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(54) Title: CHECK VALVE MODULE
(57) Abstract

A check valve module includes a body having a first
fluid communicating surface and a second fluid communi-
cating surface, and two one-way check valves in the body
controlling flow between the first and second surfaces. One
of the valves permits flow from the first surface to the second
surface, and the other valve permits flow from the second
surface to the first surface. The body also has an outer seal-
ing surface between the first and second fluid communicating
surfaces.
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CHECK VALVE MODULE

Background of the Invention

The invention relates to check valves.

Check valves are designed to control the direction
of flow of a liquid or gas through a conduit. A typical
check valve permits flow in one direction, but prohibits

flow in an opposite direction.

Summary of the Invention

In general, in one aspect, the invention features
a check valve module including a body having a first
fluid communicating surface and a second fluid
communicating surface, and two one-way check valves in
the body controlling flow between the first and second
surfaces. One of the valves permits flow from the first
surface to the second surface, and the other valve
permits flow from the second surface to the first
surface.

Embodiments of this aspect of the invention may
include one or more of the following features. The
module body has a first end and a second end. The first
fluid communicating surface is on the first end, and the
second fluid communicating surface is on the second end.
The body also has an outer sealing surface between the
first and second fluid communicating surfaces. The outer
sealing surface is cylindrical, and has a sealing member,
such as an O-ring. The first and second surfaces are
circular.

The module includes an inlet and an outlet which
communicate with the first fluid communicating surface.
The inlet can, e.g., be larger than the outlet. The
module also has a registration structure for aligning the

inlet with an input flow assembly, and the outlet with an
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output flow assembly. The registration structure is,
€.9., a threaded bore offset from the inlet and outlet.
The threaded bore also communicates with the first fluid
communicating surface.

The first fluid communicating surface is flat, and
has a diameter greater than the diameter of the second
fluid communicating surface.

Each one-way check valve in the module has a flow
through channel which includes an upstream region, a
downstream region, and a blocking structure. The
blocking structure permits flow from the upstream region
to the downstream region, but prohibits flow from the
downstream region to the upstream region. The flow
channel further includes a sealing structure, e.g., an
inner O-ring, which forms a seal with the blocking
structure to prohibit flow from the downstream region to
the upstream region.

The blocking structure includes, e.g., a ball
disposed within the downstream region. The ball has a
diameter greater than the diameter of the inner C-ring,
but less than the width of the downstream region. The
ball forms a seal with the inner O-ring in the event of
flow from the downstream region towards the upstream
region. The blocking structure further includes a
spring. The spring biases the ball towards the upstream
region.

In general, in another aspect, the invention
features a bi-directional flow-through assembly. The bi-
directional flow-through assembly includes a flow-through
conduit having an inner wall and a two-way check valve
module disposed within the conduit. The two-way check
valve includes a body having a first fluid communicating
surface, a second fluid communicating surface, and an
outer sealing surface for sealing the body to the inner

wall of the conduit. In the body, two check valves



10

15

20

25

30

35

WO 00/52342 PCT/US00/05424

- 3 -

control flow between the first and second surfaces. One
check valve permits flow from the first surface to the
second surface, and the other wvalve permits flow from the
second surface to the first surface.

Embodiments of this aspect of the invention can
include one or more of the following features. The outer
sealing surface of the body includes an O-ring for
forming a seal between the outer sealing surface and the
inner wall of the conduit. The first fluid communicating
surface has a width greater than the width of the
conduit, such that the first fluid communicating surface
remains outside of the conduit when the module is
disposed within the conduit.

The assembly further includes a piston disposed
within the conduit for pumping fluid through said module,
and a top plate. The top plate has a first fluid
communicating end and a second end for mating with the
first surface of the check valve body. The first surface
of the module has an inlet and an outlet, and the top
plate has an inflow channel and an outflow channel for
aligning with the inlet and the outlet. The first
surface also has a threaded bore, and the top plate has a
clearance hole for aligning with the threaded bore.

Embodiments of the invention have the advantage of
including two one-way check valves in the same unitary
piece, reducing the number of components needed for the
flow assembly. The module is easy to replace, and does
not require adjustment.

The registration structure for aligning the inlet
with an input flow assembly prevents improperly
connecting the input flow assembly to the outlet.

The module can be sealingly engaged to the
interior of a rigid tubing, e.g., a cylinder of a

positive displacement pump.
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Brief Description of the Drawings

Figs. 1A and 1B are perspective views of a check
valve module.

Fig. 2 is an sectional view of the check valve
module of Fig. 1.

Fig. 3 is a partially schematic sectional view of
the check valve module of Fig. 1 attached to a pump.

Fig. 4 is a plan view of the pump of Fig. 3.

Description of the Preferred Embodiments
Referring to Figs. 1A and 1B, a check valve module
10 includes a top end 12, a bottom end 14, and a sealing

surface 16 between top end 12 and bottom end 14.

Top end 12 includes a top fluid communicating
surface 18. Top surface 18 is generally flat, and has an
inlet 20, an outlet 22, and a threaded alignment bore 24.
Bottom end 14 includes a lower fluid communicating
surface 26, and one-way check valves 28a, 28b. Sealing
surface 16 is generally cylindrical in shape, and has an
O-ring 30. Top surface 18 has a diameter D, of, e.g.,
about 3/4 inches, and lower surface 26 has a diameter D,
of, e.g., about 5/8 inches.

Referring to Fig. 2, check valve 28a includes a
channel 32a, an upstream region 34a, a downstream region
36a, and a flow control structure 38a for preventing flow
in the direction of arrow B, from downstream region 36a
to upstream region 34a.

Flow control structure 38a includes a blocking
ball 40a, a spring 42a, and an inner O-ring 44a.

Blocking ball 40a has a diameter D, which is greater than
a diameter D, of inner O-ring 44a, but less than a

diameter D; of downstream region 36a. Ball 40a engages a
first end 46a of spring 42a. A second end 48a of spring

42a engages a shelf 50a within channel 32a.
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Check valve 28a defines an output flow-through
path O from an opening 37a (Fig. 1A) in lower surface 26,
through upstream region 34a, past flow control structure
38a, through downstream region 36a, through channel 32a,
and outlet 22.

In operation, flow control structure 38a prevents
flow from downstream region 36a to upstream region 34a in
the following manner. If fluid begins to flow in the
direction of arrow B, from downstream region 36a towards
upstream region 34a, the fluid will push ball 40a in the
direction of arrow B. Ball 40a will compress inner O-
ring 44a, forming a seal, and blocking further flow in
the direction of arrow B.

Check valve 28b has a similar structure and
operation. As with check valve 28a, check valve 28b has
a channel 32b, an upstream region 34b, a downstream
region 36b, and a flow control structure 38b for
preventing flow in the direction of arrow A, from
downstream region 36b to upstream region 34b. Check
valve 28b is disposed within an insert 54 which can be
placed within module 10 during assembly of module 10.

Flow control structure 38b includes a blocking
ball 40b, a spring 42b, and an inner O-ring 44b.

Blocking ball 40b, upstream region 34b, and downstream
region 36b have dimensions similar to the dimensions of
ball 40a, region 34a, and region 36a, respectively. As
in flow control structure 38a, ball 40b engages a first
end 46b of spring 42b, and a second end 48b of spring 42b
engages a shelf 50b. Flow control structure 38b operates
in the same manner as structure 38a, preventing flow in
the direction of arrow A, from downstream region 36b to
upstream region 34b.

Check valve 28b defines an input flow-through path
I in the opposite direction as path O, from inlet 20,

through upstream region 34b, past flow control structure



10

15

20

25

30

35

WO 00/52342 ' PCT/US00/05424

- 6 -

38b, through downstream region 36b, and out an opening
37b (Fig. 1A) in lower surface 26. Module 10, therefore,
is capable of controlling the flow of fluid in two
directions simultaneously.

Figs. 3 and 4 illustrate a possible use for module
10 within a bi-directional flow-through assembly 70, e.g.
a positive displacement pump. Assembly 70 includes a
fluid source 72, a fluid destination 74, a piston
cylinder 76, and module 10. Fluid destination 74 can be,
e.g., a chromatography column, and fluid source 72 can
be, e.g., a chromatography mobile phase solvent. Fluid
source 72 connects to inlet 20 through an inflow tube 78
and an inflow connector 80, and fluid destination 74
connects to outlet 22 through an outflow tube 82 and an
outflow connector 84. Connectors 80, 84 are pressed
against top surface 18 around inlet 20 and outlet 22,
respectively, by a connecting plate 86. Connecting plate
86 is attached to cylinder 76 by screws 88a, 88b:. The
structure and operation of connecting plate 86, and the
method for connecting tubes 78, 82 to module 10 is
described more fully in co-pending U.S. Patent
Application 09/260,916, entitled "Fluid Coupling Assembly
and Method, " filed the same date as this application, and
incorporated herein by reference in its entirety.

Cylinder 76 is cylindrical in shape, and has an
inner diameter D, approximately equal to a diameter D, of
module 10. Diameters D, and D, are both, e.g., about 5/8
inches. Since top surface 18 has a diameter D, greater
than diameter D, of cylinder 76, top surface 18 rests
above cylinder 76, and a lower lip 89 of top end 12 is
pressed against an upper end 90 of cylinder 76 by
connecting plate 86. O-ring 30 of sealing surface 16
seals module 10 to an inner wall 92 of cylinder 76. A
piston 94 is disposed within cylinder 76, below lower

surface 26 of module 10.
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In operation, moving piston 94 in the direction of
arrow B draws fluid from fluid source 72, through inflow
tube 78, connector 80, and flow-through path I of module
10, and into chamber 96 of cylinder 76. Moving piston 94
in the direction of arrow A pushes fluid from chamber 96
through flow-through path O of module 10, and out
connector 84 and tube 82, to fluid destination 74. Check
valve module 10, therefore, allows fluid flow from source
72 to destination 74, without allowing any back-flow from
destination 74 to source 72.

Assembly 10 can be used, e.g., for pumping fluid
samples from a sample source to column chromatography
cartridges, as described, for example, in U.S. Patent
Application 09/260,915, entitled "Pump Drive Decoupler, "
filed the same date as this application, and U.S. Patent
Application 09/264,846, entitled "Cartridge Sealing
Apparatus and Method," also filed the same date as this
application, both of which are incorporated herein by
reference in their entirety.

Module 10 can be easily removed and replaced
simply by removing bolts 88a and 88b and removing an
orientation screw 98 (Fig. 4) received in threaded
alignment bore 24.

Other embodiments are within the scope of the
claims. For example, the dimensions of module 10 and
cylinder 76 can be varied. 1Inlet 20 can have a different
size or shape than outlet 22, to ensure that a user
properly connects the fluid source and fluid destination
to the correct openings. 1In addition, inlet 20 can be
large in order to limit any drop in pressure experienced
by liguids pulled into cylinder 76, in order to avoid
degassing and cavitation.

The two check valves within module 10 can have
structures other than flow controls structures 38a, 38b
to control the flow of fluid through module 10. For
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example, module 10 might include flaps which allow flow
only in one direction.

Assembly 70 can have a pumping mechanism other
than a piston, e.g., a diaphragm.

What is claimed 1is:
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1. A check valve module comprising:
a body having a first fluid communicating surface
and a second fluid communicating surface; and
two one-way check valves in said body controlling
5 flow between said first and second surfaces, one said
valve permitting flow from said first surface to said
second surface, and the other said valve permitting flow

from said second surface to said first surface.

2. The module of claim 1, wherein said body
10 further comprises a first end and a second end, and said
first fluid communicating surface is on said first end,
and said second fluid communicating surface is on said

second end.

3. The module of claim 1, wherein said body
15 comprises an outer sealing surface between said first and

second fluid communicating surfaces.

4, The module of claim 3, wherein said outer

sealing surface comprises a generally cylindrical shape.

5. The module of claim 3, wherein said
20 cylindrical outer sealing surface comprises a sealing
member.

6. The module of claim 5, wherein said sealing

member comprises an O-ring.

7. The module of claim 1, wherein said first and

25 second surfaces comprise a generally circular shape.

8. The module of claim 1, further comprising an
inlet and an outlet, said inlet and outlet communicating

with said first fluid communicating surface.
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9. The module of claim 8, further comprising a
registration structure for aligning said inlet with an

input flow assembly, and said output with an output flow
assembly.

10. The module of claim 9, wherein said

registration structure comprises a threaded bore.

11. The module of claim 10, wherein said threaded
bore communicates with said first fluid communicating

surface of said module.

12. The module of claim 11, wherein said first
fluid communicating surface comprises a flat, circular
surface, and said threaded bore is offset from said inlet
and said outlet.

13. The module of claim 7, wherein a diameter of
said first fluid communicating surface is greater than a

diameter of said second fluid communicating surface.

14. The module of claim 1, wherein each said one-
way check valve comprises a flow-through channel
comprising:

an upstream region;

a downstream region;

a blocking structure, said blocking structure
permitting flow from said upstream region to said
downstream region, but prohibiting flow from said

downstream region to said upstream region.

15. The module of claim 14, wherein said flow
channel further comprises a sealing structure, said

sealing structure forming a seal with said blocking
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structure to prohibit flow from said downstream region to

said upstream region.

16. The module of claim 15, wherein said sealing

structure comprises an inner O-ring.

17. The module of claim 16, wherein said blocking
structure comprises a ball disposed within said
downstream region, said ball having a diameter greater
than a diameter of said inner O-ring, but less than a

width of said downstream region.

18. The module of claim 17, wherein said ball
forms a seal with said inner O-ring in the event of flow

from said downstream region towards said upstream region.

19.  The module of claim 17, wherein said blocking
structure further comprises a spring, said spring biasing

said ball towards said upstream region.

20. The module of claim 8, wherein said inlet is

larger than said outlet.

21. A bi-directional flow-through assembly, said
assembly comprising:

a flow-through conduit having an inner wall and a
two-way check valve module disposed within said conduit,
said two-way check valve comprising:

a body having a first fluid communicating
surface, a second fluid communicating surface, and an
outer sealing surface for sealing said body to said inner
wall of said conduit; and

two one-way check valves in said body
controlling flow between said first and second surfaces,

one said valve permitting flow from said first surface to
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said second surface, and the other said valve permitting

flow from said second surface to said first surface.

22. The assembly of claim 21, wherein said outer
sealing surface of said body comprises an O-ring for
forming a seal between said outer sealing surface and

said inner wall of said conduit.

23. The assembly of claim 21, further comprising
a piston disposed within said conduit for pumping fluid

through said module.

24. The assembly of claim 21, wherein said first
fluid communicating surface has a width greater than a
width of said conduit, such that said first fluid
communicating surface remains outside of said conduit

when said module is disposed within said conduit.

25. The assembly of claim 21, further comprising
a top plate, said top plate having a first fluid
communicating end, and a second end for mating with said

first surface of said check valve body.

26. The assembly of claim 25, wherein said first
surface of said module further comprises an inlet and an
outlet, and said top plate further comprises an inflow
channel and an outflow channel for aligning with said
inlet and said outlet respectively of said first surface

of said module.

27. The assembly of claim 26, wherein said first
surface of said module further comprises a threaded bore,
and said top plate further comprises a clearance hole for

aligning with said threaded bore.
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