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MQLTILAYEREP MOLD 

SURFACE MOLPING IN A SHORT CYCLE 

TIME 

Cross References to Related 

Applic1tions 

.'~;:;}?·~;:,·~;~ ·. This application ~s related to. the following co­

::~/:'.;'.· pending applications: "Multilayer Composite Mold Structure 

~·~:,;':···.for Molding on Hot Surfaces", Serial No. 07/435, 639, filed 

:.~.• .. ::~:,.,.November 13, 198 9 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 of 

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 S, l988 and now abandoned; and 

"Method and Apparatus for Molding Plastics on Hot Surfaces 

20 Using Djelectric 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. 
25 

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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Molding of thermoplastic resins is ·a.·-·p-romising 

technique for producing a wide variety of plastic parts. 

d 1
·ng on specific requirements, such plastic oarts can be 

.. . . oepen . 
!~;):{:made by any of a number of molding processes such as blow 

·;;~'·:::< lding compression molding and injection molding. One :' Sl- ·mo , 
'fJ~~tl;f~lznportant requisite for the use of molded plastic parts, 

{~~:?:'>.·particularly in large, exterior panel applications, is a 

::if~; .. j>·smooth surface quality. The surface of molded plastic parts 

··~VT.: should be as smooth as that of current exterior parts made 

·~()\;:·· from sheet metal. However, conventional molding of plastic 

.~}~:;;;~.'.··;:.parts tends to produce various surface imperfections that 

·:'/,;(\>require labor intensive sanding and poli~hing operations to 

:,:Y-. • correct. Injection molding of resins with fillers in the_, 

form 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 

'20 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 

2~ arise when producing thin, large parts. The quick 

solidification of the melt combined with limited flowability 

ct the materials makes it difficult to achieve melt flow over 

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

30 
complex mold cavities produces weld lines, which are 

unsishtly and weak. Another important issue in injection 

snolding 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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i~~~~fractive indices. The dirnens~=---.:::;-::;::Ji uniformity 

\;:~~-<·~;;oof the refractive index are critically required for high 

~~:;:t'.°:' quality optical parts. 

$.;;:f:;~).·.~-·. An approach to improve the surface quality of 

~i'.~jt1:~plastic parts produced by compression molding and blow 

~1~'~'.f~!':· .. ·lding has been disclosed in the above mentioned 
·-/~!.'· .. '!',.l! ... ,\~ IDO 
~r/,;\~:l~-pplications Serial No. 07/435, 639 and 07/435, 640, 

·f':; $~~~·~espectively. These applications generally disclose molding 

.;J:;~:-¥:2,~tructure in which an insulating layer is disposed on the 

·~:j(;'·~-') mold core and a thin skin layer is disposed on the insulating 

~~%:--'.~;~\t1ayer. Due to the insulation, the skin layer retains heat 

.J<:<",.; during the molding operation, thereby avoiding the surface, 

irregularities created by rapid surface cooling. Thus, these 

:_:· ..... · .: ... ~ .. devices provide a smooth surface while maintaining a 
.~·. ·'· :--.. '•' .. : . : 

.:~s,>~elatively 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 harde~er or curing agent and at 

20 le~st one of an inorganic filler, a metal powder filler and a 

fibrous filler. 

-.~ : .. -; . 

The present invention addres~es a problem existing 

in molding processes employing thermal insulation layers of 

the type discussed above. In particular, layer delamination 

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 an~ due to the 

di!!erences 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 
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~~·~'~~~l la~:r: 1::~n:mh~~~:~. CTE than the core which is usually 
::'.i::,· .. ·:o. •n· iron 

ff ~!I:~:· Accordi~=~·~t :: a~h:bj~::e::i::. present 

~l':'.~'·.''!i(vention to provi~e an insulated rnultilayered injection 

:~: ... :·'.;.:·.o1dinq apparatus in which the various layers are resistant 
-~-._,/~:-~·:.... ·.. ' ' 

:~.t'.??·.to· delamination. 
§.:: .. <·'.--:<: More specifically, it is an object of the present 

~ti~i~~'_).;:. i~vention to provide an insulated molding apparatus in which 

io.fr;:tbe insulating layer has a varying density to provide strong 

'<;_, .. -~~t~dhesion 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 

ii-produced in such a rnahner 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 

sr.ade from the same material as the adjacent layers. Since 

the same material is used throughout, the problems of poor 

adhesion and differi~g coefficient of thermal expansion a=e 

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 mold apparatus can be p=ovided with 

active heating means such as a resistive heating element, an 

inductive heating element, or a radio frequency heating 
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·:.~:tein. Another alternative iS~"th~i'ili'e'.~~Ofa~dln be heated 

->:i/t1i~~~h removable hot .inserts. 
~·''\·:><-.:·· ·, Other obJects and advantages of the present 
~ .· .. -~~;~~jJ;.!. ~. J, 

~~-~-l~vention will become apparent upon reading the following 

~iailed description and the appended claims and upon 

;;~~ference to the accompanying drawings. 

l~~ttE·· pesci;:inUon of tho Drawing:• ·,.:ir.1··· .. · ~~V11\, The subject matter which is regarded as the 

:·.~~('.':lrivention is particularly pointed out and distinctly claimed 
. "-·.·~ ·.~·,"!"..".. • . io':~in· the concluding portion of the specification. The 

<f!> ':-'"''"°iil'l$i°l<.r" ·. . 
~~-...i-hG·'.1ht:1nvention, however, may be best understood by reference to 

*.;\';t\~~~the following description taken in conjunction with the ·' 

:f.r~~fi~\:'~ccompanying drawing figures in which: 

;~~~;~_~tff:~fi~ ·., Figure 1 shows a sectional side view of the present 

·:;· ·1' :,~~-.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 

)0 

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 SB shows a sectional side view of the 

present invention u~ing a second embodiment of radio 

frequency heating to heat the mold. 

Detailed pe::icription of the 

Inyention 

Referring now to the drawings were like numerals 

indicate like elements throughout, Figure 1 shows a 

~Ultilayered mold 10 of the present invention. While the 
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of the present. inve:n:eieff..::--a;:r~=-a-pp-1--i~-b.ble to many · tibutes 

. :ls, of molding, an injection molding apparatus is 

~-''titrated in the drawings. The mold 10 comprises two core 

?es 12 situated in opposing relationship so as to form a 

.~cavity 14 the.rebetween. Hot thermoplastic resin 11 is 

-~~ted from a source (not shown} into the mold cavity 14 

"~,.sprue 16 and a gate 18. The mold halves 12 are made of 

·{~rial with a relatively high thermal conductivity such 

-~'·-~on, steel, stainless steel, aluminum alloy or brass. 

-~lnq lines 20 for receiving a cooling fluid are provided 
·.• -~· 

. :he core halves to reduce cycle time. A thermal 
-- .w;. .. 
i\t''~::.iating layer 22 is disposed on each of the core halves 

'l:J ·;.r.r.,, ~--: • ,,. 
··f~!~~The thermal insulating layer 22 is ideally made from a 

....... ;f:}o.~ •. :·· 

·o;;rthermally conductive material such as high temperature 

,&ti~. ~~'fmoplastics, thermosets, plastic composites, porous 

:,.j~~,i.~tals, ceramics and low-conductivity metal alloys. Other 
J~:~~:;·z~:~~:J..~~·-~ . . . 
:·;~:~>:.:· ~r;'l'ow .. thermally conductive materials used for insulation can 

~:y:y.:~:~\iao be employed. 

_.;;:,.~~j'.;·:.·· Depending on the type of insulating material 

{ :~~elected, the insulating layer is often not sufficiently 
~~s~1~ ... ·(~: /;·.~~. . ... 
. /~i'''' · ltrong 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 

Jj iUrface finish. The skin layer 24 must be made from a 

.114terial which exhibits mechanical· strength and abrasion 
rosistance. 

hi9h thermal 
The skin layer should also have a reasonably 

conductivity. The skin layer 24 can be 

fabricated from carbon steel, stainless steel, nickel, 

JO •luminJm, brass, copper, ceramics, glass, quartz, plastcs and 

<·-' .. : . . ,_:. ~laatic composites. Metal alloys with a low thermal 

;~"~.<·}.:\··expansion coefficient, such as Invar ferronickel, can also be 
}:;;.- ~-· _.;.~.-.used. 
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To overcome the corruncfri--prooTem· of delamination 

the insulating layer 22 and its adjacent layers, the 

invention preferably uses an insulating layer made 

:.the same material as the core and the skin layer and 

: '*'q a density variation across its thickness. More 

clfically, the insulating layer 22 has a low density in 
.......... ~ ..... ~ 

:·:~~enter region and a high density at each of the two 

ibe regions. When the same material is used for each 

ei throughout the mold structure, the insulation 

·-~·--... ~~ties of the insulating layer are due to the low density ,,,._ 
3e~ region. That is, the center region has a lower 

tP""'• . ermal conductivity because of its porous nature. Also, 
t:e!.J!;:W. ~. 

•
0''cause of the sameness of materials, the coefficient of 

.. ,)!:·~~-~- •.: 

- ermal expansion (CTE) of the insulating layer will closely 

t'~h the CTE of the adjacent core and skin layers. With the 

' ·of the adjacent layers closely matched, the potential of 
... ~W"t-~~~ '··. 

elamination is greatly reduced. Ceramic or- metal materials ..... 
·js~f;aie_· _used when using the same material throughout the mold 
=-. ~ .. :-

.:;;;.;·:1t ru ct u re. 

~~f=::~~~:-
1 

An inst1lating layer having a density variation 

't:.··:a .. cross its thickness can be made by deposition of ceramics or 

:;-:~;;.t~:-~tals using such deposition techniques as chemical vapor 
j!\"~-;-···,"'-' . .--.'· 

:·, .·., d•positiQn, electroplating, and metal spraying, such as RF 

•puttering, electron beam deposition and plasma spraying. 

;;,~~_:;;,_. The low density area can be created by providing air bubbles 

_;,._:_; ··.:·· o: adding low density fillers such as hollow glass spheres, 
...... ~ ... -..... :· . 

. · c:oramics, metal oxides, bentonites, silica and the like in 

the center region. 

In operation, as the hot thermoplastic resin 11 is 

.. )0 injected into the mold cavity 14, heat from the resin is 

";;i:~~;~(:~~:. absorbed by the skin layer 24. The insulating layer 22 not 

'ff:.-:···-/: 0.nly Prevents quick coolinq of the resin but causes the skin 

-·l.4yer to reheat. This res~lts in a hot plastic surface for a 



RD-19,297 

itirne period. The hard skin layer provides the desired 

.~equality to the finished part. 

Passive heating of the hot thermoplastic need not 

on. As seen in Figures 2-SB, alternative 

may be utilized. Figure 2 shows hot mold 

j:ts 26 which are used instead of skin layers in the mold 

. ;li\:.The mold inserts 26 are first heated in a heating 

vt~e 28 and are then inserted into the mold cavity just 

~~to injection of the molten resin 11. The thin mold 
,,,,_ .. 
'irts are insulated by the insulating layer 22 and provide 

·~t mold surface for a short time. This technique has the 

-~~taqe of providing a hot mold surface from excernal heaf 

_d:'~"reducing cycle time because the core halves 12 can be 
~-.. ,. 
Nintained at a lower temperature than in conventional molds . 
.,.:'..)• 
~-~~= A mold lOb having electric resistive heating of the 

surface is shown in Figure 3. The heating is 

tichieved by a resistive heating element 30 which is disposed 

··,:)>etween each insulating layer 22 and the respective skin 
'·•·. 

: :layer 24. A thermoelectric device 32 is disposed between the 
:-,,!~,. 

~ .. ,.:~..,.~~ ... core halves 12 and the respective insulating layers 22 to 

-~~'.{.~:'.:::,T·:··prov~de fast cooling, thereby reducing cycle time. In Figure 

4, a mold lOc 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 layer 

ia selected from a nonconductive insulating material. The 

coil 33 is preferably wound with a stranded copper wire and 

ia 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 the skin layers 24, thereby heating 
the skin layers. 
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Figures SA and SB show two embodiments using 

forms of dielectric heating. In Figure SA, a mold f.ferent 
··~~~s provided with a pair of elect.rodes 34 which are 

· 
1
z\-sed between the respective core halves 12 and insulating 

... po 
·· :t.~;· 

5 
22 As with the previous embodiments, a skin layer 24 a er · 

.~·ended to each insulating layer 22 to impart a textured 

'ace and protect the insulating layer. The skin layer of 

f embodiment comprises a material sensitive to radio 

_'ijuency magnetic fields such as metals or ceramics 

.:.t,~ining radio frequency activators ·to increase the loss 

the ceramic. The insulating layer 22 should be 

a material having a low loss factor such as 

plastic composites and ceramics. A loss factor is 

,;;,\;'.J.ndicator of the relative rates of heating for different 
,;:,:~:::~ ~ 

~~terials at the frequency to be employed in the high 
i'.?.,,, . . 

f~equency field of the same intensity. The electrodes are 
··}'.' 

~\·'c£onnected to a high frequency power source 36 using as high a 

<;~1;_frequency as practicable to reduce the voltage requirements. 
-i:. 
}.When the electrodes 34 are connected to the power source, a 

t O~:T:h.t.9h frequency field is created between the electrodes. The 

/;J}field heats the RF sensitive skin layers 24 and the resin 11 
:· .·-:·· 

in the mold cavity. On the other hand, the temperature of 

the electrodes 34 is not significantly increased, thereby 

keeping cycle time short. 

The mold lOe 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 

hi9h frequency power source 36. In operation, a high 

trequency field which heats the resin 11 in the mold cavity 
ia created 

activated. 

rather are 

between the skin layers when the power source is 

The skin layers are not heated directly but 

heated by the hot resin. 

! 
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The foregoing has described an improved insulated 

~lding apparatus which produces smooth parts with low 

~sidual stress while avoiding the problem of layer 

The invention is compatible with passive as 

ell as active heating of the mold surface. Existing molding 

;~paratuses can ·be adapted to incorpo::r;ate the features of the 

::-resent invention without great effort or expense. 

While specific embodiments of the present invention 

been described, it will be apparent to those skilled in 

he art that various modifications thereto can be made 

~lthout departing from the spirit and scope of the invention 

"s defined in the appended claims. For instance, while the 

invention has been described in an injection molding 

~pparatus, the varying density insulating layer could be 

·.-~~~applied to other types of molding devices such as blow 

¥?·'r~:,..,lding and compression molding. 

·. ~:. 
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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 insul~ting 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 sur~ace regions of said 

10 insulating layer have a relatively hi~h 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 hea~ing 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 con?isting of hollow glass spheres, 

ceramics, metal oxides, bentonites, and silica. 
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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 

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 

5 

l 

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 d~nsity variation wherein the surface regions of 

said insulating layer have a relatively high density and the 

center region of said insulating layer has a rela~ively 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 sk~n 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 

Th' ilm 1m1r1r1il~ired 
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having an insulating layer anCf-::a:c::5kfii- -1-a·y-e-r b-otided thereto, 

and said means for heating comprises a high frequency power 

source connected to the respective skin layer of each of said 

core halves. 

-' 


