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DUAL PLATE CHECK VALVE 

PCT/GB97/0204S 

This invention relates to dual plate check valves and 
to a manufacturing method. 

5 Dual plate check valves are known which comprise an 
annular housing or valve body with two substantially semi­
circular, or D-shaped valve members or plates pivotally 
mounted on a diametral hinge pin. The plates can be urged 
by reverse pressure towards a valve closed position in 

10 which they shut respective semi-circular or D-shaped 
apertures defined in the valve body by a diametral cross 
piece, thereby providing the function of a non-return 
valve. The plates can be urged by pressure of a given 
level on the upstream side of the valve towards an open 

15 position in which they are generally parallel to the valve 
body axis. 

For certain applications it is known to provide the 
valve seat surrounding the apertures with a resilient 
material to act as a sealing member and improve the seal 

20 between the valve seat and the sealing surface of the valve 
plate. However, for other applications such as at high or 
low temperatures or for handling corrosive fluids, no 
suitable seal materials are available. In these cases, it 
is necessary to provide a metal to metal seal between the 

25 valve seat and the valve plate. However, the sealing 
surf aces of the valve seat and the valve plate which move 
into and out of contact with each other are subject to wear 
or degradation due to corrosion or erosion so it is also 
known to provide the surfaces with an overlay of a material 

30 more durable than the metal of the valve body or the valve 
plate or with a corrosion resistant material. This overlay 
has been formed by welding an alloy surf ace to the 
respective sealing surfaces. 

Figure l(a) shows in cross-section a portion of a 
35 prior art check valve in the closed position with the 

raised weld overlay 2 provided on the valve seat 4 
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sealingly engaging the weld overlay 6 provided on the plate 
8. When the plate 8 is subjected to high reverse pressure 
it suffers distortion, such as bowing of the plate, since· 
it is only supported around its edges. This creates 

5 extreme local pressure on the edge of the weld bead with 
the seal tending towards a line seal. The greater the back 
pressure on the valve plate, the higher the stress on point 
"A" of the weld shown in Figure l(b). These stresses are 
known as Hertzian stresses and cause degradation of the 

10 sealing surfaces. As a result of the necessary play within 
the hinge 9 to allow the heel of the plate to lift clear of 
the body prior to opening, such play also permitting 
sideways movement of the plate, the plate will sometimes 
reseat in the closed position on the sealing surf aces 

15 deformed by Hertzian stress, thus leading to leakage across 
the valve seal. 

Deformation of the sealing surf aces is made even 
worse by the weld bead 2 on the valve seat 4 having a 
rippled edge as shown in Fig. 2 resulting from the 

20 manufacturing method described below. As shown in Figure 
l(b) when reverse pressure is increased and the plate 
deforms, the seal between the sealing surfaces tends to 
become a line seal on the inner edge of the weld bead 2, 
which being irregular leads to leakage. Due to creation of 

25 local leakage paths the weld ripple also contributes to 
wire drawing on the seal contact faces. 

A further problem with the above type of weld overlay 
results from the fact that at high or low temperatures, 
there can be differential thermal expansion/contraction 

30 between the weld metal and the underlying metal. In effect 
these metals form a bi-metallic strip and the differential 
expansion/contraction leads to distortion in the carefully 
machined, flat finish contributing to greater leakage. 
This can be a-problem especially on the plate because of 

35 the larger quantity of weld overlay metal used to achieve 
the necessary depth right across the sealing face. 
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A conventional method for providing a weld overlay 

for dual plate check valves is as follows. 

The valve seat is machined down to provide clearance 

for the thickness of the weld overlay which is to be 

5 applied. The valve seat surface is marked with punch marks 

or similar to identify the intended weld overlay area. The 

weld overlay is applied by forming three welds on the valve 

seat around the aperture to form a raised bead. Two lines 

of weld are run alongside each other and the third is 

10 located between and overlapping on top of the first two to 

give a bead of the necessary raised height. This bead is 

then machined down to form a sealing surface approximately 

2 mm high above the seat surface and to remove any 

irregularities in height of the bead. 

15 Further, the surface of each valve plate is machined 

back and an overlay of metal alloy welded across a large 

area of the plate to ensure that the overlay will contact 

the sealing surface of the valve seat the whole way around 

the aperture. This requires many weld runs. The overlay 

20 on the valve plate is then finish machined to give the 

required plate thickness. 
It is necessary to pre-heat both the valve body and 

valve plates prior to welding, and post-weld heat treatment 

is also required. The plates require pressing to flatten 

25 them out as they suffer distortion during the repeated 

welding. 
This prior method also suffers from the following 

limitations, described with reference to Figures 2 and 3. 

The weld overlay 2 is built up by hand on the surface of 

30 the valve seat 4 and the plate 8, therefore the edge of the 

weld is irregular or rippled as shown in Figures 2 and 3. 

Figure 3 also shows the large area of weld overlay 2 

required on the valve plate e. The welding process also 

creates spatter and burn-off adjacent to the weld thus 

35 degrading the surface of for example the valve seat. If 

the height of the weld is insufficient at any point 
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following machining, the weld must be built up with a fresh 

weld and then re-machined. 

It is an aim of this invention to reduce these 

disadvantages and problems. 

5 According to the present invention there is provided 

10 

a dual plate check valve comprising: 

a substantially cylindrical valve body provided with 

a diametrical cross-member thereby defining a pair of 

substantially D-shaped apertures; and 

two substantially D-shaped plates, pivotally 

connected by a hinge means parallel to said cross-member, 

and pivotable between a valve open position and a valve 

closed position in which a sealing face portion of each 

plate engages a sealing face portion provided on a valve 

15 seat which surrounds each aperture, 
wherein the sealing face portions on each of the 

plates and/or on each of the valve seats has a groove 

filled. with a weld inlay. 
According to another aspect of the present invention 

20 there is provided a method of forming a valve sealing face 

portion of a sealing surface of the plates and/or valve 

seats of a dual plate check valve having a substantially 

cylindrical valve body provided with a diametrical cross­

member thereby defining a pair of substantially D-shaped 

25 apertures, and two substantially D-shaped plates, pivotally 

connected by a hinge means parallel to said cross-member, 

and pivotable between a valve open position and a valve 

closed position in which the sealing face portion of each 

plate engages a sealing face portion provided on a valve 

30 seat which surrounds each aperture, the method including 

the steps of: 
(a) providing a groove in the or each sealing 

surface; 
(b) forming a weld inlay in said groove. 

35 With this invention, the weld inlay can be applied in 

a single run or reduced number of runs simply by filling 
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the groove without the need to repeatedly build up the weld 

material. This may reduce the requirement for pre- and 

post-weld heat treatment, and alleviate the need for 

pressing of a valve plate. 

5 This invention is particularly advantageous for dual 

plate check valves in which the plates have raised 

reinforced central portions and non-reinforced portions 

adjacent to each end of the straight edge of the plate as 

this design is superior for maintaining a flat face to face 

10 seal between the weld inlay sealing portions. 

A valve according to this invention can 

advantageously be used in high or low temperature fluid 

line assemblies with minimal or no leakage when the valve 

is closed. The weld inlay according to this invention can 

15 be much narrower than the prior weld overlay, therefore 

there is a considerably smaller metal surface area to 

suffer the distortion effects of differential thermal 

expansion/contraction. In the invention, the weld metal 

depth can be minimised without the risk of dilution and is 

20 able to taper off at the edges without the risk of 

cracking. Furthermore, by providing the weld inlay in a 

groove a shape is created which is less liable to distort 

under the differential expansion/contraction i.e. the valve 

body or plate metal has a larger surf ace area in contact 

25 with the weld relative to the width of the weld, and 

surrounds the weld such that the stresses caused by 

differential expansion/contraction can be withstood without 

the same extent of deformation of the sealing surface. 

A specific embodiment of the invention will now be 

30 described by way of example only with reference to the 

accompanying drawings in which: 

Figures l(a) and (b) illustrate in cross-section a 

prior dual plate check valve seal; 
Figure 2 shows a weld overlay provided on a valve 

35 seat according to a prior method; 
Figure 3 shows a weld overlay provided on a valve 
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plate according to a prior method; 
Figure 4 shows an exploded view of a dual plate check 

valve of the type in which the present invention can be 

used; 
Figure 5 is a plan view of an embodiment of the body 

of a valve according to the invention; 

Figure 6 illustrates an embodiment of a valve plate 
for a valve according to the invention; 

Figure 1 illustrates in cross-section an embodiment 
10 of a dual plate check valve according to the invention; 

Figure B(a) and (b) illustrate in cross-section an 

embodiment of a dual plate check valve according to the 

invention; 
Figures 9 (a), (b) and (c) illustrate in cross-

15 section and plain view a further embodiment of a dual plate 
check valve according to the invention; and 

Figures 10 (a), (b), (c) and (d) show in section a 

first and a second embodiment of the stages of fabricating 

a weld inlay on a valve component according to the present 
20 invention. 

Figure 4 shows a dual plate check valve in which the 

invention can be used. Tbe invention may be embodied in 

other types of dual plate check valve with metal to metal 

sealing surfaces. 
25 Referring to Figure 4, the valve has an approximately 

cylindrical body 10 which has an axial bore through it for 

the passage of fluid. An annular portion 12 projects into 

the aperture from the inner wall of the valve body 10. A 

cross-member 14 extends diametrically across the valve body 

30 10 and together with the annular projection 12 defines two 

D-shaped apertures. The annular projection 12 and the 

diametrical cross-member 14 comprise the valve seat 16 on 

which valve plates 18 rest when the valve is in a closed 

state. A D-shaped or generally semi-circular valve plate 

35 18 is provided for each D-shaped aperture in the valve body 
10. 
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Fluid may flow through the valve from an upstream 

side of the valve seat to a downstream side thereof. As 

shown in Figure 4, the two valve plates are located on the 

downstream side of the valve seat 16. The two plates 18_ 

5 have lugs by which they are pivotally connected to a hinge 

pin 20 extending diametrally across the valve body 10 

parallel to the cross-member 14. In the valve closed 

position, the two generally semi-circular or D-shaped 

plates 18 are pivoted around hinge pin 20 into sealing 

10 contact with the valve seat 16. A stop pin 22 extends 

diametrally across the valve body 10 parallel to and 

downstream of the hinge pin 20 to limit the degree of 

opening of the valve plates 18. Optionally a spring or 

springs 24 bias the dual valve plates 18 into sealing 

15 contact with the valve seat 16. 

The hinge pin 20, stop pin 22 and plates 18 may be 

supported in the valve body 10 by means of a conventional 

retainer system (not shown), or by means of inserts as 

described in WO 95/27163. 

20 Figures 5 and 6 show a weld inlay 40 provided on the 

valve seat 16 of the valve body 10 and a weld inlay 42 

provided on the sealing surface of a valve plate 18. 

Figure 7 shows a valve of the invention with such 

inlays in axial cross section in a plane perpendicular to 

25 the cross-member 14 and hinge pin 20. 

The weld inlays 40, 42 are each contained in a groove 

which in cross section has a arcuate or generally semi­

circular profile which has been filled with the weld inlay 

material. The grooves may of course have different 

30 profiles such as rectangular, u-shaped, V-shaped or 

dovetail (i.e. with the width increasing with depth). The 

dimensions and shape of the groove may vary along the 

length of the groove. It may for example be advantageous 

to have a wider inlay portion at the centre of the curved 

35 portion of the D-shaped plate which is subjected to the 

greatest effect of back pressure acting on the plate in the 
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valve closed position. As seen in Figs. 5 and 6 the edges 
of the inlays in the grooves do not suffer from weld 
ripple. The groove and inlay on the plate 18 are wider 
than those on the valve seat to allow for play within the 

5 hinge of the plate which will affect the precise position 
at which the plate seats in the valve closed position, but 
ensures that the inlays 40, 42 still contact each other to 
form a seal. Alternatively, the inlay on the valve seat 
could be wider than the inlay on the plate. Both the inlay 

10 42 and inlay 40 can be much more accurately located by the 
method of the present invention, less allowance needs to be 
made than in the prior art valves where application of the 
weld beads by hand provided a further degree of uncertainty 
of location. 

15 Figure B(a} is a similar cross section to that of 
Figure 7 but showing only half a valve and one valve plate 
18. The.valve plate 18 in the embodiment shown in Figures 
7 and 8 is a generally flat plate. Figure 8(b} shows in 
detail the seal formed between the valve plate 18 and the 

20 valve seat and in Pi11rticular the weld inlays 42 and 40 
respectively corresponding to those shown in Figures 7 and 
8 (a} • 

Figures 9(a} and (b) show a different preferred 
erDbodiment of the invention in views corresponding to 

25 Figures 8(a) and (b) with a further plain view 9(c) of the 
plate 18. The plates 18 in the embodiment shown in Figure 
9 have raised reinforced central portions on the doWnstream 
side and recesses on the upstream side, in accordance with 
the teaching of WO 95/15455, the contents of which are 

30 hereby imported by reference. As disclosed in WO 95/15455 
the use of a reinforced central portion lSA and non-
reinf orced portions 18B adjacent to each end of the 
straight edge of the plate 18 provides superior face to 
face sealing characteristics. 

35 Figure 10 illustrates stages in a method according to 
the invention of making a weld inlay of a valve seal. 
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Figure lO(a) shows in section a portion of a valve 
component so which could be, for example, a valve seat or a 
valve plate, and in which a groove 52 has been formed. The 
groove 52 may be formed by milling or machining or may be 

s formed when the valve component is cast or forged or by any 
other suitable process. In this embodiment the groove 52 
has a generally semi-circular cross section and the depth 
of the groove is approximately 2 mm. 

Figure lO(b) shows the groove after it has been 
10 filled with a weld inlay material 54 by a welding process. 

In this embodiment of the method, the groove is slightly 
over- filled and the material 54 protrudes above the 
surf ace of the valve component and surface tension forms a 
meniscus on the upper surface of the material. However, 

15 surface tension pulls the weld precisely to the edge of the 
groove. Forming the weld in the groove significantly 
reduces spatter and burn-off as the welding arc is located 
in the groove, and a better arc can be maintained. 

The weld inlay is now finish machined to provide a 
20 flat sealing surface 56 generally level with the surface of 

the component 50, as illustrated in Figure lO(c). This 
provides a very accurate machine line edge to the weld 
inlay seal, as shown for example in Figure 4, with no edge 
ripple as the weld was formed in a precise groove. 

25 Alternatively as shown in Figure lO(d) the weld inlay 
could be finish machined to be slightly proud of the 
surrounding surface or the adjacent metal on either or both 
sides could be machined away to leave the weld either 
slightly or very proud. The metal surrounding the weld can 

30 contribute to the seal, and by spreading the load, the 
Hertzian stress on the weld is relieved. Even if the weld 
is slightly proud, or is only flush on one side, the 
problem of Hertzian stress can still be alleviated. 

Dual plate check valves are made in a wide range of 
35 sizes, consequently groove depths or weld inlay thicknesses 

may be as small.as 0.01 mm or as large as 20 rmn or more. A 
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typical depth maybe upto 10 mm, for example o .5 mm to 5 mm, 
particularly 1 mm to 3 mm. Normally the inlay will be at 
least as wide as it is deep, and it can with advantage be 
wider. Thus it may be as narrow as 0.01 mm and as wide as 

5 20 mm or even more if it is wider than its depth. A 

typical width for a 2 inch (SO mm) valve might be 1 to 2 mm 
and for a 36 inch (900 mm) valve might be 5 to 15 mm, most 
typically about 10 mm. As described above, the inlay on 
the plate is advantageously wider than that on the valve 

10 seat (or vice versa) but not necessarily deeper. In this 
case the width might be say 1 mm to 20 mm typically. 

Many different materials may be used for the weld 
inlay depending upon the application for which the valve is 
designed. The following are some examples: 

15 Stellite {trademark), a cobalt, chromium, tungsten, 
molybdenum alloy which is hard wearing and desirable for 
use with abrasive fluids; 

316 stainless steel for use with corrosive fluids; 
410 stainless steel for use in applications subject 

20 to temperature erosion; 
Monel (trademark), an alloy principally of nickel and 

copper, for use with acids; and 
Inconel 625 (trademark), an alloy principally of 

nickel, chromium and iron that is resistant to corrosive 
25 fluids. 

The illustrated embodiments show a weld inlay 40, 42 
provided on both the valve seat and the valve plate. 
However, in certain circumstances, a valve inlay may be 
provided in one or the other valve component. Where inlays 

30 are provided on both seat and plate, they do not have to be 
both of the same weld inlay material. The inlay may be 
built up in layers of more than one material for example an 
Inconel layer and an outer Stellite layer, such as by 
filling a groove with a first inlay material and then 

35 forming a shallower groove in the first inlay material for 
filling with the second inlay material. 
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The use of a valve with weld inlays according to the 

present invention provides accurate metal to metal seals. 

Substantially zero or extremely low reverse leakage rates 

are obtainable even at elevated pressures making such 

S valves suitable for use in high pressure fluid lines 

requiring valves of 300 class ANSI pressure rating (PN 50) 

or higher. Valves according to the present invention may 

be used in cryogenic (down to -196°C and below) and high 

temperature (up to 350°C and above) fluid line assemblies, 

10 in particular in applications where zero or extremely low 

leakage rates are required. This is because the present 

invention alleviates the problem of distortion of the 

sealing faces caused by differention thermal 

expansion/contraction of the weld metal relative to the 

15 surrounding metal. 
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CLAIMS 

1. A.dual plate check valve comprising: 
a substantially cylindrical valve body (10) provided 

5 with a diametrical cross-member (14) thereby defining a 
pair of substantially D-shaped apertures; and 

two substantially D-shaped plates (18), pivotally 
connected by a hinge means (20) parallel to said cross­
rnember (14), and pivotable between a valve open position 

10 and a valve closed position in which a sealing face portion 
of each plate (18) engages a sealing face portion provided 
on a valve seat (16) which surrounds each aperture, 

wherein the sealing face portions on each of the 
plates (18) and/or on each of the valve seats (16) has a 

15 groove (52) filled with a weld inlay (40,42). 
2. A valve according to claim 1, wherein said weld 

inlay (40,42) is l mm to 15 mm wide. 
3. A valve according to claim 1 or 2, wherein said 

weld inlay is 0.01 to 10 mm thick. 
20 4. A valve according to claim l, 2 or 3, wherein 

said weld inlay (40,42} is 0.5 mm to Smm thick. 
5. A valve according to claim l, 2, 3 or 4 wherein 

said grooves (52) are substantially semi-circular, 
rectangular, U-shaped, V-shaped or dovetail in transverse 

25 cross-section. 
6. A valve according to any one of the preceding 

claims, wherein each weld inlay (40,42) comprises Stellite, 
stainless steel, Monel or Inconel. 

7. A valve according to any one of the preceding 
30 claims, provided with weld inlays (40,42) on both of the 

valve plates (18) and valve seats (16), the inlays (42) on 
the plates (18) being located so as to contact 
corresponding inlays (40) on the valve seats (16) when the 
valve is in the closed position. 

35 8. A valve according to claim 7, wherein the 
inlays (42) on the plates (18) are wider than those (40) on 
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the seats (16) (or vice versa}. 
9. A valve according to any one of the preceding 

claims, wherein each or at least one weld inlay ·(40,42) is 

finished flush with the respective adjacent body or plate 
5 face. 

10. A valve according to any one of the preceding 
claims, wherein each or at least one weld inlay (40,42) is 
finished proud on one or both sides. 

11. A valve according to any one of the preceding 
10 claims, including plates (18} comprising a reinforced 

central portion {lBA) and non-reinforced portions (1BB) 

adjacent to each end of the straight line of the D. 
12. A high pressure fluid line assembly including 

at least one valve according to any one of claims 1 to 11. 

15 13. A cryogenic fluid line assembly including at 
least one valve according to any one of claims 1 to 11. 

14. A high temperature fluid line assembly 
including at least one valve according to any one of claims 
1 to 11. 

20 15. A method of forming a valve sealing .face 
portion of a sealing surface of the plates (18) and/or 
valve seats (16} of a dual plate check valve having a 
substantially cylindrical valve body (10) provided witha 
diametrical cross-member (14) thereby defining a pair of 

25 substantially D-shaped apertures, and two substantially D­
shaped plates (18), pivotally connected by a hinge means 

(20) parallel to said cross-member (14), and pivotable 
between a valve open position and a valve closed position 
in which the sealing face portion of each plate (18) 

30 engages a sealing face portion provided on a valve seat 
(16} which surrounds each aperture, the method including 
the steps of: 

35 

(a) providing a groove (52} in the or each sealing 
surface; 

(b) forming a weld inlay (54) in said groove (52}. 
16. A method according to claim 15, wherein step 
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(b) further comprises forming said inlay by welding so that 
the weld inlay protrudes above the top of the groove. 

17. A method according to claim 15 or 16, further 
comprising the step of finishing the or each weld inlay 

5 flush with its respective sealing surface. 
18. A method according to claim 15 or 16, further 

comprising the step of finishing the or each weld inlay 
proud on one or both sides. 

19. A method according to any one of claims 15 to 
10 18, wherein said groove (52) is 1 mm to 15 mm wide. 

20. A method according to any one of claims 15 to 
19, wherein said groove {52) is 0.5 mm to 5 mm deep. 

21. A method according to any one of claims 15 to 
20, wherein said groove (52) is substantially semicircular1 

15 rectangular, U-shaped, V-shaped or dovetail in transverse 
cross-section. 

22. A method according to any one of claims 15 to 
21, wherein said at least one valve component is cast or 
forged with an integral said groove. 

20 23. A method according to any one of claims 15 to 
22, wherein said weld inlay (54) comprises Stellite, 
stainless steel, Monel or Inconel. 

24. A D-shaped valve plate (18} comprising a 
sealing face portion for engaging an opposing sealing face 

25 portion provided on a valve seat (16), wherein said sealing 
face portion on the plate has a groove (52) filled with a 
weld inlay (42). 


