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(57) Abstract ‘ 999

‘A high pressure mixing head (1000) and a reactive component injection valve (1, 2, 3) for mixing at least two reactive
components. The mixing head (1000) comprises a mixing head body (999) having an elongated mixing chamber (2050), a
first metering plunger (2010) an elongated quieting chamber (3050) disposed substantially normal to said mixing chamber.
The quieting chamber has a second clean-out plunger (3010) therein. The first metering plunger (2010) has at least one ax-
ially extending by-pass channel (2080). The reactive component injection valve (1, 2, 3) comprises a valve body (600); an
injection nozzle (604, 605); a reactive component supply passage (21); a first reciprocating member (620) disposed within
the supply passage (21); a reactive component recirculation passage disposed (671); and a second reciprocating member

(650) disposed within the recirculation passage.
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HIGH PRESSURE MIXING HEAD AND
REACTIVE COMPONENT INJECTION VALVE

The invention relates to high pressure
mixing heads for at least two reactive components
for reaction injection molding or reinforced reaction
injection molding processes, whereby such components
are mixed and the resulting mixture fed to a mold
cavity. More particularly, the invention relates
to a high pressure mixing head, having at least one
reactive component injection valve of the invention,
that mixes a plurality of reactive polymeric components
for subsequent injection into a mold.

Reaction injection molding, also called
liquid injection molding, is a technique for com-
bining liquid reactive components and injecting them
into a mold where they rigidify to form a finished
polymeric product. 'The component combination may
be achieved by directing streams of two or more
liquid reactive cdﬁponents, each under high pressure,
to cause their impingement at a common point in a
mixing chamber of a mixing head. The resultant
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component impact creates a homogeneous mix of material
in the mixing chamber, which is then either injected
under pressure into a closed mold to which the mixing
head is connected, or the mix may simply be dispensed
into an open mold. Reinforced reaction injection mold-
ing is a variation of that process in which one of the
liquid reactive components is mixed with a reinforcing
material, such as glass fiber or the like, before
being introduced into the mixing chamber.

In the production of urethane products,
for example, a diisocyanate or polyisocyanate component
is reacted with a diol or a polyol component to produce
the reaction mixture by separately feeding these com-
ponents into a mixing chamber, effecting impingement
mixing, and thereafter displacing the intimately-formed
mix from the chamber into a mold in which the mix can
set. It is also known to include in .one or both of the
components, or their mixture, an additional foaming
or blowing agent capable of expanding the polymerizing
resin to form cells or pores therein. Expanding agents
suitable for this purpose include those which are
normally liquid but volitize at the mold temperature,
those which are gaseous and are held under pressure
until the material is introduced into the mold, and
those which are released by chemical action during the
mixing stage and thereafter.

In general, the conditions under which the
two compoents are mixed require that the two components
be held separate from one another until the instant
at which they enter the mixing chamber, since any
premature contact of the two components with one anocther

»
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will result in hardening of the materials. Such pre-
mature contact often results in the formation of a
mass obstructing further outflow of one or both of

.the components or the mixture. 1In oxder to prevent

such obstructions, both components are generally provided
in a highly flowable form and are circulated by pumps

or the like, being provided to the mixing chamber by
various means only when reaction to produce the product
mix for molding is desired.

Various structures have been proposed for
mixing head devices for mixing the reaction components
and feeding the resulting mixture to mold means.

Such structures include those illustrated in Keuerleber
et al., U.S. Patent No. 3,706,515; Wingard et al.,

U.S. Patent No. 4,082,512; Wingard, U.S. Patent No.
4,108,606; Leidal, U.S. Patent No. 4,099,919; Schneider,
U.S. Patent No. 4,239,732; Fiorentini, U.S. Patent No.
4,332,335; Boden et al., U.S. Patent No. 4,378,335;
Proksa et al., U.S. Patent 4,389,375; Schneider,

U.S. Patent No. 4,440,500; Proska et al., U.s.

Patent No. 4,442,070; Proska et al., U.S. Patent

No. 4,452,917; Schneider U.S. Patent No. 4,452,919
Schmitz et al., U.S. Patent 4,464,056; Schmitz et al,
U.S. Patent No. 4,497,579; Muller et al., U.S. Patent
No. 4,474,310; and Muhle, U.S. Patent No. 4,115,299,
Mixing head structures also include those illus-

trated in various manufacturer's publications,

such as the Kraus Maffei Journal, No. 2/1982,
"Polyurethane RIM Technology,' PpP. 3-4; Hennecke,
Brochure Ti 33, Y"PUR Reaction Casting Machines,

type HK," pp. 9-13; and Battenfeld, "Machinery and
Equipment for Processing Polyurethane," pp. 12-13.
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One form, illustrated in Keuerleber et al.,
U.S. Patent No. 3,706,515, includes a body that has
an elongated bore which defines a mixing chamber. A

-%. plurality of nozzle orifices open into the mixing
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chamber for conducting reactive polymeric components
thereto. The orifices are ordinarily directed at a
common. point in the mixing chamber to effect impinge~
ment: of each component with all others to accordingly
mix the components together into a homogeneous fluid
mass. Flow of all components through all nozzle
orifices is simultaneously controlled'by a plunger
mounted for axially reciprocal movement in the mixing

‘chamber. When the plunger is retracted into its injeq-

tion position, the orifices in the mixing chamber are
opened, permitting reactive components to issue therefrom
in the form of high velocity impinging streams. The '
mixing head also includes a plurality of return

passage means, each of which opens into thé mixing
Chamber at a location axially displaced from its
respective component nozzle orifice. The plunger is
formed with a plurality of axially extending by-pass
channels which respectively communicate, when the
plunger is in an extended, recirculation position,
between the nozzle orifice and return bassage means

for each component, whereby a closed loop leading

back to the component supply is established, providing
recirculation for all components simultaneously.
Recirculation occurs only via a path external to the
nozzle orifices and related valve means. It is not
possible to recirculate components individually in

the Keuerleber et al. mixing head, nor is it possible

to set the recirculation pressure of each recirculat-
ing component by means located at the head, individu-

ally or ctherwise.

W
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Another form of mixing head involves the
provision of a second chamber leading to the mold
and at substantially right angles to the mixing

#.7. chamber, this second chamber being provided in turn

5 with a second piston, plunger or ram to drive the
mixture out of the chamber. Fiorentini U.S. Patent
No. 4,332,335 discloses a high pressure mixing head
in which the additional chamber has the effect of
quieting the highly turbulent mixture driven from

10 the mixing chamber into that chamber. The second
piston in the quieting chamber serves to clear the
channel at the end of each mixing phase and thus
prevent the channel from being plugged up by the
reacting mixture. The structure of the first

15 chamber and plunger, and the recirculation means of
that plunger (axially extending by-pass channels),
are substantially identical to that illustrated by
Keuerleber et al: Again, recirculation occurs only
via a path external to the reactive component injection

20 valves and related apparatus. It is not possible to
recirculate components individually, nor is it pos-
sible to set the recirculation pressure of each
recirculating component by means located at the mixing
head, individually or otherwise.

25 Another form of mixing head involves the
provision of means in the reactive component injec-
tion valves which allow for recirculation of reactive
components internally through the valve when mixing
of that component is not ongoing. Schneider U.S.

30 Patent NO. 4,239,732 illustrates a complex reaction
injection component valve mechanism utilizing the
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combination of a solid metering plunger and a recipro-
cating valve member having an internal passageway
with a constricted outlet through which the reactive
component must flow. The force of the fluid provided
by the acceleration resulting from passage through

the restriction impacts on the solid piston when it

is in an extended, recirculation position, which stops
supply of the component into the mixing chamber and
initiates component recirculation. Schneider provides
no mechanism in the injection valve for stopping and
starting the flow of reactant into the mixing chamber
-- the injection port is simply blocked by the

solid piston (see Figures 3 and 4). No mechanism is
provided for selecting the pour pressure or varying
the flow into the mixing chamber from said valve. The
Schneider valve will not function if the plunger is
provided with any type of recirculation or by-pass
channel, such as disclosed by Keuerleber et al. U.S.
Patent No. 3,706,515, to provide a recirculation

path external to the injection valve.

Yet another form of mixing head illustrated
in Boden et al. U.S. Patent No. 4,378,335 involves
the provision of external recirculation through
axially extending by-pass channels in a metering
piston with an injection valve which, although
incapable of internal recirculation, does provide
means for selecting the pour pressure'or varying
the flow of reactive component into the reaction
chamber (Figure 1). The valve comprises only one
reciprocating member, which opens and closes the
valve and controls entry of reactive component to
the mixing chamber. Not only does Boden et al. fail
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to provide for internal recirculation in said valve,

but it also fails to provide any mechanism in said

valve for varying the flow and/or back pressure of
7. .the recirculating reactive component.

5 Boden et al. also discloses a second form

of mixing head (Figure 2), which does not provide
for recirculation external to the injection valve
through the metering piston, incorporating instead
a solid piston. Means are provided for selecting at

10 least two pour pressure/flow varying positions of the
single reciprocating member, whereby the opening
and closing of the valve and entry of reactive com-
ponent to the mixing chamber is controlled. While
allegedly providing for internal recirculation of

15 reactive component through the valve, the actual
structure of the valve in Figure 2 is plainly
inoperative for that function. No provision in that
valve is made for any mechanism to vary the flow and/-
or back pressure of the recirculating reactive com-

20 ponent.

Each of these mixing heads suffered from a
variety of serious shortcomings and problems. Valves
affording external recirculation only through axially-
-extending metering plunger by-pass channels require

25 that all reactive components supplied to the mixing
chamber reciruclate simultaneously. With those
designs, it is impossible to selectively recirculate
some, but not all, of the reactive components pro-
vided to the mixing chamber. Valves affording only

30  on/off flow of a reactive component to the mixing
chamber require the time consuming and expensive
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replacement of nozzle means or nozzle orifices to
effect a change in pour pressure or amount of
material provided to the mixing chamber. Valves
affording internal recirculation, but neither
external recirculation throﬁgh metering plunger
by-pass channels nor adjustment of recirculation
back pressure in said valve, make difficult the
appropriate setting of recirculation back pressure,
and maintenance of the recirculation pressure close
to the pour pressure at a point close enough to the
mixing chamber to enable virtually instantaneous
changeover of reactive component from recirculation
to injection modes, as well as losing the ability

to provide rapid cycling through external, axially-
extending metering plunger by-pass channel recircula-
tion for all components simultaneously where the same
reactive components are continuously being provided
to said mixing chamber. '

With the advent of multiple, particularly
dual density or dual firmness urethane products, the
shortcomings of the available mixing heads became
acute. The preparation of dual firmness articles
requires high pressure mixing head apparatus having
the capability to mix reactive components interchange-
ably, thereby forming two different polymeric densities
in the molded product.

One mechanism for production of dual density
articles involved the use of two separate high pres-
sure mixing heads, one capable of mixing reactive
chemicals resulting in polymeric material of a first
density, the other capable of mixing different
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reactive chemicals resulting in material of a second
density. Each head had to discharge the formulation
into the same mold for production of the final product.

The use of two heads had many disadvantages, including

substantial expense, the weight of two heads (which
makes the use of robotic apparatus to provide formu-
lation to the molds impossible in most instances,
becuase of the limited weight-bearing capacities of
available apparatus), the complexities of supply
and recirculate hosing and attendant equipment
which the use of two heads entailed, and the com-
plexity and expense of system controls which were
necessary to coordinate the operation of the two
heads.

The manufacture of dual density products
requires the ability to change the chemical composi-
tion of the formulation almost instantaneously,
particularly where robotic apparatus is used to trans-
port the mixing equipment and manipulate that equip~-
ment to lay down different formulations in a pattern
in the mold. The need to make the changeover in the
formulation "on the fly" presented additional problems
over those already present in available mixing head
apparatus, particularly if a single high pressure mix-
ing head was to supply dual density material.

The rapid change in density of material which
would have to be satisfied in one head would require
the combination of one reactive species, A, with
another, B, at a first time (for example, the impinge-
ment mixing of a polyol 1 with isocyanate), while a
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third reactive species, A%, was recirculating in
the system in some manner. The recirculating material
would have to be maintained at a recirculation pres-

.sure very close to the desired pour pressure for

that material, because there would be no time to build
up pressure when formulation change was demanded.
When the: second density formulation was called for,
the: flow  of] first reactive species, A, into a mixing
area: would hawve to stop instantaneously, that mater-
ial recirculated in some manner, and the A* reactant
switched from recirculation to introduction to that
same mixing chamber for impingement mixing with reac-
tant B. At the same time, the formulation would have
to be delivered from the head to the mold, and the
mixing chamber and any gquieting chamber kept clear of
formulation to prevent fouling. Because of the com-
bination of rapid formulation composition change and
the need to expel formulation from the head while
preventing fouling, the demands upon the recircula-
tion capabilities of such a system is beyond that
previously provided for. '

There is thus a need for mixing head apparatus
that would provide dual density reactive component
formulation for introduction into molds, useful for
reaction injection molding and/or reinforced reaction
injection molding processes, that

1. Requires only one mixing head to provide

' dual density formulation for the pro-
duction of molded polymeric products;

2. Provides a choice of internal and

external (with respect to the reactive
component injection means) recirculation
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paths through the miging head for each
reactive component, to allow rapid
changeover between different density
Tl formulations, yet provide flexibility
- "5 and appropriate transport and clearance
of mixed reactants from the head,

3. Provides an internal recirculation
path independent of an external path
using axially extending by-pass chan-

10 nels in a metering plunger for each
reactive component, thereby allowing
independent injection and recircula-
tion capabilities for each reactive
component affected by density change-

15 over, yet able to make virtually

instantaneous changeover at the desired
pour pressure; '
Provides for "in the head", independen%
adjustment and setting of both pour and

[1:N

20 recirculating pressures for each reactive
component, whereby the necessary pressure
balances for rapid changeover could be
established at a point as close as pos-
sible to the impingement mixing location
25 in the mixing chamber, while providing
for more rapid system set-up and indepen-
dent alteration of previously set pressures
with convenience and speed; and
5. Operates at high pressure, assuring
30 excellent mixing through impingement
techniques.
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No available mixing head has a combination of
these features, particularly failing to provide the

choice of recirculation paths, including an internal
recirculation path independent of an external path

via axially extending by-pass channels in a metering
plunger, and "in the head" adjustment of both pour and

recirculation pressure.

More particularly, the invention provides for

& novel high pressure mixing head for mixing reactive

components for reaction injection molding or reinforced

reaction injection molding processes, comprising:

A,
1.

a mixing head body, having

a first bore defining an
elongated mixing chamber, said
chamber being closed at one end
and having an outlet opening

at the other end;

at least one inlet port

to said bore, for introducing a
reactive component into said mix-
ing chamber by injection there-
through;

at least one-ocutlet passage

from said first bore, axially
aligned with and spaced from
said inlet port;

a second bore defining an
elongated quieting chamber, said
chamber communicating with, and
extending approximately normal to,
said mixing chamber at said opening,
said quieting chamber having a
discharge end remote from said

opening;
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B. a first, metering plunger slidably
received in said first bore
and mounted for reciprocal axial move-

B ment along the longitudinal axis of

5 the mixing chamber between a retracted,
injection position, wherein a mixture of
said reactive components is formed in
said mixing chamber, and an extended,
recirculation position, wherein said

10 plunger is advanced to a position

' adjacent to said outlet opening
to drive said mixture from said‘chamber,
said first, metering plunger having
at least one axially extending by~pass

15 channel, which provides fluid com-
munication between said inlet port
and said outlet passage when said
first, metering plunger is in the
recirculation position;

20 C. a second, clean-out plunger closely
and slidably received in said quieting
chamber, mounted for reciprocal axial
movement along the longitudinal axis
of the guieting chamber between a

25 retracted position, wherein said mixture
of said reactive components flows into
said quieting chamber from said outlet
opening in said mixing chamber, and an
extended, clean out position wherein

30 said plunger is advanced adjacent to
said discharge end to drive said mix-

ture from said quieting chamber;
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first motive means for reciprocably and

selectably moving said first, metering

plunger between its recirculation and
injection positions;

second motive means for reciprocably

and selectably moving said second,

clean-out plunger between its

retracted and clean-out positions;

at least one reaction component injec-

tion valve for injecting a reactive com-

ponent through said inlet port into

said mixing chamber, said injection valve

means comprising:

a valve body;

an injection nozzle disposed in

said body; )

3. a reactive component supply passage
disposed in said body, having inter-
mittent fluid communication
with said nozzle;

4. a first reciprocating member

- disposed within said reactive com-
ponent supply passage in said body,
selectably positionable to open,
partially open or close said
nozzle, thereby varying the flow
of reactive component through said
supply passage into and through
said supply passage into and through
said nozzle, whereby the pour pres-
sure of said component may be set;
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5. a reactive component recirculation
passage disposed in said body, hav-
ing intermittent fluid communica-

L tion with said supply passage
5 6. a second reciprocating member
disposed within said recirculation
passage in said body, selectably
positionable to open, partially open
or close said passage, thereby varying
10 the flow of reactive component through
' said passage, whereby the recircu-
lation pressure of said component
may be set and recirculation
effected internally to said valve.

15 Independent of the novel high pressure mixing
head apparatus of the invention, there is provided
a reaction component injection valve for high pressure
mixing of reactive components for reaction injection
molding or reinforced reaction injection molding

20 processes, comprising:

a. a valve body

b. an injection nozzle disposed in said
body;

c. a reactive component supply passage

25 disposed in said body, having inter-

mittent fluid communication with said
nozzle;

d. a first reciprocating member, disposed

within said reactive component supply
30 passage, selectably positionable to
open, partially open or close said
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nozzle, thereby varying the flow of
reactive component through said
supply passage into and through said
nozzle, whereby the pour pressure of
said reactive cdﬁponent may be set;

e. a reactive component recirculation
passage disposed in said body, having
intermittent fluid communication with
said supply passage;

£. a second reciprocating member, disposed
within said recirculation passage in
said body, selectably positionable to
open, partially open or close said
passage, thereby varying the flow of
reactive component through said pas-
sage, whereby the recirculation pres-
sure of said component may be set and
recirculation effected internally to
said valve.

The novel high pressure mixing head and reac-
tion component injection valve of the invention provide
for the preparation of dual density polymeric products
through a single, high pressure head heretofore
unavailable. The invention solves one or more of the
needs which available mixing head designs were unable
to provide, including providing high pressure impinge-
ment mixing for forming dual density product formula-
tions in a mixing head having means for two different,
independent recirculation paths: those interal to the
reactive component injection valve(s), and those exter-
nal to said valves; enabling the independent injection
and recirculation of each reactive component whose
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introduction must be varied to change the chemical
makeup of the formulations and thereby the density
of the molded product; and providing for "in the head",
. .independent adjustment and setting of both pour and
5 recirculation pressures for each reactive component,
whereby the necessary pressure balances for rapid
changeover could be established at a point as close
as. possible to the impingement mixing location in the
mixing  chamber, while providing for more rapid system
10 set up and independent alteration of previously
set pressures with convenience and speed.

The novel reaction component injection
valve of the invention itself provides capabilities
heretofore unavailable, including a recirculation

15 path internal to the valve; means selectably position-
able to open, partially open or close nozzle means
in said valve,whereby the flow of reactive component
and its pour pressure through said nozzle may be
set; and means selectably positionable to open,

20 partially open or close said internal recirculation
path, whereby the recirculation flow of reactive com-
ponent and recirculation pressure through that path
may be set.

It is therefore an object of this invention
25 to provide a high pressure mixing head for the impinge-
ment mixing of reactive components for reaction injection
molding or reinforced reaction injection molding pro-
cesses to provide multiple density formulations for
the production of molded polymeric products.
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It is another object of this invention
to provide a single high pressure mixing head having
two recirculation paths for each reactive component
which may be chosen as necessary, one of said paths,
being independent of the use of axially extending
by-pass channels in a metering plunger, being internal
to: the: injection valve, thereby providing independent
injection. and recirculation capabilities for each
reactive: component affected by density changeover,
while &ffording virtually instantaneous changeover
at the desired pour pressure.

It is a further object of this invention
to provide a single high pressure mixing head having
means for "in the head', independent adjustment and
setting of both pour and recirculation pressure for
each reactive component, whereby the necessary pressure
balances for rapid changeover may be established
at a point as close as possible to the impingement
mixing location in the mixing chamber.

It is yet another object of this invention
to provide a novel reactive component injection valve
having a recirculation path internal to itselt; means
to open, partially open or close nozzle means therein,
whereby the flow of reactive component and its pour
pressure thrugh said nozzle may be set; and means
selectably positionable to open, partially open or
close said internal recirculation path, whereby the
recirculation pressure through the path may be set.

Other objects and advantages of this inven-
tion will become apparent upon reading the following

detailed description and appended claims.
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Figure 1 is a top view of an embodiment
of the high pressure mixing head of the invention.

i Figure 2 is a side view of an embodiment
of the high pressure mixing head of the invention.

5 Figure 3 is a sectional view of the reac-
tive component injection valve of the high pressure
mixing head of the invention, taken along line 3-3
in Figure 2.

Figure 4 is a detail view of the reactive
10  component injection valve illustrated in Figure 3.

Figure 5 is a sectional detail view of the
reactive component injection valve, taken along line
5-5 in Figure 4.

Figure 6 is a sectional detail view of the
15 reactive component injection valve, taken along line
6-6 in Figure 4.
Figure 7 is an exploded view of internal
means of the reactive component injection valve
illustrated in Figures 3 to 5.

20 A preferred embodiment of the high pres-
sure mixing head of the invention is more fully illus-
trated in Figures 1 to 7.

A high pressure mixing head 1000 is
shown generally in Figure 1. 1In its major components,
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the mixing head has a mixing head body 999, and a
metering plunger assembly 2000 affixed thereto,
which comprises a first metering plunger, a mixing

“-. chamber defined in combination with said body and a

hydraulic, dual acting cylinder for imparting retrac-
ting and extending reciprocal axial movement to said
plunger with respect to the longitudinal axis of the
mixing chamber. Hydraulic conduits 2001, 2002 are
supply and return conduits for a fluid material, which
lines are further connected to supply, pressurizing

and control means of the type well known in the art.

A clean-out plunger assembly 3000 is also affixed.

to body 999, which assembly comprises a second,
clean~out plunger, a quieting chamber defined in
combination with said body and a hydraulic, dual

acting cylinder for imparting retracting and

extending reciprocal axial movement to said plunger
with respect to the longitudinal axis of the quieting
chamber. Assembly 3000 is disposed so that its
longitudinal axis is substantially at a right angle

to that of the metering plunger assembly 2000. The
configuration of the metering plunger assembly 2000

and the clean-out plunger assembly 3000 forms an "L
structure, and the mixing head may be referred to as

an "L" mixing head. Hydraulic conduits 3001 and 3002
are supply and return conduits for a fluid material,
which conduits are further connected to supply, pres-
surizing, and control meahs of the type well known in
the art. Each plunger assembly bears position sensing
means at its distal end. Means 2003 on metering assembly
2000 senses when the metering plunger is in its maximum
position of retraction. Means 3003 on clean-out plunger
assembly 3000 senses when the clean-out plunger is in
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its maximum position of retraction. These position~
ing means act in cooperation with the supply, pres-
surizing and control means for each of said assemblies,

-to enable the sequential retraction and extension

of each of the metering and clean-out plungers during
the operation of the mixing head, as explained more
fully hereafter.

The preferred embodiment is configured to
provide for the injection of three reactive chemicals
to the mixing chamber in metering assembly 2000. These
chemicals may preferably comprise an isocyanate, a first

polyol component and a second polyol component. (additional

foaming or blowing agent, if required, may be introduced
into the supply line for any of these components,
preferably a polyol, upstream of the mixing head.) A
reactive component mix formed from the impingement
mixing of the isocyanate with the first polyol com-
ponent provides a liquid froth which, when molding

is complete, is converted to a urethane product having
a first density X. A reactive component mix formed
from the impingement mixing of the isocyanate with

the second polyol component provides a liquid froth
which, when molding is complete, is converted to a
urethane product having a second density, ¥, which
may be greater or less than first product density X.

While two reactive component injection
valves of the invention, valves 1 and 2, arrayed so
as to exténd in substantially the same plane, normal
to the axis of the clean-out assembly 3000 and sub-
stantially parallel to the axis of the metering assembly .
2000, and an isccyanate injection valve 3, arrayed at
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an acute angle to the axis of the clean-out plunger
assembly 3000, comprise the preferred embodiment,
additional reactive component rejection valves of the
invention may be disposed radially about the mixing
chamber. The number of reactive component injection
valves of the invention that may be used is limited
only by the physical constraints of the diameter of the
mixing chamber and the size of mixing head body 999.
Four polyol reactive component injection valves, for
exmaple, may be radially arranged so as to extend in
substantially the same plane normal to the longitudinal
axis of the metering assembly 2000 (and in a plane
substantially parallel to the longitudinal axis of the
clean-out assembly 3000), with the isocyanate injection
valve arranged above that plane, at an acute angle
thereto. 1In that manner, the injectéd components .
streams from all five injectors may be aligned so as to
impinge at substantially the same point in the mixing
chamber.

Isocyanate injection valve 3 (Figures 1 and
2), as illustrated, is an injector of the type known to
the art. The novel reaction component injection valve
of the invention, however, may be used to supply isocy-
anate to the mixing chamber. Isocyanate is supplied to
injection valve 3 by isocyanate supply conduit 31, and
is returned to the isocyanate source through conduit
30. Metering pumps, storage tanks, heating means and
related apparatus (not shown) make up the remainder of
such isocyanate supply system, all as is well known to
those skilled in the art. '
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Reaction injection valve 1, which provides
a first polyol reactive component to the mixing
chamber disposed in body 999 and assembly 2000, is
provided with supply conduit 1l and two return con-
duits, 12 and 13. Conduit 12 returns recirculating
polyol to the polyol source, when that recirculation
is effected through a path external to the valve.
Conduit 13 returns recirculating polyol to the polvol
source, when that recirculation is effected through
a path internal to the valve. Metering pumps, stor-
age tanks, heating means and related apparatus
(not shown) make up the remainder of such first polyol
supply system, all as is well known to those skilled
in the art.

Reaction injection component valve 2, which
provides a second polyol reactivetcomponent to the
mixing chamber disposed in body 999 and assembly 2000,
is provided with supply conduit 21 and two return con-
duits, 22 and 23. Conduit 22 returns recirculating
polyol to the polyol source, when that recirculation is
effected through a path external to the valve. Conduit
23 returns recirculating polyol to the polyol source,
when that recirculation is effected through a path
internal to the valve. Metering pumps, storage tanks,
heating means and related apparatus (not shown) make
up the remainder of such second polyol supply system,
all as is well known to those skilled in the art.

Assembly of the mixing head is provided by
the use of threaded bolts, which are received iq tapped
receiving bores in the body 999, in the case of the
metering assembly 2000 (bolts 100). Clean-out assembly
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3000 is fastened to body 999 by the use of threaded
bolts 200 (Figure 2), which are received in threaded
bores in the assembly. Each of the reaction component

dinjection valves for each polyol component are mounted

to a body member 601 having a reactive component chamber
660 by threaded bolts 101, which are received in
threaded bores in the body member 601. The body

member 601 is, in turn, fastened to mixing head body
999 by bolts 102, which are received in threaded

bores in the said body.

Hydraulic conduits 14, 15 in valve 1 are
supply and return conduits for a fluid material,
which conduits are further connected to supply, pres-
surizing and control means (not shown) of the type
well known in the art, whereby the first and second
reciprocating means in the first polyol valve (here-
after described) are actuated. Hydraulic conduits
24, 25 in valve 2 are supply and return conduits for
a fluid materiai, which conduits are further connected
to supply, pressurizing and control means (not shown)
of the type well known inthe art, whereby the first
and second reciprocating means in the second polyol
valve (hereafter described) are actuated. Hydraulic
conduit 32 is a supply conduit for a fluid material,
which conduit is further connected, along with another
return conduit not shown in Figures 1 or 2, to
supply, pressurizing and control means (not shown)
of the type well known in the art, whereby the iso-
cyanate injection means is actuated.

The positional relationship between the
mixing head body 9929, the metering assembly 2000
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and the clean-out assembly 3000, and the components
comprised by each, is illustrated in Figure 2.
Metering assembly 2000 comprises a first, metering

~¥. plunger 2010, which is in turn made up of a

5 double acting piston 2020 and an elongated, axially

extended plunger body 2030. Plunger body 2030 is
closely and slidably received in first bore 2050,
which defines in part an elongated mixing chamber,
closed at the end proximal to position sensor 2003

10 by the end of plunger body 2030 when fully retracted
and open at an outlet opening 2060. By regulation of
the fluid supply to double acting piston 2020, so that
fluid pressure is applied to face 2021 of that piston
(through conduit 2002), plunger body 2030 may be

15 retraced in an upwardly direction with respect to
outlet opening 2060, so that its end distal from
piston 2020 leaves the opening 2060 unobstructed,
while similarly leaving unobstructed inlet ports
500 disposed in the peripheral wall of first bore

20 2050. That portion of bore 2050 unoccupied by the
plunger body 2030 when the position 2020 is in its

uppermost, retracted injection piston, comprises
the mixing chamber of the mixing head.

By applying fluid pressure to face 2020

25 of the double acting piston 2020 (through conduit
2001), the plunger body 2030 is displaced from its
retracted, injection position to its extended, recir-
culation position, as illustrated in Figures 2 and
3. In displacing the plunger body 2030 towards

30 outlet opening 2060, the end of the plunger body
serves to drive out all reactive chemical formulation

present in the mixing chamber, thereby cleaning out
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materials which would otherwise harden and block
the injection ports and mixing chamber.

The movement of plunger body gggg brings
each of axially extending by-pass channels 2080
into alignment with an injection port 500 and an
outlet passage 501 from the bore 2050 (Figure 3).
Port 500 and the entrance to passage 501 are coaxial,
the entrance being spaced axially in the peripheral
wall of the bore with respect to the bore centerline
therefrom. Although illustrated in Figure 3 as being
vertically above port 500, the entrance to passage
501 is located at a position below the port 500 as
well.

The by-pass channels 2080 are provided
to correspond to each aligned pair of an inlet port
500 and outlet passage 501, through which combination
fluid communication is established between each inlet
port 500 and outlet passage 501 entering and leaving
the mixing chamber. There is one by-pass channel 2080
formed in plunger body 2030 for each port, all having
the same axial extent and each separated from the
other by elongated finger lands ggzg. Because of the
spatial arrangement between the reactive componeht
injection valves and the by-pass channels, all
channels 2080 align with all ports 500 and outlet
passages 501 simultaneously. Recirculation of reac-
tive component from port 500 through by-pass channel
2080 into outlet passage 501 and out of the mixing
head body 999 results, if reaétive component con-
tinues to be injected through port 500. The extended,
recirculation position of the plunger body 2030

»



WO 87/02270 PCT/US86/02029

]
i)
NS

provides the port 500 to by-pass channel 2080 to out-
let passage 501 pathway by means entirely external to
the reactive component injection valves 1 and/or 2.

The plunger body 2030 to bore 2050 fit is,

5 Dby necessity, as close as can be attained by ordinary
machining techniques, to prevent leakage of the high
pressure reactive ccmponent streams as they are
injected into the mixing chamber, and as they recir-
culate through the external path provided by axially

10 extending by-pass channels 2080 and outlet passages

501.

Binding and/or seizing of the plunger body

2030 in the bore 2050 is prevented by sheathing
substantially all of the plunger surface in a sleeve

15  (not shown) of a friction reducing material. The
plunger is formed to prevent this sleeve from flowing
or otherwise being squeezed into the by-pass channels
2080 by machining the plunger wall surrounding the
by-pass channels 2080 to form depressed regions for

20 receiving the antifriction sleeve, yet leaving peri-
pherally continous metal lands 2071 surrounding the
respective channels to provide the necessary structural
restraint for the sleeve.

The outer surface of the plunger body 2030
25 is formed with a recess that completely encompasses
the plunger intermediate its length and extends axially
downwardly to form the elongated finger lands 2070 that
lie between and are axially coextensive with the by-pass
channels 2080. The recess is milled in the plunger
30 Dbody 2030 so as to leave the finger lands 2070
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which peripherally enclose channels 2080 and meld into
the land 2071 at the free end of the plunger. The
sleeve is suitably secured in this recess, as by

“- cementing, so as to provide a major portion

of the plunger body 2030 bearing surface, yet be
supported laterally of the recess by the lands
2070, 2071 which prevent extrusion of flow under
pressure into the by-pass channels gggg or endwise
of the free end of the plunger body.

The sleeve is preferably made of a polymeric
material and defines a plunger body diameter which is
slightly larger than the diameter of said bore 2050
prior to insertion therein, but is compressed when
inserted into the bore 2050 to form a close sliding
seal therewith. The nature of the friction reducing
material of the sleeve is of some criticality. It
has been found that a material sold under the trademark
YRULON" by Dixon Corporation, Bristol, Rhode Island,
is well suited for this purpose. Such material
is described in U.S. Patent Nos. Re. 26,088 and
3,652,409 assigned to that company. In general, it
is a composite consisting of a homogeneous mixture of
three components comprising (a) polytetrafluorocethylene
(PTFE); (b) a silicate such as glass, talc, mica or
aluminum silicate; and (c) a metallic particulate of
a metal such as molybdenum, copper, lead or silver.
Additional information on several forms of the product
is given in a Dixon Corporation catalog entitled
"Design Engineering Manual 101." Another material
useful as a possible equivalent comprises a homopolymer
of p-oxybenzoyl repeating units, sold under the
trade name "Ekanol" by the Carborundum Ccmpany,

L]
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Niagara Falls, N.Y., in combination with PTFE
(polytetrafluoroethylene) polymer and glass fiber.

Clean-out assembly 3000 is arrayed at sub-
stantially a right angle to metering assembly 2000,
as shown in Figure 2, and comprises a second, clean-
out plunger 3010, which is in turn made up of double
acting piston 3020 and an elongated, axially extended
plunger. body 3030. Plunger body 3030 is slidably
received in a second bore 3050, which defines in part
an elongated quieting chamber, closed at the end proxi-
mal to position sensor 3003 by the end of plunger
body 3030 when fully retracted, and open at an outlet
opening 3060, which constitutes a longitudinal bore
in output nozzle 4000. The nozzle 4000 comprisés the
exit means from the mixing head of the reactive chemical
formulation, which is in liquid froth form at the point.
Nozzle 4000, in operation of the head to produce
molded polymeric articles, is positioned over a mold
and liquid froth is provided to the mold therefrom.
The mold is then closed and heated, causing a chemical
reaction to take place and producing the resulting
polymeric product.

By regulation of the fluid supply to double
acting piston 3020, so that fluid pressure is applied
to face 3021 of that piston (through conduit 3001), the
plunger body 3030 may be retracted in an inward
direction with respect to nozzle 4000, away from out-
let opening 3060, so that its end distal from piston
3020 leaves the cpening 3060 unobstructed. That por-
tion of bore 3050 which is unoccupied by plunger
body 3030 when the piston 3020 is in its innermost,
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retracted position, comprises the quieting chamber of
the mixing head. Liguid reactive components resulting
from high pressure impingement mixing of the components

‘- 4in the mixing chamber defined by plunger body 2030
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and bore 2050 flows through outlet opening 2060

and into the side wall of bore 3050. The impact

of that stream with the wall of the bore, and the right
angle taken by the flow path from bore 2050 to bore
3050 into outlet 3060 acts to convert the turbulent
flow into a sﬁbstantially laminar flow. Liquid
reaction formulation is, as a result, discharged
through nozzle 4000 into a mold without splashing

of the formulation.

By applying fluid pressure to face 3022 of
the double acting piston 3020 (through conduit 3002),
plunger body 3030 is displaced from its retracted
position to its extended, clean-out position, as
illstrated in Figures 2 and 3. 1In displacing the plunger
body 3030 outwardly towards opening 3060, the end
of the plunger serves to drive out all of the reactive
component formulation present in the quieting chamber,
thereby cleaning out formulation which would otherwise
harden and block the quieting chamber and mixing

head exit means.

The seqguence of movements of plungers 2010
and 3010 during a mixing cycle begins with both plungers
in their fully retracted positions. Reactive components
are injected into the mixing chamber in bore 2050, where
they mix by high pressure impingement mixing and form
a liquid froth. Outlet opening 2060, being unblocked
by plunger body 3030, allows that liquid froth to pass
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from the mixing chamber into the quieting chamber in
bore 3050. Movement of plunger body 2030 is initiated
by applying fluid pressure to face 2022 of piston 2020,

-which drives the plunger down the length of the mixing

chamber towards outlet opening 2060. The liquid formu-
lation is all forced through outlet opening 2060 into
the quieting chamber. Axially extending by-pass
channels 2080 simultaneously align with all injection
ports 500, providing fluid communication to one each
of aligned passages 501 for each injection port.
Reactive components injected through the ports are
thereby recirculated through paths externazl to their
respective injection valves. As plunger body 2030
reaches the maximum degree of its extending travel,
movement of plunger body 3030 is initiated by applying
fluid pressure to face 3022 of piston 3020, which
drives the plunger along the length of the quieting
chamber towards outlet 3060. The remaining liquid
formulation is all forced through outlet 3060 and
nozzle 4000 to the enviroment proximate to the nozzle.
In a normal use environment, formulation would be
supplied to a mold. Plunger body 3030 is then returned
to its fully retracted position by the application of
fluid pressure to face 3021 of piston gggg. Plunger
body 2030 is thereafter returned to its fully retracted
position by the application of fluid pressure to face
2021 of piston 2020. Position sensor 3003 senses

when the piston 3020 reaches maximum retraction,

while position sensor 2003 senses when the piston

2020 reaches maximum retraction, which information is
used by the control means to perform the cycle deé—
cribed. The withdrawal of plunger body 2030 breaks

the external recirculation path between ports 500,
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by-pass channels 2080 and outlet passages 501, leading
to the reinstitution of injection into the mixing
chamber.

No variation of the recirculation pressure
experienced by reactive component externally recircu-
lating between ports 500, by-pass channels 2080
and outlet passages 501 is possible in the mixing
head of the invention. The geometry of the path
will, however, provide a certain inherent back
pressure when recirculating through this path.
Recirculation pressure adjustment in those paths
can be effected if appropriate valving or other
restricting means, downstream of passages 501, are installed
in the return lines upstream of the necessary reactive
component pumps and storage tanks.

The preferred embodiment of the mixing head
of the invention provides a liquid reservoir 5 for
introduction of compenents into the mixing chamber.
Di~octyl phthalate, for example, may be provided to

the liquid mix from reservoir 5.

An additional location for introduction of
another reactive or non-reactive component is provided
at port 900, located opposite outlet 2060 at the
junction of bores 2050 and 3050, and covered by plug
901. An injector of the type known in the art may
be connected to port 800, or an injection means of
the invention may instead be connected to the port;
Any components may be supplied at port 900 to the for-
mulation including, for example a polyocl, colorant
material, colorant borne in a polyol, and/or any

o -~ A - oy = T
other additive materizl.
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The reaction component injection valves
of the preferred embodiment of the invention are best
illustrated in Figures 3 to 7. Valves 1 and 2 are
4. .identical in structure, though opposite in orientation
5 in relation to bore 2050. The description of the
function of valve 1 is applicable to valve 2 as well.

Reactive component injection valve body 600
comprises the body member 601, and reciprocating body
602. The bodies are disposed so as to abut one another

10 and are secured by bolts 101, 102 as previously
described. While it is contemplated that a one piece
valve body 600 may be utilized, the two component
construction affords easier machining, greater
precision and the ability to effect rapid removal

15 and replacement of the injection valve in the mixing
head.

Injection nozzle means comprises an injection
orifice member 604 and an injection head 605 which are
nestingly disposed, one within the other, in the cen-

20 tral axial bore 35 of valve body 600. Orifice member
604 is secured in the body member 601 by bayonet
pins 603, disposed to project radially inwardly towards
the bore 35. The pins fit in openings 606 provided
in the orifice member 604. When the valve body 600
25 is secured to the mixing head body 999, the orifice
604 is in alignment with inlet port 500 and may not
be removed. The removal of bolts 102, however,
releases the valve from the mixing head body 999
and may readily and quickly be withdrawn. The injec-
30 tion orifice member 604, is removed by rotation about
its longitudinal axis to release openings 606 from
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the bayonet pins 603, and a new orifice member may be
put in its place and secured by reversing the sequence.

The injection head 605 is provided with an
externally threaded portion 607, which is in threaded
engagement with an internally threaded, forward
portiom of a first reciprocating member 620. Ports
608 extend radially inwardly from a necked-down
portiom 608a of injectin head 605 into
internal bore g;g (Figures 4 and 5), which extends
rearvardly and inwardly towards the reciprocating
member 620. A further necked-down section 609 of
injection head 605 extends forwardly from portion
608a. A shoulder portion 611 having a diameter
greater than necked-down portions 608a and 609, and

approximately equal to the body diameter of threaded
portion 607, extends outwardly from portion 609.

The diameter of the shoulder portion 611 is set such
that it exceeds the diameter of bore 614 extending
through the interior of orifice member 604, whereby
that shoulder is adapted to contact the rearward face
612 of orifice member 604 to act as a secondary stop
to arrest forward travel of the injection head 605
into the orifice member 604.

A plurality of radially projecting fins
613 extend from the shoulder 611 towards a tip 615
of injection head 605. The fins 613 are separated by
slots 616 and the combination of fins and slots
serve to break up and'disperse the reactive component
liquid flow as it passes over the injection head
605. sSuch break up results in a spray of the component
being injected thrugh orifice member 604 and port 500

R
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into the mixing chamber. While the fins 613 are
illustrated as axially extending in a parallel rela-
tionship with each other, a helical or other convolute

pattern may also be used, whereby greater break-up

of the high pressure liquid stream can be effected.
The tip 615 of injection head 605 is substantially
frustoconical in shape and is machined to be seated
against a complementary forwardmost seating portion
619 in the bore 614 of orifice member 604. The
engagement of tip against seating portion 619 must be
sufficiently tight to prevent any unwanted flow of
reactive component through orifice member 604 and
port 500 when the valve is in a closed position.

An O-ring 41 is provided to seal a front
face 618 of the orifice member 604 against the mixing
head body 999. A second O-ring 42 is provided for the
same purpose where body member 601 also fittingly con-
tacts mixing head body 999.

Injection head 605, as noted, is threadingly
engaged with a threaded, forward portion of bore 617,
which bore extends through the axial or longitudinal
extend of the first reciprocating member 620. The
diameter of the threaded, forward portion of bore
617 is larger than that of the outside diameter of
recirculation sleeve 621, which is placed into the
bore before the injection head 605 is threadedly
attached and secured by lock nut 622 to the first
reciprocating member 620. The interior of the
bore 617 is machined to provide a seat for the
recirculation sleeve 621 which has a bore 623
extending therethrough. The bore 623 in the sleeve
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provides a substantially frustoconically shaped entrance
portion 624 and a substantially frustoconically shaped
exit portion 625. Exit portion 625 is machined to be

- -complementary to a frustoconical portion of a second

reciprocating member 650, whereby a seal is formed by
contact of the reciprocating member 650 with recircu-
lation sleeve 621. The sleeve 621 has a shoulder
portion 629 of greater diameter than a body portion 626
which shoulder portion is retained by a shoulder 630
extending into the bore 617 of the reciprocating member
620. The body portion 626 fits coaxially into surface
631 of the shoulder. A continuous path for ligquid is
thereby provided from the pdrt 608 to the bore 610 and
the bore 623 of recirculation sleeve 621.

The first reciprocating member 620 is coax-
ially disposed within the central axial bore 35 in
valve body 600. A forward portion of the central axial
bore 35, located in body member 601, has a diameter
larger than that of a first exterior portion 632 of the
first reciprocating member 620. The forward portion of
bore 35 contains a reactive component chamber 650 which
communicates with the reactive component suppiy conduit
11 through subpassage 661. Reactive component chamber
660 has no permanent fluid communicating with orifice
member 604, bore 614 or port 500. It only communicates
intermittently, through the forwardmost portion of
central axial bore 35, with bore 614 thrbugh orifice
member 604 and, when tip 615 is not seatingly engaged
with the surface 619. Rearward communication of reac-
tive component chamber 660 with any additional portion
of the central axial bore 35 is prevented by the pre-

W

sence of a set of seals 43, 44, consisting of an outer-
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of which are seated in an annular groove in the bedy
member 601. Most preferably, that groove is machined
into the face of body member 601 at its junction with

. body member 602 (Figure 3).

The first reciprocating member 620 has a
second exterior portion 633 having a diameter greater
than first portion 632, and forming a shoulder 632a
therebetween. The second portion 633 has a diameter
less than double acting piston portion 634 (Figure 7).
Rearwardly with respect to injection orifice 604,
central axial bore 35 in body member 602 changes in
diameter, opening out from a diameter providing sliding
fit with the first exterior portion 632 of the first
reciprocating member 620 to a diameter providing a
sliding fit with said second exterior portion 633
thereof (Figures 4-5, 7). The length of the first
portion 632 of the first reciprocating member 620
having the smaller diameter is such that it extends
into the opened-out portion of the bore 35 to provide a
reactive component recirculation chamber 670 there-
between, which is connécted by passage 671 to return
conduit 13. Chamber 670 has no permanent fluid com-
munication with either reactive component chamber 660
or supply conduit gl;Ait communicates only intermit-
tently with said chamber 660 and supply conduit 11.
Recirculation ports 672, radially disposed in the
reciprocating member 620, effect fluid communication
from the exterior portion 632 to the internal bore 617
of member 620. Recirculation ports 672, when member
620 is assembled in central axial bore 35, provides
means for fluid communication between the bore 617 and
the recirculation chamber 679.
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A pair of seals 44 and 45 are provided on the
outer surface of portion 633 of the first reciprocating
means 620, the seals consist of an inner O-ring 44a and

-an outer seal 45.

The second reciprocating member 650 is dis-
posed in the interior bore 617 of the first recipro-
cating member 620. In the preferred embodiment, the
internal recirculation path of the valve comprises a
portion of internal bore 617 of member 620. In alter-
native embodiments, however, an internal récirculation;
path may be provided which does not comprise the inter-
nal bore 617 through the first reciprocating member
620. Instead, a separate internal recirculation path

- may be provided within which the second reciprocating

member 650 is placed downstream of the recirculation
sleeve 621, which member 650 effects a sealing seat
with the frustoconical surface 625 in bore 623, in the
same manner as 1s illustrated in Figures 4 and 5.

Iwo sets of peripheral seals 46, 47 and 48,
49 surround the body of the reciprocating member 650,
consisting of inner O-ring seals 46 and 48, outer seals
47 and 49, providing sliding sealing engagement with
the complementary surface of bore 617 (Figures 3 and
7).

The length of the body of second recipro-
cating member 650 is such that it does not exceed the
distance between radially arrayed recirculation ports
672 and hydraulic ports 675, which ports 657 communicate
with bore 617 of member 620 rearwardly of member 650,
while ports 672 communicate with bore 617 forwardly of
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member 650 (with respect to orifice member §04). &
bottle-nosed spacer extension member 680 is disposed in
bore 617 rearwardly of the second reciprocating member
650. The extension member 680 is pfovided with seals
50, 51 and 52, 53, consisting of innef 0O-ring seals 50,
and outer step seals 51, 53. The seals 50, 51 and

2, 53 provide sliding sealing engagement for member

0\U1|(J'IU1
NS}

0 with the complementary surface of bore 617 (Figures

3 and 7).

The fifét reciprocating means 620 includes
the double acting piston portion 634, which comprises a
flange of a diameter greater than that of second por-
tion 633. Seals consisting of an inner O-ring 54 and
an outer seal 55, provides sealing engagement with the
complementary surface portion 700 of central axial bore
35. Piston portion 634 has a face 635, disposed for-
wardly towards orifice member 604, and a face 636,
disposed rearwardly away from said orifice member 604.
Hydraulic conduit 14 communicates with the chamber
formed by surface portion 700 of bore 35, piston por-
tion 634 of reciprocating member 620 and end cap 692,
which is secured to body member 602 by bolts 101 (Figure
3). Hydraulic conduit 15 communicates through passage
15a with the chamber formed by surface portion 700 of
bore 35, and piston portion 634 of member 620. End cap
692 has a forwardly projecting annular portion 693, the
outer surface of which slidingly engages the complemen-
tary surface of portion 700 of bore 35 and the inner
surface of which engages an outer surface 633a of the
first reciprocating member 620 (Figures 3, 7). A
sealing fit to surface portion 700 is provided by an
O-ring 56. Inner O-ring 57 and outer seal ring 58,
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provides sliding sealing engagement with the outer
surface 633a of member 620.

The end cap 692 further includes a rearwardly
projecting annular portion 694 which is internally
threaded to receive an adjustable externally threaded
stop member 685. Stop member 695 has an inner surface
695a, which contacts and end surface 637 of the member
620, thereby limiting the rearwardmost travel of member
620 away from orifice member 604. A second adjustable
stop member 690 is externally threaded for engagement
with a threaded bore 690a extending through the first
stop member 695. A lock nut 691, when backed off,
allows adjustment of the second stop member 690
independently of the adjustment of the first stop
member 695, which is maintained in position by means of
a set screw 697 and a split thread 695b which is
spreadable by the screw 697. The end of the second
stop member 690 distal from the lock nut 691 contacts
the spacer extension member 680 which, in turn, con-
tacts the second reciprocating member 650, thereby
limiting the rearwardmost travel of member 650 away
from orifice member 621, independently of the limi-
tation of the rearwardmost travel of member 620 away
from orifice member 604.

While threaded stop members 690 and 695
requiring manual adjustment are employed in the pre-
ferred embodiment of the invention, other adjustable
stop means known to the art may also be utilized,
including adjustable piston stop means of the type
disclosed in Boden, U.S. Patent No. 4,378,335;
Schmitz et al. U.S. Patent No. 4,464,056 and
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Schmitz et al U.S. Patent No. 4,497,579, as well as
the use of stepper motor driven adjustable stop means,
including the application of independent stepper

-. motors to each of means 690 and 695. Combinations

of cylindrical threaded adjustable stop means,
adjustable piston stop means and/or stepper motor
adjustable stop means may be used, such combinations
including adjustable piston stop means for the first
reciprocating member 620 and cylindrical threaded
adjustable stop means for the second means for both
the first and second reciprocating members 620, 650,

The overall assembly of the first and second
reciprocating members 620, 650 of the preferred embodi-
ment of the invention is illustrated in Figure 7, which
shows the various subcomponents in an exploded per-
spective view. To assemble, the second reciprocating
member 650 is inserted into the rearward opening
of bore 617 of first reciprocating member 620, and
then the spacer extension member 680 is inserted to follow
member 650, insertion again being from the rearward
opening of bore 617. Into the forward opening of
bore 617 is placed the orifice member 621, which is
advanced into the bore until the shoulder 629 is
seated against the receiving shoulder 630 in the
bore 617 of member 620. The injection head 605 is then
screwed into the threaded portion of bore 617 and
lock nut 622 threaded onto the threaded portion
607, to secure the head in member 620. The orifice
member 604 is secured on bayonet pins 603 before
body member 601 is bolted to mixing head body 999.

All necessary seals are premounted to their various

components.
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Final assembly of the valve comprises the
insertion of the assembled components into the bore 700
of valve body 600 after body member 602 is mounted to

“-. -body member 601. End cap 692, into which adjustable

10

15

20

25

30

stop members 680 and 695 have previously been inserted,

is then mounted on body member 602 with annular portion
693 being in a surrounding and in sliding engagement
with portion 633a of the first reciprocating member
620. Bolts 101 secure the entire valve assembly to
body member 601 and mixing head body 999.

The operation of the reaction component
injection valve of the invention is illustrated with
respect to a cycle involving injection of reactive

- component, cessation of injection, internal recircu-

lation, and the cessation and resumption of injection
of reactive component.

Figure 3 illustrates the reaction component
injection valve in the internal recirculation state.
The tip 615 of injection head 605 is in sealing contact
with interior surface 619 of orifice member 604, thereby
preventing any injection of a reactive component into
the mixing chamber. Hydraulic pressure, supplied
through conduit 14, acts against the rearward face 636
of the double acting piston portion 634 of the first _
reciprocating member 620 forcing the member 620 towards
the orifice member 604 and thereby maintaining the
sealing contact between the tip 615 and surface 619.

A reactive component enters chamber 660
through conduit 11 and, being unable to exit through
orifice member 604 and port 500, instead flows throuch
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ports 608 in injection head 605 into internal bore 610,
and then into bore $23 in recirculation sleeve 621.
The pressure of the reactive component passing

7. into bore 623 drives second reciprocating member

5 650 back in bore 617 until it contacts the spacer
extension member 680, which in turn contacts second
adjustable stop member 690, stopping the rearward
travel of member 650. That movement opens an
annular passage between the forward frustoconical

10 portion of member 650, and the rearwardly-disposed
frustoconical surface 625 on the recirculation
sleeve 621. The annular passage constitutes a
throttling passage, whose dimension and thus throttling
effect on the recirculating reactive component is

15 established by the position of the second stop member
690. The stop member 690 is set to extend into the
valve and the narrower the annular space between
member 650 and recirculation sleeve 621, the greater
the throttling constriction and the higher the

20 recirculation back pressure.

The reactive component, after flowing

through the sleeve 621, exits from the bore 617
through recirculation ports and 672 passes into
recirculation chamber 670, passage 671 and internal

25 recirculation return conduit 13. The larger effec-
tive area of rearward face 636 of portion 634 of
member 620 allows the use of hydraulic fluid under
pressure only slightly greater than that which the
reactive component is under, as the component acts

30 only on the end face of bore 617 and lock nut 622,
which have a much smaller effective area than face
636.
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To initiate pour, hydraulic pressure is
removed from conduit 14 and applied to conduit 15 and
passage l5a. Hydraulic fluid pressure is thereby

. -applied to forward face 635 of piston portion 634 of

member 620 at the same time that the fluid is passing
through ports 675 into that portion of the bore 617
located behind the second reciprocating member 650.
Because of the bottle-nose of spacer extension member
680, hydraulic pressure is brought to bear on the
rearward face of member 650, forcing it towards the
sleeve 621. The force applied to the much larger
surface area of facial portion 634 of member 620
simultaneously acts to retract member 620 rearwardly,
withdrawing the tip 615 of injection head 605 from its
seated position with the surface 619 of the orifice
member 604. That opening immediately constitutes the
path of least resistance to inflowing reactive com-
ponent, which begins to flow through orifice member 604
and port 500 into the mixing chamber. In turn, such
flow rapidly decreases the remaining flow of recircu-
lating reactive component through-sleeve 621, allowing
the hYdraulic pressure behind member 650 (from liquid
flowing through ports 675) to force the frustoconical
portion thereof against the complementary seat 625 of
sleeve 621, stopping recirculation flow. Rearward
motion of 620 continues until the face end 637 contacts
the face 695a of the first stop member 695, which stops
further rearward travel. The reactive component there-
after travels from conduit 11, into chamber 660,
between the fins 613, and in slots 616, and bore 614
of orifice member 604, into the generally frustoconical
space between the tip 615 and surface 619 and out of
orifice member 604 and port 500 into the mixing .

T vt o
Cliamloexy.
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The distance between the tip 615 and surface
619 is established by the first stop member 695. This
again constitutes an annular, throttling passage. The
- 7. stop member 695 is set forwardly into the valve body,
5 the narrower the annular space, the higher the pour
pressure. Variation of the stop member 695 varies the
pour pressure.

To complete the cycle, hydraulic pressure is
removed from conduit 15 and re-applied to conduit 14.
10 Pressure will thus be applied against rearward face 636
of piston portion 634 of member 620, driving the assem-
bly forward, so as to bring tip 615 of the injection
head 605 into sealing contact with surface 619 of the
orifice member 604. That in turn stops injection of
15 reactive component into and through port 500 to the
mixing chamber. The forward movement of first recipro-
cating member 620 drives hydraulic fluid before forward
face 635 of piston portion 634, pushing fluid out
through passage 15a and conduit 15, which starts fluid
20 draining ports 675. As the reactive component ceases
flow through orifice member 604, it again flows through
ports 608, into bore 610, through bore 623 in recircu-
lation sleeve 621, and again forces the second recipro-
cating member 650 back to open access to ports 672,
25 passage 671 and conduit 13.

The two reciprocating members therefore
constantly follow a sequence of repeated rearward to
forward, then forward to rearward movement, each hence
shuttling between each of two positions; while one

30 member is forward, the other is rearward, then vice
versa. The first reciprocating member 620 of the
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reactive component injection valve of the invention

thus constitutes a pour shuttle, and the second recipro-
cating member 650 of said valve constitutes a recircu-
lation shuttle. Both act with orifice member and

sleeve (604 and 621, respectively) to provide an annular
throttling flow path for the reactive component when in
the injection and internal recirculation modes.

‘The proximity of these throttling points to
each other makes close and maintainable pressure balance
readily attainable between pour and recirculation
modes. This in turn affords virtually instantaneous
transition from internal recirculation to injection and
vice versa, valve characteristics essential to provid-
ing dual density mix through high pressure impingement

mixing.

The reaction component valve of the invention
is h&draulically actuated to commence injection, with
simultaneous hydraulic actuation to close off the
internal recirculation path. While the cessation of
injection by closing off orifice member 604 is also
hydraulically actuated, however, the opening of the
internal recirculation path is actuated by the flow of
reactive component alone, without any hydraulic inter-
vention. Only when the internal recirculation path is
selected does liguid reactive component flow into the
bore 617 in the first reciprocating member 620; when
the valve is in the injection mode, no reactive com-
ponent is flowing through, the bore 617, or any other
portion of said first or second reciprocating members
620, 650.
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While particular embodiments of the invention,
and the best mod contemplated by the inventor for
cérrying out the invention, have been shown, it will

-%. be understood, of course, that the invention is not

5 limited thereto since modifications may be made by
those skilled in the art, particularly in light of
the foregoing teachings. It is, therefore, contem-
plated by the appended claims to cover any such
modifications incorporated those features which

10 constitute the essential features of these improve-
ments within the true spirit and scope of the invention.
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(J4)

A high pressure mixing head for mixing

reactive components for reaction injection molding or

reinforced reaction injection molding processes, com-

prising:

A.

a mixing head body, (999) having

1.

a first bore (2050) defining an
elongated mixing chamber, said
chamber being closed at one end
and having an outlet opening (2060)
at the other end;

at least one inlet port (500)

to said bore, for introducing a
reactive component into said mix-
ing chamber by injection there
through;

at least one outlet passage from
(501) said first bore, axially
aligned with and spaced from

-said inlet port;

a second bore (3050) defining an
elongated quieting chamber, said
chamber communicating with, and
extending approximately normal to,
said mixing chamber (2050) at

said opening, said quieting chamber
having & discharge end remote

from said opening;

PCT/US86/02029
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B. a first, metering plunger (2010)
slidably received in said first bore
and mounted for reciprocal axial move-
i ment along the longitudinal axis of
5 the mixing chamber between a retracted,
injection position, wherein a mixture of
said reactive components is formed in
said mixing chamber, and an extended,
recirculation position, wherein said

10 plunger is advanced to a position
adjacent to said outlet opening (2060)
to drive said mixture from said chamber,
said first, metering plunger (2060) having
at least one axially extending by-pass

15 channel (2080), which provides fluid com-

' munication between said inlet port
(500) and said outlet passage (501)
when said first, metering plunger is
in the recirculation position;

20 C. a second, clean-out plunger (3010)
closely and slidably received in said
quieting chamber, mounted for recipro-
cal axial movement along the longitudinal
axis of the quieting chamber between a

25 retracted position, wherein said mixture
of said reactive components flows into
said quieting chamber from said outlet
opening (2060) in said mixing chamber,
and an extended, clean-out position

30 wherein said plunger is advanced adja-
cent to said discharge end to drive

said mixture from said gquieting chamber;
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D. first motive means for reciprocably and

selectably moving said first, metering
~ plunger (2010) between its recirculation

and injectioh positions;

E. second motive means for reciprocably
and selectably moving said second,
clean-out plunger (3010) between its
retracted and clean-out positions; and

F. at least one reaction component injec-
tion valve for injecting a reactive com-
ponent through said inlet port into said
mixing chamber.

2. The mixing head of Claim 1 wherein said
injection nozzle and said first reciprocating member
(620) are coaxially disposed, and wherein said first
reciprocating member is positioned hydraulic with
respect to said injection nozzle.

3. The mixing head of Claim 1 wherein said
injection nozzle, said first reciprocating member and
said second reciprocating member are coaxially disposed,
and wherein said second reciprocating member is posi-
tioned by the flow of recirculating reactive component
when recirculation is effected subsequent to injection,
and positioned hydraulically to cease recirculation and
resume injection. '

4, The mixing head of Claim 1, 2 or 3
including a first adjustable stop member (695b) dis-
posed in the path of said first reciprocating member
(620), whereby at least one open position of said first
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reciprocating member with respect to said nozzle is
established by contact of said reciprocating member
therewith.

5. The mixing head of any one of the pre-
5 ceding claims, wherein said injection valve comprises:
1. a valve body (600);

2. an injection nozzle disposed in
said body;
3. a reactive component supply passage
10 disposed in said body, having inter-

mittent fluid communication
with said nozzle;
4, a first reciprocating member (620)
disposed within said reactive com-
15 ponent supply passage in said body,
selectably positionable to open,
partially open or close said
nozzle, thereby varying the flow
of reactive component through said
20 supply passage into and through
said supply passage into and through
said nozzle, whereby the pour pres-
sure of said component may be set;
5. a reactive component recirculation
25 passage disposed in said body, hav-
ing intermittent fluid communica-
tion with said supply passage
6. a second reciprocating member
(650), disposed within said
30 recirculation passage in said
body, selectably positionable
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to open, partially open or close said
passage, thereby varying the flow of
reactive component through said passage,
whereby the recirculation pressure of
said component may be set and recir-
culation effected internally to said

valve.

6. The mixing head of Claims 5, wherein
said injection valve includes a second adjustable stop
member (690) disposed in the path of said second reci-
procating member, whereby at least one open position of
said second reciprocal member with respect to said
recirculation passage may be established by contact of
said reciprocating member therewith.

7. The mixing head of Claim 5 or 6, wherein
said injection valve includes an orifice member within
said recirculation passage, disposed upstream of said
second reciprocating member, said orifice member and
said second reciprocating member in combination forming
a throttling means for reactive component recirculating
through said passage, the separation between said
orifice member and said second reciprocating member
setting the degree of throttling.

8. The mixing head of Claims 5, 6, or 7,
wherein said first and second reciprocating members of
said injection valve coaxially disposed are shuttle
valves.

9. The mixing head of any one of Claims 5
rb

to 8, wherein said first reciprocating member has a

Tamed =1 ddmal bore (817) extendine therethrauch et A
LongiTudinagl ore (c.iy €XLEenaing Thasrevnrougn, saxid

-

second reciprocal member being disposed in said bore.
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10. The mixing head of any one of Claims §
or 9 wherein said first and second reciprocating members
. have substantially frustoconical surfaces disposed
' <7.. . towards said nozzle.

5 11. A reaction component injection valve for
high pressure mixing of reactive components for reac-
tion injection molding or reinforced reaction injection
molding processes, comprising:

a. a valve body (600)

10 b. an injection nozzle disposed in said
body;
C. a reactive component supply passage (11)

disposed in said body, having inter-
mittent fluid communication with said

15 nozzle;

d. a first reciprocating member, disposed
within said reactive component supply
passage, selectably positionable to
open, partially open or close said

20 nozzle, thereby varying the flow of
reactive component through said supply
passage into and through said nozzle,
whereby the pour pressure of said reac-
tive component may be set;

25 e. a reactive component recirculation
passage disposed in said body, having
intermitten fluid communication with
said supply passage;

£. a second reciprocating member, disposed

30 within said recirculation passage in
said body, selectably positionable to
open, partiallv open or close said
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passage, thereby varying the flow of
reactive component through said passage,
whereby the recirculation pressure of
said component may be set and recir-
culation effected internally to said
valve.

12. The injection valve of Claim 11, wherein
said injection nozzle and said first reciprocating
member are coaxially disposed, and (A).

13. The injection valve of Claim 11, wherein
said injection nozzle, said first reciprocating member
and said second reciprocating member are coaxially
disposed, and (B).

14. The injection valve of Claim 11, 12 or
13 including a first adjustable stop member disposed in
the path of said first reciprocating member whereby at
least one open position of said first reciprocating
member with respect to said nozzle is established by
contact of said first reciprocating member said stop

member.

15. The injection valve of any one of Claims
11 to 14, including a second adjustable stop member
disposed in the path of said second reciprocating
member wherey at least one open position of said second
reciprocating member with respect to said recirculation
passage is established by contact of said second reci-
procating member therewith.

-S4~ ' PCT/US86/02029
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recirculation passage, dksposed upstream of said second
reciprocating member, said orifice member and second
reciprocating member, in combination, forming a throt-
. tling means for reactive component recirculation
5 through said passage, the separation between said
orifice member and said second reciprocating member
setting the degree of throttling.

17. The injection valve any one of Claims
11 to 16 wherein said first and second reciprocating
10" members are coaxially disposed shuttle valves.

18. The injection valve of any one of
Claims 11 to 17 wherein said first reciprocating
member has a longitudinal bore extending therethrough,
said second reciprocal member being disposed in said
15 Dbore.

19. The injection valve of any one of
Claims 11 to 18 wherein said first and second reci-
procating members have substantially frustoconical
surfaces disposed-towards said nozzle.
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