;-the respective core halves 12 and insulating 5 |ayérs 22.

As.with the previous enbodinents, a skin |ayer 24 I s bonded to each

insulating |ayer 22 to inpart a textured surfac

insul ating |ayer. The skin |ayer of " this enbodi
material sensitive to radio frequehcy magnetic
cerami cs 10 .containing radio frequency activators o}
factor of the cerami.c. The insulating |ayer 22 shoul— o

REPLACEMERE SHEET

obie AT LS oo

material having a low loss factor such as pl astics, plastic conposites

and ceram cs. A 10ss faghonriiverrodubPfll HhiicAling NER®! @4 Ve rates of
heating for different

SURFACE MOLDING IN A SHORT CYCLE
IINME

Cross References to Related
Applications

This application is related to the following co-
pending 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.
07/175,078, filed March 30, 1988 and now abandoned;
“Apparatus for Blow Molding Parts with Smooth 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
Making", Serial No.07/437,051, filed November 15, 1989;
"Method and Apparatus for Molding Plastics on Hot Surfaces
Using Induction Heating", Serial No. 07/486,345, filed
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 Moldihg Plastics on Hot Surfaces
Using bielectric Heating", Serial No. 07/486,491, filed
February 28, 1990 which is a continuation of Serial No.
07/253,513, filed October S, 1988 and now abandoned. All of

these related applications are assigned to the same assignee
as the present invention.
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Background of the Invention
This invention relates generally to moLding
thermoplastic materials and more particularly concerns a

multilayered mold structure having active heating means and
an improved insulating layer.
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15 matédrials at-the frequency to be enployed in the high
sfield of the sanme intensity. The el ectrodes are
frequency power source 36 using as high a
reduce the vol tage requirenents.
to the power source,
el ectrodes. The

frequency
connected to a high
frequency as practicable to
When the el ecf
a 20 high frequency field is ¢
field heats the RF sensitive $ki

. : _ _ It he
resin 11 inthe nold cavity. On the other hand] e TenNperarure o
the electrodes 34 is not significantly increased, thereby keepi ng
cycle time short. 25 The nold 10e shown_ in Fi%ure,SB'eanoys
dielectric Molding of thermoplastic resins is a promising

technique for producing a wide variety of plastic parts.

Depending on specific requirements, such plastic parts can be

made by any of a number of molding processes such as blow

molding, compression molding and injection molding. One

important requisite for the use of molded plastic parts,
particularly in large, exterior panel applications, is a

smooth surface quality. The surface of molded plastic parts

should be as smooth as that of current exterior parts made

10 from sheet metal. However, conventional molding of plastic

parts tends to produce various surface imperfections that
require labor intensive sanding and polishing operations to

correct. Injection molding of resins with fillers in the

| }
form of fibers or powders is particularly susceptible to such

15 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 thérmal
conductivity and thus allow the melt of thermoplastic resin
to cool -rapidly and shorten the moldiﬁg cycle time. However,
because of the rapid cooling, the injécted resin freezes

instantaneously at the mold surface.. The freezing of these

20

materials at the mold surfaces creates rough surfaces such as
exposed fillers, voids and porosity. Processing difficulties

25 arise when producing thin, large parts. The quick
solidification of the melt combined with limited flowability
of the materials makes it difficult to achieve melt flow over
a large area. . The use of multiple gates for large apd/or
complex mold cavities produces weld lines, which are

30. unsightly and weak. Another important issué in injection

. molding 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



heati ng but w thout using separate el ectrodes.

b _ _ | nst ead, current

sconducting skin layers 24' which act as el ectrodes are used. The skin

ggyer/electrodes 24' are connected to the hi gh_freguency power source
. In operation, a high 30 -frequencysfield whi Qﬁi 1in

the nmold cavity I's created between the skin p% erz &hﬂﬁr%ﬁéEE der

source is activated. The skin |ayers are nof 1 dck e uit

U Ce 1S heat oy, ahed: The skin Taye BiaL € O0Teqagpy |

refractive indices. The dimensional stability and uniformity

of the refractive index are critically required for high
quality optical parts. '

An approach to improve the surface quality of

S plastic parts produced by compression molding and blow
molding has been disclosed in. the above mentioned
applications Serial No. 07/435,639 and 07/435, 640,
respectively. These applications generally'disclose molding
structure in which an insulating layer is disposed on the

10

mold core and a thin skin layer is disposed on the insulating
layer. Due to the insulation, the skin layer retains heat
during the molding operation, thereby avoiding the surface
irregulérities created by rapid surface cooling. Thus,
devices prévide a smooth surface while maintaining a

15 relatively short cycle time. Similarly, U.S. Patent No.
4,225,109 to Yotsutsuji et al. discloses using a thermal

insulating layer in an injection molding apparatus. Patent
No.

these

4,225,109 discloses using an insulating layer comprising
a thermosetting resin, a hardener or curing agent and at

20 least one of an inorganic filler, a metal powder filler and a
fibrous filler. _

_ The present invention addresses a problem existing
in moldihg processes employing thermal insulation layers of
the type discussed above. 1In particular, layer delamination

25

may occur at the interface between the insulation layer and
the mold core and/or the interface of the skin layer and the °
underlying 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

30 differences in thé coefficient of thermal expansion (CTE) of
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

I3
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metal layers and a higher CTE than the core which is usually
an iron or aluminum alloy.

-

Summary of the Invention

Accordingly, it is-an object of the present
invention to provide an insulated multilayered injection

molding apparatus in which the various layers are resistant
to delamination.

More specifically, it is an object of the present
invention to provide an insulated'molding apparatus in which
the insuléting layer has a varying denSity to provide strong
adhesion to the adjacent layers.

In addition, it is an object of the present
invention to provide the molding .apparatus with a variety of
active heating elements.

_ These and other objects are accomplished in the
present invention by providing a multilayered mold having a

core, 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
region of said insulating layer is relatively porous or
coarse. In a preferred embodiment, the insulating layer is
made from the same material as the-adjacent layers. Since
the same material is used throﬁghout, the problems of poor
adhesion and differing coefficient of thermal expansion are
minimized. The insulating layer derives its inéula;ion
properties from the porous nature of the center region.

The mold may pq heated passively by the hot,
injected resin, or the mold apparatus can be provided with
active heating means such as a resistive heating element, an

inductive heating element, or a radio frequency heating



The f oregoi ng has described an i nproved i nsul ated nol di ng appar at us

sWhi ch produces snooth parts with | ow resi dual stress while avoiding the
probl em of | ayer del ami nation. The invention_is conpatible with pa55|ve
as 5 well as active heating of the nold surfac

apparatuses can be adapted to incorporate the f turesagvﬁgﬁ§“EET

resent
I nvention wi thout great effort or expense 4 QOMiNgE srecific
enbodi ments of the present invention 'Eﬁr1beﬁ""vt~ |l be

apparent to those skilled in 10 the art that varlous nmodi ficatrons thereto
can be nade system. Another alternative is that the mold can be heated

with removable hot inserts.
Other objects and advantages of the present
invention will become apparent upon reading the following
5 detailed description and the appended claims and upon
reference to the aécompanying.drawings.

Description of the Drawings

The subject matter which is regarded as the
invention is particularly pointed out and distinctly claimed

10 in the concluding portion of the specification. The"
invention, however, may be best understood by reference to
the following description taken in conjunction with the
accompanying drawinq figures'in which:

Figure 1 shows a sectional side view of the present

15 invention.

' Figure 2 shows a sectional side view of the present
invention using hot mold inserts to heat the mold.

Figure 3 shows a sectional side view of the present
invention using resistive heating to heat the mold.

20 Figure 4 shows a sectional side view of the present
invention using induction heating to heat the mold.

Figure SA shows a secéional side view of .the
present invention using'a first embodiment of radio frequency
heating to heat the mold. :

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

Detailed Description of <the
" Iayention

Refeéring now to the drawings were like numerals

30 indicate like elements throughout, Figure 1 shows a
multilayered mold 10 of the present invention. While the



Ny £ '
mﬁthout?departing fromthe spirit and scope of the invention

as defined
s;in the appended cl ai ns. For instance, whi-le the

I nventi on has been
described in an injection nolding apparatus, the varylng density
insulating |ayer could be 15 applied to other types, =0 = es
such as bl ow nol di ng and conpr essi onénol di ng.

attributes of the present invention are applicable to many

types of molding, an injection molding apparatus is

illustrated in the drawings. -The mold 10 comprises two core-

halves 12 situated in opposing relationship so as to form a

5 mold cavity 14 therebetween. Hot thermoplastic resin 11 is

injected from a source {(not shown) into the mold cavity 14
via a sprue 16 and a gate 18. The mold halves 12 are made of

a material with a relatively high thermal conductivity such

as iron, steel, stainless steel, aluminum alloy or brass.

Cooling lines 20 for receiving a cooling fluid are provided
in the core halves to reduce cycle time. A thermal

10

insulating layer 22 is disposed on each of the core halves
12. The thermal insulating layer 22 is ideally made from a
low thermally conductive material such as high temperature
thermoplastics, thermosets, plastic composites, porous
metals, ceramics and low-conductivity metal alloys. Other

low thermally conductive materials used for insulation can
also be employed.

15

Depending on the type of insulating material
selected, the insulating layer is often not sufficiently
strong 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
25 surface finish. The skin layer 24 must be made from a

20

ws

material 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,

30 aluminum, brass, copper, ceramics, glass, quartz, plastcs and

plastic composites. Metal alloys with a low thermal

expansion coefficient, such as Invar ferronickel, can also be
used. -
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To overcome the common problem of delamination
between the insulating layer 22 and its adjacent layers, the
present invention preferably uses an insulating layer made
from the same material as thé core and the skin layer and

having a density variation across its thickness. More

specifically, the insulating layer 22 has a low density in

the center region and a high density at each of the two

surface regions. When the same material is used for each

layer throughout the mold structure, the insulation

properties of the insulating layer are due to the low density

center region. That is, the center region has a lower

thermal conductivity because of its pbrous nature. Also,

because of the sameness of materials, the coefficient of

thermal expansion (CTE) of the insulating layer will closely

match the CTE of the adjacent core and skin layers. With the

CTE of the adjacent layers ciosely matched, the potential of

delamination is greatly reduced. Ceramic or metal materials

are used when using the same material throughout the mold
structure.

_ An insulating layer having a density variation
across its thickness can be made by deposition of ceramics or
metals using such deposition techniques as chemical vapor -~
deposition, 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

or adding low density fillers such as hollow glass spheres,
ceramics, metal oxides, bentonites, silica and the like in
the center region..

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

"absorbed 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



1. A nuétilayered nmol d for nolding thernoplastic

material into finished
,parts conpri sing:

a core having a surface with the. general

cont our of the part to be nolded; and 5 | ayer
bonded to said contoured surface of said core - lsﬁggr

cool i ng of t hernopl astic material pl &ed into t PR Sakﬁﬁl siul ati ng
| ayer being made of the same material as said cor@ and fdvleg 997 a fdlensity
vari ation wherein the surface regions of said 10 |li Ad6dridg-

relatively high density and the center region

Sald insulating | ayer
has a relatively | ow '

short time period. The hard skin layer provides the desired

surface quality to the finished part.

Passive heating of the hot thermoplastic need not

be solely relied on. As seen in Figures 2-5B, alternative

S forms of heating may be utilized. Figure 2 shows hot mold
inserts 26 which are used instead of skin layers in the mold
10a. The mold inserts 26 are first heated in a heating
device 28 and are then inserted into the mold cavity just
prior to injection of the molten resin 11. The thin mold

inserts are insulated by the insulating layer 22 and provide
a hot mold surface for a short time.

10

This technique has the
advantage of providing a hot mold surface from external heat .

and reducing cycle time because the core halves 12 can be
maintained at a lower temperature than in conventional molds.

A mold 10b having electric resistive heating of the
molding surface is shown in Figure 3. The heating is

15

achieved by a resistive heating element 30 which is disposed

between each insulating layer 22 and the respective skin

layer 24. A therﬁoelectric device 32 is disposed between the
20 core halves 12 and_ the respective insulating layers 22 to
provide fast cobling, thereby reducing cycle time. 1In Figure
4, a mold 10c using induction heating is shown. An inductive
coil 33 is encapsulated within the ihsulating layer 22, To
be compatible with the inductive coil, the insulating layer'
is selected from a ngnconductive_insulating material. The
coil 33 is preferably wound with a stranded copper wire and
is 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
to induction heating. In operation, the induction coils

produce eddy currents in ;hé skin layers 24, thereby heating
the skin layers.

- 25

30



dehsity.. 2. The nold of claim1l further conprising a skin
;I ayer bonded to said insulating layer, said skin |ayer being made of
the sane material as said insulating |ayer and ha ' and

'surface characteristics of the finished part. REPLACEMENBSHERE fiol d of
claim2 further conprising a heater 9 for

heat {|ng saj,d ; er
4. The nol d of claim3 wherein said heater ?F?é%i&hﬂggﬁgbi
heating el ement.

_ _ _ _ 5. The nold of claim3 wWhérelm sardad heat er
conprises an induction coil.

Figures'SA and SB show two embodiments using
different forms of dielectric heating.

In Figure 5A, a mold
10d is provided with a pair of electrodes 34 which are
disposed between the respective core halves 12 and insulating

5 layers 22. As with the previous embodiments, a skin layer 24
is bonded to each insulating layer 22 to impart a textured
surface and protect the insulating layer. The skin layer of

this embodiment comprises a material sensitive to radio .

frequency magnetic fields such as metals or ceramics

10 containing radio frequency activators to increase the loss
factor of the ceramic. The insulating layer 22 should be
made from a material having a low loss factor such as
plastics, plastic composites and ceramics. A loss factor is
an indicator of the relative rates of heating for different

15

materials 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

20 high frequency field is created between the electrodes. The
field heats the RF sensitive skin layers 24 and the resin 11
in the mold cavity. On tle other hand, the temperature of

the electrodes 34 is not significantly -increased, thereby
keepihg cycle time short. _
25 The mold 10e shown in Figure SB employs dielectric
'-heating but without using separate electrodes. Instead,
current conducting skin layers 24' which act as electrodes
are used. The skin layer/electrodes 24' are connected to the
high frequency power source 36. In operation, a high
30 frequency field which heats the resin 11 in the mold cavity
is created between the skin layers when the power source is
activated. The skin layers are not heated directly but
rather are heated by the hot resin.



6: Thé nold of claim3 wherein said heater conprises a radio

frequency heating system 7. The nold of claim1l wherein
said insulating | ayer is nade of a ceramic material.

8. The nold of claim1 wherein said insulating | ayer is nade of a

metallic material . 9. 10e nol d of Sl l1e | ow
density center region of said insulating |ay erﬁkia%g:%'dgg?as 'ITI 18
selected fromthe group consisting of hollow gl agjs her ceflam cs,
met al oxi des, bentonites, and silica. Dﬁt@%f?}m’m

The foregoing has described an improved insulated
' molding apparatus which prdduces smooth parts with low
residual stte;s while avoiding the problem of layer
delamination. The invention is compatible with passive as

5 well as active heating of the mold surface. Existing molding

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

While specific embodiments of the present invention

have been described, it will be apparent to those skilled in

10 the art that various modifications thereto can be made
without departing from the spirit and scope of the invention
as defined in the appended claims. For instance, while the
invention has been described in an injection molding
apparatus, the varying density insulating layer could be

15

applied to other types of molding devices such as blow
molding and compression molding.
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WHAT IS CLAIMED 1IS:

1. A multilayered mold for molding thermoplastic

material into finished parts comprising:

a core having a surface with the general contour of
the part to be molded; and

an insulating layer bonded to said contoured
surface of said core for slowing ihitial 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
insulating layer have a relatively high density 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 Qhereih said heater
comprises a resistive heating element.

S. The mold of claim 3 wherein sald 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.



10. A nugtilayered nol d _f I nj ection nol di ng preheat ed thernopl astic
nateriZL%LQ%Q/LanﬁﬂﬁTTEjis conpri si ng. a core having a
surfac ' t he ge ontour of 5 the part to be nol ded;
an insul ati¢ ‘@Q to the contoured surface of said core for
sl owi ng’ |‘(\\\\\“1 of thernopl astic '
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10. A multilayered mold for injection molding

preheated thermoplastic material into finished parts
comprising:

a core having a surface with the general contour of
S the part to be molded;
an insulating layer bonded to the contoured surface

of said core for slowing initial cooling of thermoplastic
material injected into the mold;

a skin layer bonded to said insulating layer and
having the contour and surface characteristics of the
finished part; and

10

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 insulating layer have a relatively high density and the
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 iayer 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 heatihg comprises an electrode disposed
between each of said core halves and the respective
insulating layers and a high ‘frequency pbwer source connected
to said electrodes.

15. The multilayered mold of claim 10 wherein said
core comprises two core halves, each of said core halves



mat eri al inj ected into the nold; a skin layer bonded to said
. i nsul at mg—tayer —and 10 navi ng the contour and surface characteristics of

t he - fi means for heating said skin |ayer
di sposed Jiﬂu“ core and said skin layer. 11. The
mul til ay I a+ m 10 wherein sasd i nsul at

the sane material as said core and has a density va?ﬁ%ﬁ%@r%@%

surface regi ons of said insulating | ayer have a r¢g z)a%\f qien5|
and the 5 center region of said insulating |ayer ha % ver |

having an insulating layer and a skin layer bonded thereto,
and said means for heating comprises a high frequency power

S source connected to the respective skin layer of each of.said
core halves.



density.? ‘ 12. ‘The multilayered nold of claim1l0 wherein said
‘means for heating conprises a resistive heating el enent

di sposed
bet ween said insulating |ayer and said skin | ayer. 13. The
mul tilayered nold of claim10 wherein said nmeans for heatlng conpri ses
an inductive coil encapsul ated wi t hi pasai d i nsul 3

14. The nultilayered nold of claim 10 wherein said .
core hal ves, each of said core hal ves ~ having_an'

skin | ayer bonded thereto, and said neans for he~
el ectrode di sposed

Abstract of the Disclosure

A multilayered insulated mold structure is
provided. An insulation layer provided on each of the mold
cores retains heat at the molding surface, thereby increasing

10 surface quality of the finished part. The insulating layer
has a varying density across its thickness so as to have a
low density center region and high dehsity surface regions.
By having a relatively low density, the center region of the
insulating layer has a low thermal conductivety. Thus, the

15 insulating layer may be made from the same material as the
core and still have an acceptable inSulatidé value. The use
of the same material for adjacent layers reduces the
potential of delamination of the layers. The multilayered

mold is compatible with passive or active heating of the
20 molding surface. '

Figure 1



5 " between each of said core halves and the respective I nsul ati ng
_layers 'and a high frequency power source connected to said el ectrodes.

15.- The multilayered nold of claim 10 wherein said core conprises two
core halves, each of said core hal ves ' '

REPLACEMENT SHEET

i Date 24ﬂCT1996 ------

1/4

L e - s .-!"-

N R .

Fre. |



13

2/4

T ReEPLACEMENT SHEET

—

&l
T....,,. _dw
o b
i
- i
o
ol
a8

e f R

[oa

1L

/.
7878

r

Th

Prrrrisssrss

SIPPTIP T A

| L

eeneneesene]

4 | 77777777700 E\\\\\\\ﬁ

2L

N / " / = / p S N

N NN N N\ 74
¢ 77T TL TI77720 N 2 ¢ S 777777777 7277777 L~
v s /8 ) T

; /

7 |

N .,

Fl&. 2o



haJing an insulating |ayer and a skin | ayer bonded thereto, and said
.means for heating conprises a high frequency power 5 source connected to

the respective skin |layer of. each of said core hal vepre——me -
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