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3,065,874
CATALYST SPRAY GUN AND METHOD OF
SPRAYING RESINS
Richard M. Becker, Willoughby, Ohio, assignor, by mesne
assignments, to Ibis Enterprises Limited, Hamiiton,
Bermuda, a corporation of Bermuda
Filed Oct. 5, 1968, Ser. No. 60,691
18 Claims. (ClL 239—-415)

This invention relates to improvements in a spray gun
for a plurality of fluids which are kept separate during
their progress through the gun and are mixed only in
the spray pattern as they leave the gun and before they
are deposited on a desired surface, More particularly,
the invention provides means located at the gun itself
for quickly and accurately setting the rate of discharge of
the various fluids whereby a critical ratic of the com-
ponent fluids may be readily established and maintained,
and may be readily reset for a repeat performance.

Synthetic resins are available today which may be
readily deposited in desired forms and patterns to give
exceptionally fine properties to the finished product.
However, many of these resins require a catalyst or other
additive to cause the material to set in its final form.
Because of the quick reaction of this catalyst component,
it is undesirable, or in some cases impossible, to mix
the catalyst in the pot before spraying and the desired
condition is to mix the catalyst with the basic material,
such as resin, in the spray itself so that it sets immediately
upon striking the surface where it is deposited. Some-
times, the ratio between the synthstic resin or base ma-
terial and its catalyst or hardener is of such a critical
nature that a relatively slight deviation from this critical
ratio destroys the value of the work.

It is an object of the present invention to provide a
spray gun for dispensing simultaneously a plurality of
component fluids which are mixed only after they leave
the spray gun, and wherein means are provided directly
at the gun itself and under the immediate contro] of the
operator for setiting the rate of discharge of each of
the component fluids separately, together with indicator
means to show that the critical ratio is being maintained
and to provide for quick resetting of critical ratios when
desired.

Other objects and advantages of the present invention
will be apparent from the accoempanying drawings and
description and the essential features thereof will be
set forth in the appendad claims.

This application is a continuation-in-part of my co-
pending application Serial No. 20,454, filed April 6,
1860, now abandoned, for Catalyst Spray Gua and
Method of Spraying Resins.

In the drawings—

FIG. 1 is a central sectional view through one embodi-
ment of my invention;

FIG. 2 is an end view of the device of FIG. 1 taken
from the position of the line 2—2 of FIG. 1;

FIG. 3 is a central sectional view through another em-
bodiment of my inventicn showing the fluid component
discharge orifices of the gun in closed condition;

FIG. 4 is a sectional view similar to FIG. 3 but show-
ing the fiuid component discharge ports open:

FIG. 5 is a central sectional view through still another
embodiment of my invention; while

FIG. 6 is an enlarged fragmental sectional view of
parts associated with the piston in FIG,. 5.

Referring now to FIGS. 1 and 2, a resin fluid body
18 is provided near the tip end of the gun and having a
central opening communicating with a resin fluid supply
passageway 11 which is fitted to receive a hose or the
like through which resin may be fed to the gun under
pressure as desired. A resin fluid tip 12 is threaded into

10

20

40

i
o

60

2

the body 18 and has walls which taper forwardly in a
somewhat conical fashion fo terminate at the forward
end thereof in a generally circular opening 13. A gener-
ally conical shaped air cap 14 is secured to the body
16 by means of the air cap nut 15. This air cap nut
terminates in a generally circular opening 16 at its for-
ward end, this opening being larger than the forward end
of the tip 12 so as to provide an annular space for
the discharge of air entirely around the resin fluid tip.

To the rear end of the resin fluid body 10 there is
secured a catalyst fluid body 17 by means of retaining
ring 18 and a cap nut 9. This body 17 is provided with
a catalyst flnid supply passage 28 which is arranged for
the connection of a hose or the like to feed catalyst to
the gun under pressure as desired.

To the rear end of the catalyst body 17 a cylinder 23
is secured, as by threading the solid body portion 21a to
the body 17. This cylinder is provided with an air inlet
22 arranged for the connection of an air hose or the
like. The rear end of the cylinder is closed by the
threaded cylinder cap 23. The cylinder is fitted with a
piston comprising a piston nut 24 having a flange 24a
lying on the rear side of a piston leather 25, on the other
side of which is a disk 26 which has a hub threaded
into the nut 24 so as to firmly hold the lsather between
them. A helical compression spring 27 lies between the
cylinder cap 23 and the piston nut 24 so as to urge the
piston forwardly when it is released from air pressure in
the cylinder. -

A central, axially extending cylindrical opening is pro-
vided through the bodies 10, 17 and 21« in alignment
0 as to receive a hollow needle 28. This needle is pro-
vided with an axially extending opening 29 of small di-
ameter from the tip end thereof back to a needle valve
seat 3% in the mid-portion of the catalyst fluid body 17
adjacent the catalyst inlet passage 28. At this point the
nsedle is surrounded by an annular chamber 31 in the
body 17 from which a plurality of openings 32 commu-
nicate with the hollow portion of the needle to permit the
entrance of catalyst past the valve seat and down the
passageway 22 when the ncedle valve is open. This
nzedle valve 33 occupies a larger diameter bore in the
needle 28 and extends through the piston nut 24 where it
is increased in diameter and provided with a threaded
connection with the nut 24 as indicated at 34 so that
when a hand knob 35 fixed to the rear end of the needle
valve 33 is turned, the threaded connection at 34 is
adjusted to regulate the amount which the needle valve
will leave its seat 38 when actuated as later described.

It is obvious that needle valve 33 will be lifted from its
seat 30, through its threaded connection with the piston
nut 24, when the piston is moved rearwardly by the in-
troduction of air to the forward portion of cylinder 21
through passageway 22.

A second connection is provided with the piston for
the operation of the hollow needle 28 by actuation of the
piston. This comprises a collar nut 36 which is threaded
to the disk 26 and provides an inwardly extending flange
adapted to underlie the radially outwardly extending
flange 28« at the rear end of the hollow needle 28. A lost
motion is provided between the parts 36 and 284 as indi-
cated at 37 so that the first movement rearwardly of the
piston will lift the needle valve 33 off its seat 30, and
quickly thereafter nut 36 will engage flange 28a to move
the hollow needle rearward so as to open up an annular
opening at the tip end of the hollow needle between the
end of the nesdle and the fluid tip 12.

Means is provided to limit the rearward movement of
the piston so as to control the opening of the needle 28
and of the needie valve 33. This is an abutment which
is provided by the hollow stem 38 which is threaded into
a friction nut 39 which in turn is threaded to a hub on
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the cylinder cap 23. The rear end of stem 38 terminates
in a hand knob 38q by which the stem may be run in or
out on its threads so as to adjust the space 4¢ between the
end of the stem 38 and the rear portion of the piston nut
2Z4. A helical compression spring 41 between the members
38 and 3% surrounds the stem 38 and provides a friction
resistance so as to give better adjusiment of the knob 38a
and its indicator dial presently to be described.

To indicate the adjusiment of the knob 384, a resin
fiuid indicating dial is slipped on the extension of cylinder
cap 23 as indicated and provided with indicia as shown in
FIG. 2. A pointer 43 on the knob 38a serves to advise
the operator as to what adjustment he has made and
serves to reset the same adjustment at any time in the
future as desired by the operator. A spring washer 42a
maintains friction against dial 42.

Indicator means is also provided to indicate the amount
of the threaded adjustment at 34 which limits the move-
ment of the needle valve 33. A sleeve 44 freely surrounds
the rear end of the needle valve 33 and is a press fit in
the nut 24. Threaded on the rear end of this sleeve is a
spacer nut 45 on which is secured an indicator dial 46
provided with indicia as shown in FIG. 2. A pointer 47
on the knob 35 serves to indicate the adjustment of the
needle valve in the thread 34 so as to control the lifting
of the needle valve frocm its seat 3¢ by a predetermined
amount.

Means is provided to supply air into the spray at the
tip end of the gun simultancously with the application of
air to the cylinder 21 to initiate the spraying action. This
comprises a pluraliy of longitudinally extending air pas-
sages 48 in the solid portion at the front end of cylinder
21 leading to an annular passage 49.  This passage leads
to a similar passage in the body 17 where one or more
axially extending air passages are provided extending for-
wardly through the body 17 to a second annular passage-
way 51 where the junction takes place with the body 1.
One or more air passageways 52 are provided through the
body 18 leading forwardly and communicating with the
space inside the air cap 14. This provides the air which
is discharged at the end space 16 between the air cap and
fluid tip ¥2. For controlling the fan or pattern of the
spray during operation, a fan screw 53 is provided fer
controlling. a needle valve 54 which controls the inlet of
air from the passageway 52 into the air cap.

Suitable sealing means is provided at 55 to prevent
the leakage of resin or catalyst along the outer surface
of the hollow needle 23. In a like manner suitable sealing
means is provided at 36 to prevent the passage of catalyst
or air along the outer surface of the hollow needle 28.
Other suitable packing is provided at 57 to prevent the
leakage of air or catalyst along the outer surface of the
needle valve 33.

The operation of the form of device shown in FIGS. 1
and 2 should now be apparent. With a source of resin
or other base material connected at 11, with a source of
catalyst or other hardening material connected at 28, and
with a source of air or other fluid pressure connected at
22, the device is ready to operate. The operator intro-
duces air through the connection 22 by means of a con-
trol valve, not shown, thus causing the piston to move
rearwardly, The first action of the piston is to lift the
needle valve 33 from its seat 39 by means of the threaded
connection 34 according to the adjustment set by the knob
35. As soon as the lost motion 37 is taken up, which is
almost immediately, the parts 36 and 28a are engaged to
pull the hollow needle 28 rearwardly so as to open up the
resin flow around the tip end of the needle 28 inside the
fluid tip 12. The amount of this opening is set by the
adjustment on the hollow stem 38 by means of its knob
38a. This controls the distance 48 which is closed when
the nut 24 strikes the stem 38 and controls the inlet of
the fluid component entering at 11. Simultaneously with
the introduction of air to the cylinder 21, the air flows
through the indicated passages to the air cap 14 and
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emerges at 16 to control the fan or pattern of the air
spray which thoroughly intermingles the two fluid com-
ponents introduced at i1 and 28, respectively. Because
the fluid component introduced at 11 needs no catalyst
or hardening agent in the pot, it has a long pot life. Be-
cause the component introduced at 11 and the catalyst
component or hardening agent introduced at 2% are not
commingled until they leave the spray gun, there is no
problem of the plugging up of the spray gun. Because
the needie valve 33 is opened first and closed last, there
is no problem of the resin material from 1% clogging up
the tip of the gun or being sprayed without the catalyst
or hardening component. Because of the power opera-
tion of the gun, the lost motion 37 is taken up so quickly
that the discharge of the two spray components intro-
duced at 11 and 28 is substantially simultaneous and
avoids any problem in case a single one of these compo-
nents should reach the job alone without being mixed
with the other component.

Because of the combination of the pointer 43 and the
indicator dial 42 tcgether with the pointer 47 and its indi-
cator dial 46, the operator can quickly make positively
indicated adjustments for the flow of the two components
or can readily reset a previous adjustment if he has
marked down or remembered the dial settings at 42 and
46.

A slightly different embodiment of my invention is
shown in FIGS. 3 and 4. Since many of the parts are
identical in character and function with those just de-
scribed, all of such parts have been given identical refer-
ence characters with those described in connection with
FIGS. 1 and 2 and are understood to have identical func-
tions with those already described in connection with the
first form of the invention.

One difference is that the rear end of the nsedle valve
33’ is threaded at 34’ into the piston nut 24’ in a fixed
manner so that it is not adjustable as shown in FIG, 1.
Here the adjustment of the catalyst feed through the pas-
sageway 29 is provided by means of a connecting tube £9
provided with a reduced passageway &1 through which
flow is controlled by a needle valve 62 having a control
knob §3. Suitable packing is provided at 4 held in place
by the packing nut 5. This provides a control knob 63
right at the gun itself and under the immediate control of
the operator so as to adjust the flow of the catalyst
through passages 26, 31, 32 and 2% tc the tip end of the
gun.

The means provided for limiting the rearward move-
ment of the piston in the cylinder comprises a screw 66
threaded into a friction nut 3% which in turn is threaded
onto an extension of the cylinder cap 23. This provides
an abutment opposite the rear end of the nut 24’. By
adjusting this screw the space 67 is adjusted, which limits
the rearward movement of the piston when air is supplied
to the cylinder 21. An indicator dial 42’ like the pre-
viously mentioned dial 42 is frictionally held between the
nut 39" and a resilient spring washer 42a4’. A helical
spring 41’ creates a {riction holding pressure for the screw
66. The head cof this screw is provided with a pointer 43’
which coacts with the indicia on the dial 42’ to indicate
the adjustment of the space 67.

In FIG. 4 the operated position of the parts of the
device of FIG. 3 is shown. With resin or other base ma-
terial supplied at 13, with catalyst or other hardening
material supplied at 28 and with air supplied at 22 the
operator actuates an air valve (not shown) to admit air
to the forward end of cylinder 21 and move the piston
backwardly. The first movement of the piston lifts the
needle valve 33" from the seat 39 permitting catalyst to
flow from the passageway 28 to the tip of the gun through
the passageway 29. Immediately thereafier, the lost mo-
tion 37 is taken up so that the members 36 and 284 engage
each other to move the hollow needle 28 to open position
for flow of resin out the annular opening 13. Simulta-
neously with the introduction of air in the cylinder 21, it
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flows through the passageways 48, 49, 58, 51, 52 into the
air cap 14 to be discharged into the sprayed components
at 68. This spray or fan pettern is controlled by the fan
screw §3 previously described. Upon the discontinuation
of the air supply through the connection 22, the spring 27
returns the parts tc closed position as shown in FIG. 3.
This action was not described in connection with FIG. 1
but the same valve closing action takes place there under
the same spring 27.

Cbviously, pointers and dial indicators could be used
in connection with the adjusiments at 63 and 6§ if desired.

Another form of my invention is showsn in FIGS. 5 and
6. Here the resin fluid body 10 has a ceniral opening
communicating with a resin fluid supply passageway 1%, a
resin finid tip 12 threaded into the body 18, terminating
in a generally circular discharge opening 13, a generally
conical shaped air cap 14 held cn the body £§ by means
of the air cap nut 15, with the air cap nut terminating in
a generally circuler opening 16 at its forward end, this
opening being larger than the forward eud of the tip 12
so as to provide an annular space for the discharge of air
entirely around the resin fluid tip, all as previously de-
scribed in connection with FIGS. 1 and 2.

To tce rear of the body 16, a cylinder 258 is secured,
as by threading the solid body porticn 2184 to the body
8. This cylinder is provided with an air inlet 22¢ ar-
ranged for the connection of an air hose or the like.
The rear end of the cylinder is closed by the threaded
cylinder cap 238. This cylinder is fitted with a piston
comprising a piston nut 249 having a flange 2484 lying
on tae rear side of the pision leather 258, on the other
side of which is a disk 269 which has a hub threaded into
the nut 249 so as to firmiy hold the leather between them.
A helical compression spring 278 lies between the cap 23¢
and the piston nut 249 so as to urge the piston forwardly
when it is released from air pressure in the cylinder.

A central, axially extending cylindrical opening is pro-
vided throvgh the bodies 18 and 2if¢ in alignment so as
to receive a hollow needle 78. This needle is provided
with an axiaily extending opening 71 of small diameter
from the tip end thereof back to a needle valve seat 72,
intermediate the ends of the nesdle. Rearwardly of this
point the central opening of the nesdle is enlarged by
means of a hollow sleeve 73 which is permanently secured
either as by welding or by a pressed fit to the needie 79.
The rear end of this sleeve 73 has a flange 73a extending

adially outwardly and fitting with lost motion wi
recess 74a formed in a piston extension 74 which is
threaded into the piston nut 248, A needle valve 73

axially aligned with the passageway 71 is a press fit in ;

the member 74. A packing gland 76 spring pressed by a
spring 77 is provided between the neadle valve 75 and the
internal hollow of sleeve 73 so as to prevent the leakage
of any fluid there. Mear the forward end of the nsedle
valve 75 there is provided one or more openings 78 com-
municating with a hollow central passageway 79 in the
needle valve which communicates with 2 central passage-
way 74b extending rearwardly through the member 74 at
the rear end of which it com ates with a passageway
28 in a valve block 81 which is threaded to the rear end
of the member 74. In this valve bleck is providsd a
nieedle valve seat 82 closed by an adjustable neadie valve
83 and communicating rearwardly with a connection 84
through which a catelyst may be supplied as presently
explained.

Means is provided to limit the rearward movement of
the piston so as to cosntrol the opening of the needle 79.
This is an abutment provided by the hollow stem 83 which
is threaded into an extension of the cap 230. This stem is
integral with a head 854 which carries a pointer 85 to
indicate the setting of the stop shoulder 85c. 'This indi-
cation is given by means of a disk 86 which is threaded
on the extension of cap 239 and carries suitable indicia.
Once a setting ig arrived at it is maintained by means of
the friction nut 87 which is threaded on the stem 85, A
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helical spring 88, in compression between the nut 87 and
the head 85z, maintains a frictional resistance so as to
give beiter adjustment of the head or contrcl kanob &5a
when setting the position of the abutment shoulder §5¢.

The means for providing an air supply to the annular
opening 16 at the discharge end of the gun is similar to
that previously described. This comprises a plurality of
longitudinally extending air passages 89 in the cyiindrical
extension 210a, these passages providing communication
from the air pressure chamber in cylinder 21¢ forwardly
to an annular passage 9§, whence an additional passage-
way %1 leads forwardly to communicate with chamber
92 which in turn terminates at the annular discharge
opening 16. Control of the air flow from pessage 91 to
chamber 92 is by means of a manually controlled needle
valve 93.

Suitable sealing means is provided at 94 to prevent the
leakage of resin along the outer surface of the hollow
needle 79.

The operation of the form of device shown in FIG.
5 and FIG. 6 should now be apparent. With a source of
resin or other base material connected at 12, with a source
of catalyst or other hardening material connecied at 84,
and with a source of air or other fluid pressure con-
nected at 229, the device is ready to operate. The op-
erator introduces air through the connection 229 by means
of a control valve, not shown, thus causing the piston
259 to move rearwardly. The first action of the piston
is to lift the needle valve 75 from its seat 72 by means
of the rigid connection between members 75 and 248.
This causes an initial flow of the cztalyst or hardening ma-
terial from connection 84 through passageways 80, 74b,
79, openings 78, and passageway 71 to the discharge end
of the gun. This flow is controlled by means of the ad-
justable needle valve 83 which is immediately in front
of the operator for setting. As soon zs the lost motion at
94 is taken up, which is of course almost immediately, the
shoulder 248b engages the flange 73a to pull the hollow
needle 78 rearwardly so as to open up the resin flow
around the tip of the needle 76 inside the fluid tip 32.
The amount of this opening is set by the adjustment of
the position of the hollow stem 85 by means of the con-
trol head 85a. When the flange 74c of the piston ex-
tension 74 strikes the shoulder abutment 85¢ of the
hollow stem 85, the rearward movement of the piston 258
is stopped and this gives a controlied opening for the flow
of resin at the discharge end of the gun. Simuitaneously
with the introduction of air to the interior of cylinder
219, the air flows through the indicated passages to the
air cap 14 and emerges at 16 to coatrol the fan or pattern
of the air spray which thoroughly intermingles with the
fluid components introduced at 1% and 84, respectively.

This form of my invention in FIGS. 5 2nd 6 has ali of
the advantages of the previously described forms so that
they need not be repeated here. Because the adjustable
head 85a and the adjustable nesdle 83 are at the rear end
of the gun and immediately available to the operator, he
can quickly make positively indicated adjustments for
the flow of the two components so as to obtain an exactly
controlled mixture at the discharge end of the gun.

What is claimed is:

1. A muiti-fluid spray gun comprising a body having
an open tip end and a central longitudinaily extending
opening from said tip end rearwardly, a hollow needle
extending through said central opening, there being a
chamber in said body near said tip end and having walls
terminating in an annular opening surrounding said
needle at said tip end and there providing an annular
seat for said needle, sealing means between said needle
and said chamber, said needle movable longitudinally in
its associated opening to selectively close and open said
annular opening, there being a first supply passageway in
said body communicating with said chamber for the
supply of a first fluid thereto, there being a sscond supply
passageway in said body and through the wall of said
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acedle for the supply of a szcond fluid to the hollow of
said needle, a needle valve extending centrally and longi-
tudinally from s2id second supply passageway rearwardly,
a valve seat in said needle at the rear end of the hollow
thereof and axially opposite said needle valve, said needie
valve movable longitudinally of said hollow needle se-
lactively to seat-closing and seat-opening position, a needle
valve actuator operatively connected with the rear end
of said needle valve, there being a lost-motion connec-
tion between said actuator and said hollow nesdle the lost-
motion of which is adapted to be taken up by slight open-
ing movement of said nesdle actuator, adjustable siop
means on said gun for limiting opening movement of said
needle, and means for causing quick opening movement
of said needle valve and needls in that order.

2. A spray gun as in claim 1 including means on said
gun for controlling the flow through said needle vaive.

3. A spray gun as in claim 1 wherein said needle valve
passes through said actuator to the rear end cf said gun
and has a threaded connection with said actuator, and
means at the rear end of said needle valve for adjusting
said threaded comnection, whereby a fixed ratio is main-
tained between the amounts of said first and second fluid
discharged from the gun.

4. A spray gun as in claim 1 wherein said actvator is
a power means.

5. A spray gun as in claim 1 wherein said last named
means is a cylinder and piston motor including a cylinder
rigidly connected at the rear end of said gun, a piston
reciprocatable in said cylinder at the rear end thereof,
means for admitting air to the forward end of said cyl-
inder to drive said pistcn rearwardly, spring means op-
eratively connected with said piston to urge it forwardly,
a hollow air cap at the tip of said gun closed except for
an annular opening surrounding said chamber wails de-
fining said first named annular opening, there being air
passage means connecting the hollow of said air cap with
the forward end of said cylinder, whereby admission of
air to said cylinder causes opening of said needle valve
quickly followed by opening movement of said hollow
needle and simultaneously zir is discharged from saild
last named annular opening.

6. The combination of claim 5 wherein said adjust-
able stop means comprises a bollow stem threaded into
the rear end of said cylinder and abuiting said piston,
said needie valve passing freely through the hollow of
said stem, and means for adjusting the position of said
stem at the rear end thereof.

7. The combination of claim 6 wherein said needle
valve passes through said piston and has a threaded con-
nection therewith, and means at the rear end of said
needle valve for adjusting said threaded connection,
whereby a fixed ratic is mzintained between the amounts
of said first and second fluids discharged from the gua.

8. A multi-fivid spray gun comprising a body having
an open tip end and a central longitudinally extending
opening from said tip end rearwardly, a hollow needle
extending through said central opening, there being a
chamber in said body near said tip end and having walls
terminating in an annular opening surrounding said
needle at said tip end and there providing an annular
seat for said needle, sealing means between said needle
and said chamber, said needle movable longitudinally
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in its associated opening to selectively close and open said
anpular opening, thers being a first supply passageway in
seid body communicating with said chamber for the
supply of a firsi fluid thereto, there being a second supply
passageway in said body communicating with the hollow
of said needle for the supply of a second fluid to the
hollow of said needle, a valve seat in said needle inter-
mediate its ends and comrunicating with the hollow
thereof, a needle valve axially opposite said last named
seat and movable to open and closed positions relative
to said seat, a neadle valve actuator operatively com-
nected with the rear end of said needle valve, there
being a lost-motion connection between said actuator and
said hollow needle the lost-motion of which is adapted
to be taken up by slight opening movement of said needle
actuator, adjustable stop means on said gun for limiting
opening movement of said needle, and means for cansing
quick opening movement of said needle vaive and needle
in that order.

9. The combination of claim 8 wherein said last named
means includes an air-operated abutment operatively
connected with said needle valve actuator, there being an
air chamber in said body contignous to said abutment,
neans for supplying air under pressure to said air cham-
ber, air orifice means radially ocutside said open tip end,
and a passageway commiunicating between said air cham-
ber and said air crifice.

10. A multi-fluid spray gun comprising 2 body having
an open tip end and a central longitudinally extending
opening from said tip end rearwardly, a hollow needle
extending through sazid central opening, there being a
chamber in said body near said tip end and having walls
erminating in an anaular opening sturrounding said needle
at said tip end and there providing an annular seat for
said needle, said hollow needle having its discharge end
extending through said seat and forward beyond said
seat, sealing means between said needle and said chamber,
said needle movable longitudinally in its associated open-
ng to selectively close and open said annular cpening,
here being a first supply passageway in said body com-
municating with said chamber for the supply of a first
fluid thereto, there being a second supply passageway in
said body communicating with the hollow of said needle
for the supply of a second fluid to the hollow of said
nesdle, a necedle valve extending centrally and longi-
tudinally within said needle, a valve seat in said needle
in the hollow thereof and axially opposite said needle
valve, said needie valve movable longitudinally of said
hollow needle seiectively to seat-closing and seat-opening
position, a needle valve actuator operatively connected
with said needle valve, and means for causing quick
opening movement of said needle valve and needle in
that order.
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