
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2017/112656 Al
29 June 20 17 (29.06.20 17)

(51) International Patent Classification: (74) Agents: BLACK, Boyd, B. et al; Kinney & Lange, P.A.,
F16K 15/04 (2006.01) B01F 3/12 (2006.01) 312 South Third Street, Minneapolis, Minnesota 55415
F16K 27/02 (2006.01) (US).

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US20 16/067748 kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,

20 December 2016 (20. 12.2016) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,

(26) Publication Language: English MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,

(30) Priority Data: NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,

62/270,182 2 1 December 201 5 (21. 12.2015) US RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,

(71) Applicant: GRACO MINNESOTA, INC. [US/US]; 88 ZA, ZM, ZW.
11th Avenue NE, Minneapolis, Minnesota 55413 (US).

(84) Designated States (unless otherwise indicated, for every
(72) Inventor: KLAPHAKE, Andrew, J.; 227 E. Diamond kind of regional protection available): ARIPO (BW, GH,

Lake Road, Minneapolis, Minnesota 55419 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[Continued on nextpage]

(54) Title: SHOCK ABSORBING AND WEAR RESISTANT BALL CHECK SEAT FOR ABRASIVE MEDIA

(57) Abstract: A check valve includes a ball and a seat. The seat includes
a body and a hole extending through the body. The hole is smaller in dia-
meter than the ball. The body of the seat is formed from ul
tra-high-molecular-weight polyethylene. The ultra-high-molecular-
weight polyethylene of the seat has an ASTM D648 heat detlecLion Lem-
perature of 46.7°C at 1.8MPa.



wo 2017/112656 Ai II II II I III IIII II I II I I HIM II III II III

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, Published:
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, — with international search report (Art. 21(3))
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).



SHOCK ABSORBING AND WEAR RESISTANT BALL CHECK SEAT FOR

ABRASIVE MEDIA

BACKGROUND

[0001] Many automotive paints include flat flakes comprising metal and/or metal

oxide as a paint pigment. These pigment flakes not only provide attractive visible properties

to the automotive paint but also include the ability to reflect a high proportion of solar energy

from the paint and the vehicle covered in the paint. At automotive plants where the paint is

applied to automobile bodies, reciprocating pumps continuously circulate the paint to keep

the pigment flakes and other ingredients in the paint from settling. Reciprocating pumps

generally include several check valves. These check valves include a ball and a seat. In the

past, both the ball and the seat were formed from stainless steel. While steel balls and steel

seats in the check valves have proved satisfactory in many painting application environments,

steel seats lack durability when the reciprocating pumps circulate paint containing these

pigment flakes. These pigment flakes erode the stainless steel seats in the check valve as the

paint circulates through the reciprocating pump, ultimately leading to failure of the check

valves. This erosion problem has been addressed in the past by replacing the stainless steel

seats with seats formed from tungsten carbide. The tungsten carbide seats are harder than the

stainless steel seats and do resist erosion from the pigment flakes better than the stainless

steel seats, however, the tungsten carbide seats are considerably more expensive than the

stainless steel seats. Furthermore, the steel check ball can deform and lodge against the much

harder tungsten carbide seat, resulting in failure of the check valve. Rubber O-rings have

been combined with tungsten carbide and stainless steel seats to provide a softer contact

between the ball and the seat. However, automotive paints can include a considerable

amount of solvent which can prematurely degrade rubber O-rings.

SUMMARY

[0002] In one aspect of the disclosure, a fluid circulating system for maintaining

flakes in suspension within a liquid includes a pump configured to circulate the liquid and the

flakes. At least one check valve is positioned fluidically between an inlet and an outlet of the

pump. The check valve includes a ball and a seat. The seat includes a body and a hole

extending through the body. The hole is smaller in diameter than the ball. The body of the

seat is formed from ultra-high-molecular-weight polyethylene.



[0003] In another aspect of the disclosure, a check valve includes a ball and a seat.

The seat includes a body and a hole extending through the body. The hole is smaller in

diameter than the ball. The body of the seat is formed from ultra-high-molecular-weight

polyethylene. The ultra-high-molecular-weight polyethylene of the seat has an ASTM D648

heat deflection temperature of 46.7°C at 1.8MPa.

[0004] In another aspect of the disclosure, a check valve for use with a reciprocating

pump includes a housing with a valve chamber formed in the housing. A ball is disposed

inside the valve chamber. A ball seat is disposed inside the valve chamber. The ball seat

includes a body and a hole extending through the body. The hole is smaller in diameter than

the ball. The body of the ball seat is formed from ultra-high-molecular-weight polyethylene.

The ultra-high-molecular-weight polyethylene of the seat has an ASTM D648 heat deflection

temperature of 46.7°C at 1.8MPa.

[0005] Persons of ordinary skill in the art will recognize that other aspects and

embodiments of the present invention are possible in view of the entirety of the present

disclosure, including the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a perspective view of a reciprocating pump.

[0007] FIG. 2 is an exploded view of an outlet housing and an outlet manifold of the

reciprocating pump and two check valves disposed inside the outlet housing and the outlet

manifold.

[0008] FIG. 3 is a cross-sectional view of a seat of the check valve.

DETAILED DESCRIPTION

[0009] The disclosure relates to check valve seats in reciprocating pumps that

circulate paint or other fluids containing relatively hard pigment flakes. The proposed

reciprocating pump includes at least one check valve with a seat formed from ultra-high-

molecular-weight polyethylene for paint applications that use pigment flakes comprising

metal and/or metal oxide. The seat can also be formed from high-temperature ultra-high-

molecular-weight polyethylene having an ASTM D648 heat deflection temperature of 46.7°C

at 1.8MPa. Check valve seats formed from ultra-high-molecular-weight polyethylene resist

erosion from paints containing pigment flakes. Check valve seats formed from ultra-high-

molecular-weight polyethylene are also chemically immune to the solvents in the paint.

Check valve seats formed from ultra-high-molecular-weight polyethylene are also more cost

effective than steel seats and tungsten carbide seats.



[0010] FIG. 1 is a perspective view of reciprocating pump 10, which can be used to

circulate fluid F in a fluid circulating system. In one example, reciprocating pump 10 and the

fluid circulating system can be used in an automotive paint kitchen and fluid F can be

automotive paint containing pigment flakes (not shown) comprising metal and/or metal

oxide. For example, the pigment flakes in fluid F can be mica flakes coated in titanium

dioxide. In another example, the pigment flakes in fluid F can be aluminum oxide flakes

coated in titanium dioxide. Reciprocating pump 10 continuously moves and circulates fluid F

to keep the pigment flakes suspended in fluid F. While paint is one example of fluid F, it

should be understood that paint is merely one example and that other fluids (such as water,

oil, solvents, etc.) can be displaced by reciprocating pump 10. As shown in FIG. 1,

reciprocating pump 10 includes pump inlet 12, pump outlet 14, piston rod 16, bellows

chamber 18, piston housing 20, inlet housing 22, inlet manifold 24, tubes 26, outlet housing

28, outlet manifold 30, and side manifold 32.

[0011] Piston housing 20 is connected between outlet housing 28 and inlet housing

22. Tubes 26 are also connected between outlet housing 28 and inlet housing 22. Inlet

housing 22 fluidically connects piston housing 20 with tubes 26. Inlet manifold 24 is

connected to inlet housing 22 opposite tubes 26. Inlet manifold 24 and inlet housing 22

together house two check valves (not shown) such that each check valve is in line and fluidic

communication with one of tubes 26. Outlet manifold 30 is connected to outlet housing 28

opposite tubes 26. Outlet manifold 30 and outlet housing 28 together house two check valves

(shown and discussed in FIG. 2) such that each check valve is in line and fluidic

communication with one of tubes 26. Outlet manifold 30 also forms pump outlet 14.

[0012] Bellows chamber 18 and pump inlet 12 are connected to outlet housing 28

opposite piston housing 20. Piston rod 16 extends through bellows chamber 18 and outlet

housing 28 to connect with a piston (not shown) disposed inside piston housing 20. Bellows

(not shown) are disposed inside bellows chamber 18 and around piston rod 16 to seal the

interior of reciprocating pump 10 from ambient air. Side manifold 32 is connected to bellows

chamber 18 and inlet manifold 24.

[0013] During operation of reciprocating pump 10, fluid F is disposed inside pump

inlet 12, bellows chamber 18, side manifold 32, inlet manifold 24, inlet housing 22, piston

housing 20, tubes 26, outlet housing 28, outlet manifold 30, and pump outlet 14. Piston rod

16 is driven axially in a reciprocating manner up and down. As piston rod 16 is actuated

axially upward, piston rod 16 pulls the piston inside piston housing 20 upward, causing fluid



F to flow through pump inlet 12, through bellows chamber 18, through side manifold 32, into

inlet manifold 24, through one of the check valves in the inlet housing 22, and into piston

housing 20 below the piston. Simultaneously, while the piston is pulled upward, the piston

pushes fluid F disposed above the piston out of piston housing 20, into outlet housing 28,

through one of the check valves in outlet manifold 30, and through pump outlet 14.

[0014] When piston rod 16 is actuated axially downward, the piston inside piston

housing 20 pushes fluid F disposed below the piston out of piston housing 20, through inlet

housing 22, into one of tubes 26, through outlet housing 28, through one of the check valves

in outlet manifold 20, and through pump outlet 14. Simultaneously, while the piston is

pushed downward, fluid F is pulled through pump inlet 12, through bellows chamber 18,

through side manifold 32, into inlet manifold 24, through one of the check valves in the inlet

housing 22, through one of tubes 26, into outlet housing 28, and into piston housing 20 above

the piston. The cycle of piston rod 16 and the piston inside piston housing 20 is then repeated

to keep fluid F moving steadily into pump inlet 12 and out pump outlet 14. The integrity of

the two check valves inside inlet housing 22 and the two check valves inside outlet manifold

30 are required to move fluid F from pump inlet 12 to pump outlet 14. The check valves of

reciprocating pump 10 are discussed in below with reference to FIG. 2.

[0015] FIG. 2 is an exploded view of outlet housing 28, outlet manifold 30, and check

valves 31 of reciprocating pump 10 (shown in FIG. 1). As shown in FIG. 2, each of check

valves 31 includes ball 34, ball seat 36, and gasket 38. Reciprocating pump 10 further

includes fasteners 40 and washers 42 to connect outlet manifold 30 to outlet housing 28.

Outlet manifold 30 includes two check valve chambers 43. Outlet housing 28 includes two

fluid openings 44 for communicating fluid F to check valves 31. Outlet housing 28 also

includes rod hole 46 for accommodating piston rod 16 (shown in FIG. 1).

[0016] Each of check valve chambers 43 is formed in outlet manifold 30 and is sized

to house ball 34 and at least a portion of ball seat 36 of check valve 31. When outlet

manifold 30 is connected to outlet housing 28 by fasteners 40, each of ball seat 36 is

positioned over one of fluid openings 44 of outlet housing 28. Gaskets 38 are each disposed

around one of ball seats 36 and between outlet housing 28 and outlet manifold 30. Gaskets

38 seal check valves 31 and prevent fluid F from leaking out between outlet housing 28 and

outlet manifold 30. During operation of reciprocating pump 10, check valves 31 operate in

the same manner as conventional check valves. As reciprocating pump 10 pushes fluid F

through fluid openings 44 of outlet housing 28, fluid F flows through ball seats 36 and lifts



balls 34 away from ball seats 36. Fluid F then flows around balls 34 and flows toward pump

outlet 14. Between cycles of reciprocating pump 10, balls 34 fall back onto ball seats 36 to

keep fluid F from re-entering fluid openings 44 of outlet housing 28. As fluid F flows

through check valves 31, the pigment flakes in fluid F can impact against ball seats 36. As

discussed below with reference to FIG. 3, the composition and size of each ball seat 36 is

selected to reduce abrasion and wear between ball seats 36 and the pigment flakes in fluid F.

[0017] FIG. 3 is a cross-sectional view of one of ball seats 36 of check valve 31. As

shown in FIG. 3, ball seat 36 includes body 48, top surface 50, bottom surface 52, outer

circumferential surface 54, hole 56, inner circumferential surface 58, center axis CA, and

thickness TH. Outer circumferential surface 54 includes a diameter D1. Inner

circumferential surface 58 and hole 56 include a diameter D2. Top surface 50 and bottom

surface 52 both share a radial dimension RD.

[0018] Body 48 of ball seat 36 shown in FIG. 3 is cylindrical with top surface 50

being disposed opposite bottom surface 52 with outer circumferential surface 54 extending

axially from top surface 50 to bottom surface 52 relative center axis CA. Top surface 50 and

bottom surface 52 are parallel. Hole 56 is centered on center axis CA and extends through

top surface 50 and bottom surface 52 and forms inner circumferential surface 58. Inner

circumferential surface 58 extends from top surface 50 to bottom surface 52 and is parallel to

outer circumferential surface 54. Diameter D2 of inner circumferential surface 58 and hole

56 is smaller than a diameter of ball 34 (shown in FIG. 2) so that ball 34 is unable to pass

through hole 56. A ratio (D2/D1) between Diameter D2 of inner circumferential surface 58

and Diameter D1 of outer circumferential surface D2 can be 0.481 to 0.487.

[0019] Thickness TH of ball seat 36 is the axial distance between top surface 50 and

bottom surface 52. Radial dimension RD of top surface 50 and bottom surface 52 is defined

as the difference between Diameter D1 of outer circumferential surface 54 and Diameter D2

of inner circumferential surface 58. To help ball seat 36 resist large deformation under the

pressure of fluid F inside reciprocating pump 10, ball seat 36 can be sized such that a ratio

(TH/RD) of the thickness TH to the radial dimension RD is 0.248 to 0.259.

[0020] To withstand the impact of the pigment flakes in fluid F, body 48 of ball seat

36 is made from ultra-high-molecular-weight polyethylene (hereinafter referred to as

“UHMWPE”). The UHMWPE used to form body 48 of ball seat 36 can be a high

temperature grade UHMWPE with an ASTM D648 heat deflection temperature of 46.7°C at

1.8 MPa. The ASTM D648 heat deflection temperature of a material is defined by the



following test: a test specimen is loaded in three-point bending in the edgewise direction with

an outer fiber stress of 1.8 MPa, and the temperature is increased at 2 °C/min until the

specimen deflects 0.25 mm. One example of the high temperature grade UHMWPE is sold

under the trade mark TIVAR® H.O.T. by Quadrant EPP USA, Inc., Pennsylvania.

[0021] Ball seat 36 made from a high temperature grade UHMWPE was tested in a

reciprocating pump that circulated a paint containing metal oxide pigment flakes. The

temperature of the paint in the test was between 0°C and 48°C. During the tests, ball seat 36

proved to be more durable than conventional steel ball seats because the pigment flakes of the

paint did not abrade or erode the UHMWPE material of ball seat 36. Furthermore, the

UHMWPE material of ball seat 36 is much softer (HRR50 hardness on the Rockwell scale)

than conventional stainless steel seats (HRB85 hardness on the Rockwell scale) and tungsten

carbide seats (HRA92 hardness on the Rockwell scale). The relative softness of the

UHMWPE material of ball seat 36 allowed ball seat 36 to slightly deform under pressure to

the contours of ball 34 (shown in FIG. 2), thereby reducing leakage between ball seat 36 and

ball 34. Reducing leakage between ball 34 and ball seat 36 also reduces high velocity leak

paths that might erode ball seat 36. Because ball seat 36 was made from a grade of

UHMWPE with an ASTM D648 heat deflection temperature of 46.7°C at 1.8 MPa, ball seat

36 also did not overly deform or creep like most other grades of UHMWPE when the

temperature of the paint inside the reciprocating pump was raised between 38°C and 48°C.

[0022] In view of the foregoing description, it will be recognized that the present

disclosure provides numerous advantages and benefits. For example, ball seat 36, made from

a high temperature grade UHMWPE, resists erosion better than stainless steel seats when

used in the circulation of fluids containing pigment flakes comprising metal or metal oxides.

Reducing erosion of ball seat 36 increases the operational life of reciprocating pump 10.

Furthermore, ball seat 36 is softer than both stainless steel and tungsten carbide and thus

creates a tighter seal with ball 34 than would a stainless steel or tungsten carbide ball seat.

By creating a tighter seal with ball 34, ball seat 36 reduces leakage between ball 34 and ball

seat 36 which improves pump efficiency and reduces erosion in check valve 31. Ball seat 36

is also chemically immune to solvents in automotive paint because ball seat 36 is formed

from UHMWPE. Ball seat 36 is also more affordable than conventional ball seats because

UHMWPE generally costs less than stainless steel and tungsten carbide.

[0023] While the invention has been described with reference to an exemplary

embodiment(s), it will be understood by those skilled in the art that various changes may be



made and equivalents may be substituted for elements thereof without departing from the

scope of the invention. In addition, many modifications may be made to adapt a particular

situation or material to the teachings of the invention without departing from the essential

scope thereof. Therefore, it is intended that the invention not be limited to the particular

embodiment(s) disclosed, but that the invention will include all embodiments falling within

the scope of the appended claims.



CLAIMS:

1. A fluid circulating system for maintaining flakes in suspension within a liquid,

the fluid circulating system comprising:

a pump configured to circulate the liquid and the flakes; and

at least one check valve positioned fluidically between an inlet and an outlet of

the pump, wherein the check valve comprises:

a ball; and

a seat comprising a body and a hole extending through the body,

wherein the hole is smaller in diameter than the ball and

wherein the body of the seat is formed from ultra-high-

molecular-weight polyethylene.

2. The fluid system of claim 1, wherein the ultra-high-molecular-weight

polyethylene of the seat has an ASTM D648 heat deflection temperature of 46.7°C at

1.8MPa.

3. The fluid system of claim 1, wherein the body of the seat is cylindrical with a

top surface disposed opposite a bottom surface and an outer circumferential surface extending

axially from the top surface to the bottom surface relative a center axis of the seat.

4. The fluid system of claim 3, wherein the hole extends through the top surface

and the bottom surface of the body of the seat and forms an inner circumferential surface,

wherein the inner circumferential surface extends from the top surface to the bottom surface

and is parallel to the outer circumferential surface.

5. The fluid system of claim 2, wherein the liquid has a temperature between 0°C

and 48°C.

6. The fluid system of claim 1, wherein the flakes comprise a metal and/or a

metal oxide.

7. A check valve comprising:

a ball; and



a seat comprising a body and a hole extending through the body, wherein the

hole is smaller in diameter than the ball and wherein the body of the

seat is formed from ultra-high-molecular-weight polyethylene, wherein

the ultra-high-molecular-weight polyethylene of the seat has an ASTM

D648 heat deflection temperature of 46.7°C at 1.8 MPa.

8. The check valve of claim 7, wherein the body of the seat is cylindrical with a

top surface disposed opposite a bottom surface and an outer circumferential surface extending

axially from the top surface to the bottom surface relative a center axis of the seat.

9. The check valve of claim 8, wherein the top surface and the bottom surface are

parallel.

10. The check valve of claim 9, wherein the hole extends through the top surface

and the bottom surface of the body of the seat and forms an inner circumferential surface,

wherein the inner circumferential surface extends from the top surface to the bottom surface

and is parallel to the outer circumferential surface.

11. The check valve of claim 10, wherein a ratio between a diameter of the inner

circumferential surface and a diameter of the outer circumferential surface is 0.481 to 0.487.

12. The check valve of claim 11, wherein the body of the seat comprises a

thickness defined as the axial distance between the top surface and the bottom surface,

wherein a ratio of the thickness of the seat to a difference between the diameter of the outer

circumferential surface and the diameter of the inner circumferential surface is 0.248 to

0.259.

13. A check valve for use with reciprocating pump, the check valve comprising:

a housing with a valve chamber formed in the housing;

a ball disposed inside the valve chamber; and

a ball seat disposed inside the valve chamber, wherein the ball seat comprises

a body and a hole extending through the body, wherein the hole is

smaller in diameter than the ball and wherein the body of the ball seat



is formed from ultra-high-molecular-weight polyethylene, wherein the

ultra-high-molecular-weight polyethylene of the seat has an ASTM

D648 heat deflection temperature of 46.7°C at 1.8MPa.
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