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[57] ABSTRACT

Apparatus for spraying paint and other liquids under
high hydraulic pressure is described, wherein fluid
pressure is incrementally developed within a resilient
accumulator by controlling fluid passages through the
use of pressure-responsive valving, while a reciprocat-
ing piston action pumps the fluid into the passages.

17 Claims, 6 Drawing Figures
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1
ELECTRIC AIRLESS CUP GUN APPARATUS

This invention relates to an apparatus for the spray-
ing of paint and other liquids under the influence of
high hydraulic pressure. More particularly, the inven-
tion in its preferred embodiment is described with ref-
erence to a portable, electrically powered, paint
sprayer apparatus. The invention is particularly useful
in providing a means for incrementally building up and
accumulating a high hydraulic pressure for subsequent
release through an orifice for the purpose of spraying.

There are essentially two approaches to the spraying
of paint and other liquids through an orifice. The first
of these involves spraying liquid at relatively low pres-
sure and utilizing an auxiliary gas, usually air, to atom-
ize and assist in the spraying of the liquid. An apparatus
which uses this approach will have, in addition to suit-
able passages and orifices for the flow of the liquid to
be sprayed, additional passages for controlling the flow
of pressurized air so that the liquid stream and air
stream may be merged to create an atomized spray pat-
tern.

A second approach to the art of spraying liquids in-
volves spraying under high hydraulic liquid pressure.
An apparatus which sprays according to this approach
will have only a single passage for controlling the flow
of the liquid, although it will also have means for build-
ing up and maintaining a high pressure within the spray
passages. Of course, suitable valving mechanisms must
be used in either of the aforementioned approaches,
but the obvious advantage of spraying under hydraulic
pressure is that an auxiliary source of pressurized air is
not required. This advantage is somewhat lessened by
the fact that means must be provided for developing
high hydraulic pressures.

In the field of portable paint and liquid sprayers, the
problem of developing high hydraulic pressure is com-
pounded, because equipment capable of doing so is fre-
quently bulky and expensive. However, small motor
driven diaphragm and piston arrangements have been
devised whereby the hydraulic pressure is incremen-
tally increased with each stroke of the driving piston or
diaphragm, and by driving the piston or diaphragm at
a high enough rate it becomes possible to develop a
high pressure within some confined chamber.

The present invention utilizes the concept of devel-
oping high hydraulic pressure through the application
of successive pressure strokes on fluid confined in a
chamber, although it accomplishes this purpose
through a new and novel apparatus.

It is therefore an object of this invention to provide
an apparatus for spraying paint and other liquids under
high hydraulic pressure.

It is another object of this invention to provide an ap-
paratus for use in a lightweight, portable paint sprayer.

It is yet another object of this invention to provide an
economical pressurizing means for paint and other lig-
uids, for the purpose of spraying under the influence of
such pressure.

These and other objects and advantages will become
apparent upon a reading of the following specification
and claims, and with reference to the attached draw-
ings, in which:

FIG. 1 illustrates the invention in side view in partial
cross section;

FIG. 2 is an expanded cross sectional view of an es-
sential part of the invention;
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FIG. 3 is a cross sectional side view of the same part,
showing a second operating position;

FIG. 4 illustrates the passages between chambers;

FIG. 5A illustrates an alternative embodiment of the
novel chamber of this invention; and

FIG. 5B illustrates another embodiment of the novel
chamber of this invention.

Referring first to FIG. 1, the inventive apparatus is
shown in side view, with pertinent features illustrated
in cross section. A portable paint spraying apparatus is
held by handle 15 and is actuated by means of trigger
16, which permits electrical energy to flow from wire
17 to drive motor 10. Motor 10 has a drive shaft gear
11 which drives a second gear 12. Gear 12 is mounted
with a suitable bearing on spindle 13 and rotates freely
about spindle 13. An eccentric shaft 18 is securely at-
tached to gear 12 in a position displaced from the axis
of gear 12, projecting downwardly and having a rotat-
able wheel 20 attached at its lower end. Wheel 20 rests
within a yoke 21 which forms the end of piston rod 25.
Therefore, as motor drive shaft gear 11 rotates it causes
gear 12 to similarly rotate further causing eccentric
shaft 18 to impart a reciprocating motion to the end of
piston rod 25, which may be biased rearwardly by
spring 26. This motion causes piston rod 25 to move
back and forth within its cylinder. Any other form of
reciprocating drive apparatus would be suitable for use
with this invention, the apparatus described with refer-
ence to motor 10 being a representative and preferred
embodiment for use with the invention. It has been
found that a % — horsepower electric motor operating
at 12,000 r.p.m. provides an effective power source for
this invention.

As piston rod 25 reciprocates within its cylinder, it
draws paint from paint container 30 upwardly through
suction tube 31 during each reverse stroke, and forces
this paint into chamber 32 during each forward stroke.
Paint is forced into chamber 32 by pressure exerted
against ball valve 35, causing ball 35 to move away
from its seat against the spring force of spring 36. Ball
35 may return to its seated position during each rear-
ward stroke of piston rod 25, thereby allowing the up-
ward suction of additional paint via suction tube 31. A
drain passage 38 is provided for allowing excess accu-
mulated paint to drain back into container 30, if such
paint travels between piston rod 25 and its cylinder.
Suitable packing material (not shown) may be used to
provide a seal for piston rod 25 rearward of drain pas-
sage 38 and to thereby prevent paint from leaking to
the exterior of the apparatus.

Chamber 32 is connected to chamber 33 by means of
passages 48 (see FIG. 4). Therefore, paint which is
forced into chamber 32 flows into chamber 33 through
passages 48. Chamber 33 is formed as an interior
chamber within an accumulator 28. Accumulator 28 is
formed from a resilient, flexible material such as rubber
for purposes which will be hereinafter described. A
spray tip 50, of conventional design known in the art
and typically manufactured of carbide steel, is seated
within accumulator 28, and the assembly consisting of
spray tip 50 and accumulator 28 is clamped onto the
spray gun body by means of threaded tip retainer 45.

FIG. 2 illustrates in expanded view the novel portion
of the inventive apparatus. Further, it illustrates the rel-
ative positions of the operational components during
the forward stroke of piston rod 25. The fluid drawn
into the cylinder of piston rod 25 during its reversed
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stroke is forced forwardly, opening ball valve 35 to
allow this fluid to enter chamber 32, The fluid also es-
capes through threaded valve guide 43 via passages 48
into chamber 33, The fluid is prevented from leaving
via the spray tip 50 orifice 51 because valve 55 remains
seated against its seat in the rear of spray tip 50. Thus,
the fluid forced into chambers 32 and 33 by piston rod
2§ is accumulated therein during each successive for-
ward stroke of piston rod 28, building up fluid pressure
within these chambers during each of these strokes.
During each successive reverse stroke of piston rod 25,
ball valve 35 may become seated to prevent leakage of
the fluid backward into the piston rod cylinder, and a
new quantity of fluid is drawn into the piston rod 2§
cylinder.

FIG. 4 illustrates an end view of valve guide 43. A
plurality of passages 48 may be provided therein for al-
lowing the passage of fluid into chamber 33, and these
passages remain open regardless of the position of
valve rod 40.

As piston rod 25 reciprocates, the fluid pressure
within chamber 33 incrementally increases with each
stroke. Because chamber 33 is formed from a resilient
flexible material comprised of accumulator 28 the pres-
sure build up causes some deformity to the interior
shape of chamber 33. In particular, the pressure build
up causes spray tip 50 to exert a forward force against
shoulders 52, which are formed within accumulator 28.
Shoulders 52 move incrementally forward with each
stroke of piston rod 2§, allowing spray tip 50 to also
move forward At some point the rounded head of valve
rod 40 abuts against valve guide 43 and thereby pre-
vents further forward movement of valve 55, and valve
55 is released from its seat against the rear of spray tip
50 and a fluid passage to the spray tip orifice 81 is cre-
ated. When this passage opens fluid is ejected out
through orifice S1 as illustrated in FIG. 3, to relieve the
pressure within chamber 33. As the pressure drops
within chamber 33 the interior shape of accumulator
28 returns to normal and the rear seat of spray tip 50
again becomes seated against valve 55. This causes
valve rod 40 to again lift from its seat against valve
guide 43. The cycle then repeats itself as described
hereinbefore.

Because piston rod 25 is reciprocated at a relatively
high rate of speed, typically 2,000 to 3,000 strokes per
minute, the spray output from orifice 51 appears as a
continuous spray. Pulsations or surges in this spray out-
put tend to be damped by the resiliency of accumulator
28. If piston 25 supplies enough fluid volume under
high pressure valve 55 may remain open to allow a con-
stant escape of fluid from orifice §1. If piston 25 do-
esn’t supply enough fluid volume, valve 5§ may open
and close at the same rate as piston 25 reciprocates. In
either case, the operative result is a high pressure spray
pattern which provides an effective spray for the pur-
poses intended.

The apparatus may be initially set up and adjusted by
means of the threaded fittings illustrated in the figures.
For example, the compression of spring 36, holding ball
valve 35 onto its seat, may be adjusted initially by the
threaded depth of valve guide 43. This valve guide 43
may be threaded into the spray gun body, using a spe-
cial wrench adapted to fit passages 48, until the spring
force of spring 36 exerts the desired force against ball
valve 35 for the pressure ranges desired. Similarly, the
position of valve rod 40, as well as the pressure re-
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quired in chamber 33 to unseat valve 55, may be ad-
justed by tightening tip retainer 45 against 45 against
the spray gun body. As tip retainer 45 is threaded onto
the spray gun body it increases the gap between the se-
lectively head of valve rod 40 and valve guide 43, and
thereby increases the internal pressure within chamber
33 which must build up before sufficient deformity of
accumulator 28 occurs to release valve 55. Thus the
spray gun may be adjusted to operate selectively over
different fluid pressure ranges, which adjustment may
be necessary depending upon the viscosity and other
characteristics of the paint or fluid to be sprayed. If de-
sired, an additional adjustment may be provided by
varying the length of valve rod 40. Adjustment of this
valve rod length may be provided by threading one end
of the valve rod and controlling the depth which it is in-
serted into the ball valve §8, or into the rounded head
of valve rod 40.

FIG. 5A illustrates an alternative embodiment of the
accumulator chamber of this invention. In this embodi-
ment, the resiliency of the accumulator is accom-
plished by the combination of a resilient member 280,
which functions similarly to accumulator 28 described
hereinbefore, and a plurality of spring washers 60.
Spring washers 60 may be stacked as illustrated in FIG.
5A to provide an additional resilient force acting
against spray tip 50 in the manner already described. It
may be necessary to utilize a flat washer 61 between
the end surface of member 280 and the stack of spring
washers 60.

FIG. 5B illustrates yet another embodiment of the
spray tip assembly. Tip retainer 450 secures the assem-
bly onto the body of the spray gun as before. A plurality
of spring washers 60 are clamped by tip retainer 450
against spray tip 500, and spray tip 500 is clamped se-
curely against member 75. Member 75 may be a non-
resilient metallic member, and a suitable O-ring 76 seal
is provided to prevent fluid leakage around the spray
tip 500 edges. A valve rod 400 is engaged between ball
valve 550 and valve rod end 401, and a spring 360 is
engaged between end 401 and ball valve 350. The over-
all operation of this embodiment is similar to that de-
scribed hereinbefore, except the resiliency of the accu-
mulator is entirely accomplished through the use of the
plurality of spring washers 600. The spray tip 500 slides
forward and backward in response to pressures within
chamber 330, and such sliding action is sealably ac-
complished through O-ring 76. The adjustments for
control of pressure and fluid spray characteristics can
be accomplished in a manner similar to that already de-
scribed for other embodiments of the invention.

The invention as herein described has produced an
excellent paint spray application using water-base latex
paint, and a spray tip orifice of 0.013 inch in effective
area. The piston stroke rate for effective operation was
found to be in the range of from 2,000 to 3,000 strokes
per minute, and this produced a peak hydraulic pres-
sure of 2,000 - 2,500 p.s.i. Other paint types have been
used in the embodiment described herein with equally
satisfactory results.

What is claimed is:

1. Apparatus for accumulating incremental fluid
pulses and for developing an elevated fluid pressure
therein for subsequent release to the exterior, compris-
ing
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a. means for receiving said fluid pulses, including a
check valve for admitting said fluid and preventing
reverse flow therefrom;

b. an accumulator chamber connected to said means
for receiving, said accumulator chamber having a
pressure-deformable member therein;

c. a housing having a fluid release passage there-
through, said housing seated against said deform-
able member, with said fluid release passage con-
necting the interior of said accumulator chamber
with the exterior;

d. valve means for opening said fluid release passage,
sealably seated in said fluid release passage and op-
eratively connected to move from its sealably
seated position under conditions of elevated pres-
sure in said accumulator chamber;

2. The apparatus of claim 1 wherein said valve means

further comprises

i. a ball valve seated against said housing in blocking
relationship to said fluid release passage;

ii. a valve rod interposed between said ball valve and
said means for receiving said fluid pulses, said valve
rod having thereon a means for limiting its move-
ment; and

iii. a shoulder fixedly located relative to said means
for limiting movement and in operative contact
under predetermined conditions of elevated pres-
sure in said accumulator chamber.

3. The apparatus of claim 2 wherein the position of
said valve rod means for limiting movement relative to
said shoulder is greater than required for seating the
ball valve under unelevated pressure conditions inter-
nal said accumulator chamber.

4. The apparatus of claim 3, further comprising a re-
tainer clamp means for compressing said accumulator
chamber and said housing against said means for re-
ceiving said fluid pulses.

5. The apparatus of claim 4 wherein said housing fur-
ther comprises a spray tip having an orifice therein for
forming a spray.

6. The apparatus of claim § wherein said valve rod is
coupled to said receiving means check valve by a com-
pression spring.

7. The apparatus of claim 6 wherein said retainer
clamp is threaded and is adjustable in compression
force against said means for receiving said fluid puises.

8. An apparatus for developing an elevated fluid
pressure in a chamber after withdrawing the fluid from
a container into the chamber, and subsequently spray-
ing the fluid, comprising

a. a fluid passage connecting said container to a cyl-
inder;

b. a piston reciprocable within said cylinder, and a
fluid outlet extending from said cylinder;

c. a chamber connected to said cylinder fluid outlet,
said chamber having therein a resilient wall por-
tion;

d. a spray conduit connected to said chamber resil-
ient wall portion;

e. valve means for closing said spray conduit, said
valve means closing said spray conduit when the
fluid pressure in said chamber is not elevated, and
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said valve means opening said spray conduit when
the fluid pressure in said chamber is elevated; and

f. valve means for closing said chamber from said cyl-
inder during a reciprocable piston stroke.

9. The apparatus as claimed in claim 8, wherein said
chamber resilient wall portion further comprises a
raised shoulder formed from said resilient material of
said wall portion, and said spray conduit is seated
against said raised shoulder.

10. The apparatus of claim 9 wherein said valve
means for closing said chamber from said cylinder is
connected by a compression spring to said valve means
for closing said spray conduit.

11. The apparatus of claim 10 wherein said valve
means for closing said spray conduit is a ball valve and
said valve means for closing said passage connecting
said chamber to said cylinder is a ball valve.

12. The apparatus of claim 11 further comprising a
threaded retainer clamp grasping the exterior of said
chamber and holding said chamber resilient wall por-
tion in adjustable compression against said passage
connecting said chamber to said cylinder.

13. The apparatus of claim 12 wherein said spray
conduit further comprises an orifice for developing a
spray.

14. A spray apparatus for accumulating incremental
fluid pulses in a housing and for developing an elevated
fluid pressure therein for subsequent release to the ex-
terior, comprising:

a. means for receiving said fluid pulses, including a
chamber and a check valve for admitting said fluid
into said chamber and preventing reverse flow
therefrom;

b. a movable wall portion forming a part of said
chamber and movable relative to said housing;

c. a spray tip located in said movable wall portion and
having a passage passing therethrough to the exte-
rior;

d. a resilient member connected between said mov-
able wall portion and said housing in compressible
relationship to said chamber; and

e. valve means for opening and closing said spray tip
passage, seated against said spray tip and con-
nected in limited movement relationship to said
housing.

18. The apparatus of claim 14 wherein said resilient

member further comprises at least one spring washer.

16. The apparatus of claim 15 wherein said valve
means further comprises

i. a valve seated in said spray tip passage;

ii. a shoulder attached to said housing;

ili. a valve rod interposed against said valve and in
sliding relationship to said shoulder, said valve rod
having a stop thereon for contacting said shoulder
under predetermined conditions of elevated pres-
sure in said chamber.

17. The apparatus of claim 16, further comprising

means for adjusting the compression force of said resil-
ient member against said chamber, said means being

threadably attached to said housing.
L] * * * *



