DUAL PLATE CHECK VALVE This invention relates to dual plate

check val ves and to a manuf ac o= Dual plate
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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 Dbetween 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. 1In these cases, it
is necessary to provide a metal to metal seal between the

25 valve seat and the valve plate. However, the sealing
surfaces 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 surface to the
respective sealing surfaces.

Figure 1(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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menber is provided in a groove on the sealing surface of each val ve

pl ate. However, for other applications such as at high or |ow
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PCT/G897/02045the 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 1(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 surfaces

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

Deformation of the sealing surfaces 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
1(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 1local 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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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 8. 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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conventional nethod ferigrayigimesa thiledinvention to deducdushepeate check
valves is as faql.lo

cl earance 8Fa?ﬁgnFﬁge and}%ﬁ%ﬁﬁ?n&ﬁ seat is machined down to provide

CKness e weld overlay which is to be
5 According to the present invention there is provided

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
10 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



5 applied. The valve seat surface is marked wi th punch narks or simlar

to identify the intended weld overlay area. The wel d overlay is applied
by form ng three welds on the val ve " seat around the aperture to forma
rai sed bead. TWwoos#sses of weld are run al ongsi de each ot er/Gaomibz045¢
third is 10 | ocated between and overl apping on top of the first two to
give a bead of the necessary raised height. This bead is t hen machi ned
down to forma sealing surface approxi nat el 2 mm hi gh above the seat
surface and to renove any irregularities in height of the bead. 15
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of metal alloy %8 GEPONEr YIEhQUF FhR need ko, r&Peﬁﬁgnga’P'éff% ‘%iﬂee "'te;jfgt
the overlay w Imateaitadct Thishwageoeduee dine seguiremnbnt vEdw oxeatanidhe whol e

way afound e, ARehiafar ThiSat Al | Ghd M 0hier e nddi sfer | ay 20 on.

the val ve pl at s then finish_nmachyned to give t required plate

t hi ckness. ErESSiﬂﬂzqfsangéé¥§a9§aﬁﬁ& pre-heat both the val ve body and
val ve. pl atess prior tahiel dhvgntbos o Pamdlchilbedy sdeattmydous fior d@uad

oLy et The s SRR LBQUEHA W 'l Y9AcE8 hiGE Adpdp they, sutfe
al so suffers fresanfierced cencrgl Portionsg ancomen-geibfrrerr BTt i Ser ence
N A A vy e O B
\?vgl dis i rregulr‘g’flsoﬁeﬁlﬁ& & ggsgﬁjoé\ﬁeflén)é %g&?gékggéﬁéoéfaé %% %ﬁ’r gaftealeso
shows t he |HF gsemledetivensl thevweldyiplay 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 surface 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 1(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 sgeat according to a prior method;
Figure 3 shows a weld overlay provided on a valve



required on the valve plate 8. The wel ding process al so Ccreates spatter
and burn-off adjacent to the weld thus 35 degrading the surface of for
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machi ni ng, the weld nust be built up with a fresh wel d and then

re- machi ned. It is an aimof this invention to reduce these

di sadvant ages and problens 5 Accordimg to the present invention

there is provi pl ate check val ve conpri sing: a
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connected by a hnge means to sai d “cross- nenb

5 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 7 illustrates in cross-section an embodiment

10 of a dual plate check valve according to the invention;

Figure 8(a) and (b) illustrate in cross-section an
embodiment of a dual plate check valve according to the
invention;

_ Figures 9 (a), (b) and (¢) 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. The 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 bddy 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
l0.



and pivotabl e between a valve open position and a valve cl osed position
in which a sealing face portion of each pl at e engages a sealing face
portion provided on a valve 15 seat which surrounds each aperture,

wherein the sewlgoggqssace portions on each of the pl at es @OX/GR7/0I4Sach,
of the valve seats has a groove filled wth a weld inlay.

According to anot her aspect of the present invention 20 there is provided
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by filling 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
' prov1ded 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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-5- . the groove without the need to repeatedly build up the weld
material. This may reduce the requirenment for pre- and post -wel d heat

treatment, a iate the need for pressing of a val 5
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non-rei nforced portions adj acent to each end of the straight edge of the
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at which the plate seats in the valve closed pogition, 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 8(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 particular 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

embodiment 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 18A and non-
reinforced 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.



depth can be mnimsed without the risk of dilution and is 20 able to taper
off at the edges wi thout the risk of cracking. Furthernore, by
providing the weld inlay in a groove a shape is created which is |ess

| i abl e to di st@igegpagsyunder the differential expansion/contr agdiesyrness the
val ve body or plate netal has a |larger surface area in contact 25 with
the weld relative to the wwdth of the weld, and surrounds the weld such
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has a generally semi-circular cross section and the depth
of the groove is approximately 2 mm.
' Figure 10(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
surface 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 10(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 10(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 mm or more. A



- 6- pl ate according to a prior nethod, Figure 4 shows an

expl oded view of a dual plate check val ve of the type in which the
present invention can be used; 5 Figure 5 is a plan view of an
enbodi ment  ofwd RGesbddy of a val ve accordi ng to the mvep&,ag 7/02045
Figure 6 illustrates an enbodi nent of a valve plate for a va

according to the invention; Figure 7 illustrates in cross section
an enbodi rent 10 of a dual plate check wahge-according to the invention;
Figure 8(a) and (b) illustrate in cross-section an enbodi nent of a dual

plate check vatymick alafitig maybehepto 10 mmentficon,example 0.5 Qs €5 fn,( @) ,
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dual plate check valve In wich i nventi on_can sed. " The
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val ve has an Eﬂyngngy(ﬁﬂéut 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 appllcatlons 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.



cylindrical body 10 which has an axial bore through it for t he passage
of fluid. An annular portion 12 projects into the aperture fromthe

i nner wall of the valve body 10. A cross-nmenber 14 extends

di anetri cal | y womsm4sst he val ve body 30 10 and together with tploa/ceametoss
projection 12 defines two D-shaped apertures. The annul ar projection 12
and the di anetrical cross-nenber 14 conprise the valve seat 16 on

which valve plates 18 rest when the val ve 1k 4n a closed state. A

D-shaped or general |y sem -circul ar val ye pla i S pr vlded f each
D-shaped aperture i nﬁ‘?\e“%l Gy ve with w a4 £ ays \ﬂﬁc% the

PCT/ GB97/ 02045present invent fdniprovdyels awcuhabaghetaﬁabnaheeaﬂrseaha
upstream Sgﬂgsm‘?%ﬂw&li’f‘ %&%&} eB&r%m@QW”iB&e?é%éféHe 1@3@5@8“ rates

shown in Fi gur ates are’located on downstr eam
side of the vaR¥e Sehaingble méerm& glevagedgpressures '"akmg such

5 wvalves 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.



5 have lugs by which they are pivotally connected to a hinge pin 20
extendi ng dianetrally across the val ve body 10 parallel to the
cross-nenber 14. |In the val H mnﬂllug"mmllt ion, the two generally .
sem - ci r cul arweyegisshaped . i i vot ed ar ound h%gqgug%&mﬁp into
sealing 10 contact with the valve sedt £6.*A stop pin 22 extends C
dianetrally across the valve body 10 parallel to and downstream of the
hinge pin 20 to limt the degree of 0 ing of the valve plates 18.
Optionally a spring or springs 24 bias the dual valve plates 18 into
sealing 15 contact with the valve sealo 363 1 M s The hinge pin 20, stop
pin 22 and plates 18 may be suppofted rn the valve body 10 by neans of
a conventi onal retai ner system (not shown), or by neans of inserts as
described in WO 95/21163. R(dual platkei gheek vabvel donprdwiagwel d i nlay 40

: provided on the a : f 0] ld iplay 42

. provi ded on-the.sealﬁnéagﬁggg%% ggpgw@gﬁsgﬁéggtﬁgﬁk%:Boéy"&f%)“%Eggbag§7

| shows a val ve &iitPha ARzeRtrirRlyquessragmber (hth therehyidafinisgsasection

in a plane per paidi ofil substaRbidlly O-ehapeanhperddrand dticnge pin 20.

The wel d inlays 40, CYRC T ned. i roove which iLn cross
section has a arcuatgagréggnergJﬁgﬂggkpgﬂabgdg?ﬁéﬁﬁiu(ﬁ§Rdfﬂlgogﬁ?EK has
been filled wi C9RRRELRA| BY| &l inge meanse(28) . pFrRllglbdvesatdy cobssour se
have different méQbRrOi(1AP; ShdlpBAoUadIeaBaEEEn 3 FARRE bpeh PBaREYoR'
dovet ai | ('IF' w%fh thgvmndih | cregﬁhn W t dq@th). Ehe di nensi, ons
and shape gf t BB g?oge ﬁa§ %%ﬁé:%ﬂs d nah 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 1 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 1, 2 or 3, wherein
said weld inlay (40,42) is 0.5 mm to 5Smm thick.
5. A valve according to claim 1, 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




—_—

| ength of the groove. It mag

advant ageous to have a
w der inlay portion at the ‘mﬂmﬂ[m"gmved 35 portion of the D shaped
plate which is subjected to thes v ef fect of back pressure acting
on the pl ate | WQ9804857 WO 98/ 04857 PCT/GBY7/02045 )
PCT/ GB97/ 02045 val ve cl osed position. As seen in Figs. 5 and 6 the
edges of the inlays in the grooves domggt suffer fromweld ripple.
The groove and inlay on the plate 18 are” er t han those on the val ve

seat to allow f Wi L hivn €, . ' of the plate which will affect
t he precise posi ?E)grf'a%s (t&[%)m%ghv%%%h%%%g ‘seats in the valve cl osed

posi tion, but endur es BAh¥Mdlynaacqoardioasbo any sene |of dineapreegdhngt her

to forma selimd) t@ieilinvehyh dhaat NleAtOBnkReYdl Me1 _a<t4|o,42)09§| d Ee
nad. 1 nl.a can pe

mich for e acoursiH AP aA Bl By EHERE SRS VS ALTECH AR (5 BAATSn
| ess al | onarfce f&@&ds to be _

’ 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 (18A) and non-reinforced portions (18B)
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
1l 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 with.a
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:

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

35 (b) forming a weld inlay (54) in said groove (52).

16. A method according to claim 15, wherein step



made than in the prior art valves where application of the

hand provided a further degree of un ﬁr'_{lg ' - at i ",ln@'lﬁ"['mﬂ“m
Figure 8(a) is a sinmilar cross secti %ﬁgﬁ&;ﬁ;BEEN igure 7cbut Inowi ng
only half a vewspdss one val ve pl at : e val vdl pl aten18al e
enbodi mnent shown in Figures 7 and 8 is a generally flat %Té%g{lwﬂure
8(b) shows in detail the seal forned between the valve plate 18 and the
20 valve seat and in particular the weld iyl ays 42 and 40 respectively
corresponding to those shown in Figures 7 and 8(a). Fi gures
9(a) and (b) skibw mﬂil—ié:eromtprﬁrsebefb;eﬂing ?ﬁﬁ)ﬁdﬂh@nbyoﬁe?iﬂﬂnQ lry&rﬁﬂé%n in
Vi ews correspopgi | | t rther ain view
9(c) of the m%%%é)l%ﬁa?h%gol%%flgéglgg{;ﬂet.ﬁqee \gérﬂ?o %nféglf BTt n Fi gure
9 have raised reinfdkted @emethpdpeccordingrta irdadowidbt prahé, furtitee and
recesses on t hgomPsid Hy el Step oBCEPHIBRLRG WHA or eabhewbegciiig, of WO

95/ 15455, tpe nt.ents ,of, which are,30 hereby i ted by reference. As
di scl osed i Wl (i its eﬁ?eﬁgé"ﬁf Bﬁaf’e‘%/%f%g%ﬁ%ent ral portion 18A
and non- rei nf or’ddd pdr methed 188ceiitngerito tdadmchSeod b, therther
straight edge @bmbPfs NPlthel BrRpOVEIeSnSERELd ¥hd 2L ehlh 1&8&?1 aling
characteri stics.m% g Fi ﬁ;%%‘ 10 i?l ust r%t es stagees ivﬁ’ea met a('}g _
according to PTORLR RAOQTPOSE RARERg a weld inlay of a valve seal .
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 semicircular,.

15 rectangular, U-shaped, V-sgshaped 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).
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Figure 10(a) shows in section a portion of a valve conponent 50 which
could be, for exanple, a val:ve seat or a valve plate, and in.which a
groove 52 has Wwees/048sT ned. The groove 52 may be formnmed bycridBeTegdsor
machining or may be 5 forned when the val ve conponent is cast or forged or
by any ot her suitable process. In this enbodi nent the groove 52

has a generally seni-circular cross sectiotf/and the depth of the groove
I's approximately 2 mm Figure 10(b) shows the groove after it has
been 10 filled with a weld inlay material 54 by a wel ding process. In
this enbodi nent of the nethod, the groove is slightly over- filled and

the material 54 protrudes above the EE gf of the val ve conmponent and
surface tension fornms a Meni scus Jth er surface of the material.

However, 15 surface f 0N pulls the weld precisely to the edge of the
groove. Form ng the [he groove significantly reduces spatter
and burn-off as the c is located in the groovg
arc can be maint ai neg The wel d | ay is now fi
provi de a

Lo =
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20 flat sealing surface 56 generally level with the surface of t he
conponent 50, as illustrated in Figure 10(c). This provi des a very
accurate machine line edge to the weld inlay seal, as shown for exanple
in Figure 4, wehkshgsedge ripple as the weld was forned por/GBgNO20ESSE
groove. 25 Al'ternatively as shown in Figure 10(d) the weld inlay
could be finish nmachined to be slightly proud of the sur roundi ng
surface or the adjacent nmetal on either or #agth si des coul d be machi ned
away to | eave the weld either slightly or very proud. The netal
surrounding the weld can 30 contribute to the seal, and by spreading the

| oad, the Hertzian stress on the weld is relieved. Even if the weld

is slightly proud, or is only flush on one side, the pr obl em of
Hertzian stress can still be alleviated. al plate check val ves
are made in a wide ran i € -

I nlay thicknesses
nore. A WD 98/ 04857
PCT/ GB97/ 02045
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- 10 - typi cal depth maybe upto 10 mm for exanple 0.5 mmto 5 mm
particularly 1 mmto 3 mm Normally the inlay will be at | east as wi de
as it is deep, and it can with advantage be wi der. Thus it nay be as
narrow as 0. Olwows/e4sd7 as wide-as 5 20 mmor even nore if it PCE/GBPTEN4St han
its depth. A typical width for a 2 inch (50 my valve mght be 1 to 2
nmm and for a 36 inch (900 mm valve night be 5 to 15 mm nost

typically about 10 mm As descri bed above3/fhe inlay on the plate is
advant ageously wi der than that on the valve 10 seat (or vice versa) but not

necessarily deeper. In this case the width mght be say 1 nrmto 20 nm
typically. Many different naterials may be used for the weld

i nl ay dependi ng uponJqulqﬁgli SeL  whi the valve is desi gned.
The follow ng are so arples S rk), a cobalt,
chrom um tungsten, nol ing and

$t ai nl ess st eel

| for use in

nel (trademark),
aci ds; and

, chrom um and
e illustrated

desirable for use wt
for use with corrosive fl
appl i cati ons subject 20
an alloy principally of
| nconel 625 (trademari)
iron that is resistant t
enmbodi nents show a wel d

SUBSTITUTE SHEET (RULE 26)



provi ded on both the valve seat and the valve plate. However, in

certain circunstances, a valve inlay may be provided in one or the

ot her val ve component. Were inlays 30 are provided on both seat and plate,
t hey do not hawmos/oassre both of the sane weld inlay mat erRGGBITE4% n| ay
may be built up in layers of nore than one material for exanple an

I nconel |ayer and an outer Stellite |ayer, *s#ch as by filling a groove
with a first inlay material and then 35 forti¥ng a shall ower groove in the
first inlay material for filling with the second inlay material.

WD 98/ 04857 PCT/ GB97/ 02045

- 11 - The use of a valve with weld iwkays according to the
present invention provides accurate netal o/n- eal s. Substantially

zero or extrenely |ow reverse |eakage rat »-/://///4”[’!4 ai nabl e even at

el evated pressures maFi‘g.ﬁc.h 4/

fluid |Iines

/88
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requiring valves of 300 class ANSI pressure rating (PN 50) or higher.

Val ves according to the present invention my be used in cryogenic (down
to -196C and bel ow) and hi gh tenmperature (up to 350[err] C and above)
fluid line asswoBleas? 10 in particular in applications wher ®CI/AB97/62045

extrenely | ow | eakage rates are required. This is because the present
I nvention alleviates the problemof distortion of the seal ing faces
caused by differention thernal expansi onggpntraction of the weld netal
relative to the 15 surroundi ng netal. WO 98/ 04857

PCT/ GB97/ 02045 - 12 -

CLAI MS 1. A dual plate check val ve conpri sing:

a substantially cylindrical vaI_ve b(ﬁiélg(ér)ovi ded

0 —-

42

N\
| ¢
10 , 4042 |
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5 wth a dianetrical cross-nenber (14) thereby defining a pair of

substantially D shaped apertures; and two substantially D shaped
plates (18), pivotally connected by a hinge neans (20) parallel to said
cross- nenwersp48s], and pi votabl e between a val ve open p®sTiGBITIO2ME 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, wher ei ngfzhe seal ing face portions on
each of the pl ates (18) and/or on each of the valve seats (16) has a 15
groove (52) filled wth a weld inlay (40,42). 2. A val ve
according to claiml1l, wherein said weld inlay (40,42) is 1 nmto 15 nm
wi de. 3. A val ve accord;g% osy iynl1l or 2, wherein said
weld jnlay is 0.01 to 10 mmthi ck. Sj. [ » A val ve according to
claiml, 2 or 3, wherein said weld 1nlay (40,42) is 0.5 mMmmto 5mm
t hi ck. 5. A v#ve according to claim1, 2, 3 or 4 wherein

sai d grooves (52) are subgtagtially sem -circul ar, rect angul ar

6. A val ve according tV o) W‘\; RI 2 i
wel d inlay (40,42) conpr ' \\\\ t‘
| nconel . 7 ? Q;\\ ONRD

| ai s, i ded wi h x§ Y ‘\. AN
claims, provided wit :;§§§E§§§§§§&\*> M
0

(18) and valve seats (1
| ocated so as to contac S
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correspondi ng inlays (40) on the valve seats (16) when the valve is in

the cl osed position. 35 8. A val ve according to claim?7, wherein
t he. inlays (42) on the plates (18) are wi der than those (40) on

WD 98/ 04857 WO 98/04857 PCT/ GB97/ 0204#CT/GBY7/02045

- 13 - the seats (16) (or vice versa). 9. A val ve
according to any one of the preceding clains, wherein each or at |east
one weld inlay (40,42) is finished flushzAm th the respective adjacent
body or plate 5 face. 10. A valve according to any one of the
precedi ng claims, wherein each or at |east one weld inlay (40,42) is
finished proud on one or_both sides. 11. A valve according to
any one of the precedi n 'g CLQ including pl ??S (18) conprising a
reinforced central por and non-rei rced portions (18B)

adjacent to each end of the

Fig.10(c). 5

.
.-
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12. . A high pressure fluid line assenbly including at | east one val ve
qccordlng to any one of clainms 1 to, 11...15: _ 13. A cryogenic fluid
|$ ne “assenbl y including at | east one valve according to any one of
claims 1 to 11. _ 14. A high tenmperature fluid line assenbly
including at | east one valve according to -any one of clains 1to 11. 20
15. A nethod of formng a val D€ rtion of a sealing

“surface of. the plates (18) and/ ) of a dual plate

- check val ve haVI NgThis inventtiamn lr@lllaxtefsyludwdmalaé;l}aadé/e:w «aiii)efs)rzgw ded
Intng a palr. o :

jwth a "Etﬁggghméhgiﬁﬁgﬁgqir ééﬁﬁlkgﬁggggntlally D- shaped

substantlally

pl ates (18), pivotBHR} 9éﬁﬁ@cpé@c$yvalwwg@r@eéﬁwwn whizlpy qempnise amw said
cr oss- mepber éﬁﬂhlaﬁnﬁonb\iﬁbabh:evalvebﬁddﬁemléthvw stmtaﬁﬁﬁatnqn and a

I I d t I h pl at
(18 30 engagheiy-Eaarrhaty acd BaspeRech VA val melhes s, el " 115

whi ch surrounEéV@'ééﬂlal@Ptlﬁltéd pne angiipdetiradl bimge pin.t hdhe Patss
(a) providi ngaf peoayrgedSBy reveleeobressirecalbwadds a Sﬁaflfv%CQ:loﬁd

§ gg%hodfggggngﬁsf?%g%:Qha%fééﬁ)th@gsghﬁthggfgch%% semi- c1rcul§% or
i : D-shaped apertures defined 1n 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 position in which they are generally
15 parallel to the valve body axis. |
For certain applications it is known to provide the
valve seat surrounding the apertures with a re51llent
material to act as a sealing member and 1mprove the seal .
between the valve seat and the sealing surface of the
20 valve plate. FR-A-2 583 131 discloses a'dual-plate-check'
valve in which a synthetic rubber or teflon sealing
member is provided in a groove on the sealing surface of
each valve plate. However, for other applications such
as at high or-low-temperatureS'or_for handling corrosive
25 fluids, no suitable seal materials are available. In
- these cases, it is neceSSary to provide a metal to metal
‘seal between the valve seat and the valve plate.
However, the sealing surfaces of the valve seat and the
valve plate which move into and out of contact with each
30 other are subject to wear or degradation due to corrosion
or erosion so it is also known to provide the surfaces
‘with anioverlay of a material more durable than the metal
of the valve bddy or the valve plate or with a corrosion
resistant material. This overlay has been formed by
35 welding an alloy surface to the respective sealing
surfaces. o : o
‘Figure 1(a) shows in cross-section a'portion of a.
prior art check valve in the closed position with the.
raised weld overlay 2 provided on the valve seat 4
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L-14- 7 rises forming said inlay by wel ding so that
the-weld |nI y’ ﬁm Em the top of -the groove. 17. A
Wet Hod accor denge or 16, further conprising the step of

finishing the or each wel d |nIay 5 flush with its respective sealing
sur f ace. : A et hod accordln%_ o claim15 or 16, further
conprising the step of finishing the or edc wel d inlay proud on one or

both si des. furthd: HEL 89¢8 Bgi50;87%,C8¢ @b184AE 8ol Rrat 10
&g EoFthyg' Baid24 §g"80, tuk 0

18, wherein s%\b)d groove
accordi ng to thy watdoin axuptonsu@@s aboysg, thﬁeﬁépnofatbeggﬁgﬁge(52) i s

0.5 mmto 5 mmdeep s, A methdd acdor@ih§UtdCePathNst §raiy, Obarehet! ai N5
15 to 20, wherein’ sald groove (52) iIs Substantially sen1C|rquIar 15

rectangul-ar, SOMEMELEHNG\EREBEED P dS%B%EFFnQntFFaﬁ§v§P§E weld inlay

Cross-sectg Orfglush with i€8. redp&Btivd seaRifgngutbaasy one of clains 15 to
21, wherein said at. | east_. one val ve conppnent i s, cast g with an

integral said groovk?- 20 A MEthodAcCOLdINg b)) %%%b?‘d}ggofolgnyEgﬁ
clains 15 tocompéihlmgethenssepdoﬂefﬂnlahﬁgg(EHQ onnpacheweSdehhlay

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. '
B 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 semicircular,
15 rectangular, U-shaped, V-shaped or dovetail in transverse
cross-section.
22. A method accordzng to any one of claims 15 to
21, wherein said at least one valve component is cast or
forged with an integral said groove. o
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) for a dual
plate check valve comprising a sealing face portion for
25 engaging an opposing sealing face 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).

4
S

i

AMENDED SHEET
IPEAJEP ~



stai nl ess steel, Mnel or I|nconel.

1806203 -1

24. A D-shaped valv a
(18) fors a dual pl ate check val ve conprising a sealing face portion for '8

25 :engagi ng an opposing sealing face portion provided on a
(16), wherein said sealing face portion on the pl ate has a
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A dual plate check valve comprises a substantially cylindrical valve body (10) provided 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)
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which is then filled with a weld inlay (40, 42) and then machined to provide a sealing face portion of a more durable metal alloy.




