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present invention relates generally to gas pressure
driven fluid punps. Mre particularly, the invention
relates to such a punp utilizing a conpression spring
| i nkage to selectively open and close gas ports in a
snap acting manner. 15 Condensate renoval systens in
steam pi ping arrangenents often utilize gas pressure
driven punps that function w thout electrical power.
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Condensate removal systems in steam piping
arrangements ofteﬁ utilize gas pressure driven pumps
that function without electrical power. As

described in U.S. Patent No. 5,938,409 to Radle

(incorporated herein by reference), such a pump

20 typically will have a tank with a liquid inlet and a

liquid outlet. The liquid inlet and liguid outlet,
which are located near the bottom of the tank, will
be equipped with an inlet check valve and an outlet

check valve to permit liquid flow only in the

25 pumping direction. A pair of interconnected valves

control a gas motive port and a gas exhaust port.
The pump operates by alternating between a
ligquid filling phase and a liquid discharge phase.

During the liquid filling phase, the motive port is



2 closed while the exhaust port is open. A float
connected to a snap acting linkage rises with the
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motive gas is introduced into the pump tank through

10 the motive port. The motive gas forces liquid from
the tank, thus causing the float to lower with the
level of the liquid. When the float reaches a low
'level position, the linkage snaps over to
simultaneously open the exhaust port and close the

15 motive port. As a result, the pump will again be in
the ligquid filling phase.

While the snap acting linkage used in gas
pressure driven pumps of the prior art generally has
functioned well, there exists room in the art for

20 additional snap acting valve arrangements.

Summary of the Invention

The present invention recognizes and addresses
the foregoing considerations, and others, of prior

art COnstrﬁctions and meﬁhods.



3 In one aspect, the invention provides a gas
pressure driven fluid punp. The punp conprises a punp
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10 end of the compression spring. The pivot member

o

rotates to a first position in a snap-over manner
when the float member reaches its high level
position due to the force applied by the compression
spring. The pivof member rotates to a second

15 position in a snap-over manner when the float member
reaches its low level position due to the force
applied by the compression spring.

A valve assembly is connected to the pivot

member. The valve assembly is switchable between

20 ﬁotive porting and exhaust porting in a snap over
fashion due to rotation of the pivot member between
its first and second positions. The valve assembly
moves to motive porting when the pivot member snaps-
-over to its first position and to exhaust porting

25 when the pivot member snaps-over to its second
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liquid will be alternately introduced into and
wale@alsisged fromthe punp tank. I n another asper/usSmb3/039095

the invention, the punp contains a danping system
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eliminated and the sound level of the pump is
10 reduced.

The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate one or more embodiments of
the invention and, together with the description,

15 serve to explain the principles of the invention.

Brief Description of the Drawings

A full and enabling disclosure of the present
invention, including the best mode thereof to one of
ordinary skill in the art, is set forth more

20 particularly in the remainder of the specification,
which makes reference to the accompanying drawings,
in which:

Figure 1 is a rear cross-sectional view of the
pump housing with the float in the high level

25 position;
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Figure 2 is aviewsimlar to Figure 1 with the float
w0 pootloss3bow | evel position; Figure 3 is a scheP@l/U82003/039095
di agram of the valve assenbly and conpression spring
pi vot nmechanismin 5 accordalce with one enbodi nent
of the present inventi on' Fi gure 4 is a front

per spect i W, of the siopn _sprin vot
mechani sm\%g \GEI gire®1 vvlJt%w lﬁnl flroat 1 Pl ]I%ee fev8F
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Figure 9.is a rear per spective view of the
conpr &858 %r i ng pi vot mechani sm of Figure 1 with
thefloatblnthelowle osi tion; Flggre 10 |tsha

el
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compression spring pivot mechanism of Figure 1 with
the float in the low level position;

10 Figure 5 is a view similar to Figure 4 with the
float in the high level position;

Figure 6 is a detailed side cross-sectional
view of the compression spring linkage along line 6~
6 of Figure 1;

15 Figure 7 is a detailed side cross-sectional
view of the compression spring linkage along line 7-
7 of Figure 2;

Figure 8 is a top plan view of the compression
spring pivot mechanism of Figure 1;

20 Figure 9 is a rear perspective view of the
compression spring pivot mechanism of Figure 1 with
the float in the low level position;

Figure 10 is a side view of the compression
spring pivot mechanism of Figure 1 with the float in-

25 the low level position;



spring pivot nmechanismof Figure 1 with the float in--
25 the | ow | evel position; WO 2004/ 055367
WEAAOS3O0D3/ 039095 6 Figure 11 is a detail ed BCTHES208089095
of the conpression spring |inkage nmechani sm
(partially in section) with the float in the | ow
| evel position; Figure 12 is a detailed side view

simlar toFEbJ%éyﬂﬁglél %paifghf fgg Jlgwtgg Qﬁ h

| evel position; Flgure Is.a detailed view of the
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plvotmgggggr al ong I|ne 17-17 of Figure 16;

Figure 14 is a detailed side view similar to

10 Figure 11 but showing an alternative connection
between the float and the compression spring;

Figure 15 is a schematic diagram of an
alternative embodiment of the compression spring
pivot mechanism;

15 Figure 16 is‘a detailed top view, partially in
section, showing the pivotal connection between the
compression spring and pivot member in accordance
with an alternative embodiment;

Figure 17 is a detailed side cross-sectional

20 view of the pivotal connection between the
compression spring and pivot member along line 17-17
of Figure 16;

Figure 18 is-a detailed top cross-sectional
view of the cémpression spring linkage mechanism in

25 accordance with the embodiment of Figure 16;



Figure 18 isa detailed top cross-sectional -view of

the conpression spring |inkage mechanismin 25
wa@ewaisiinte with the enbodi ment of Figure 16; REI/US2003/039095
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detail ed side cross-sectional ; view of the tip portion

of the pivot nenber and the anchor in accordance with

exenpl ary enbodi ggnts; _Figure 20 i.s a detailed .sid

cr oss-sectEFldqﬁlécle viiBw? of aféetdf)ﬁlégr foR°0t°q eonﬁi‘ivot
el ement _and the . bushing. in rdance, wi th exenpl
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alloy on its wvalve seat according of an embodiment

10 of the present invention; and
Figure 22 shows an articulated connection
between float and float arms according to an
embodiment of the present invention.
Repeat use of reference characters in the
15 present specification and drawings is intended to
reﬁresent same or analogous features or elements of
the invention.

Detailed Description of the Preferred Embodiments

Reference will now be made in detail to
20 presently preferred embodiments of the invention,
one or more examples of which are illustrated in the
accompanying drawings. Each example is provided by
way of explanation of the invention, not limitation

of‘the invention.
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Figures 1 and 2 illustrate a pressure driven punp 10

constructed in accordance wtlh the present invention.

As shown, punp 10 has a tank 12 defining an interior
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P nenberfé?%fﬂ%nggglgi g to Figure 3, float 14 is

10 rigidly connected to a pair of float arms 16 that
are pivotally attached to a support frame 18. A
spud 20, also connected to float 14, is operatively
connected to one end of a compression spring 22.
Although spud 20 is rigidly connected to float 14

15 and float arms 16-in the embodiment shown, itkshould
be appreciated that the connection between float 14
and float arms 16 could be articulated as shown in
Figure 22 and described below to allow some free
movement of float 14.

20 The opposite end of compression spring 22 is
pivotally connected to a pivot member 24 controlling
a push rod 44. In turn, push rod 44 is connected to
a valve assembly 26. Valve assembly 26 controls the
opefation’of a motive valve 28 and an exhaust valve

25 30.



a push rod 44. In turn, push rod 44 is connected to a
val ve assenbly 26. Val ve assenbly 26 controls the

wop@rasizeon- of a notive val ve 28 and an exhaust PURUS®03/039095
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and 30, respectively, functiog to introduce notive
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exhausted. 1In some cases, for example, balance pipe
34 can terminate such that the gas will simply

exhaust to the ambient atmosphere.
In one embodiment, valves 28 and 30 have a
suitable alloy formed on each valve seat to increase

durability. For example, a product sold under the

15 name STELLITE by Stoody Deloro Stellite, Inc. of St.

Louis, Missouri, would be a suitable alloy for the
seats of valves 28 and 30. In Figure 21, for
example, an embodiment of motive valve 28 having a

valve stem 29 that contacts a seat 31 formed from a

20 hard metallic alloy is shown.

As shown in Figures 1 and 2, tank 12 defines a
liguid inlet 36 through which the liquid to be
pumped is introduced. Tank 12 further defines a

liguid outlet 38 through which the liquid passeé

25 when pumped into return line 40. Respective check



As shown in Figures 1 and 2, tank 12 defines a liquid
inlet 36 through which the liquid to be punped is

w0 ndgosiseed. Tank 12 further defines a |iqui dPOTYUBEN3/039095
38 through which the -liquid passes 25 when punped
into return line 40. Respectiyg check WO 2004/ 055367
PCT/ US2003/ 039095 10 val ves 41 and 42 are provided at
liquid jnlet 36 gn? liquid outlet 3 hat
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various types of valves could be used for notive
Va|vew?%g%meQ§dﬁ%E§F10n of pivot member 24 moves push

10 rod 44 to simultaneously switch motive wvalve 28 and
exhaust valve 30 in a snap over manner from motive
porting to exhaust porting. During exhaust porting,
exhaust valve 30 is open to allow fluid
communication between the interior of tank 12 and

15 balance pipe 34; motive valve 28, however, is closed
to block fluid communication between motive pipe 32
and tank 12. It should be appreciated by one of
ordinary skill in the art that various types of
valves could be used for motive valve 28 and exhaust

20 valve 30.

At the beginning of the liquid filling phase,
liquid will begin flowing into tank 12 when the
pressure is sufficient to overcome the pressure drop
across check valve 41. If‘thé pressure of the

25 liquid is high enough, it will continue through



20 valve 30. At the beginning of the liquid filling
phase, liquid will begin flowng into tank 12 when

w0 b@4/0pi3essure i s sufficient to overcone the pPEREHN2083/039095
drop across check valve 41. If-the pressure of the 25
liquid is high enough, it wl{;continue through WO
2004/ 055367 PCT/U82003/039095 11 check val ve 42 and
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10 spring 22 rotates pivot member 24 in a snap over
manner to its motive position. In other words, push
rod 44 moves to simultaneously switch motive valve
28 and exhaust valve 30 in a snap over manner from
exhaust porting to motive porting. During motive
15 porting, motive valve 28 allows fluid communication
between the interior of tank 12 and motive pipe 32.
Motive gas thus introduced into tank 12 will force
the liquid through liquid outlet 38 and into return
line 40. Float 14 drops along with the level of the
20 liguid within tank 12. The positioning of motive
valve 28 and exhaust valve 30 remains the same,
however, until float 14 reaches the low level
position. When float 14 eventually falls to the low
level pdsition, the pumping cycle will begin again.

25 As used herein, the terms “low level position” and



line 40. Float 14 drops along with the level of the 20
l[iquid within tank 12. The positioning of notive

W@ 20405387 and exhaust val ve 30 renmi ns the sanBCT/US2003/039095
however, until float 14 reaches the | ow | evel
position. Wien float 14 eventyally falls to the | ow
Level position, the punping cycle will begin agai n. 25
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10 distal end with a lateral member 46 having a pivot
element 48. Each such pivot element 48 includes a
tip portion 49 received in a corresponding socket 50
defined in bushing 51. Bushing 51 is, in tuzrn,
fixed to support frame 18.

15 Accordingly, lateral members 46 of float arms
16 are pivotally connected to the rear of support
frame 18 and may pivot freely within socket 50 of
bushing 51. The small area of contact between the
tip portions 49 of each pivot element 48 and bushing

20 51 provides minimal friction, thereby reducing
failure of these components. It should be
appreciated that pivot elements 48 and bushing 51
may preferably be formed from high wear resistant

'materials} such as tungsten carbide or stainless

25 steel.
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portions 49 of each pivot elenment 48 and bushing 20 51
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pivot el ements 48 and bushing; 51 may preferably be

formed fromhigh wear resistant materials, such as
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defines a tapered pivot point 60 (see Figures 4 an
Figures % and 9, pivgk member 24 and flcat arms q6

10 thus pivot in oppositely-directed sockets of bushing
51, located respectively on the front and rear of
support frame 18.

Referring again to Figure 8, a support member
58 also extends from each float arm 16 in the

15 illustrated embodiment. Each support member 58
defines a tapered pivot point 60 (see Eigures 4 and
5) that makes contact with and pivots with respect
to support frame 18, thereby facilitating assembly
of the pump and reducing lateral movement of float

20 arms 16. An upper stop 62 and lower stop 64 (Figure
10) are fixed to support frame 18 so as to limit the
range of rotation of float arms 16, thus desirably
reétricting the range of movement of float 14.

Referriﬁg to Figures 11 thiough 13, compressibn

25 spring 22 is disposed between a first anchor 66 and



5) that makes contact with and pivots with respect to
support franme 18, thereby facilitating assenbly of

W0 b@4/0883p7 and reduci ng | ateral novenent of fl| oBCT/R82003/039095

arms 16. An upper stop 62 and |lower stop 64 (Figure
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pivot member 24. As float 14 moves between the low
level and high level positions, tip portions 67 and
69 move within the respective sockets 70 and 71.
The contact area between tip portions 67 and 69 and
the corresponding socket 70 or 71 is relatively
small, thereby reducing friction.

It should be appreciated that the engaging
portions of spud 20, pivot member 24 and anchors 66
and 68 may preferably be formed from suitable high
wear resistant materials, such as tungsten carbide
or stainless steel.

In some exemplary embodiments, anchors 66 and
68 may be provided with side walls to reduce lateral
movement of the corresponding tip portion, which
could cause them to become unseated from their -

respective sockets 70 and 71. As shown in Figures
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It should be appreciated that the engaging portions
of spud 20, pivot nenber 24 and anchors 66 and 68 may

resistant materials, such as tungsten carbide 20 or
stainless steel. In some exem ary enbodi ment s,
anchors 66 and 68 nay be provided with side vval I s to
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appreciated, however, that anchors 66 and 68 may be
connected to spud 20 and pivot member 24 using a pin
or other suitable connection that allows the desired
relative movement.

When float 14 reaches either threshold
position, the force of compression spring 22 is
sufficient to rotate pivot member 24 in a snap over
manner about fulcrum 72 (pivot point about bushings
as shown in Figures 6 and 7). When float 14 reaches
the high level position, pivot member 24 rotates to
its motive positiog as shown in Figure 12. Pivot
member 24 rotates to its exhaust position when float
14 reaches the low level position, as shown in
Figure 11.

Pivot member 24 is pivotally connected to push

rod 44 via a pin 74. The pivot point between pivot

25 member 24 and push rod 44 is offset from fulcrum 72



15 sufficient to rotate pivot nmenber 24 in a snap over

manner about ful crum 72 (pivot point about bushings
w@g00glos88n7 i n Figures 6 and 7). Wen float 14 rpemnsm03/039095

the high level position, pivot nenber 24 rotates to

its notive position as shown g Figure 12. Pivot 20

menber 24 rotates to its exhaust position when fl oat

14 regg hgspfer&tleqwlhgaealp@é&é %nucha%héBowté&orF'o%ur e
11. Pivot nenber,24 is pivotally connected to push

rod 461%‘)’@ r@enﬁie@: %44caIQ§s mfé’]%lc%?.f Q&nggr A <$f péﬁ/sq} r§>§l

25 nmenber 24 and push rod 44 1s offset ulcrum

VO 2004/ DBS36T RCTLHS %QQ&A%”PO&%&S A6yhxnae;

t
predet erm ned ‘di’stance such that rotation of plvot

nEHbEE géh§§q§§§l %rﬁégéh g@y ent %Lsﬁuﬁgdrggi:%$els

al ong 1ts [ongitudinal axi ["oat r eaches

sthe 1o L ool poslilono. PUsl,d o A4 LENERE.S) (e

flrst ection ong Its tudi nal” axis

as shoug, i, Fd QW §12)n mepl(%.!llo@t L4 wk%ﬁCPféaE he, hi gh

| evel position, however ‘44 "noves i n an

Oppos'régcﬁéé &51d ‘i’ﬂ 4l QQQeU%SJ%’b%dt ‘ﬂ%g%%x% h rod

(upwar shown i1 Figure gui I gures

6 and 44 al
R e R i L e
rel at ELXS%bQuéln%rlC €08t V&’SSQar&‘ e”s%‘%;'nng;neﬁ‘gg&f:e HP A

porti o
10 guide 76 (Figures 6 and 7) may be provided to direct

push rod 44 along a proper path.
Referring now to Figure 18, the relative
distance between the engaging end of tip portion 69
and fulcrum 72 compared with the distance between
15 pin 74 and fulcrum 72 can be configured to provide a
mechanical advantage. In this illustrative
embodiment, for example, the distance between the
engaging end of tip portion 69 and fulcrum 72 1is
designated as "A." The distance between pin 74 and
20 fulcrum 72 is designated as "B." Because the
distance “A” is greater than distance “B,” less
force can be applied on the engaging end of tip
portion 69 to move pin 74. This permits the use of

a "lighter" spring than may otherwise be reguired.
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pin 74 and fulcrum 72 can be configured to provide a
wore@hasiz3eal advantage. In this illustrative  PCT/US2003/039095

enbodi nent, for exanple, the distance between the

engagi ng end of tip portion 68, and fulcrum72 is

designated as "A." The distance bet ween pin 74 and 20

ful erum 72 dsdeshgnated as{fis' (Because e ol stance
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than the rad as R3. It can be seen that the radius R1

is greater than the radius R2 to allow pivotal

movement between pivot member 24 and anchor 68°

Likewise, the radius R3 is greater than the radius

R4 to allow pivotal movement between bushing 51 and
15 pivot element 48.

Preferably, tip portions 49 and 69 have as
small of a radius as possible while preventing
possible breakage of tip portions 49 and 69. In one
preferred embodiment, R1 has a range of

20 approximately 0.047 inches to 0.063 inches while R2
has a range of approximately 0.030 to 0.047 inches.
In another exemplary embodiment, R3 has a range of
approximately 0.047 inches to 0.063 inches while R4
-has a range of approximately 0.030 to -0.047 inches.

25 Accordingly, the small radius of tip portion 69 will



R4 to all ow pivotal novenent between bushing 51 and
15 pivot elenent 48. Preferably, tip portions 49 and
woedohasseas small of a radius as possi bl e whi PET/US2003/039095
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10 78. One of ordinary skill in the art should

he
r

recognize that push rod 44 and actuator plate 78 can
be constructed as a unitary member, or can be two
pieces that are connected together or that otherwise
move in unison.

15 As shown, actuator plate 78 i1s connected to
both motive valve 28 and exhaust valve 30. Thus,
movement of actuator plate 78 controls the porting
of motive valve 28 and exhaust valve 30. As seen in
Figure 2, motive valve 28 is closed and exhaust

20 valve 30 is open when actuator plate 78 rests on
stop 80. However, motive valve 28 is open and
exhaust valve 30 is closed when actuator plate 78 is
in the elevated position shown in Figure 1. Stop 80
limits downward movement of actuator plate 78 while:

25 upward movement is limited by exhaust valve 30.
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w@oommesi3etl to both notive val ve 28 and exhauspPCT/EHE2083/039095

5

10

15

20

30. Thus, novenent of actuator plate 78 controls the
porting of notive valve 28 angl exhaust valve 30. As
seen in Figure 2, notive valve 28 is closed and
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in operation.

As shown, a pair of shafts 86 connect plate 84
to pivot member 24 in this embodiment. It should be
appreciated, however, that a single shaft or other
suitable connector could also be utilized to attach
plate 84 to pivot member 24. Moreover, embodiments
are contemplated in which plate 84 and pivot member
24 are constructed as an integral member.

As also shown in Figures 1 and 2, a magnet 88
may be located within tank 12 to attract ferrous
oxides suspended within the ligquid. As a result,
the presence of harmful debris within tank 12 is
greatly reduced.

Further details regarding the operation of the

compression spring mechanism will now be described

25 with reference to Figures 1-2 and 11-13. As liquid



to pivot nmenber 24 in this enbodinent. It should be
appreci ated, however, that a single shaft or other

W@ niosakize7 connect or could al so be utilized to pCT/ESIN0LB39095
plate 84 to pivot nenber 24. Moreover, enbodi nments
are contenplated in which platg 84 and pivot nmenber
24 are constructed as an integral nenber. As also
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exhau te vaI ve 30 aI so remains the sanme. Wen float 14
reache¥” t1&Hi gh | evel position, 10 the force exerted

upon piVo%ﬂﬂ&ﬁ%ﬁ%a%4l?yreaches the high level position,
10 the force exerted upon pivot member 24 by
compression spring 22 is sufficient to rotate pivot
member 24 in a snap over manner to its moti%e
position as shown in Figure 12. The rotation of
pivot member 24 moves push rod 44 upward along its
15 longitudinal axis. In the motive position, as seen
in Figure 1, actuator plate 78 is elevated, thereby
placing motive valve 28 in an open position and
exhaust valve 30 in a closed position. Motive valve
28 thus allows fluid communication between the
20 interior of tank 12 and motive pipe 32 (while
exhaust valve 30 prevents fluid communication
between balance pipe 34 and tank 12).
As liquid exits tank 12, float 14 falls with
the liquid level within tank 12. The movement of

25 float 14 causes tip portions 67 and 69 to rotate



conpression spring 22 is sufficient to rotate pivot
menber 24 in a snap over manner to its notive

WQ@EUOFBR7 as shown in Figure 12. The rotati on PET/URL00B039095
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menber 24 noves push rod 44 upward along its 15
| ongi tudi nal axis. In the notjive position, as seen in
Figure 1, actuator plate 78 is el evated, thereby
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position as shown in Figure 11. The rotation of
pivot member 24 moves push rod 44 downward along its
longitudinal axis. In the exhaust position, as seen
in Figure 2, actuator plate 78 rests on stop 80,
thereby placing exhaust valve 30 in an open position
and motive valve 28 in a closed position. Exhaust
valve 30 thus allows fluid communication between the
interior of tank 12 and balance pipe 34 (while
motive valve 28 prevents fluid communication between
motive pipe 32 and tank 12). When liquid filling
tank 12 causes fléat 14 to reach the high level
position, the pumping cycle will begin again.

An alternative embodiment is schematical%y
illustrated in Figure 15. In this embodiment, the

'pivot’sockets of bushing 51 are rotated

25 approximately 90 degrees in comparison with the



10 position as shown in Figure 11. The rotation of
pi vot nenber 24 noves push rod 44 downward along its
woO oovgiosasei nal axis. In the exhaust position, aBCHESIW03/039095
in Figure 2, actuator plate 78 rests on stop 80,
t hereby pl aci ng exhaust val ve»230 in an open position
15 and notive valve 28 in a cl osed position. Exhaust
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10 achieves the same stroke or swept volume. In the
embodiment shown, flcat arms 16 have a U-shaped
extension 90 to which float 14 is connected. A
projection 92 extends from float 14 and has a hole
that is aligned with a hole in extension 90. A pin
15 94 is placed through holes in extension 90 and
projection 92 to form a pivotal connection. In some
embodiments, stops 96 may be provided to limit the
range through which float 14 can pivot. It should
be appreciated that other suitable pivot
20 arrangements could be used to connect float 14 and
float arms 16.
It can thus be seen that the present invention
provided an improvéd spring actuated mechanism for
use with a gas~pfessure driven pump. It has been

25 found that the use of high wear resistant materials,



physi cal travel of pivots and anchors, but still 10
achi eves the sane stroke or swept volune. In the

weriansizent shown, float arns 16 have a U shaprdI/us2003/039095

extension 90 to which float 14 is connected. A
projection 92 extends fromflgat 14 and has a hole
that is aligned with a hole in extension 90. A pin 15
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It should also be understood that aspects of
the various embodiments may be interchanged both in
whole or in part. Furthermore, those of ordinary
skill in the art will appreciate that the foregoing

description is by way of example only, and is not

15 intended to be limitative of the invention described

in the appended claims.



vari ous devices and nechanisns (e.g., by hand, float,
el ectric, pneumatic, etc.). 10 It should al so be
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may be interchanged both in whole or in part.’
Furthernore, those of ordinary skill in the art wll
appreci ate that the foregoing description is by way
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CLAI MED Yg 1. 5% rpersess%gﬁar §%g§‘|§<‘/e§§‘%qﬁip&%§um?l§ai d
punp _conprising..a punp tank having a liquid inlet and
ali ﬁwgpcgmgﬁgfé??'a fl oat assenbly including a
buoyant float _carried within.the.interior of sal.d_.
punp tank? §ai'g 9??%a.aWﬁﬁgh§ %63?5%I%P ?}lﬁ§feabg %%%%
al(m%léigﬁ. position and a high |evel position; 10 a
conpressicon spring having a first end and a second

end, said first_end being.operatively connected.to
sai d floaf® 48S8Rbfy°C :BEQDC%%éﬁBgragﬁaFér}velfat

connected to said econd end of _sai d.conpression _.
Spri . S "B 06 T15 Heriber ™t BfarTry 16 Tt 2

I'mg Toa first
p°Sit%fﬁéﬁ”ﬂ%qn%ahgeiééfg to move between a low level
position and a high level position;

a compression spring having a first end and a
second end, said first end being operatively
connected to said float assembly;

a pivot member operatively connected to said
second end of said compression spring, said pivot
member rotating to a first position when said float
reaches said high level position and said pivot
member rotating to a second position when said float
reaches said low level position; and

a valve assembly connected to said pivot
member, said valve assembly being switchable between
motive porting ana exhaust porting in a snap over
fashion due to rotation of said pivot member between

said first position and said second position.

2. The pump as recited in claim 1, further

25 comprising an anchor located at said second end of



reaches said high |l evel position and said pivot

menber rotating to a second position when said fl oat
wo e@glosss6sai d | ow | evel position; and a val ve BEFEAINNY039095
connected to said pivot 20 nenber, said valve assenbly
bei ng swi tchabl e between notpye porting and exhaust
porting in a snap over fashion due to rotation of
sal d Qéi’c@tcm%rs_igﬁt !\gﬁﬂn ,Saéﬂdf 'a%%ho?oﬁé\tr%rg? AN ket
sai d second position. 2. f%e punp as recite n clarm
L Tuehlierss 2 Lo Lol 0gy ar, anehae bacated at said
second end of 20047 055367 PCT/ US2003/ 039095 25
sai d conpr£ssigR SPkLLN ald anghor. hayi » ket
that is engaged b% sgigsp?vot ne%bef. %¥ Tﬁéﬂg%%%K%s
recited, | i [ [ i;vat a
ip ports o Shoaerbetenrs terSosat R SIPEPEIa 08 §
The pggpk@§éh§%jg%dahﬁhgkain12, wherein at | east one
wal | protrudes from t he peri phery of said socket so
as to prevent t LS t . Sal .o .
portion. 1%'Sthhzh%%n%ga§Q§€%$¥§' Fﬁgépa?hw ’49;%}§Fn
said t] ot i ivS r S . i d :
The. piree o A e B fde T B MACHED ALK 1 oo

assenp{;éé(]aé?ggou%%s 3, g@le(reﬁné Iiter{alardq%engggé%@lé Yoy

connec a stati onary suppor

Ul

said tip portion.
10 5. The pump as recited in claim 3, wherein
said tip portion is formed from tungsten carbide.

6. The pump as recited in claim 1, wherein
said float assembly includes a pair of float arms
pivotally connected to a stationary support

15 structure.

7. The pump as recited in claim 6, further
comprising a support member extending from each of
said float arms.

8. The pump as recited in claim 6, wherein

20 sald compression spring is positioned between said
float arms.

9. The pump as recited in claim 1, further
comprising a damper system operatively connected to

said pivot member.



15 structure. 7. The punp as recited in claim6®,
further conprising a support nenber extending from

we@awh/08f367 sai d fl oat arnms. 8. The punp as reci PEDUSIW03/039095
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10

15

20

claim®6, wherein 20 said conpression spring is
positioned between said floalgarns. 9. The punp as
recited in claim1, further conprising a danper

t ti t : sai dq -0l vpt 2[ - .
V0 2004/ SEQSF%*fﬁ%—yﬁ%%SSaSS%/r%%@%%g #Be5 e “Heng tas
2004/ 055367 FCT7 US2003/6396
comprigs cafePhr b sr Pl 52 g, BRI R, oy

The punp, %giv%%ci ted in claiml, further 5 conprising
a magnejt I

_ ~Focat elé‘e%b?ﬁi n said tank. 12. The punp as
ecited [l Sl el he g G o0 n froner
e o S B B RSl B SR BRI Sl [
and sal o vergsogol Y, 135 A By o k3l Bl o
| ocat i on olfsg_t from sai d qu{_cr um 14. The punp as
reci t¥tHd i 18PKI P 18T TR

13. The pump as recited in claim 1, wherein
said pivot member rotates between said first
position and said second position about é fulcrum
and said valve assembly has a push rod, said push
rod being pivotally connected to said pivot member
at a location offset from said fulcrum.

14. The pump as recited in claim 13, further
comprising an anchor located at said second end of
said compression spring, said pivot member having a
tip portion engaging a socket of said anchor.

15. The pump as recited in claim 13, wherein
said pivot member is dimensioned such that a first
distance is defined between said fulcrum and a
distal end of said tip portion of said pivot member
is greater than a second distance defined between

said fulcrum and the pivotal connection between said

pﬁsh rod and said pivot member.



15 conprising an anchor | ocated at said second end of
sai d conpression spring, said pivot nenber having a

W0 24083367 on engagi ng a socket of sai d anchor.PABUSZ0E039095
punp as recited in claim13, wherein said pivot
menber is dinmensioned such that a first 20 distance
i s defined between said fulcrumand a distal end of

said tip gt%rt' R0 gerg,]@ne d%chttefaeﬂea%trgu eangr gnan

a second st ance etween sal crum an

Lhe POkl SSSGLLoN, beL ESh 330, RUBI Lo, A sard
e B8 £ L8901, A 3. heE e dEuggnal

novenent of said pivo er causes nove
push rod about its l[ongitudinal axis. 5 17. The punp
as recited in claim13, further conprising a guide

sfor contragldin Ehﬁgﬁéti‘sqe%ﬁ%‘é 1 RUEDL 1005 18fur-g?1

punp as recited in erein “sard vdlv

assenblapdAddee 840! LY SBING 10,6005l A0, %%1 skt

sai d a source FAnd
exha%it v%t connected bet ween said tank and a S|nk,
bot h 84id oti ve valve and said exhaust val ve bei ng

operatively, I nugrognpgel ed.. syt Lhat; ong 1 Ll b sopen
while the other !

sald valve assembly includes a motive valve

10 connected between said pump tank and a source of
motive gas and an exhaust valve connected between
said tank and a sink, both said motive wvalve and
said exhaust valve being operatively interconnected
such that one will be open wnile the other is

15 closed.

19. The pump as recited in claim 1, further
comprising an upper stop for limiting upward
movement of sald float assembly from extending
beyond said high level position.

20 20. The pump as recited in claim 1, further
comprising a lower stop for limiting downward
movement of said float assembly from extending
beyond said low level position.

21. The-pump as -recited in claim 6, further

25 comprising an anchor located at said first end of



15 closed. 19. The punp as recited in claim1l, further
conprising an upper stop for limting upward novenent

wotoogasidet | oat assenbly from extendi ng beyondPGHUS2003/039095
hi gh I evel position. 20 20. The punp as recited in
claim1l, further conprising aglower stop for limting
downward novenent of said float assenbly from

ext endlng Aevand 2l ol ot exRly BOSKELOR, Ay 2 socket

The-punp as-recited in clai'm urt mpri si ng

an anchor 1ocated &t psald T11at S0 06f Y0004/ 055367

PCT/ U sald conpressi on spring, sa

h havi h i \ t | t.
anchor ay%pglgggpgﬁﬁé.aéz _c#%%FQQa%§91BV2?,xngﬁﬁﬁn

one of sai punp as recite

cl a! magll as ero i no%t !a%gﬂflgaq:e aq:fm S%iag Tal 93‘?“ aor :'Lolﬂr]faS
a tip portion haf engages $ai'd s6ckét . BF e
spunp gﬁa{ecited in_claim22. wherein said tip portion

has a radi?%?%q$%liglgaﬁag%% " approximately 0.030

inches to proxi mately_0.047. inches. 10 24. The punp
as recited in cl'ai 25 a\s/\hre?céjl‘tnedwslé)i 81861&11(%%' h“é%era +h
radius_in the range o approxi mat.el y. 0. 047 i nches to
appr onf b &1, 53085 e Gt TR ¥nd 2ol N2

approximately 0.030 inches to approximately 0.047
inches.

10 24. The pump as recited in claim 23, wherein
said socket has a radius in the range of
approximately 0.047 inches to approximately 0.063
inches.

25. The pump as recited in claim 1, wherein

15 said valve assembly has a valve seat formed from a
hardened metallic alloy.

26. A gas pressure driven fluid pump, said
pump comprising:
a pump tank having a liquid inlet and a liquid

20 outlet;

a float assembly including a buoyant float
carried within the interior of said pump tank, said
float assembly being operable to move between a low

level position and a high‘levei position;



25. The punp as recited in claim1, wherein 15 said

val ve assenbly has a valve seat forned froma
whasdessa’ netal lic alloy. 26. A gas pressure dp¢T/ER2003/039095

fluid punp, said punp conprising: a punp tank having

aliquidinlet and a liquid 2 outlet; a float

assenbly including a buoyant float carried within the

interior 0%.&@EQepHQﬁbﬁBﬂuﬁﬁﬁ%%Eingh?aéoﬁﬁgﬁyg@ Xobgggg
ow

operabl e to nove between a -l evel position an

hi gh- | ek, pesiibi 981vdQ 200410553644 PCT{ 152003/ B3e0en

29 a val ve assenbly operatively connected to sa

fl oat ,ms3aiv@ ﬁ@k%§n§5§ﬁﬁdgﬁhéﬁgtn90§@ﬁﬁ§r@ﬁ”éaQ%QHN%@Qr

notive porting and exhaust porting in a snap over

fashi oammsthuent ukotat i o i0fors aied sk @ak; bet uean, sa gagd
hi gh 1 evel position and said | ow | evel position; an

8 damgrgrsystem pestaldy ey %grilae%ﬁdlé@e%glo%it\igkyea d
assenbly, said danper system slow ng novenent o Sard

val ve aSSe@bhﬁmbgrSﬁ%%Uﬂgkk¥§aE95Ehggcéﬂﬁgifgﬁ;%o said

exhaust porting. 10 he punp as recite clarm

26, Wh%ﬂ%%nas§@hglgﬁmﬁ%&i%%&k%g]gQQﬁ&%%ﬁﬁw@m@'%E%e ent
configured to create a drag throug iquid in Sar d
tank. Z8.sa1hevRupp %sén@&lu ed in;g! ﬁ&@l\?@’pofﬁriﬂmgegnd

said exhaust porting.

10 27. The pump as recited in claim 26, wherein
said damper system comprises a plate configured to
create a drag through liquid in said tank.

28. The pump as recited in claim 26, further
comprising a magnet located within said tank.

15 29. A gas pressure driven fluid pump, said
pump comprising:

a pump tank having a liquid inlet and é liquid
outlet;
means for detecting a low liquid level within

20 said pump tank and a high liquid level within said
pump tank;

a valve assembly operatively connected to

detecting means, said valve assembly being

switchable between motive porting and -exhaust



w@2uops3sank having a liquid inlet and a |i qui BICT/US2003/039095
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10

conprising a magnet located within said tank. 15 29. A
gas pressure driven fluid punp, said punp conprising:

outlet; nmeans for detecting a low liquid |evel within
20 said punp tank and a highdgquid | evel within said
punp tank; a valve assenbly operatively connected to

det ecting_neans i d |.v i

owi ERARE. Thef upatt M e e el e g aiats: 0l
2004&%%%%%Znché§§gQOS/039095 30 porting in a snap
over ashiongresponéive to said detecting neans; a
danper system operatively conpected to sai lve.
nasenbl y) o SPRPRE Bu S Be SRR S A Tt Y
sai d _valve_assenbly to said notive porting._an i
exhaJ??vﬁo?FFﬁﬁ; %hd“?éf?aygﬁ5es%§%%@ﬂﬁ%?ﬁ%§gi%8§?%Qnt

sai d tiv rtin n sai d_detecting neans detects
8 rRoF . Afs A 33 SR HELER I AR EhS
exhaust, 10 Rort%ng w?en §ai% detecting neans detects a
low J3GUiCE"PEYEI POFtHIH £8° punp sai d such that
liquid wll be alterna i ntroduced iq}oo nd

b t el
discharge@algrgﬁigii%F?ﬁﬁ%& » JRging to saild motive

porting when said detecting means detects a high
liquid level within saild pump tank and to exhaust
porting when said detecting means detects a low
liguid level within said pump said such that liquid
will be alternately introduced‘into and discharged

from said pump tank.



