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Sliding Seal Pump 

Background of the Invention 

The present invention is directed to an ato~g pump using a sliding 

inlet valve seal, and more particularly a precompression pump which utilizes a 

sliding inlet valve seal. 

Dispensing pumps have been described which use a sliding inlet valve seal. 

U.S. Patent 3,331,559 to Fedit describes a liquid atomizer which includes a valve 

rod 12 upon which is mounted a seal ring 17. A retaining ring 15 retains the seal 

ring 17 within an annular cavity 16. Axially-inward movement of the valve rod 12 

causes the seal ring 17 to seat against a seating surface 131, sealing off the pump 

chamber from the inlet. Axially-outward movement of the rod.12 causes the seal 

ring 17 to unseat from the surface 131, allowing· the flow of liquid into the pump 

chamber. Axially-outward movement of the seal ring 17 is constrained. by the 

retaining ring 15. 

Sliding inlet valve seals have been used in precompression pumps, !&.. 
pumps in which opening of the outlet valve is controlled by the pressure within 

the pump chamber. Precompression pumps using a sliding inlet seal are shown 

in U.S .. Patent N9s. 4,144,987 to Kishi and 4,389,003 to Meshberg. A 

precompression pump with a movable seal member is disclosed in European 

Patent Specification No. 0 342 651 . 
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Summazy of the Invention 

The present invention is directed to a precompression dispensing pump 

which uses a sliding inlet valve seal. In one embodiment of the present inventio~ 

a circumferential bead on the inner wall of the pump cylinder is used to both 

retain the inlet seal and provide a sealing surface for the inlet seal to engage. In 

another embodiment, friction tabs are used to enhance the engagement between 

the cylinder walls and the sliding seal, thus preventing the sliding seal from 

'1umping" the retaining bead. 

Brief Description of the Drawings 

Fig. 1 shows an assembly view of a ~rst embodiment of the present 

invention, with the left-hand side of the centerline of the drawing representing the 

pump in its unactuated position, and the right-hand side of the centerline of the 

drawing representing the pump in its actuated position. 

Fig. 2 shows a detail view of the inlet seal of the embodiment of Fig. 1, 

with the left-hand side of the centerline of the drawing representing the pump in 

its unactuated position, and the right-hand side of the centerline of the drawing 

representing the pump in its actuated position. 

Figs. 3a and 4a respectively show bottom and section views of the seal 

shown in Figs. 1 and 2. 

Figs. 3b and 4b respectively show bottom and section views of a second 

embodiment of the seal of Figs. 1 and 2. 

Fig. S shows a detail view of a second embodiment of the pr~ent 

invention. with the left-band side of the centerline of the drawing representing the 

pump in its actuated position, and the right-hand side of the centerline of the 

drawing representing the pump in its unactuated position. 

Figs. 6 and 7 respectively show bottom and section views of the seal shown 

in Fig. 5. 

Figs. 8 and 9 respectively show top and section views ·of a second 

embodiment of the seal of Fig. 5. 

.. .,. 
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Fig. 10 shows an assembly view of a third embodiment of the present 
invention. 

Fig. 11 ·shows a detail view of the inlet seal of the embodiment of Fig. 10. 

Fig. 12 shows a detail view of the inlet seal of a fourth embodiment of the 
present invention. 

Fig. 13 shows a cross-sectional view of the pump cylinder of the 
embodiment of Fig. 12. 

Detailed Description 

Fig. 1 shows a first embodiment of the pump of the present invention. The 

pump includes a cylinder 1. in which a piston 2 slides. Piston 2 includes an outlet 

passage 3 which leads to the atomizing nozzle 4. Atomizing nozzle 4 is housed 

on an actuator assembly 5. The cylinder 1 can be mounted on a container or 

bottle (not shown) by means.of a mounting cap 6, which can include a suitable 

sealing device 7. 

Contained within the cylinder 1 is a valve stem 8. Valve stem includes an 

upper end 9 which seats against a valve seat surface 10 on the piston 2, and a 

lower portion 11. A spring 22 biases the stem 8 axially-outward into engagement 

with the valve seat 10. The valve stem 8 is constructed such that there is an 

axially-outward facing net surface area within the pump chamber after the inlet 

valve is closed, thereby allowing the outlet valve 9, lQ .. to open only when 

sufficient pressure is generated within the pump chamber. This "precompression" 

operation is shown and described in the pumps of U.S. ~atent Nos. 4,144,987 and 

4,389,003. 

The specific structure and operation of the inlet valve seal of the 

embodiment of Fig. 1 will now be described with reference to Fig. 2, which shows 

the inlet valve seal in detail. In Fig. 2, the spring 22 is not shown for ease of 

reference; normally a spring would be included in this p~p. An inlet seal 12 

is mounted near the bottom of the pump chamber 13. The inlet seal 12 includes 

an inner lip 14. designed to engage the outer surface of the valve stem 8 (as shown 

on the right-hand side· of the centerline of Fig. 2).· Inlet seal 12 also includes a 
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axially-inward facing sealing surface 15, and an axially-outward facing retention 

surface 16. Inlet seal further includes circumferentially-spaced flow passages 17. 

Operation of the pump will be described with reference to Figs. 1 and 2. 

Axially-inward depression of actuator 5 will move piston 2 axially inward in pump 

chamber 1. Axially-inward movement of piston 2 causes axially-inward movement 

of valve stem 8, which is engaged with piston 2 at the valve surface 10. As shown 

in Fig. 2, axially-inward movement of stem 8 will cause the inner lip 14 to engage 

an outer surface 18 of the valve stem 8. The engagement between the outer 

surface 18 and the inner lip 14 is a frictional fit. The friction fit between the 

outer surface 18 and the inner lip 14 is such that funher axially-inward movement 

of the valve stem 8 will cause axially-~nward movement of the inlet seal 12. Upon 

axially-inward movement of the inlet seal 12, the axially-inward facing sealing 

surface 15 will engage an axially-outward facing sealing surface 19 on a bead 20 

on the inner wall of the pump cylinder 1. The engagement between the inner lip 

14 and the stem 8 and the engagement between sealing surfaces 15, 19 acts to 

seal off the pump chamber 13 from the inlet passage 20 to the pump. Further 

axially-inward force on the piiston 2 will cause the pressure in the pump chamber 

13 to increase, until this pres~ure is sufficient to overcome the spring 22 force and 

open the outlet valve 9, 10. The manner.in which the outlet valve is opened in 

response to pressure in the pump chamber is described in U.S. Patent Nos. 

4, 144,987 and 4,389,003, the disclosures of these patents being incorporated herein 

by reference. 

Upon release of any actuating force on the actuator S, th~ spring 22 acts 

to push the stem 8 axially-outward, closing the outlet valve and pushing the piston 

2 axially-outward. Axially-outward movement of the stem 8 pulls the inlet seal 

12 axially-outward, disengaging the sealing surfaces 15, 19. Disengagement of the 

sealing surfaces 15, 19 allows liquid to flow through flow passages 17 into the 

pump chamber 13 - the liquid being drawn into the .pump chamber 13 by t~e 

increase in volume of the pump chamber 13 resulting from axially-outward 

movement of the piston 2. The"flow of liquid into the pump chamber is indicated 

in Fig. 2 by arrow F. G~>ntinued axially-outward movement of the inlet seal· 12 is 
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restrained by engagement of the axially-outward facing retention surface 16 on the 

inlet seal 12 with the axially-inward facing retention surface 23 on the bead 20. 

Axially outward movement of the stem 8 continues until the piston 2 reaches the 

top of its stroke, represented in Fig. 2 by the left-hand side of the centerline. In 

this position, further flow of liquid is allowed between the inner lip 14 and the 

lower portion 11 of stem 8. 

Fig. 2 also shows an air-venting mechanism 24 on the stem 8, used to 

exhaust air trapped in the pump chamber 13. The air-venting mechanism 24 

operates in the same manner as the mechanism described in U.S. Patent No. 

4, 144,987, the disclosure of the mechanism described in that patent being 

incorporated herein by reference. 

Figs. 3b and 4b show a second embodiment of the inlet seal of the type in 

Figs. 3a and 3b, the inlet seal being designated by the reference numeral 112. 

This inlet seal is configured slightly different than the inlet seal 12 of Figs. 3a and 

4a; however, the seal operates in the same manner described above. Figs. 3b 

and 4b show the configuration of the iniler lip 114, flow passages 117, and axially­

outward and axially-inward facing surfaces 116 and 115. 

Fig. 5 shows a detail view of a second embodiment of the present 

invention. The operation of the piston, stem, cylinder and spring ~n the 

embodiment of Figs. 5-7 is identical to the operation described above in relation 

to Figs. 1 and 2. In the embodiment of Fig. 5, the axially-inward facing sealing 

surface 215 on the seal 212 engages an axially-outward facing sealing surface 219 

at the bottom of the pump. chamber 213. The outer periphery of the seal 212 

includes circumferentially-spaced friction tabs 250. Friction tabs 250 · are 

connected to the seal 2U by a narrowed resilient hinge section 251. Friction tabs 

250 include a flattened outer portion 252, and are tapered from outer portion 252 

to the point of hinge section . 251. Preferably, the taper is at an angle cz of 

between 20°and 30~ 

In operation, axially-inward movement of stem 208 moves the seal 212 

axially-inward until axially-inward facing surface 215 engages _axially-outward -

facing surface 219, thereby sealing off the pump chamber 213 from the pump 
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.chamber inlet. During axially-inward movement of the seal 212, the outer ponion 
. I 

·. 252 is flattenect,,~gainst the wall 260 of the pump chamber, providing minimal 
0 "A~ ... , ........ ~ <' • 

frictional resistance to movement. Axially-outward''movement of stem 208 causes 

the surfaces 215 and 219 to disengage, allowir~g)iquid to flow into the pump 

chambe~, as indicated by arrow F. During initial axially-outward movement of the 

seal 2U, the outer portion 252 is flattened agairuit the wall 260, proViding minimal 

frictional resistance to movement. However, ~ally-outward ·movement of seal 

212 will cause the tabs 250 to engage the beai·~2·0:· Ft~ti~ruaally-outW~rd 
movement of the seal 212 will cause the tabs 250 to rotate around bing~ 251, 

increasing the effective outer diameter of the seal (as shown in the right-hand side 

of the centerline in Fig. 5). This increase in diameter will wedge the seal apinst 
. ~ . . 

the wall 260, increasing the frictional force between the seal 212 and thew~ 260. 

This increased frictional force will prevent the seal 212 from further axially­

outward movei;nent; and ensures that the seal 212 will not "jump" (i&u travel 

above the level of) the bead 220. This feature ensures reliable and effective 

operation of the seal 212. Upon axially-inward movement of stem 208, the tab 

250 will again rotate around hinge 251, to the position shown on the left-hand 
! 

side of the centerline in Fig. 5. 

Figs. 8 and 9 show a second embodiment of the inlet seal of the type 

shown in Figs. 5-7, the.inlet seal being designated by the reference numeral 3U. 

This inlet seal is configured slightly different than the inlet seal 212 of Figs. 5-7; 

however, the seal operates in the same manner described above. Figs. 8 and 9 

show the configuration of the inner lip 314, ~hinge 351, tabs 3$0 and outer surface 

352. 

Figs. 10-11 show a third embodiment of the present invention. The 

operation of the piston, stem, cylinder and spring in the embodiment of Figs. 10-

11 is identiCal to the operation described above in relati~n to Figs. 1 and 2. 

However, in the embodiment of Figs. 10-11, the lower portion of the spring 422 

acts to retain the seal 412 in the bottom of the pump chamber. As can be seen 

in Fig. 11, the spring 422. is mounted ~thiri the pump chamber 413, interposed 

between a retaining mechanism 490 on the valve stem 408 and. a ridge 491 near · 
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the bottom of the pump chamber 413. The spring 422 lower end protrudes 

radially inward from the edge of the ridge 491. This protruding portion of the 

spring acts as an axially-inward facing surface which interacts with the axially­

outward facing surface 416 of the seal 412 to restrain axially-outward movement 

of the seal 412, in the manner .of the surface 23 in the embodiment of Figs. 1 and 

2. On the upstroke of the piston, the liquid flows between the sealing surface 415 

of the seal 412 and the sealing surface 419 of the cylinder 401, which become 

spaced from each other during the upstroke. Liquid is able to pass into the pump 

chamber 413 at those ponions where the spring 422 does not contact the surface 

416, the lower end of the spring 422 not forming a complete circle at the point 

at which it contacts ridge 491. 

Figs. 12-13 show a fourth embodiment of the present invention. The 

operation of the piston, stem, cylinder and spring in the embodiment of Figs. 12-

13 is identical to the operation described above in relation to Figs. 1 and 2 In 

the embodiment of Figs. 12-13, however, the flow passages 517 do not pass 

through slots in the seal 512, but instead pass between projections 570 on the 

annular bead 520. Fig. 13 shows a cross-sectional view of the cylinder wall 501, 

showing the continuous annular bead 520 extending around the circumference of 

the inner wall of the cylinder 501, and the radially-spaced projections 570 which 

extend from this bead 520. Fluid flows, during upstroke of the pump, in the 

spaces between the projections 570. The flow path is designated by the arrow F 

in Fig. 12. In all other respects, the seal operates in the manner sho\.Vn and 

described in relation to Figs. 1 and 2. 
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CLAIMS 

1. A dispensing pump comprising: 

1111111111111111111·1111111-1111 · 
* · C L M S * 

a pump cylinder, said pump cylinder compiising a retention surface, an 

inner wall and a bead disposed on said inner wall, said bead comprising an axially 

outward facing sealing surface; 

a pump inlet in fluid communication with said pump cylinder; 

a pump piston reciprocally mounted in said cylinder. said pump piston 

comprising an outlet valve seat; 

a valve stem reciprocally mounted in said cylinder, said valve stem 

comprising an outlet valve member engageable with said outlet valve seat and a 

radially outer surface; 
. . 

an inlet seal reciprocally mounted in said cylinder, said inlet seal, pump 

cylinder, pump piston and valve stem defining a pump chamber, said inlet seal 

comprising: 

a radially inner surface engageable with the radially outer surface 

of said valve stem; 
1 

an axially inward facing s~ing surface engageable with the axially 

outward facing sealing surface of said b~ad, wherein engagement between said 
~ . 

axially inward facing sealing surface and said axially outward facing sealing 

surface of said bead interrupts fluid communication between said pump chamber 

and said pump inlet, and wherein disengagement between said axially inward 

facing sealing surface and said axially outward facing sealing surface of said bead 

allo~s fluid communication between said pump chamber and said pump i~et; 

and 

an axially outward facing retention surface engageable with the 

. axially inward facing retention surface of said bead, wherein engagement between 

said axially inward retention sealing surface and said axially outward facing 

retention surface of said bead prevents axially outward movement of said inlet 

seal. 
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2. A dispensing pump comprising: 

a pump cylinder. said pump cylinder comprising a sealing surface. an inner 

wall and a bead disposed on said inner wall. said bead comprising a retention 

surface: 

a pump inlet in fluid communication with said pump cylinder; 

a pump piston reciprocally mounted in said cylinder, said pump piston 

comprising an outlet valve seat; 

a valve stem reciprocally mounted in said cylinder, said valve stem 

comprising an outlet valve member engageable with said outlet valve seat and a 

radially outer surface; 

an inlet seal reciprocally mounted in said cylinder, said inlet seal, pump 

cylinder, pump piston and valve stem defining a pump chamber, said inlet seal 

comprising: 

a radially inner surface engageable with the radially outer surface 

of said valve stem; 

a sealing surface engag~able with the sealing surface of said pump 

cylinder, wherein engagement between said sealing surface of said inlet seal and 

said sealing surface of said pump cylinder interrupts fluid communication. ~etween 

said pump chamber and said pump inlet, and wherein disengagement between 

said sealing surface of· said inlet seal -and said sealing surface of said pump 

cylinder allows fluid communication between said pump chamber and said pump 

inlet; and 

at least one radially outward projecting tab connected via a hinge 

connection to said inlet seal, said tab comprising a portion engag~able with the 

retention surface of said bead, wherein engagement between said tab and said 

retention surface of said bead limits axially outward movement of said inlet seal, 

and axially outward movement of said inlet seal after engagement between said 

bead and said tab causes the tab to rotate about said hinge connection to increase 

an outer diameter of said inlet seal. _ 

3. A dispensing pump comprising: 
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a pump cylinder, said pump cylinder comprising a sealing surface and an 

inner wall; 

a pump inlet in fluid communication with said pump cylinder; 

a pump piston reciprocally mounted in said cylinder, said pump piston 

comprising an outlet valve seat; 

a valve stem reciprocally mounted in said cylinder. said valve stem 

comprising an outlet valve member engageable with said outlet valve seat and a 

radially outer surface; 

an inlet seal reciprocally mounted in said cylinder, said inlet seal, pump 

cylinder, pump piston and valve stem defining a pump chamber, said inlet s~al 

comprising: 

a radially inner surface engageable with the radially outer surface 

of said valve stem; 

an axially inward faCing sealing surface engageable with the axially 

outward facing sealing surface of said pump cylinder, wherein engagement 

between said axially inward facing sealing surface and said axially putward facing 
i 

sealing surface of said cylinder interrupts fluid communication between said pump 

chamber and said pump inlet, and wherein disengagement between said axially 

inward facing sealing surface and said axially outward facing sealing surface of 

said cylinder allows fluid communi_cation between said pump chamber and said 

pump inlet; and 

an axially outward facing retention surface; and 

a spring located within said.pump chamber, the axially inward end of said 

spring defining an axially inward facing retention surface engageable with said 

axially outward facing retention surface, wherein engagement between said axially 

inward retention surface of said spring and said axially outward facing retention 

surface prevents axially outward movement of said i¢et seal. 

iif~m11r111"r 


