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Description

BACKGROUND OF THE INVENTION

Thi_s invention relates generally to extrusion com-
pounding of thermoplastic resin with reinforcing fib-

ers. More particularly, a multiple extruder apparatus

and process for producing a preform suitable for sub-
sequent use in a molding operation, such as compres-

-slon molding, is disclosed.

Compounding of both thermoplastic and thermo-
setting resins with reinforcing fibers in an extruder is
known in the prior art. However, the prior art com-
pounding apparatus and processes present problems
and disadvantages which are overcome by the partic-
ular, multiple extruder system disclosed herein.

In the known prior art compounding procedures,
the fibers and resins are normally introduced togeth-
er into a compounding extruder in a solid state. In
such a compounding operation, the fibers are broken
down into very short lengths, usually less than 0.25
cm (0.10 inches), duse to both the mechanical action
of the extruder screw on the fibers, and the presence
of thermoplastic resins in a high viscosity state when
the resin begins to melt. The fibers are thus present
in the extruder when the thermoplastic resin is being
initially transformed from a solid to aliquid state. Upon
first being converted from a solid to a liquid by a com-
bination of mechanical working and heat, thermo-
plastic resins have a relatively high viscosity, which
contributes to fiber breakage as the resins are inter-
mixed with the fibers in the extruder. U.S. Patent No.
4,422,992 discloses such a compounding extruder
apparatus and process. Aocordi_ng tothe disclosure of
that patent, a single, twin screw extruder is utilized for
both initially melting the polymer and for blending or
compounding. carbon fibers with the melted polymer.
In a first disclosed procedure, the polymer and rein-
forcing fibers are both introduced into the extruder to-
gether at a supply hopper. In a second embodiment
of that patent, a thermoplastic resin polymer is intro-
duced into afirst extruder zone where it Is melted, and
from which it is fed into a second extruder zone where
thefibers are introduced. This procedure has the dis-
advantage that the fibers are introduced downstream
of the thermoplastic resin input point in the com-
pounding exiruder. Thus, relatively cold fibers draw
heat out of the melted thermoplastic resin, thereby
raising the viscosity of the resin. The resulting, some-
what more viscous thermoplastic resin contributes to
fiber breakage during the extruding process. This
procedure has further disadvantages. The screw
speed desirable for melting the resin Is not necessar-
ily the screw speed which would be most effective for
compounding resin and fibers. Also, the relative vol-
umes of the resin and fibers must be closely control-
led in order to achieve the desired composite product;
and it is difficult to properly match the volumes of
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those two components when compounding ina single
screw of specific geometry. ' '

Applicant's U.S. Patent No's. Re. 32,772 and =~~~

4,312,917 disclose a method and apparatus respec-
tively for making a composite consisting of reinforcing
fibers embedded in a thermoplastic resin material.
The fiber-reinforced composite is formed by passing .
extruded plastic resin through a stationary die into
which continuous lengths of reinforcing fibers are in-
troduced in the presence of the heated, molten ther-
moplastic resin. The continuous length fibers are
pulled through the die, in which they pass over lobes
and are impregnated with the molten thermoplastic
resin to form an exiruded, plastic member having a
predetermined shape with fiber strands extending
continuously, and longitudinally therein. The extrud-
ed plastic member may be cut into short, pellet-size
lengths for use as a molding compound.

U.S. Patent No's. 4,393,020 and 4,500,595 dis-
close methods for manufacturing a fiber-reinforced
thermoplastic composite. However, both patents util-
ize conventional, batch processes for carrying outthe
step of forming the polymer-fiber composite wherein
the fibers are drawn through or dipped in a bath of the
molten, thermoplastic resin. In U.S. Patent No.
4,393,020 a process is disclosed in which the fibers
are preferably orlented in one direction in the resin-
fiber composite, and in both patents, the composite
may have relatively long fibers, and is used to mold
end products, as by injection molding.

Compression molding has certain advantages
over injection molding, one of which is‘the capability -
of producing moided parts with significantly longerre-
inforeing fibers. The presence of the long reinforcing
fibers creates plastic parts with improved mechanical
properties. The plastic raw materials utilized in com-
pression molding vary from sheet to bulk molding
compounds (a puttylike mixture) to pellets. The bulk
molding compound (BMC) and the pellet products are
usually first converted to a preform prior to molding,
but not always. The preform may be any desired
shape, such as a sheet or "log" type of member which
is Introduced into the chamber of the compression
mold. The molding compounds are made up of atleast
two components, including a reinforcing fiber, such as
glass or carbon, and a plastic resin. Various fillers and
additives, as well as colorants may be utilized in the
molding compound. The plastic resin can be either
thermosstting (requiring heat and pressure to in-
crease molecular weight to form a solid substance),
or thermoplastic (high molecular weight resins that
require heat for melting and cold for solidifying). The
vast majority of the compression molded parts today
are made with thermosetting resins. Thermoplastic
resins have some significant advantages over ther-
mosetting resins when used in the compression mold-
ing process. Faster molding cycles and greater tough-
ness in the molded articles are two of them. Thermo-



3 : EP 0 416 859 B1 4

plastics have only recently been applied to compres-

sion molding. Raw material suppliers offer thermo-
plastic products for compression moldlng in two
forms, sheets and pellets.

Thermosetting bulk molding compounds (TS-
BMC) are In the form of a puttylike substance. The
product is divided into chunks suitable in size for the
intended application. This can be done by hand or in
a commercially avallable machine that automatically
produces chunks (preforms) of the correct size. The
preform is placed into an open mold heated to the de-
sired temperature. The resin melts, flows, chemically
chain extends and cross links to a solid. The mold Iis
opened and the part is removed so that the cycle is
ready to be repeated. The mold is normally heated to
approximately 149C - 177C (300 - 350° F). Thermo-
setting pellets, granules, or powder can be weighed
and poured into an open mold heated to approximate-
ly the same temperature.

The foregoing molding methods show the inher-
ent disadvantages of compression molding with a
thermosetting resin product. In the mold, the resin
must first melt, then flow, and then increase in molec-
ular weight to a point where the product is a solid at
the mold temperature. The result is a long cycle time.

This long cycle time is costly to both the molder and

the end user. This inherent disadvantage makes
molding with the use of thermoplastics particularly
attractive. Thermoplastics need only be cooled in the
mold, resulting in substantial increases in productivi-
ty. .

Thermoplastic sheet molding compounds (TP-
SMC) are cut to sizes suitable for the intended appli-
cation. The sheet is placed in an oven, the resin is
melted, and the melted sheet is placed in an open
mold heated to approximately 38C - 93C (100 -
200°F).

This temperature is significantly lower than the
melting point of the thermoplastic resin. The moid is
closed rapidly, causing the resin to flow, filling the
mold cavity. The relatively cold temperature of the
mold causes the resin to harden rapidly. The mold is
opened and the part is removed, allowing the mold to
be recycled. Two limitations as to this method include
inconsistency in the sheet product, and the inability
to modify the composite formulation.

The foregoing limitations are eliminated in ther-
moplastic bulk molding compounds (TP-BMC). This
product is available in peliet form. The pellets are fed
into a commercially available machine that meits the
resin, mixes the product uniformly, and produces a
precisely measured preform. This hot preform is then
placed in the mold, pressed, cooled, and removed.

The part-to-part consistency is confrolled and addi-

tives can be added that will alterthe formulation of the
composite, as needed. This TP-BMC process is the
newest form of compression molding. Although it
eliminates the limitations of TP-SMC, it also creates
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- -geveral new process difficulties.

First of all, in order to produce high physical prop-.
erties [n the molded article, long reinforcing fibers
must be present. These long fibers are produced by
cutting the TP-BMC pellet to lengths of one to two in-
ches, typically. These long pellets are hard, rigid rods
that do not handle particularly well in automated
equipment. As the iong pellet enters the preformer, it
is often cut by the extruder screw flight as it passes
the feed opening, thereby reducing the desired fiber

length. Secondly, the long pellets cannot be dried in

conventional dryers. Only resins that are nonhygro-
scopic can be molded at this time in the TP-BMC
process. Some hygroscopic resins would make excel-
lent finished parts in compression molding. Further .
disadvantages are that the molder must pay the cost
of compounding the long fiber product into ‘pellet
form, as purchased by the molder, and multiple heat
histories on the molding pellets reduce the physical
properties of the finished part.

The foregoing problems and difficulties assoclat-
od with prior art compression molding techniques
would be eliminated if the molder could compound
the thermoplastic molding product in-house in spe-
cially designed equipment that is connected to the
preform-making equipment. The concept of in-house
compounding by the molder is not new. However, the
procedure is utilized primarily in the compression
molding of thermosetting plastics, i.e. TS-BMC. Such
compounding is'done In mixers unsuitable for thermo-

plastics. Some thermoplastic injection molders also

compound short fiber peliets in-house.

It Is an object of the present invention.to provide. .
an improved apparatus and process for compounding
long fiber (preferably 2.54cm (one inch) in length or
greater) with a thermoplastic resin in an extrusion
process.

According to the present invention there is pro-.
vided an apparatus according fo claim 1 for com-
pounding reinforcing fibers with a thermoplastic resin
comprising: a source of supply of thermoplastic resin
pellets; a resin extruder having an inlet for receiving
thermoplastic resin pellets from said source of sup-
ply, an outlet, and an elongated, rotatable extruding
screw extending between said inlet and said outlet;
pellet handling means for conveying thermoplastic
resin pellets from said source of supply thereof into
said resin extruder inlet, whereby thermoplastic resin
pellets are mechanically pumped by said resin extrud-
er screw from sald inlet to said outlet and are thereby
heated and melted; particularly characterized by a
compounding extruder comprising a single, continu-
ous straight barrel and an elongated, power screw ex-
tending therein betwesen an inlet end and a discharge

end of said barrel, said barrel having firstand second

inlet ports on said inlet end communicating with said
power screw, said second inlet port being continuous-
ly connected in fluid flow relation to said outiet of said
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resin extruder for receiving molten thermoplastic res-
in therefrom at a location along said elongated power
screw downstream from sald first inlet port, and be-
tween said first inlet port and said discharge end of
sald compounding extruder barrel, and said power
screw having substantially continuous thread means
atleast along the portion thereof with which said first
and second inlet ports communicate; a converging,
flow restricting passage at sald discharge end of said
barrel of substantially less diameter than the diame-
ter of sald barrel; and a source of supply of discrete,
predetermined lengths of reinforcing fibers connect-
ed to said first inlet port of said compounding extrud-
ef, and means for feeding said fibers into said first in-
let port, whereby said fibers are heated and mechan-
ically worked by said power screw and continuously
confined under pressure within said screw barrel by

" sald thread means before coming into mixing contact

with molten thermoplastic resin, and said fibers are
advanced by said thread means past said second in-
let port for thorough initial wetting by molten thermo-
plastic resin, and said fibers and said thermoplastic
resin intermix in said power screw to form a homoge-
neous, molten mass of thermoplastic resin having
discrets, discontinuous lengths of reinforcing fibers
randomly and homogeneously dispersed therein.
The object of the invention is realized by utilizing
two separate extruders comprising a first, resin ex-
truder and a second, compounding extruder. Dis-
crete, predetermined lengths of reinforcing fibers are
introduced into a first inlet port of the compounding
extruder from a suitable source of supply. Thermo-
plastic resin pellets introduced into the resin extruder
by pellet-handling apparatus are heated and melted

- therein, and forced under pressure into a second inlet

port of the compounding exfruder. The action of the

- power screw of the compounding extruder produces

as an extrudate a molten mass of thermoplastic resin
having discrete, discontinuous lengths of reinforcing
fibers randomly dispersed therein. The molder car-
ries out this procedure, after which the hot mixture is
fed directly into the preform-making equipment and
from there, directly into the compression mold, if de-
sired. '

As a result of the second inlet port being located
downstream of the first inlet port, the fibers will be
heated and mechanically worked by the power screw
of the compounding extruder before coming into mix-
ing contact with the molten, thermoplastic resin. This
enhances the penetration and coating of the fibers by
the thermoplastic resin and reduces fiber degrada-
tion at the moment of contact, which would otherwise
occur if the thermoplastic resin were in a more vis-
cous state.

A further, particularly beneficial aspect of the
compounding process and apparatus resides in the
weight-controlled supply of thermoplastic resin and
fibers to the compounding extruder. The aforesaid
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pellet-handling apparatus comprises weighing and
conveying apparatus which Is consfructed and ar-
ranged to feed thermoplastic resin pellets into the

resin extruder inlet at a predetermined weight rate. . .

Moreover, the reinforcing fibers are also introduced
from a supply source which is also weight-controlled
in order to carefully monitor and control the weight

rate at which the fibers are fed into the compounding ~

extruder. Such a supply source may preferably com-

prise packages of continuous fiber strands from which

the fibers are pulled and cut into deslréd, discrete
jengths. The weight-controlled supply of the thermo-
plastic resin and reinforcing fibers can be preferably
accomplished by loss-in-weight devices utilized in
combination with the supply sources of the resin pei-
lets and reinforeing fibers. By carefully controlling the .
raw material feeding system, the desired weight ratio
of the blended mixture of thermoplastic resin and
long reinforcing fibers can be achieved on a consis-
tentbasis. '

Said weighing and conveying apparatus for said
thermoplastic resin pellets advantageously compris-
es a conveyor supported on a feed scale for convey-
ing thermoplastic resin pellets to said infet of said res-
in extruder at a predetermined weight rate.

Advantageously, said source of supply of rein-
forcing fibers comprises continuous lengths of fibers
on supply means positioned on a feed scale to serve
as afiber source, and said means for feeding said fib-
ers comprises a pair of feed rollers rotating at a pre-
determined speed and positioned adjacent to said
supply means, and a movable cut-off knife, and a
feeder hopper positioned in fiber-receiving relation to
said feed rollers and having an outlet connected to
said first inlet port of said compounding extruder, .
whereby said feed rollers pull continuous lengths of
fibers from sald supply means and said cut-off knife
cuts the fibers to sald predetermined lengths, with -
the cut fibers being received in said feeder hopper;
from which they are conveyed into said first inlet port
of said compounding extruder.

Advantageously, a computer is connected in sig-
nal-receiving relation with said weighing apparatus
for said fibers and in signal generating and sending
relation with said feed rollers, said computer being
programmed to provide a predetermined input feed
rate of fibers, and said computer providing signals to
said feed rollers to adjust said predetermined speed
thereof in response to signals received by said com-
puter from said fiber-weighing apparatus indicating
the weight of fibres being fed from said source of sup-
ply. .
A preforming device for forming the extrudate
from said compounding extruder into a predeter-
mined size, weight and shape of preformed mass may
be connected in fluid-flow relation to said discharge
end of said compounding extruder. Advantageously,
said preforming device comprises an extruder having
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a power screw rotatably and reciprocally movable

therein, said preforming extruder having an outlet
chamber in which a measured volume of a preformed
mass of a homogeneous mixture of thermoplastic
resin and reinforcing fibers is produced in the shape

‘of an elongated biliet. Alternatively said preforming

device comprises a palr of rollers having an input side
and an output side and defining a nip, said input side
being in fluid-flow communication with said discharge
end of said compounding extruder to receive extru-
date therefrom, whereby the extrudate is formed as
a sheet-shaped preform by passing through said nip
between said rollers, and further including a cut-off
means adjacent the output side of said pair of rollers
to cut sheet preforms into desired lengths.

Advantageously shuttle means is positioned to
receive a preformed mass from said preforming de-
vice; and a compression-molding machine adjacent
to said shuttle means, said shuttie means being rever-
sibly movable betwsen said preforming device and
said compression-molding machine to receive pre-
forms from said preforming device and deliver them
to said compression-molding machine.

Said screw of said resin extruder and said power
screw of said compounding extruder may be of differ-
ent sizes and have different volume flow capacities.

Separate, power-drive means may be indepen-
dently, drivingly connected to said screw of said resin
extruder and to said power screw of said compound-
ing extruder for driving said screw and said power
screw at predetermined rotational speeds, whereby
said screw of said resin extruder and said power
screw of said compounding extruder can be indepen-
dently controlled.

The present invention further provides a process
gecording to claim 13 for compounding reinforcing fib-
ers with a thermoplastic resin in an apparatus com-
prising a resin extruder having a rotatable extruding
screw extending therein and a compounding extruder
having a barrel defining an inlet end and a discharge
end of said compounding extruder, and an elongated
power screw extending within said barrel between
said inlet end and said discharge end thereof, said
process comprising: '

rotatably driving said extruding screw and said

. power screw at predetermined speeds;

introducing discrete lengths of reinforcing fib-
ers into said compounding extruder at a firstinlet port
on said inlet end of said barrel, -and mechanically
working and heating said fibers while continuously
confined within said inlet end of said barrel by said
power screw;

directing thermoplasfic resin material into said
resin extruder and heating and melting said resin ma-
terial by the rotating action of said extruding screw to
form a fluid, molten mass of thermoplastic resin; and

feeding said molten thermoplastic resin in a
gg’ess’urlzed state from said resin extruder into said
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compounding extruder at a second inlet port on said
inlet end of sald barrel downstream from said first inlet
port between said first inlet port and said discharge
end of said barrel and moving the mechanically
worked and treated fibers by the power screw past
said second intet port, and thereby forming a homo-
geneous mixture of thermoplastic resin and discrete
lengths of reinforcing fibers in said compounding ex-
truder by the rotating action of said power screw, and
discharging the homogenous mixture from said dis-
charge end of the compounding extruder.

Sald reinforcing fibers may be introduced into
said compounding extruder in discrete lengths of at

least 2.54 cm (one inch). _
The process advantageously further includes

discharging said mixture of thermoplastic resin and .

fibers from said discharge end of said compounding
extruder into a preforming device as a molten mass
and forming said mixture into a preformed mass of
predetermined size and shape.

The aforesaid apparatus and process is prefer-

ably utilized in a compression-molding process

wherein the extrudate from the compounding extrud-
or is fed directly into a preformer. The preformer pro-

duces a compression-molding preform of desired -

weight which may be directly conveyed to the molding
cavity of a compression molding machine. Alterna-
tively, the compounding extrudate may be formed as
sheets suitable for subsequent use as a molding ma-
terial. . '
Embodiments of the invention will now be descri-

bed, by way of example, with reference to the accom- )

panying drawings, wherein:

Fig. 1 is a vertical, elevation view of an extruder

apparatus;

1; _
Fig. 3 is a fragmentary, top plan view of a portion
of the apparatus of Fig. 2, partially in section
view; .
Fig. 4 is a fragmentary, top plan view, partitially
in section, of a modified form of preformer in com-
bination with the compounding extruder of Figs.
1-3;and .
Fig. 5 is a fragmentary, side elevation view of a
modified form of sheet preformer shown in com-
bination with the compounding extruder of Figs.
1-3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to Figs. 1 - 3 of the drawings, ref-
erence numeral 1 generally indicates the extruding
apparatus for compounding reinforcing fibers with a
thermoplastic resin material. Such apparatus may be
utilized in combination with a compression-molding
machine as generally indicated by reference numeral

Fig. 2is a top, plan view of the apparatus of Fig.
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2. As s hereinafter set forth, a preform produced from

the molten extrudate discharged from the extruding
apparatus and comprising a mixture of thermoplastic
resin with reinforcing fibers may be conveyed to the
.molding machine 2 for molding an article of desired
-gize and shape. -

The extrusion apparatus is comprised of a resin
extruder 4, and a compounding extruder 8 connected
together in fluid flow relationship in a particularly ad-
vantageous manner as hereinafter described. The
resin extruder has connected to it a source of supply
of thermoplastic resin material, generally indicated by
reference numeral 6; and a source of supply of rein-

“fercing flbers indicated by reference numeral 10 is
connected to the compounding extruder.

The resin extruder 4 comprises an elongated, ro-
tatable mechanical screw 12 contained within the
barrel or housing 14 of resin extruder 4. Screw 12 ex-
tends lengthwise through barrel 14 between an inlet

~ port 16 and an outlet connection 18, as is best shown
inFig. 3. Asis also shown in Fig. 3, an electrical heater
20 may be utilized around the barrel 14 of extruder 4
to provide supplementary heat, in addition to that pro-
vided by the mechanical action of extruder screw 12,
to assist in melting thermoplastic resin pelists intro-
duced into extruder barrel 14 through inlet port 16.

As is indicated in Fig. 1, power screw 12 of ex-
truder 4 may be driven by a motor 22, the output shaft
of which may be connected to screw 12 by an appro-
priate power transmitting means 24, such as a belt
drive in a conventional manner. '

Thermoplastic resin is supplied to extruder 4,
preferably in pellet form from a drum or container 26.
Any of a variety of thermoplastic resin materials may
be utilized, among which by way of example, are in-
cluded polypropylene, polyethylene, various nylons,

‘polycarbonate, styrene, styreneacrylonitrile, acrylo-
nitrile butadiene styrene, polysulfone, polyurethane,
polyphenylenesulfide, acetal resins, polyesters, poly-
ester elastomers, such as DuPont HYTREL brand,
and various thermoplastic rubbers. A vacuum loader
'30 is connected to resin-peliet container 26 by way of
a vacuum pickup tube 28 and serves to draw resin
pellets from container 26 through tube 28 and to con-
vey them into a thermoplastic dryer 32. Dryer 32 is
of conventional design, and serves to dry the thermo-
plastic resin pellets to a desired level before they are
conveyed into resin extruder 4. The final conveying of
the pellets into extruder 4 is accomplished by way of
& feeder conveyer 36, for example, in belt form as
shown, and comprising a part of a loss-in-weight feed
scale assembly 34. Various types of pellet conveyors
may be used, including augers. All of the aforesaid
pellet supply apparatus comprises pellet-handling
means for conveying thermoplastic resin peliets from
supply drum 26 to extruder 4, the discharge of resin
pellets from belt conveyor 36 being directed into a fi-
nal supply hopper 38, as shown in Figs. 1 and 2. The
A
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bottom, discharge end of hopper 38 is connected to
inlet port 16 of extruder 4. The feeder/scale assembly
34 is initially programmed to deliver thermoplastic
resin pellets at a desired weight rate of flow into resin
extruder 4. The scale Is computer controlled.

Resin extruder 4 is mounted on a base plate 48, .
and its outlet connection or fitting 18 Is connected to
an adapter conduit 40 as shown in Figs. 2 and 3.
Adapter conduit 40 is connected in fluid-flow commu-
nication between outlet connection 18 on the dis- -
charge end of resin extruder 4 and an inlet fitting 42
provided on compounding extruder 8 on inlet end sec-
tion 8a. An internal flow passage 44 within adapter
condult 40 is positioned to recsive the extrudate dis-
charged through outlet connection 18 of extruder 4.
A similar, Internal flow passage 46 within inlet fitting
42 communicates with flow passage 44 of adapter
conduit 40 and has a discharge end 46a which serves
as an inlet port to the infet end 8a of compounding ex-
truder 8.

The mechanical action, including friction, gener-
ated by power screw 12 of resin extruder 4 on the
thermoplastic resin pellets, coupled with the heat
from supplemental heater 20, serves to melt the ther-
moplastic resin pellets within the barrel 14.of extruder
4. The thermoplastic resin thus leaves extruder 4
through its outlet connection 18 in the form of a mol-
ten mass in a fluid state, and is conveyed under the

pumping action of extruder screw 12 through adapter =~

conduit 40 into compounding extruder 8 through inlet
port 46a. ' g g
Compounding extruder 8 has a barrel or housing
50 within which is contained an elongated, power
screw 52 extending from inlet end 8a to outlet or dis-
charge end 8b of extruder 8. A supplemental electric
heater 54 may also be utilized as shown in-Fig. 3 in

embracing relation to the housing of compouindirigex- "~ ™ e

truder 8. .
Compounding extruder 8 is supported on a base
pad or plate 80, which also carries a drive motor 56
and power fransmiiting means 58 for providing rotary
power to extruder screw 52 of compounding extruder
8. As with resin extruder 4, the power transmitting
means 58 is contained within a housing as shown,
and Is connected to the output shaft of drive motor 56.
Such a power-transmitting means may take various
forms, including that of a conventional belt drive.
Compounding extruder 8 has a first inlet port 62
on inlet end 8a, which is positioned upstream of mol-
ten resin inlet port 46a with respect to the direction of
materlal flow through extruder 8, for reasons herein-

‘after set forth.

The source of supply 10 of reinforcing fibers is
connected to first inlet port 62. The source of supply
of reinforcing fibers may take various forms. It is only
essential that the reinforcing fibers be supplied to
compounding extruder 8 as discrete lengths of rein-
forcing fibers of a predetermined length, preferably in
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excess of one inch at a conu'dlled rate. For that pur-

pose, the supply source of reinforcing fibers may pre-
ferably comprise a pair of rolls 64 held within a pair of
dispensing containers or packages 66 as shown in
Figs. 1 and 2. The fiber supply rolls 64 and their con-
tainer 66 are positioned on a base plate 68 forming a
component of a loss-in-weight scale 70 indicated in
Fig. 1. Continuous lengths of reinforcing fibers 72
drawn from rolls 64 are guided between a pair of fric-
tion rollers 74 which serve to pull continuous lengths
of fibers from supply rolis 64. A cut-off roller 76 is pro-
vided with a plurality of cut off blades 78. These
blades serve to sever the continuous strands of fiber
72 at predetermined Intervals, so as to cut the rein-
forcing fiber to discrete, predetermined lengths. The
separate, discrete lengths of reinforcing flbers are di-
rected into hopper 82 of a cram feeder 80 having a
feed auger 84. As shown in Figs. 1 and 2, feed auger
84 is driven by a drive motor 86 having a gear reduc-
tion unit. Rotating auger 84 serves fo cram or force-
feed the discrete lengths of reinforcing fibers through
first inlet port 62 into the iniet end 8a of compounding
extruder 8.

As with the loss-in-weight scale 34 utilized for the
introduction of resin peliets into extruder 4, loss-in-
weight scale 70 is computer programmed so as to per-
mit the feeding of reinforcing fibers at a desired
weight rate through cram feeder 80 into inlet port 62
of compounding extruder 8. To that end, the rotational
speed of fiber feed rollers 74 is controlled by signals
received from the loss-in-weight scale 70. In this way,
rollers 74 rotate at a predetermined speed so as to
pull continuous fiber strands 72 from supply packages
66 at a desired speed for cutting into discrete lengths
by blades 78. A computer 75 is shown schematically

-In Fig. 1 for receiving weight feed signals from scales
34 and 70 and delivering feed control signals to reg-
ulate the spesd of conveyor 36 as well as the speed
of feed rollers 74. Computer 75 is initially programmed
to provide the predetermined formulation of resin and
fiber, e.g., 60% resin and 40% fiber by weight in the
extrudate, as well as to control the desired total
weight input of fiber and resin in pounds per time in-
terval. .

Within compounding extruder 8, the molten ther-
moplastic resin and the discrete lengths of reinforcing
fibers are mixed and compounded intimately in order
to form a homogeneous mass. The molten mass of

- thermoplastic resin having discrete, discontinuous
lengths of reinforcing fibers randomly dispersed
therein is formed in the barrel 50 of compounding ex-
truder 8 by the mechanical action of power screw 52
and pumped to the discharge end 8b of extruder 8 by
screw 52 as extrudate. The fibers within the molten
extrudate discharged from compounding extruder 8
are preferably of a length greater than 2.54 cm (one
inch) to thus provide maximum mechanical strength
enhancement to articles which are molded from such
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extrudate. The extrudate discharged from output end
8b of extruder 8 may preferably be directed into a pre-
forming device for forming the molten mixture of ther-
moplastic resin and reinforcing fibers into a predeter-
mined size and shape to be used as a preform in
molding machine. '
Particular advantages and benefits are realized
by locating the inlet port 46a for the introduction of
molten thermoplastic resin into compounding extrud-
er 8 at a location along the length of power screw 52
which is downstream from the first Inlet port 62
through which reinforcing fibers are received. The
term downstream refers to the direction of fiber and _
molten thermoplastic resin flow through compound-
ing extruder 8 from its inletend 8a to Its discharge end

8b. As a result of this particular input arrangement for "

the molten mass of thermoplastic resin and the pre-
cut lengths of reinforcing fibers, the fibers will be .
heated and mechanically worked by power screw 52 .
along the inlet end 8a of extruder 8 before coming into
mixing contact with the molten thermoplastic resin.
As aresult, the penetration and coating of the individ-
ual filaments making up the strands or bundles of '
each length of fiber will be greatly enhanced. Also,
since the fibers will have been preheated along the

Inlet end of compounding extruder 8, they will not cool

the heated thermoplastic resin and increase its vis-

cosity. The higher the viscosity of the thermoplastic'

resin, the greater the propensity for degradation and
breaking up of the reinforcing flbers at the moment of -
contact. it is to be noted that the thermoplastic resin
is introduced as a molten mass from resin extruder 4
into compounding extruder 8 through port 46a at an -
elevated temperature which may be in a range gen-
erally between 204C and 371C (400°F. and 700°F.),
depending upon the particular thermoplastic resin
utilized.
As noted above, the extrudate mixture of moiten
thermoplastic resin and discrete lengths of reinforc-
ing fibers discharged from compounding extruder 8
may be directed into a preforming device, such a de-
vice being indicated generally by reference numeral
88 in Figs. 1, 2, and 3.
The preforming device may take various forms,
depending upon the particular type and shape of pre-

form desired for a molding operation. If a log or billet-

shaped preform is desired, of generally cylindrical
shape, an extruding preformer comprised of a barre!
or housing 90 and having a power screw 92 may be
utilized. Such an extruder is provided with a drive unit
94 comprising a motor and a power transmission
means for providing rotary power to screw 92 as well
as reciprocal movement. An external heater 96 may
also be utilized around the outside of preform extrud-
er housing 90. An adapter fitting 98 formed with a
converging internal passage 100, is preferably util-
ized to force the homogeneous mixture of molten
thermoplastic resin and long, chopped reinforcing fib- .
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ers into a side port 102 of preformer extruder housing

90. Adapter 98 is connected as shown between the
outlet or discharge end 8b of barrel 50 of compound-
ing extruder 8 and side Port 102 of preformer extruder
housing 90. At the discharge end of extruder barre|
90, a preform chamber 104 is provideg, Preferably,
extruder screw 92 not only rotates, but is provided
with a drive arrangement which reciprocates it back
and forth along the length of extruder barre| 90, as

rods 118 by a reciprocating power cylinder 116, _
Thus, the preform molding materjal comprised of
a log or billet received from preformer 88 on shuttie

view an alternative form of a preforming device, The

within which a piston 124 js reciprocally mounted. A
side port 128 is provided in cylinder 122 to receive

i
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" @dapter fitting 98 of the same shape and configyra.

tion as shown and described above with respect to

end of cylinder 122, as shown, Thus, the extrudats
mixture of molten, fluid thermoplastic resin having

said extrudate is compressed against cut of knife 106
to form a preform molding charge of desired, cylindri-

sired length,
insome instances, it may be desirable to form the
extrudate of thermoplastic resip and reinforcing fib-
ers from compounding extruder 8 Info the shape of a _
sheet, Such a sheet product could be utllized for com-
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the use of a separate, resin heating and melting ex-
truder 4 in combination with the compounding extrud-
or 8, with the screws of the two extruders being in-
dependently driven, permits the screw speeds of the
two extruders to be controlled independently of one
another. The speed of the compounding extruder
screw 52 may well not be the same as. the speed of
the resin-melting extruder screw 12. The extruders 4
and 8 are also of different sizes with respect to their
internal diameters and lengths so that at maximum
output speeds, the extrudate from resin extruder 4,
together with the added fiber introduced through port
62 into compounding extruder 8 will match the output
rate of the compounding extruder 8.

The loss-in-weight scales 34 and 70, also known
as gravimetric weight scales, ensure that thermo-
plastic resin pellets and chopped fibers are consis-
tently and accurately supplied on a minute-to-minute
basis over extended periods of time. The raw material
feeding systems 6 and 10 are very important to the
operation of the entire system so as to establish and
maintain the proper blend of thermoplastic resin and
reinforcing fibers. Once the extrudate has been
formed from the compounding of the raw materials in
compounding extruder 8, further blending of the ex-
trudate is not possible.

The multiple extruder apparatus and method as
disclosed herein brings particular operating efficien-
cies and cost savings to molding operations requiring
a measured preform. The molder’s raw material costs
are significantly reduced, since he does not have to
pay for the cost of precompounded pellets or sheet.
The compounding takes place on the molding site as
a continuous operation integral to the molding proc-
ess. The system is also very flexible. The reinforcing
fiber content can be varied as desired by the initial

programming of the fiber feed system 10. Additives

can be provided to the thermoplastic resin system pri-
or to extrusion and various forms of reinforcement
can be run alone or muitiple reinforcements can be
run to form a hybrid composite. This system also pro-
vides flexibility with respect to muitiple sources of
supply of reinforcing fiber materials. The molder can
provide any particular fiber. supply desired in fiber-

supply packages 66, such as glass, carbon, etc. Hy- .

groscopic resins can be easily handled and dried, util-
izing the dryer 32 described above with respect to the
resin supply system 6. Also, the system keeps total
control of the process for compounding thermoplastic
resin materials and reinforcing fibers and making the
preform in the hands of the molder.

An embodiment of the invention advantageously
provides for the compounding of thermoplastic resin
with reinforcing fibers in a multiple extruder systemin
such a way as to produce measured preforms of a
predetermined size and shape consisting of discon-
tinuous lengths of reinforcing fibers randomly dis-
persed in thermoplastic resin.
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The embodiment further advantageously pro-
vides a blended mixture of thermoplastic resin with
reinforcing fiberd wherein the structural integrity of
the discrete fibers is maintained in lengths preferably
of 2.54 cm (one inch) or more.

Claims

1. Apparatus for compounding reinforcing. fibers
with a thermoplastic resin comprising: a source
of supply (6) of thermoplastic resin pellets; a resin
extruder (4) having an inlet (38) for receiving
thermoplastic resin pellets from said source of
supply, an outlet (18), and an elongated, rotatable
extruding screw (12) extending between said in-
let and said outlet; pellet handling means (34) for
conveying thermoplastic resin pellets from said
source of supply (6) thereof into said resin extrud-
er inlet (38), whereby thermoplastic resin pellets
are mechanically pumped by said resin extruder
screw (12) from said inlet to said ouflet and are
thereby heated and melted; particularly provided
with a compounding extruder (8) comprising a
single, continuous straight barrel and an slongat-
ed, power screw (52) extending therein between
an inlet end (8a) and a discharge end (8b) of said
barrel, said barrel (8a) having first and second in-
let ports (62, 46a) on said inlet end communicat-
ing with said power screw (52), said second inlet
port {(46a) being continuously connected in fluid
flow relation to said outlet (18) of said resin ex-
truder (4) for receiving molten thermoplastic res-
in therefrom at a location along said elongated
power screw downstream from said first inlet port
(62), and between sald first inlet port (62) and
said discharge end (8b) of said compounding ex-
truder barrel, and said power screw (52) having
substantially continuous thread means at least
along the portion thereof with which said first and
second inlet ports (62,46a) communicate; a con-
verging, flow restricting passage (100) at said dis-
charge end (8b) of said barrel of substantially less
diameter than the diameter of said barrel; and a

. source of supply (10) of discrete, predetermined
lengths of reinforcing fibers connected to said
first inlet port (62) of said compounding extruder,

. and means (74). for feeding said fibers into said
first inlet port (62), whereby said fibers are heat-
ed and mechanically worked by said power screw
(52) and continuously confined under pressure
within said screw barrel by said thread means be-
fore coming into mixing contact with molten ther-
moplastic resin, and said fibers are advanced by
said thread means past said second inlet port
(46a) for thorough initial wetting by molten ther-
moplastic resin, and said fibers and said thermo-
plastic resin intermix in said power screw to form
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~ the use of a separats, resin heating and melting ex-
truder 4 in combination with the compounding extrud-
er 8, with the screws of the two extruders being in-
dependently driven, permits the screw speeds of the
two extruders to be controlled independently of one
another. The speed of the compounding extruder
screw 52 may well not be the same as the speed of
the resin-melting extruder screw 12. The extruders 4
and 8 are also of different sizes with respect to their
internal diameters and lengths so that at maximum
output speeds, the extrudate from resin extruder 4,
together with the added fiber introduced through port
62 into compounding extruder 8 will match the output
rate of the compounding extruder 8.

. The loss-in-weight scales 34 and 70, also known
as gravimetric weight scales, ensure that thermo-
plastic resin pellets and chopped fibers are consis-
tently and accurately supplied on a minute-to-minute
basis over extended periods of time. The raw material
feeding systems 6 and 10 are very important to the
operation of the entire system so as to establish and
maintain the proper blend of thermoplastic resin and
reinforcing fibers. Once the extrudate has been
formed from the compounding of the raw materials in
compounding extruder 8, further blending of the ex-
trudate is not possible.

The multiple extruder apparatus and method as
disclosed herein brings particular operating efficien-
cies and cost savings to molding operations requiring
a measured preform. The molder’s raw material costs
are significantly reduced, since he does not have to
pay for the cost of precompounded pellsts or sheet.
The compounding takes place on the maolding site as
a continuous operation integral to the molding proc-
ess. The system is also very flexible. The reinforcing
fiber coritent can be varied as desired by the initial
programming of the fiber feed system 10. Additives
can be provided to the thermoplastic resin system pri-
or to extrusion and various forms of reinforcement
can be run alone or multiple reinforcements can be
run to form a hybrid composite. This system also pro-
vides flexibility with respect to muitiple sources of
supply of reinforcing fiber materials. The molder can
provide any particular fiber supply desired in fiber-
supply packages 66, such as glass, carbon, etc, Hy-
groscopic resins can be easily handled and dried, util-
izing the dryer 32 described above with respect to the
resin supply system 6. Also, the system keeps tfotal
control of the process for compounding thermaplastic
resin materials and reinforcing fibers and making the
preform in the hands of the molder.

An embodiment of the invention advantageously
provides for the compounding of thermoplastic resin
with reinforcing fibers in amultiple extruder system in
such a way as to produce measured preforms of a
predetermined size and shape consisting of discon-
tinuous lengths of reinforcing fibers randomly dis-
persed in thermoplastic resin.
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vides a blended mixture of thermoplastic resin with
reinforcing fibers wherein the structural integrity of
the discrste fibers is maintained in lengths preferably
of 2.54 cm (one inch) or more.

Claims
1. Apparatus for compounding reinforcing fibers

with a thermoplastic resin comprising: a source
of supply (6) of thermoplastic resin pellets; a resin -

extruder (4) having an inlet (38) for receiving

thermoplastic resin pellets from said source of
supply, an outiet (18), and an elongated, rotatable
extruding screw (12) extending between said in-
let and said outlet; pellet handiing means {34) for
conveying thermoplastic resin pellets from said
source of supply (6) thereof into said resin extrud-
er inlet (38), whersby thermoplastic resin pellets

are mechanically pumped by said resin extruder

screw (12) from said inlet to said outlet and are
thereby heated and melted; particularly provided
with a compounding extruder (8) comprising a
single, continuous straight barrel and an elongat-
ed, power screw (52) extending therein between
an inlet end (8a) and a discharge end (8b) of said
barrel, said barrel (8a) having first and second in-
let ports (62, 46a) on said inlet end communicat- -
ing with said power screw (52), said second inlet
port (46a) being continuously connected in fluid
flow relation to said outlet (18) of said resin ex-
truder (4) for receiving molten thermoplastic res-
in therefrom at a location along said elongated
power screw downstream from said first inlet port
{62), and between said first inlet port (62) and
said discharge end (8b) of said compouriding ex-
truder barrel, and said power screw (52) having
substantially continuous thread means at least
along the portion thereof with which said first and
second inlet ports (62,46a) communicate; a con-
verging, flow restricting passage (100) at said dis-
charge end (8b) of said barrel of substantially less
diameter than the diameter of said barrel; and a
source of supply (10) of discrete, predetermined
lengths of reinforcing fibers connected to said
first inlet port (62) of said compounding extruder,
and means (74) for feeding said fibers into said
first inlet port (62), whereby said fibers are heat-
ed and mechanically worked by said power screw
{52) and continuously confined under pressure
within said screw barrel by said thread means be-
fore coming into mixing contact with molten ther-
moplastic resin, and said fibers are advanced by
said thread means past said second inlet port -
(46a) for thorough initial wetting by molten ther-
moplastic resin, and said fibers and said thermo-
plastic resin intermix in said power screw to form

* c L ] S * .

The embodiment further advantageously pro-
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a homogeneous, molten mass of thermoplastic
resin having discrete, discontinuous lengths of
reinforcing fibers randomly and homogeneously
dispersed therein.

Apparatus as defined in claim 1 wherein: said
thermoplastic resin pellet handling means com-
prises weighing and conveying apparatus posi-
tioned to receive thermoplastic resin pellets from
said source of supply thereof and to feed thermo-
plastic resin pellets into said resin extruder inlet
at a predetermined welght rate; and said means
for feeding said fibers into said first inlet port of
said compounding extruder comprises weighing
apparatus on which fibers are received and
weighed and conveying apparatus positioned ad-
jacent to said weighing apparatus to feed discrete
lengths of reinforcing fibers Into said first inlet
port of said compounding extruder at a predeter-
mined weight rate.

Apparatus as defined in claim 2 wherein: said
weighing apparatus for said thermoplastic resin
pellets and said weighing apparatus for said rein-
. foreing fibers each comprises a loss-in-weight
feed scale. '

Apparatus as defined in claim 2 or claim 3 where--

in: said weighing and conveying apparatus for
said thermoplastic resin pellets comprises a con-
veyor supported on a feed scale for conveying
thermoplastic resin pellets to said inlet of said
resin extruder at a predetermined weight rate.

Apparatus as defined in any one of the preceding
claims wherein: sald source of supply of reinforc-
ing fibers comprises continuous lengths of fibers
on supply means positioned on a feed scale to
serve as a fiber source, and said means for feed-
ing said fibers comprises a pair of feed rollers ro-
tating at a predetermined spsed and positioned
adjacent to said supply means, and a movable
cut-off knife, and a feeder hopper positioned in
fiber-receiving relation to said feed rollers and
having an outiet connected to said first inlet port
of said compounding extruder, whereby said feed
rollers pull continuous lenths of fibers from said
supply means and said cut-off knife cuts the fib-
ers to said predetermined lengths, with the cut
fibers being received in said feeder hopper, from
which they are conveyed into said first inlet port
of said compounding extruder.

. Apparatus as defined in claim 5 when dependent
on claim 2 wherein: a computer is connected in
signal-receiving relation with said weighing appa-
ratus for said fibers and in signal generating and
sending relation with said feed roliers, said com-
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puter being programmed to provide a predeter-
mined input feed rate of fibers, and said computer
providing signals to said feed rollers to adjust said
predetermined speed thereof in response to sig-
nals received by said computer from sald fiber-
weighing apparatus indicating the weight of fib-
ers being fed from said source of supply.

Apparatus as defined in any one of the preceding
claims wherein: a preforming device for forming
the exirudate from said compounding extruder
into a predetermined size, weight and shape of
preformed mass is connected in fluid-flow rela-
tion to said discharge end of said compounding
extruder.

Apparatus as defined .in claim 7 wherein: said
preforming device comprises an extruder having
a power screw rotatably and reciprocally movabie
therein, said preforming extruder having an out-
let chamber in which a measured volume of a pre-
formed mass of a homageneous mixture of ther-
moplastic resin and reinforcing fibers is produced
in the shape of an elongated billet.

Apparatus as defined in claim 7 wherein: said

preforming device comprises a pair of roilers hav-
ing an input side and an output side and defining
a nip, said input side being in fluid-flow commu-
nication with said discharge end of said com-
pounding extruder to receive extrudate there-
form, whereby the extrudate is formed as a
sheet-shaped preform by passing through said
nip between said rollers, and further including a
cut-off means adjacent the output side of said
pair of rollers to cut sheet preforms into desired
lengths. '

Apparatus as defined in any one of claims 7 to 9
wherein: shutile means is positioned to receive a
preformed mass from said preforming device;
and a compression-molding machine adjacent to
said shuttie means, said shuttle means being re-
versibly movable between said preforming de-
vice and said compression-molding machine to
receive preforms from said preforming device
and deliver them to said compression-molding
machine.

Apparatus as defined in any one of the preceding
claims wherein: said screw of said resin extruder -
and said power screw of said compounding ex-
truder are of different sizes and have different
volume flow capacities.

Apparatus as defined in any one of the preceding
claims wherein: separate, power-drive means are
independently, drivingly connected to said screw
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of said resin extruder and to said power screw of
said compounding extruder for driving said screw
and said power screw at predetermined rotational
speeds, whereby said screw of said resin extrud-
er and said power screw of said compounding ex-
truder can be independently controlled.

A process for compounding reinforcing fibers
with a thermoplastic resin in .an apparatus com-
prising a resin extruder (4) having a rotatable ex-
truding screw (12) extending therein and a com-
pounding extruder (8) having a barrel defining an
inlet end (8a) and a discharge end (86) of said
compounding extruder, and an elongated power
screw (62) extending within said barrel between
sald inlet end (8a) and said discharge end (8b)
thereof, said process comprising:

rotatably driving said extruding screw (12)
and said power screw (52) at predetermined

' gpeeds;

introducing discrete lengths of reinforcing
fibers into said compounding extruder (8) at a
first inlet port (62) on said inlet end (8a) of said
barrel, and mechanically working and heating
said fibers while continuously confined within
sald inlet end of said barrel by said power screw;

directing thermoplastic resin material into
said resin extruder (4) and heating and meiting
said resin material by the rotating action of said
extruding screw (12) to form a fluid, molten mass
of thermoplastic resin; and ,

feeding said molten thermoplastic resin in
a pressurized state from sald resin extruder (4)
into saild compounding extruder (8) at a second
inlet port (46a) on said inlet end (8) of said barrel
downstream from sald first inlet port (62) be-
tween said first inlet port (62) and said discharge
end (8b) of said barrel and moving the mechani-
cally worked and treated fibers by the power
screw past said second inlet port (46a), and
thereby forming a homogeneous mixture of ther-
moplastic resin and discrete lengths of reinforc-
ing fibers in said compounding extruder by the ro-
tating action of sald power screw (52), and dis-
charging the homogeneous mixture from said dis-

.charge end (8b) of the compounding extruder.

14. The process of claim 13 wherein: said reinforcing

fibers are infroduced into said compounding ex-
truder in discrete lengths of at least 2.54cm (one
inch).

15. The process of claim 13 or claim 14, and further

including: discharging said mixture of thermo-
plastic resin and fibres from said discharge end
of said compounding extruder into a preforming

. device as a molten mass and forming said mix-

ture into a preformed mass of predetermined size
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and shape.

Patentanspriiche

1.

Vorrichtung filr das Mischen von Verstarkungs-
fasern mit einem thermoplastischen Harz, um-
fassend: eine Speisequelle (6) von Pellets ther-
moplastischen Harzes; einen Harzextruder (4)
mit einem EinlaB (38) fiir die Aufnahme von Pel-

lets thermoplastischen Harzes von der Speise-

quelle; einen Ausiaf (18) und einer langgestreck-
ten drehbaren Extrudierschnecke (12), die sich
zwischen dem EinlaB und dem Auslaf erstreckt;

Pellet-Handhabungsmittel (34) fur die Oberfiih- -

rung von Pellets thermoplastischen Harzes von
der Speisequelle (6) derselben in den Einla® (38)
des Harzextruders, wodurch Pellets thermopla-
stischen Harzes mechanisch mittels der Harzex-
truderschnecke (12) von dem Einla® zu dem Aus-
laR gepumpt werden und dadurch erhitzt und auf-
geschmolzen werden; im einzelnen versehen mit
einem Mischextruder (8), umfassend einen einzi-

gen kontinulerlichen geraden Laufund eine lang- - - -

gestreckte Leistungsschnecke (52), die sich dar-

in zwischen einem Einlalende (8a) und einem.

Austragende (8b) des Laufs erstreckt, welcher
Lauf (8a) eine erste EinlaRoffnung und eine zwel-

te EinlaBffnung (62, 46a) an dem EinlaRende

aufweist in Kommunikation mit der Leistungs-

schnecke (52), wobei die zweite EinlaBSffnung
(46a) kontinuierlich in Fluidstrémungsbeziehung

verbunden ist mit dem AuslaB (18) des Harzex-
truders (4) fiir dis Aufnahme von aufgeschmolze-
nem thermoplastischem Harz von diesem an ei-
ner Stelle langs der langgestreckten Leistungs-
strecke stromabwirts der ersten EinlaR8ffnung
(62), und zwischen der ersten EinlaB3ffnung (62)
und dem Austragsende (8b) des Mischexiruder-
laufes, wobel die Leistungsschnecke (52) im we-
sentlichen kontinuierliche Gewindegiinge auf-
weist zumindest |&ngs des Abschnitts derselben,
mit welchem die erste und die zweite EinlaB5ff-
nung (62, 46a) kommunizieren; eine konvergie-
rende, strdmungsdrosseinde Passage (100) an
dem Austragende (8b) des Laufes von wesentlich
kleinerem Durchmesser als dem Durchmesser
des Laufes; und eine Speisequslie (10) von dis-
kreten vorbestimmten L&ngen von Verstérkungs-
fasern, verbunden mit der ersten EinlaRdffnung
{62) des Mischextruders, und Mittel (74) fiir das
Zufiihren der Fasern-in die erste EinlaB&ffnung
(62), wodurch die Fasern erhitzt und mechanisch
bearbeitet werden durch die Leistungsschnecke
{52) und kontinuierlich unter Druck innerhalb des
Schneckenlaufes durch die Gewindemittel einge-

schlossen sind, bevor sie in Mischkontakt mit

dem aufgeschmolzenen thermoplastischen Harz

o I
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- gelangen, und wodurch die Fasern durch die Ge-
windegénge hinter die zweite EinlaRdffnung
(46a) gefdrdert werden fiir griindliche anféngli-
che Befeuchtung durch aufgeschmolzenes ther-
moplastisches Harz, und wodurch die Fasern
und das thermoplastische Harz in der Lelstungs-
schnecke durchmischt werden zur Bildung einer
homogenen geschmolzenen Masse von thermo-
plastischem Harz mit diskreten diskontinulerli-
chen L&ngen von Verstérkungsfasern, die darin
zuféllig und homogen dispergiertsind.

Vorrichtung nach Anspruch 1, bei welcher die
Handhabungsmittel flir Pellets thermoplasti-
schen Harzes Wage- und F8rdervorrichtungen
umfassen, positionlert zur Aufnahme von Pellets
thermoplastischen Harzes von der Speisequelle
derselben und zum Zufiihren von Pellets thermo-
plastischen Harzes in den HarzextrudereinlaR
mit einer vorbestimmten Gewichtsrate; und bei
welcher die Mittel fiir das Zufiihren von Fasern in
die erste EinlaBaffnung des Mischextruders Wi-
gevorrichtungen umfassen, auf denen Fasern
aufgenommen und gewogen werden, und Fér-
dervorrichtungen, positioniert nahe der Wége-
vorrichtung zum Zufiihren diskreter L&ngen von
Verstérkungsfasern in die erste EinlaBdffnung
des Mischextruders mit einer vorbestimmten Ge-
wichtsrate.

Vorrichtung nach Anspruch 2, bei der die Wégevor-
richtung fiir die Pellets thermoplastischen Harzes
und die Wégevorrichtung fiir die Verstéirkungsfa-
sern joweils eine Gewichtsverlustférderwaage
umfassen.

Vorrichtung nach Anspruch 2 oder Anspruch 3,
bei der die Wége- und F8rdervorrichtung fiir die
Pellets thermoplastischen Harzes einen Forde-
rer umfassen, der auf einer Zufuhrwaage abge-
stiitzt ist fir das FSrdern von Pellets thermopla-
stischen Harzes zu dem EinlaR des Harzextru-
ders mit einer vorbestimmten Gewichtsrate.

Vorrichtung nach einem der vorangehenden An-
spriche, bei der die Speisequelle fiir Verstér-
kungsfasern kontinuierliche Langen von Fasern
auf Zufuhrmitteln umfait, positioniert auf einer
Forderwaage, um als Faserquelle zu dienen, und
die Mittel fiir das Zufilhren der Fasern ein Paar
von Forderwalzen umfassen, die mit vorbestimm-
ter Drehzahl laufen und positioniert sind nahe
den Zufuhrmitteln, sowie ein bewegliches Ab-
trennmesser, und einen Zufuhrtrichter, der in fa-
seraufnehmender Bezishung mit den Zufuhrwal-
zen positioniert ist und mit einem Ausla mit der
ersten EinlaBdffnung des Mischextruders ver-
bunden ist, wodurch die Zufuhrwalzen kontinu-
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ierliche Lén'gen' von Fasern von den Zufuhrmit-
teln abziehen und das Abtrennmesser die Fasern

in die vorbestimmten L&ngen schneidet, wobel

die geschnittenen Fasern in dem Zufuhrtrichter
aufgenommen werden, von welchem sie in die er-
ste EinlaBdffnung des Mischextruders gefSrdert
werden.

Vorrichtung nach Anspruch 5, sowsit von An-
spruch 2 abhéingig, bei der ein Rechner in signal-

empfangender Beziehung. mit der Wégevorrich-

tung fir die Fasern verbunden ist und in
Signalerzeugungs- und -ilbertragungsbezie-
hung mit den Zufuhrwalzen steht, welcher Rech-
ner programmiert ist zum Bereitstellen einer vor-
bestimmten Eingabezufuhrrate von Fasern, und

welcher Rechner Signale bereitstellt fiir die Zu-

fuhrwalzen zum Einstellen der vorbestimmten
Geschwindigkeit derselben in Reaktion auf Si-
gnale, empfangen durch den Rechner von der
Faserwégeeinrichtung, welche das Gewicht an
Fasern angibt, die von der Speisequelle zuge-
filhrt werden.

Vorrichtung nach einem der vorangehenden An-
spriiche, bei der eine Préformeinrichtung fiir die
Formung des Extrudats von dem Mischextruder
in eine vorbestimmte GrdRe, Gewicht und Form

der vorgeformten Masse in Fluidstrdmungsbezie-

hung verbunden ist mit dem Austragende des
Mischextruders. '

. Vorrichtung nach Anspruch 7, bel der die Pra-
formeinrichtung einen Extruder umfafit mit einer.
Leistungsschnecke, die drehbar und hin- und .
herbeweglich darin aufgenommen ist, welcher

Préformextruder eine AusiafRkammer aufweist,
in der ein bemessenes Volumen einer vorgeform-
ten Masse eines homogenen Gemisches von

thermoplastischem Harz und Verstdrkungsfa-

sern in Form elnes langgestreckten Kiotzes er-
zeugt wird.

. Vorrichtung nach Anspruch 7, bel der die Pri-

formeinrichtung ein Paar von Walzen umfait mit
einer Eingabeseite und einer Ausgabeseite unter
Begrenzung eines Walzspalts, wobei die Einga-
beseite in Fluidstrémungsverbindung steht mit
dem Austragende des Mischextruders zur Auf-
nahme von Extrudat von diesem, wodurch das
Extrudat als eine bahnférmige Vorform gebildet
wird mittels Durchlaufs durch den Walzspalt zwi-
schen den Walzen, und ferner umfassend eine
Abtrenneinrichtung nahe der Ausgabeseite des
Walzenpaares zum Schneiden der Vorformbahn
in gewiinschte Léngen. '

10. Vorrichtung nach einem der Anspriiche 7 bis 9,

.
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- spriiche, bei der getrennte Kraftantriebsmittel un-
- abh#ngig voneinander in Antriebsverbindung mit
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beli der ein Pendelmittel positibniert ist zum Auf-

nehmen einer vorgeformten Masse von der Pri-
formeinrichtung; und eine Druckformmaschine
nahe dem Pendelmittel, welches Pendelmittel re-
versibel beweglich Ist zwischen der Préformein-
richtung und der Kompressionsformmaschine

" zum Aufnehmen von Vorformlingen von der Pra-

formeinrichtung und Obergabe derselben zu der
Kompressionsformmaschine.

Vorrichtung nach einem der vorangehenden An-
spriche, bei der die Schnecke des Harzextru-
ders und die Leistungsschnecke des Mischextru-
ders von unterschledlichen Gréen sind und un-
terschiedliche  Volumenstrdmungskapazititen
besitzen.

Vorrichtung nach einem der vorangehenden An-

der Schnecke des Harzextruders und der Lei-

- stungsschnecke des Mischextruders stehen fir

18,

den Antrieb der Schnecke und der Leistungs-
schnecke mit vorbestimmten Drehzahlen, wo-
durch die Schnecke des Harzextruders und die
Leistungsschnecke des Mischextruders unab-
héngig voneinander steuerbar sind.

Ein Verfahren fir das Mischen von Verstéirkungs-

- fasern mit einem thermoplastischen Harz in ei-

ner Vorrichtung, umfassend einen Harzextruder
(4) mit einer drehbaren Extruderschnecke (12),

- die sich darin erstreckt, und mit einem Mischex-

truder (8) mit einem Lauf, der ein EinlaRende (8a)
und ein Austragende (86) des Mischextruders
aufweist, und einer langgestreckten Leistungs-

~ schnecke (52), die sich innerhalb des Laufs zwi-

schen dem EinlaRende (8a) und dem Austragen-
de (8b) desselben erstreckt, welches Verfahren
umfafit:

Drehantrieb der Extruderschnecke (12)
und der Leistungsschnecke (52) mit vorbestlmm—
ten Drehzahlen;

Einspelsen diskreter L&ngen von Verstar-
kungsfasern in den Mischextruder (8) an einer er-
sten EinlaRSffnung (62) an dem Einlafende (8a)
des Laufs und mechanisches Bearbeiten und Er-
hitzen der Fasern, wihrend sie kontinuierlich ein-
geschlossen sind innerhalb des EinlaBendes des
Laufs durch die Leistungsschnecke;

Einflihren von thermoplastischem Harz-
material in den Harzextruder (4) und Erhitzen
und Aufschmelzen des Harzmaterials durch die
Rotationswirkung der Extruderschnecke (12) zur
Bildung einer fluiden geschmolzenen Masse von
thermoplastischem Harz; und

Einspeisen des geschmolzenen thermo-
plastischen Harzes unter Druck aus dem Harz-
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extruder (4) in den Mischextruder (8) an einer =
zwelten EinlaB5ffnung (46a) an dem EinlaRende
{8) des Laufs stromab von der ersten EinlaR&ff-
nung (62) zwischen der ersten EinlaRdffnung
{62) und dem Austragende (8b) des Laufs, und
Bewegen der mechanisch bearbeiteten und be-
handelten Fasern durch die Leistungsschnecke
hinter die zweite EinlaBdffnung (46a), und da-
durch Bilden eines homogenen Gemisches von.
thermoplastischem Harz und diskreten Léngen
von Verstirkungsfasern in dem Mischextruder
durch die Rotationswirkung der Leistungs-
schnecke (52) sowle Austrag des homogenen
Gemisches von dem -Austragende (8b) des
Mischextruders.

14. Das Verfahren nach Anspruch 13, bei dem die
Verstérkungsfasern in den Mischextruder in dis-

kreten Langen von mindestens 2,54 cm (ein Zol) T

eingesetzt werden.

15. Das Verfahren nach Anspruch 13 oder Anspruch
14, ferner umfassend: Austrag des Gemisches
aus thermoplastischem Harz und- Fasern vom
Austragende des Mischextruders in eine Pré-
formeinrichtung als geschmolzene Masse und
Formen des Gemisches in eine vorgeformte .
-Masse vorbestimmter Gr6Re und Form.

Revendications

1.  Dispositif pour mélanger des fibres de renforta -
une résine thermoplastique, comprenant : une
source (6) d'alimentation de pastilles de résine
thermoplastique; une exirudeuse (4) pour extru-
der une résine possédant une entrée (38) servant
a recevoir des pastilles de résine thermoplasti-
que & partir de ladite source d'alimentation, une
sortie (18), et une vis rotative allongée d’extru-
sion (12) qui s'étend entre ladite entrée et ladite
sortie; des moyens (34) de manipulation des pas-
tilles servant a transporter des pastilles de résine
thermoplastique depuis ladite source (6) d'ali-
mentation en pastilles dans ladite entrée (38) de
I'extrudeuse servant a extruder la résine, ce qui
a pour effet que des pastilles de résine thermo-
plastique sont enfrainées par pompage mécani-
que par ladite vis (12) d’extrusion de larésinede-
puis ladite entrée 2 ladite sortie et sont de ce fait
chauffées et fondues; le dispositif étant notam-
ment équipé d'une extrudeuse de mélange (8)
comprenant un seul cylindre continu rectiligne et
une vis mécanique allongée (52) s'étendant entre
une extrémité d'entrée (8a) et une extrémité
d'évacuation (8b) dudit cylindre, ledit cylindre
(8a) comportant des premier et second orifices
d'entrée (62,46a) situés sur ladite extrémité d’en-
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trée et communiquant avec ladite vis mécanique

(52), ledit second orifice d'entrée (46a) étant rac-
cordé en continu, selon uneliaison fluidique, 4 la-
dite sortie (18) de ladite extrudeuse (4) servant
& extruder la résine de maniére & recevoir une ré-
sine thermoplastique fondue provenant de cette
extrudeuse, en un emplacement situé le long de

- ladite vis mécanique allongée, & partir dudit pre-

mier orifice d’entrée (62), et entre ledit premier
orifice d’entrée (62) et ladite extrémité d’évacua-
tion (8b) dudit cylindre de I'extrudeuse de mélan-
ge, ot ladite vis mécanique (52) possédant des
moyens en forme de filetage sensiblement conti-
nus au molins sur sa partie avec laquelle commu-
niquent lesdits premier et second orifices d'en-
trée (62,46a); un passage convergent (100), qui
limite I'écoulement, situé au niveau de ladite ex-
trémité d'évacuation (8b) dudit cylindre et possé-

- dant un diamétre nettement inférieur au diameétre

dudit cylindre; et une source (10) d'alimentation
de longueurs discrétes prédéterminées de fibres
de renfort, raccordée audit orifice d’entrée (62)
ladite extrudeuse de mélange, et des moyens
(74) pour introduire lesdites fibres dans ledit pre-
mier orifice d'entrée (62), ce qui a pour effet q
ue lesdites fibres sont chauffées et travaillées
mécaniquement par ladite vis mécanique (52) et
confinées en permanence sous pression dans le-
dit cylindre & vis par lesdits moyens en forme de
filetage avant de venir en contact, pour Fobten-
tion du mélange, avec la résine thermoplastique
fondue, st lesdits moyens en forme de filetage
font avancer les fibres au niveau dudit second ori-
fice d’entrée (46a) de manidre qu'elle subisse un
mouillage initial soigneux par une résine thermo-
plastique fondus, etiesdites fibres etladite résine
thermoplastique se mélangent dans ladite vis
mécanique de maniére & former une masse fon-
due homogéne de résine thermoplastique, dans
laquelle sont dispersées de fagon aléatoire et ho-
mogéne des longueurs discrétes discontinues de
fibres de renfort.

Dispositif selon la revendication 1, dans lequel :
lesdits moyens de manipulation de pastilles de
résine thermoplastique comprennent un disposi-

. tif de pesée et de transport disposé de maniére

& recevoir des pastilles de résine thermoplasti-
que délivrée par ladite source d'alimentation en
pastilles et & introduire des pastilles de résine
thermoplastique dans ladite enirée de 1'extru-
deuse servant & extruder la résine, & un débit
pondéral prédéterminé; et lesdits moyens ser-
vant & introduire lesdites fibres dans ledit premier
orifice d’entrée de ladite extrudeuse de mélange
comprennent un dispositif de pesée, sur lequel
les fibres sont regues et pesées, et un dispositif

de transport disposé au voisinage dudit dispositif
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de pesé'e.' ﬁaur anvoyer des longueurs discrétes
de fibres de renfort dans ledit premier orifice

" d’entrée de ladite extrudeuse de mélange, & un

débit pondéral prédéterminé.

Dispositif selon la revendication 2, dans Ieduel B

ledit dispositif de pesée desdites pastilles de ré- )

sine thermoplastique et ledit dispositif de pesée’
desdites fibres de renfort comprennent chacun
une bascule d"alimentation gravimétrique.

Dispositif selon la reveﬁdication 20u 3, dans le-

quel : ledit dispositif de pesée de transport des- - - -

dites pastlles de résine thermoplastique '
comprend un convoyeur supporté par une bascu-
le d’alimentation pour fransférer des pastilles de-
résine thermosplastique & ladite entrée de ladite
extrudeuse servant & extruder la résine, avec un
débit pondéral prédéterminé.

Dispositif selon 'une quelconque des revendica-
tions précédentes, dans lequel : ladite source
d’alimentation en fibres de renfort comprend des
longueurs continues de fibres sur des moyens
d’alimentation disposés surune échelle d’alimen-
tation de maniére & servir de source de fibres, et
lesdits moyens servant & faire avancer lesdites fi-
bres comprennent un couple de cylindres d'avan-
ce tournant & une vitesse prédéterminée et dis-
posés au voisinage desdits moyens d'alimenta-
tion, et un couteau de sectionnement mobile, et
une trémie d'alimentation disposée selon une re-

lation de réception des fibres par rapport auxdits

cylindres d’avance et comportant une sortie rac-
cordée audit premier orifice d'entrée de ladite ex-
trudeuse de mélange, ce qui a pour sffet que les- -
dits cylindres d’avance tirent des longueurs conti-

nues de fibres & partir desdits moyens d'alimen- =~~~

tation et ledit couteau de sectionnement coupe
les fibres auxdites longueurs prédéterminées,
les fibres découpées étant regues dans ladite tré-
mie d’alimentation, & partir de laquelle elles sont
envoyées audit premier orifice d'entrée de ladite
extrudeuse de mélange.

Dispositif selon la revendication 5, considérée
comme dépendante de la revendication 2, dans
lequel : un ordinateur est raccordé, de manidre &
recevoir des signaux, audit dispositif de pesée
desdites fibres et envoyer des signaux auxdits
cylindres d'avance, ledit ordinateur étant pro-
grammé de maniére & produire un débit d'alimen:
tation d’entrée préd.é'terminé en fibres, et ledit or-
dinateur envoyant des signaux auxdits cylindres
d’avance pour régler ladite vitesse prédétermi-
née des fibres en réponse & des signaux regus
par ledit ordinateur en provenance dudit dispositif
de pesée des fibres indiquant le poids des fibres
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qui sont délivrées par ladite source d’alimenta—

fion.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel : un dispositif de
préformage servant & amener le produit extrudé
délivré par ladite extrudeuse de mélange & avoir
une taille, un poids et une forme prédéterminés
d'une masse préformé et raccordé selon une liai-
son fluidique 2 ladite extrémité d'évacuation de
ladite extrudeuse de mélange.

Dispositif selon la revendication 7, dans lequel :
ledit dispositif de préformage comporte une ex-

trudeuse possédant une vis mécanique déplaga-

ble en rotation et en va-et-vient & I'intérieur de
l'extrudeuse; ladite extrudeuse de préformage
possédant une chambre de sortie dans laquelle
un volume mesuré d’'une masse préformée d'un
mélange homogéne d'une résine thermoplasti-
que et de fibres de renfort est produit sous la for-
me d'un lingot allongé.

Dispositif selon la revendication 7, dans lequel :
ledit dispositif de préformage comprend un cou-
ple de cylindres possédant un coté d'entrée et un
cOté de sortie et définissant un passage, ledit
cOté d'entrée étant en communication fluidique
avec ladite extrémité de refoulement de ladite ex-
trudeuse de mélange pour-recevoir le produit ex-

~ trudé de cette dernidre, le produit extrudé étant

mis sous la forme d'une préforme en forme de
feuille par passage dans ledit interstice entre les-
dits cylindres, et comprenant en outre des

-moyens de sectionnement adjacents au coté de

sortie dudit couple de cylindres pour sectionner
les préformes en forme de feuilles aux longueurs
désirées.

Dispositif selon I'une quelcongue des revendica-
tions 7 4 9, dans lequel : des moyens formant na-
veite sont disposés de maniére & recevoir une
masse préformée provenant dudit dispositif de
préformage; et une machine de moulage par
compression adjacerite auxdits moyens en forme
de navette, lesdits moyens formant navette étant
déplagables de fagon réversible entre ledit dispo-
sitif de préformage et ladite machine de moulage
par compression pour recevoir des préformes
provenant dudit dispositif de préformage et les
envoyer & ladite machine de moulage par
compression.

Dispositif selon 'une quelconque des revendica-
tions précédentes, dans lequel : ladite vis de la-
dite extrudeuse servant & extruderla résine et la-
dite vis mécanique de ladite extrudeuse de mé-
lange possédent des dimensions différentes et
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ontdes capacltés dlfférentes du point de vue dé-
bit volumique.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel : des moyens sé-
parés d’entrainement mécanique sont raccordés
d'une maniére indépendante, selon une liaison
motrice, & ladite vis de ladite extrudeuse servant
& extruder la résine et  ladite vis mécanique de
ladite extrudeuse de mélange pour entrainer la-
dite vis et ladite vis mécanique & des vitesses de
votation prédéterminées, ladite vis de ladite ex-
trudeuse servant 4 extruder la résine et ladite vis
mécanique de ladite extrudeuse de mélange pou-

" vant &tre commandées d'une manidre’ Indépen-

13.

dante.

Procédé pour mélanger des fibres. de renfort &
une résine thermoplastique dans un dispositif

- comprenant une extrudeuse (4) servant & extru-

der une résine et possédant une vis rotative d'ex-
trusion (12) s'étendant & I'intérieur de l'extrudeu-
se, et une extrudeuse de mélange (8) possédant
un cylindre définissant une extrémité d'entrée
(8a) et une extrémité d'évacuation (86) de ladite
extrudeuse de mélange, et une vis mécanique al-
longée (52) s'étendant a l'intérieur dudit cylindre
entre ladite extrémité d'entrée (8a) etladite extré-
mité d*évacuation (8b) du cylindre, ledit procédé
comprenant :

Pentrainement en rotation de Iadite vis o
d’extrusion (12) et de ladite vis mécanlque (52)a

des vitesses prédéterminées;

Pintroduction de longueurs discrétes de fi-
bres de renfort dans ladite extrudeuse de mélan-
ge (8) au niveau d'un premier orifice d’entrée (62)
surladite extrémité d’entrée (8a) dudit cylindre, et
le traitement mécanique et le chauffage desdites
fibres moyennant un confinement continu de ces
derniéres dans ladite extrémité d'entrée dudit cy-
lindre par ladite vis mécanique;

Iintroduction du matériau formé parla ré-
sine thermoplastique dans ladite extrudeuse (4)
servant & extruder la résine et le chauffage et la
fusion dudit matériau formé par la résine sous
I'action de rotation de ladite vis d'extrusion (12)
de maniére & former une masse fondus fiuide de
résine thermoplastique; et

'envoi de ladite résine thermoplastique
fondue & I'état sous pression, par ladite extrudeu-
se (4) servant & extruder la résine dans ladite ex-
trudeuse de mélange (8), au niveau d’'un second
orifice d'entrée (46a) sur ladite extrémité d’entrée
(8) dudit cylindre en aval dudit premier orifice
d’entrée (62) entre ledit premier orifice d’entrée
(62) et |adite extrémité d’évacuation (8b) dudit cy-
lindre, et le déplacement des fibres travaillées
mécaniquement et traitées, par la vis mécanique

mmmwmmr'
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15.
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de maniére & leur faire franchir ledit second orifi-
ce d'entrée (46a), et de ce fait la formation d'un
mélange homogéne de larésine thermoplastique
et de longueurs discrétes de fibres de renfort
dans ladite extrudeuse de mélange sous I'action
de rotation de ladite vis mécanique (52), et I'éva-

‘cuation du mélange homogéne a partir de ladite

extrémité d’évacuation (8b) de I'extrudeuse de
mélange.

_Procédé selon la revendication 13, selon lequel :

lesdites fibres de renfort sont introduites dans la-
dite extrudeuse de mélange selon des longueurs
discrétes égales & au moins 2,54 cm (un pouce).

Procédsé selon larevendication 13 ou 14, compre-
nant en outre : I'évacuation dudit mélange de la
résine thermoplastique et des fibres & partir de
ladite extrémité d’évacuation de ladite extrudeu-
se de mélange et leur introduction dans un dispo-
sitif de préformage sous la forme d’'une masse
fondue, et 'amenée dudit mélange sous la forme
d'une masse préformée ayant des dimensions et
une forme prédéterminées.
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