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TAL SEAL BACKGROUND OF THE | NVENTION 1. Field o#fuckdes

and i n xmes

TO ALL WHOM IT MAY CONCERN:

BE IT KNOWN that I, Peter Michael Kent, have invented new

and useful improvements in a

DYNAMIC METAL-TO-METAL SEAL

of which the following is a specification:



opening in a valve body. 2. Description of the Prior Art A typical gate

val ve has a body with a fl ow passage extending through it. The fl ow passage
intersects a central cavity wherein is |ocated a gate that is perpendicul ar
to the fl ow passage. In communication with the central cavity is a

BACKGROUND OF THE INVENTION

1 1. Field of the Invention:

2

3 This invention relates in general to gate valves, and in

4 particular to an improved metal-to-metal seal for sealing between

S a movable stem and a stem opening in a valve body.

6

7 2. Description of the Prior Art:

8 .

9 A typical gate valve has a body with a flow passage
10 extending through it. . The flow passage intersects a central
11 cavity wherein is located a gate that is perpendicular to the
12 flow passage. In communication with the central cavity is a stem
13 opening. A stem extends through the stem opening and into the
14 central passage where the stem is connected to the gate.’
i5 Selective movement of the stem causes the gate to move between
16 closed and open positions that obstruct flow or allow flow,
17 respectively, through the flow passage. '
is8 There are generally two types of gate valves: the rising-
19 stem type, and the non-rising-stem type. 1In the rising-stenm
20 type, the stem moves only axially, without rotation, to move the
21 gate between closed and open positions. In the non-rising-stem
22 type, the stem only rotates, without moving axially, and the
23 rotation of the stem, in conjunction with a gear connection
24 between the stem and the gate, causes the gate to move between
25 open and closed position.

26 Since the central cavity of the gate valve and the stem
27 ‘opening are in communication, the space between the stem and the
28 stem opening must be sealed to avoid leakage. At first,
29 elastomeric seals were used. However, since elastomeric seals
30 do not have the necessary longevity, especially in corrosive
31 environments, metal seals have become popular for several
32 applications.

33 Several metal-to-metal seals have been developed for sealing
34 between a movable stem and a stem opening in a valve body.
35 However, generally such seals made prior to this invention have
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st em openi ng. A stem extends through the stem opening and into the central
passage where the stemis connected to the gate. Sel ective novenent of the
stem causes the gate to nove between cl osed and open positions that
obstruct flow or allow flow, respectively, through the flow passage. There
are generally two types of gate valves: the rising,stemtype, and
g disgdvanta%%s sucl? as premature wear, gdamage s thd é&@ling
2 surface, insufficient sealing capacity under certain conditions,

3 and excessively short service life.
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nén-ri sing-stemtype. he rising-stemtype, the stemnoves only axially

w thout rotation, to nove the gate between cl osed and open positions. In
the non-rising-stemtype, the stemonly rotates, w thout noving axially,
and the rotation of the stem in conjunction with a gear connection between

the_f_tem and the gate, cause§mnglaton? %%Qﬁ’i‘f@ﬁn open and cl osed

posiTi on.

2

3 It is the general object of the invention to provide an
4 improved metal-to-metal seal for sealing between a movable stem
5 and a stem opening in a valve body. The improved metal seal has
6 an annular seal body through which the stem extends. The seal
7 has a flexible annular seal leg depending from the seal body for
8 sealing against the stem. The inner surface of the seal leg has
9 at least one groove defining a plurality of sealing lands,
10 including at least a lower sealing land and upper sealing land.
11 The undeflected inner diameter of the lower sealing land is
12 selected so that upon insertion of the stem through the seal, the
13 seal leg deflects outward. The undeflected diameter of the upper
14 sealing land is selected so that it is 1larger than the
15 undeflected inner diameter of the lower sealing 1land. The
16 undeflected diameters of additional sealing lands are selected
17 so that they are successively larger than the undeflected inner
18 diameters of the sealing lands below thenmn.

19 Increased fluid pressure in the stem opehing causes the seal
20 leg to flex inward, causing additional sealing lands to contact
21 the stem, thus increasing the effective sealing surface while
22 maintaining the contact forces between the stem and seal at
23 beneficial levels. The above improvements result in a metal-to-
24 metal seal with improved sealing capabilities and longer service
25 life.
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Si'nce the central cavity of the gate valve and the stemopening are in
comuni cation, the space between the stem and the stem openi ng nust be
sealed to avoid | eakage. At first, elastoneric seals were used. However
since el astoneric seals do not have the necessary |ongevity, especially in

corrogive environments, By SEIERIPYFONCEP PHEOBRARENES! Severa

appl i cations.
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Figure 1 is a vertical sectional view illustrating a portion of

a typical gate valve, including the improved metal seal of the
present invention.

Figure 2 is a view, partly in section, of the improved metal seal
of the present invention shown in FIG. 1.

Pigure 3 is an enlarged sectional view of the seal leg of the
metal seal of FIG. 2 shown in its undeflected position.

Figure 4 is a sectional view of the seal leg of FIG. 3 being
deflected ocutward by the stem of the valve.

Pigure S is a sectional view of the seal leg of FIG. 4 being
deflected inward by pressure in the stem opening.

Figure 6 is a table of the normal forces at various contact
points between the seal leg and the stem at various pressure
differentials.

- Figure 7 is a graph of the information of FIG. 6, with the normal

forces on the vertical axis, the nodes on the horizontal axis,
and with each 1line representing a different pressure
differential.
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Several netal -to-nmetal seals have been devel oped for sealing between a
novabl e stem and a stem opening in a val ve body. However, generally such
seals made prior to this invention have di sadvantages such as premature
wear, damage to the sealing surface, insufficient sealing capacity under
certain conditions, and_excessivel gRshort service |ife

1 DETAILED DESCRIPTION OF THE INVENTION

2

3 FIG. 1, shows a portion of a gate valve 10 of the rising-
4 stem type. Gate valve 10 has a valve body 12 having a stenm
S opening 14. The stem opening 14 has a stepped inner diameter 16
6 defining an upwardly facing shoulder 18. A stem 20, having an
7 outer diameter 22, is located through stem opening 14. Stem 20
8 is connected to a gate (not shown). Stem 20 moves axially within
9 stem opening 14 and moves the gate between open and closed
10 positions. " Stem 20 does not rotate.
11 A metal seal 30 is located inside stem opening 14. Metal
12 seal 30 has an annular seal body 32, a flexible annular seal leg
13 34, and an annular support leg 36 that is concentric with and
14 surrounds seal leg 34. Seal body 32 has a stepped outer diameter
15 38 that mates with stepped inner diameter 16 of stem opening 14.
16 Stepped outer diameter 38 of seal body 32 has a circumferential
17 outer recess 40 for housing an elastomeric seal 42 in sealing
18 engagement with stem opening 14. Support leg 36 depends from
19 lower portion 44 of seal body 32. Support leg 36 has a lower end
20 46 that abuts upwardly facing shoulder 18 in stem opening 14.
21 Referring now mainly to FIG8. 2 and 3, seal body 32 has a
22 generally cylindrical inner diameter 48 which is slightly larger
23 than outer diameter 22 of stem 20. Inner diameter 48 of seal
24 body 32 has a plurality of circumferential lubricating grooves
25 50 that are axially spaced apart one from the other. Seal body
26 32 also has a circunferential inner recess 52 at upper portion
27 54 of seal body 32 for housing a chevron seal 56. Chevron seal
28 56 acts as a back-up seal between seal body 32 and stem 20.
29 Seal body 32 has a flexible annular seal leg 34 depending
30 from lower portion 44 of seal body 32 for sealing against stenm
31 20. A flex recess 58 is located at the lower end of inner
32 diameter 48 of seal body 32, at the junction between lower
33 portion 44 of seal body 32 and seal leg 34. Flex recess 58
34 facilitates the flexing of seal leg 34.

35 Seal leg 34 has an upper section 60, a middle section 62,
36 and a lower section 64. Upper section 60 extends downwardly and
37 inwardly from seal body 32. Middle section 62 extends downwardly
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SUMVARY OF THE INVENTION It is the general object of the invention to
provide an inproved netal -to-netal seal for sealing between a novable stem
and a stemopening in a valve body. The inproved netal seal has an annul ar
seal body through which the stem extends. The seal has a fl exible annul ar

seal ieg dﬁ?&”ﬁﬁé)&:&i?”ﬂ—@ﬁ éﬁél lower end of upper section 60, but in a

2 more downward direction than upper section 60. Upper section 60
and middle section 62 both have generally uniform cross sections.
Lower section 64 extends in the same direction as middle section
62, but has a tapered cross-section. Outer surface 66 of lower
section 64 tapers towards inner surface 68 of middle and lower
sections 62 and 64 as it approaches tip 70 of seal leg 34.

Inner surface 68 of middle and lower sections 62 and 64 has
a plurality of axially spaced apart grooves 72a-4. Grooves 72
10 result in a plurality of axially spaced apart sealing lands 74a-
11 e. Sealing lands 74 include lower sealing land 74a, intermediate
12 sealing land 74b, upper sealing land 74¢, and additional sealing
13 lands 744-e. Lower sealing land 74a is located at tip 70 of seal
14 leg 34, intermediate sealing land 74b is located above lower
15 sealing land 74a, upper sealing land 74c¢ is located above
16 intermediate sealing land 74b, and additional sealing lands 744-e
17 are located above upper sealing land 74c.

O B N o e W

18 Each sealing land 74a-e has a corresponding sealing land
19 surface 76a-e. Since angle 78 of inner surface 68 of middle and
20 lower sections 62 and 64 is very small, sealing land surfaces
21 76a-e are very close to being cylindrical surfaces. As will be
22 discussed later, during operation, seal leg 34 flexes inward, and
23 sealing land surfaces 76a-e come into contact with stem 20, at
24 which point sealing land surfaces 76a-e are cylindrical surfaces.
25 Since seal leg 34 is angled downwardly and inwardly, sealing
26 lands 74e-a have successively smaller undeflected diameters.
27 Therefore, sealing land 74e has an undeflected diameter that is

28 larger than the undeflected diameter of sealing land 744, which
29 is in turn larger than the undeflected diameter of sealing land

30 74c, which is in turn larger than the undeflected diameter of
31 sealing land 74b, which is in turn larger than the undeflected
32 diameter of sealing land 74a.

33 The undeflected diameters of sealing lands 74a~d are

34 selected so that they are slightly smaller than outer diameter
35 22 of stem 20. On the other hand, the undeflected diameters of
36 sealing lands 74c-e are selected so that they are slightly larger
37 than outer diameter 22 of stem 20. Selecting such sealing land
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body for sealing against the stem The inner surface of the seal

| eg has at

| east one groove defining a plurality of sealing |ands, including at |east

a
1 diameters results in seal leqg 34 being deflected outwardly upon
2 insertion of stem 20 through seal 30. More specifically, upon
3 insertion of stem 20 through seal 30, sealing land surfaces 76a-b
4 will be in contact with stem 20, while sealing land surface 76c-e@
5 will not be in contact with stem 20.
6 Referring now mainly to PIG. 1, seal 30 is located inside
7 stem opening 14, and lower end 46 of support leg 36 abuts
8 upwardly facing shoulder 18 in the stem opening 14. Above seal
9 30 is located retaining ring 90. A downwardly facing surface of
10 retaining ring 90 abuts upper portion S$4 of seal body 32.
11 Retaining ring 90 has a recess in its outer diameter that houses
12 elastomeric seal 92, and a recess in its inner diameter that
13 houses elastomeric seal 94. Elastomeric seal 92 is in sealing
14 engagement with stem opening 14, and elastomeric seal 94 is in
15 sealing engagement with stem 20. Lower retaining nut 96 is
16 located above retaining ring 90. Lower retaining nut 96 is
17 threadedly attached to stem opening 14 so that a lower surface
18 of lower retaining nut 96 abuts an upper surface of retaining
19 ring 90. Intermediate retaining nut 98 is located above lower
20 retaining nut 96 and is threadedly attached to stem opening 14
21 so that a lower surface of intermediate retaining nut 98 abuts
22 an upper surface of lower retaining nut 96. Finally, upper
23 retaining nut 100 is located above intermediate retaining nut 98
24 and is threadedly attached to stem opening 14 so that a lower
25 surface of upper retaining nut 106 abuts an upper surface of
26 intermediate retaining nut 98. The retaining ring 90 and lower,
27 intermediate, and upper retaining nuts 96, 98, and 100 function
28 as a retaining means to maintain seal 30 in abutment with
29 upwardly facing shoulder 18 of stem opening 14.
30 In operation, the above described structure functions as
31 follows. Stem 20, located within stem opening 14 of valve 10,
32 moves axially and in turn moves a gate (not shown) between closed
33 and open positions to selectively control flow through valve 10.
34 During operation, the region of stem opening 14 below seal 30 is
35 at elevated pressures, this region is referred to as high
36 pressure region 102 in the figures. The pressures in high
37 pressure region 102 can vary from very low pressures to very high
N —
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-2 - lower sealing | and and upper sealing |land. The undefl ected inner

di aneter of the lower sealing land is selected so that upon insertion of

the stemthrough the seal, the seal |eg deflects outward. The undefl ected
di aneter of the upper sealing land is selected so that it is larger than

the Lindef | egtggurQQ%.n excess of 10,000 psi. Low pressure region 104, on

2
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37

the other hand, is at a lower pressure than high pressure region
102. Fluids therefore have a tendency to escape from high
pressure region 102 to low pressure region 104.

As described above, metal seal 30 is located inside stem
opening 14 and is kept in abutment with upwardly facing shoulder
18 by a retaining means comprising retaining ring 90, lower
retaining nut 96, intermediate retaining nut 98, and upper
retaining nut 100. Also, stem 20 is located through stem opening
14 and through seal 30. Since stem 20 is located through seal
30, seal leg 34 is deflected outwardly.

Referring now to PIG. 4, when the pressure differential
between high pressure region 102 and low pressure region 104 is
zero, lower sealing land 74a and intermediate sealing land 74b
are in contact with stem 20, and sealing lands 74c-e are not in
contact with stem 20. Since lower and intermediate sealing lands
74a and 74b are being maintained in a deflected position by
contact with stem 20, there exist normal forces at the points of
contact. '

FIG. 6 shows a table of the normal forces at various contact
points, or nodes 106a,~e,, for various pressure differentials.
The table of FIG. 6 was developed by finite element analysis.
For each of eléven representative pressures, FIG. 6 gives the
normal forces, in pounds/radian, for each node 106a;~e,. Although
the units for the normal forces given in FIG. 6 are pounds-
force/radian, since they were derived by analyzing points rather
than areas, the values given are not representative of the actual
forces but are only indicative of the relative size of the
forces,

Referring now to both FIGS. 4 and 6, one can see that nodes
106a; and 106a, on lower sealing land 74a, and nodes 106b, and
106b, on intermediate sealing land 74b, are in contact with stem
20 since positive values for the normal forces at those nodes are
shown in PIG. 6 for a zero psi pressure differential. On the
other hand nodes 106c,~e; on sealing lands 74c~e are not in
contact with stem 20 since normal forces of zero appear in FIQ.
6 for nodes 106¢,~e; for a zero psi pressure differential.

_\\
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dianeter of the |ower sealing |and. The undefl ected dianmeters of additional
sealing lands are selected so that they are successively larger than the
undefl ected inner dianmeters of the sealing | ands bel ow them |ncreased
fluid pressure in the stem opening causes the seal leg to flex inward,
causi i\g addi ti oggl tseal ing | ands ,to contact the stem_ {hus increasing
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he pressure differential between high pressure region
102 and low pressure region 104 increases, seal leg 34 deflects
inward, thus flexing inner surface €68 of middle and lower
sections 62 and 64 of seal leg 34 towards stem 20. As the
pressure differential increases, seal leg 34 continues to flex
inward, and, eventually, additional sealing lands 74 come into
contact with stem 20. For example, looking at upper sealing land
74c, when the pressure differential is about 1000 psi, node
106¢,, on the lower portion of upper sealing land 74¢, comes into
contact with stem 20, while node 106c;, which is on the upper
portion of upper sealing land 74¢ is not yet in contact with stem
20. As the pressure differential increases towards 3000 psi,
more of upper sealing land 74c contacts stem 20 until the entire
upper sealing land 74¢ is in contact with stem 20, as is the case
when the pressure differential reaches 3000 psi. As the pressure
differential continues to increase, additional sealing lands
gradually come into contact with stem 20. The values in FPIG. 6
show that once the pressure differential reaches 9000 psi, all
of sealing lands 74a-d4d are in contact with stem 20, and only
sealing land 74e is not in contact with stem 20. PIG. S shows
seal leg 34 and stem 20 with sealing lands 74a-4 in contact with
stem 20.

The increase in the number of sealing lands 74 contacting
stem 20 with increasing pressure differential results in a
corresponding increase in sealing surface. The increased sealing
surface that results with increasing pressure helps to maintain
a positive seal as the pressure differential increases.

The present invention also results in more beneficial normal
force levels between the seal leg 34 and stem 20. To obtain a
positive seal, relatively high normal forces are required along
the sealing surfaces. On the other hand, excessive normal forces
at the contact points are undesirable because they result in
damage to the sealing surfaces and eventual deterioration of seal
integrity. The design of the present invention results in
sufficiently large normal forces to provide a positive seal,
while at the same time maintaining the forces at a low enough
level to prevent damages to the sealing surfaces. Since seal leg
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the effective sealing surface while nmaintaining the contact forces between
the stem and seal at beneficial |evels. The above inprovenents result in a
netal -to-netal seal with inproved sealing capabilities and | onger service
|ife. BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is a vertical sectional view

|IIusirat|g9 ?sp%&%§9glgt %ﬂ@”gégﬁiégﬂsurface increases with increasing

2 pressure. The gradual increase in sealing surface prevents the

3 normal forces at any one location along seal leg 34 to become
4 excessively large. Furthermore, the shape of seal leg 34 ensures
3 that each sealing land 74 maintains a sufficiently high normal
6 force against stem 20 at any of the various pressure
7 differentials that might be encountered during operation of valve
8 10. Referring again to FPIG. 6, and looking generally at the
9 normal force values for each node as the pressure differential
10 increases, PIG. 6 shows that the normal forces at each node
‘11 generally increase, or at least do not decrease drastically, as
12 the pressure differential increases. FIG. 7 shows the
i3 information of FPIG. 6 in graphical form, with the normal forces
14 on the vertical axis, the nodes on the horizontal axis, and with
15 each line representing a different pressure differential.
16 While the invention has been particularly shown and

17 described with reference to a preferred embodiment, it will be
18 understood by those skilled in the art that various changes in
19 form and detail may be made therein without departing from the
20 spirit and scope of the invention.

—
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val ve; including the inproved netal seal of the present invention. FIG 2
is a view, partly in section, of the inproved netal seal_ of the present

i nvention shown in FIG 1. FIG 3 is an enlarged sectional

view of the sea

leg of the netal seal of FIG 2 shown in ifs_ undeflec /,ﬂ”mml”/f” /

What is claimed is:

1. In a gate valve having a valve body,

an axially

movable stem extending through a stem opening in the valve

5 body for moving a gate between open and closed positions,

the improvement comprising:

a metal seal having an annular seal body through

which the stem extends;

the metal seal having a flexible annular seal leg

10 depending from the seal body for sealing against the stem,

the seal leg having a tip at its lower end;

an inner surface of the seal leg having at least one

groove axially spaced from the tip, defining a lower

sealing land at the tip and at least one upper sealing

15 land spaced above the groove;

the lower sealing land having an undeflected inner

diameter that is slightly less than the outer diameter of

the stem so that the seal leg will flex outward as the

stem inserts through the seal; and

20 the upper sealing land having an undeflected inner

diameter that is greater than the undeflected inner

diameter of the lower sealing land and selected such that

the upper sealing land contacts the stem as the stem

inserts through the seal and such that increased fluid

25 pressure in the stem opening causes the upper sealing land

to apply greater contact force against the stem and causes

the seal leg to flex inwardly so that the effective

sealing surface between the metal seal and the stem is

increased with increasing pressure.
30

2. The valve according to claim 1 wherein the seal body

has an inner diameter slightly greater than the diameter

of the stem and wherein the seal body has a plurality of

axially spaced apart lubricating grooves located on the

35 inner diameter of the seal body.
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FIG 4 is a sectional view of the seal leg of FIG 3 being-—defd ected -
outward by the stemof the valve. FIG 5 is a sectional vyj m/of t he se

leg of FIG 4 being deflected inward by pressure in the Ht w)wumwmuﬂlﬁ
6 is a table of the normal forces at vaglggs_contact poi
3. The valve according to claim 1 wherein the stem
opening has an upwardly facing shoulder, and wherein the
seal further comprises:
the support leg depending from the seal body
5 concentric with and surrounding the seal leg;
a support leg having a lower end which abuts the
upwardly facing shoulder; and
wherein the valve further comprises retaining means
for retaining the seal with the support leg in abutment
10 with the upwardly facing shoulder.
4. The valve accofding to claim 1 wherein the upper and
lower sealing lands are substantially cylindrical
surfaces.
15
5. The valve according to claim 1 further comprising an
elastomeric seal on an exterior diameter of the seal body
in sealing engagement with the stem opening.

20 6. The valve according to claim 1 wherein the seal body
has a generally cylindrical inner diametér having a flex
recess located at a junction of the seal body and seal leg
at the lower end of the inner diameter of the seal body,
to facilitate flexing of the seal leg.

25 _

7. A metal seal for a gate valve having a wvalve body,
an axially movable stem extending through a stem opening
in the valve body for moving a gate between open and
closed positions, the metal seal comprising:

30 an annular seal body through which the stem extends;

a flexible annular seal leg depending from the seal
body for sealing against the stem, the seal leg hav1ng a
tip at its lower end;
an inner surface of the seal leg having a plurality
35 of axially spaced apart grooves defining a lower sealing
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seal <l eg and the stem at various pressure differentials. FI i s a graph -

of the information of FIG 6, with the normal forces on tg 7
t he nodes on the horizontal axis, and with each |ine repr [ ﬂﬂw ﬂw
different pressure differential. DETAILED DESCRI PTION OF TH E fNVENT

land at the tip, and at least one intermediate sealing
land and an upper sealing land spaced above the lower
sealing land;
the lower sealing land having an undeflected inner
5 diameter that is slightly less than the outer diameter of
the stem so that the seal leg will flex outward as the
stem inserts through the seal;
the intermediate sealing land having an undeflected
inner diameter that is greater than the undeflected inner
10 diameter of the lower sealing land;
the upper sealing land having an undeflected inner
diameter that is Qreater than the undeflected inner
diameter of the intermediate sealing land; and
the undeflected inner diameters of the sealing lands
15 selected such that increased fluid pressure in the stem
opening causes the seal leg to flex inwardly so that the
effective sealing surface between the metal seal and the
stem is increased with increasing pressure due to the
intermediate sealing land and upper sealing land coming
20 into contact with the stem.

8. The metal seal according to claim 7 wherein the seal
body has an inner diameter slightly greater than the
diameter of the stem and wherein the seal body has a

25 plurality of axially spaced apart lubricating grooves
located on the inner diameter of the seal body.

9. The metal seal according to claim 7 wherein the stem
opening has an upwardly facing shoulder, and wherein the
30 seal further comprises:
a support leg depending from the seal body concentric
with and surrounding the seal leg;
the support leg having a lower end which abuts the
upwardly facing shoulder; and
35 wherein the valve further comprises retaining means

e
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FIG 1, shows a portion of a gate valve 10 of the rising-stemitype Gate-

val ve 10 has a valve body 12 having a stem opening 14. Th
has a stepped inner dianmeter 16 defining an upwardly faci

stem 20, having an outer diameter 22, is Igcgted Egrough
t em nmoves

AR IAR i)

st*mcopeni mg
axially within

Stem 20 is connected to a gate (not shoﬁn}.

stem

10

15

20

25

30

35

for retaining the seal with the support ieg in abutment
with the upwardly facing shoulder.

10. The metal seal according to claim 7 wherein the upper
sealing land, intermediate sealing land, and lower sealing
land are substantially cylindrical surfaces.

11. The metal seal according to «claim 7 further
comprising an elastomeric seal on an exterior diameter of
the seal body in sealing engagement with the stem opening.
12. The metal seal‘according to claim 7 wherein the seal
body has a generally cylindrical inner diameter having a
flex recess located at a junction of the seal body and
seal leg at the lower end of the inner diameter of the
seal body to facilitate flexing of the seal leg.

13. A gate valve comprising in cowmbination:

a valve body;

an axially moveable stem extending through a stem
opening in the valve body for moving a gate between the
open and closed positions;

a metal seal located in the stem opening and having
an annular seal body through which the stem extends;

a flexible annular seal leg depending from the seal
body for sealing against the stem, the seal leg having a
tip at its lower end;

an inner surface of the seal leg having a plurality
of axially spaced apart grooves defining a lower sealing
land at the tip, and at least one intermediate sealing
land and an upper sealing land spaced above the lower
sealing land;

the lower sealing land having an undeflected inner
diameter that is slightly less than the outer diameter of
the stem so that the seal leg will flex outward as the

-_
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openi ng 14 and noves the gate between open and cl osed positions. Stem-26-
does not rotate. A netal seal 30 is |ocated inside stemopening 14. Metal

seal 30 has an s 0 |MAGYRIR RN

16

stem inserts through the seal;

the intermediate sealing land having an undeflected
inner diameter that is greater than the undeflected inner
diameter of the lower sealing land;

5 the upper sealing land having an undeflected inner
diameter that 1is greater than the undeflected inner
diameter of the intermediate sealing land;

the undeflected inner diameters of the sealing lands
selected such that increased fluid pressure in the stem

10 opening causes the seal leg to flex inwardly so that the
effective sealing surface between the metal seal and the
stem is increased with increasing pressure due to the
intermediate and upper sealing lands subsequently and
sequentially coming into contact with the stem;

15 the seal body héving an inner diameter slightly
greater than the diameter of the stem and having a
plurality of axially spaced apart 1lubricating grooves
located on the inner diameter of the seal body;

the stem opening having an upwardly facing shoulder;
20 and
the seal body having a support leg depending from the
seal body concentric with and surrounding the seal leg,
the support leg having a lower end which abuts the
upwardly facing shoulder. '

25 _

14. The gate valve according to claim 13 further
comprising a retaining means for retaining the support leg
in abutment with the upwardly facing shoulder.

30 15. The gate valve according to claim 13 wherein the
upper sealing land, intermediate sealing land, and lower
sealing land are substantially cylindrical surfaces.

16. The gate valve according to claim 13 further
35 comprising an elastomeric seal on an exterior diameter of

/
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REPLACEMENT SHEET -3 - annul ar seal body 32, a flexible-annular seal | leg

34, and an annul ar support leg 36 that is concentric vmth m\“\
seal leg 34. Seal body 32 has a stepped Hi“imm “‘m“ \
- 17 -

the seal body in sealing engagement with the stem opening.

17. The gate valve according to claim 13 wherein the seal
body has a generally cylindrical inner diameter having a

5 flex recess located at a junction of the seal body and
seal leg at the lower end of the inner diameter of the
seal body to facilitate flexing of the seal leg.

—
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outers di ameter 38 that mates with stepped inner dianeter 16 of stem opening
14. Stepped outer dianeter 38 of seal body 32 has a circunferential outer
recess 40 for housing an elastoneric seal 42 in sealing engagenent with
stem openi ng 14. Support |leg 36 depends_fggm|ower portion 44 of seal body
32. Support leg 36 has a |ower end 46 that abuts upwardly facing shoul der

18 in stem openi ng 14. ABSTRACT

A metal stem seal for sealing between a movable stem

and a stem opening in a valve body has an annular seal

5 body through which the stem extends. The seal has a

flexible annular seal leg depending from the seal body for

sealing against the stem. The inner surface of the seal

leg has at least one groove defining a plurality of

sealing lands, including at least a lower sealing land and

10 upper sealing land. The undeflected inner diameter of the

lower sealing land is selected so that upon insertion of

the stem through the seal, the seal leg deflects outward.

The undeflected diameter of the upper sealing land is

selected so that it is larger than the undeflected inner

15 diameter of the lower sealing land. The undeflected

diameters of additional sealing lands are selected so that

they are successively larger than the undeflected inner

diameters of the sealing lands below them. Increased

fluid pressure in the stem opening causes the seal leg to

20 flex inward causing additional sealing lands to contact
the stem.
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Refervring now mainly to FIGS. 2 and 3, seal body 32 has a "ge‘neral.Lx\\ﬁEt

cylindrical inner dianeter 48 which is slightly larger th r dia

22 of stem 20. Inner dianmeter 48 of seal body 32 has a plsﬁ ?M Been Re Iaced

circunferential lubricating grooves 50 that are axially gpa

fromthe other. Seal body 32 also has a circunferenti al |nn W
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body 32 for housing a chevron seal 56. Chevron seal 56 acts as a back-up
seal between seal body 32 and stem 20. Seal body 32 has a flexible annul ar
seal leg 34 depending fromlower portion 44 of seal body 32 for sealing
agai nst stem 20. A flex recess 58 is |located at the | ower end of inner

di aneter 48 of seal body 32, at the juncpEQQ5petmeen
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ower» portion 44 of seal body 32 and seal |leg 34. Flex recess 58
facilitates the flexing of seal leg 34. Seal |eg 34 has an upper section
60, a m ddle section 62, and a | ower section 64. Upper section 60 extends
downwardly and inwardly from seal body 32. Mddle section 62 extends
downwardly and inwardly fromthe | ower erl?/g'
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uppers section 60, but in a nore downward direction than upper section 60.
Upper section 60 and m ddl e section 62 both have generally uniform cross
sections. Lower section 64 extends in the same direction as mddl e section
62, but has a tapered cross-section. Quter surface 66 of |ower section 64
tapers towards inner surface 68 of mddle and | ower sections 62 and 64 as
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BACKGROUND OF THE INVENTION 12 FEB 1997

1.

Field of the Invention:

This invention relates in general to gate valves, and in
particular to an improved metal-to-metal seal for sealing bet:.ween

a movable stem and a stem opening in a valve body.

R

A typical gate valve has a body with a flow passage
extending through it. .The flow passage intersects a central
cavity wherein is located a gate that is perpendicular to the
flow passage. In communication with the central cavity is a stem
opening. A stem extends through the stem opening and into the

2. Description of the Prior Art:

This Sheet Has Been' Reilaced

central passage where the stem is connected to the gate.’

Selective movement of the stem causes the gate to move between
closed and open positions that obstruct flow or allow flow,
respectively, through the flow passage. '

There afe i;enerally two types of gate valves: the rising-
stem type, and the non-rising-stem type. 1In the rising-stem
type, the stem moves only axially, without rotation, to move the
gate between closed and open positions. In the non-rising-stem
type, without moving axially, and the
rotation of the stem, in conjunction with a gear connection
between the stem and the gate, causes the gate to move between

the stem only rotates,

open and closed position.
Since the central cavity of the gate valve and the stem

‘opening are in communication, the space between the stem and the

At first,
since elastomeric seals

stem opening must be sealed to avoid leakage.
elastomeric seals were used. However,
do not have the necessary 'longevity, especially in corrosive
environments, metal seals have become popular for several
applications.

Several metal-to-metal seals have been developed for sealing
between a movable stem and a stem opening in a valve body.
However, generally such seals made prior to this invention have

¥
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angle 78 of inner surface 68 of mddle and | ower sections 62 and 64 is very
.small, sealing |and surfaces 76a-e are very close to being cylindrical
surfaces. As will be discussed later, during operation, seal leg 34 flexes
i nward, and sealing | and surfaces 76a-e conme into contact with stem 20, at
whi ch point sealing |and surfaces 76a-e are cylindrical surfaces.

-2 -

disadvantages such as premature wear, damage to the sealing
surface, insufficient sealing capacity under certain conditions,
and excessively short service life.
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Since seal leg 34 is angled downwardly and inwardly, sealing |ands 74e-a
have successively smaller undeflected dianeters. Therefore, sealing | and
74e has

SUMMARY OF THE INVENTION

It is the general object of the invention to provide an
improved metal-to-metal seal for sealing between a movable stem
and a stem opening in a valve body. The improved metal seal has
an annular seal body through which the stem extends. The seal
has a flexible annular seal leg depending from the seal body for
sealing against the stem. The inner surface of the seal leg has
at least one groove defining a plurality of sealing 1lands,
including at least a lower sealing land and upper sealing land.
The undeflected inner diameter of the lower sealing land is
selected so that upon insértion of the stem through the seal, the
seal leg deflects outward. The undeflected diameter of the upper
sealing land is selected so that it is 1larger than the
undeflected inner diameter of the lower sealing land. The
undeflected diameters of additional sealing lands are selected
so that they are successively larger than the undeflected inner
diameters of the sealing lands below themn.

Increased fluid pressure in the stem opehing causes the seal
leg to flex inward, causing additional sealing lands to contact
the stem, thus increasing the effective sealing surface while
maintaininé the contact forces between the stem and seal at
beneficial levels. The above improvements result in a metal-to-
metal seal with improved sealing capabilities and longer service
life.
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REPLACENENT SHEET 2 7 APR 1998 -4 - an undeflected dianmeter that is |arger
tthan the undefl ected di aneter of sealing |and 74d, which is in turn |arger
than the undefl ected di aneter of sealing | and

BRIEF DESCRIPTION OF THE DRAWINGS

FPigure 1 is a vertical sectional view illustrating a portion of
a typical gate valve, including the improved metal seal of the
present invention. '

Figure 2 is a view, partly in section, of the improved metal seal
of the present invention shown in FIG. 1.

Figure 3 is an enlarged sectional view of the seal leg of the
metal seal of FIG. 2 shown in its undeflected position.

Figure 4 is a sectional view of the seal leg of FIG. 3 being
deflected outward by the stem of the valve.

Figure 5 is a sectional view of the seal leg of FIG. 4 being
deflected inward by pressure in the stem opening.

Figure 6 is a table of the normal forces at various contact

points between the seal leg and the stem at various pressure
differentials.

¥igure 7 is a graph of the information of FIG. 6, with the normal
forces on the vertical axis, the nodes on the horizontal axis,
and with each 1line repreéenting a different pressure
differential.

I
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74c which is in turn larger than the undefl ected di arretérﬁehﬁ‘ﬁ&!mhgﬁ%ﬁﬁd '
74b, which is in turn larger. than the undefl ected di anetdr | d
74a. The undefle t ﬁmf ers of sealing |ands 74a-b are

QN

they are sfh ®han outer diameter 22 of stem|2d. -
hand, the u ters of sealing |lands 74c-e aie
they are
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DETAILED DESCRIPTION OF THE INVENTION

-PIG. 1, shows a portion of a gate valve 10 of the rising-
stem type. Gate valve 10 has a valve body 12 having a stem
opening 14. The stem opening 14 has a stepped inner diameter 16
defining an upwardly facing shoulder 318. A stem 20, having an
outer diameter 22, is located through stem opening 14. Stem 20
is connected to a gate (not shown). Stem 20 moves axially within
stem opening 14 and moves the gate between open and closed
positions. ' Stem 20 does not rotate. .

A metal seal 30 is located inside stem opening 14. Metal
seal 30 has an annular seal body 32, a flexible annular seal leg
34, and an annular support leg 36 that is concentric with and
surrounds seal leg 34. Seal body 32 has a stepped outer diameter
38 that mates with stepped inner diameter 16 of stem opening 14.
Stepped outer diameter 38 of seal body 32 has a circumferential
outer recess 40 for housing an elastomeric seal 42 in sealing
engagement with stem opening 14. Support leg 36 depends from
lower portion 44 of seal body 32. Support leg 36§ has a lower end
46 that abuts upwardly facing shoulder 18 in stem opening 14.

Referring now mainly to FIGS. 2 and 3, seal body 32 has a
generally cylindrical inner diameter 48 which is slightly larger
than outer diameter 22 of stem 20. Inner diameter 48 of seal
body 32 has a plurality of circumferential lubricating grooves
50 that are axially spaced apart one from the other. Seal.body
32 also has a circumferential inner recess 52 at upper portion
54 of seal body 32 for housing a chevron seal 56. <Chevron seal
56 acts as a back-up seal between seal body 32 and stem 20.

Seal body 32 has a flexible annular seal leg 34 depending
from lower portion 44 of seal body 32 for sealing against stem
20. A flex recess 58 is located at the lower end of inner
diameter 48 of seal body 32, at the junction between lower
portion 44 of seal body 32 and seal leg 34. Flex recess 58
facilitates the flexing of seal leg 34.

Seal leg 34 has an upper section 60, a middle section 62,
and a lower section 64. Upper section 60 extends downwardly and
inwardly from seal body 32. Middle section 62 extends downwardly



sllghtly | arger than outer dianmeter 22 of stem 20. Sel
| and d|aneteré‘?é?ufrs—rﬁ~seal_Ieg 34 being defl ected ot
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and inwardly from the lower end of upper section 60, but in a
more downward direction than upper section 60. Upper section 60
and middle section 62 both have generally uniform cross sections.
Lower section 64 extends in the same direction as middle section
62, but has a tapered cross-section. Outer surface 66 of lower
section 64 tapers towards inner surface 68 of middle and lower
sections 62 and 64 as it approaches tip 70 of seal leg 34.

Inner surface 68 of middle and lower sections 62 and 64 has
a plurality of axially spaced apart grooves 72a-d. Grooves 72
result in a plurality of axially spaced apart sealing lands 74a-
e. Sealing lands 74 include lower sealing land 74a, intermediate
sealing land 745, upper sealing land 74¢, and additional sealing
lands 74d4-e. Lower sealing land 74a is located at tip 70 of seal
leg 34, intermediate sealing land 74b is located above lower
sealing land 74a, upper sealing land 74c is located above
intermediate sealing land 74b, and additional sealing lands 74d-e
are located above upper sealing land 74c.

Each sealing land 74a-e has a corresponding sealing land
surface 76a-e. Since angle 78 of inner surface 68 of middle and
lower sections 62 and 64 is very small, sealing land surfaces
76a-e are very close to being cylindrical surfaces. As will be
discussed later, during operation, seal leg 34 flexes inward, and
sealing land surfaces 76a-e come into contact with stem 20, at
which point sealing land surfaces 76a-e are cylindrical surfaces.

Since seal leg 34 is angled downwardly and inwardly, sealing
lands 74e-a have successively smaller undeflected diameters.
Therefore, sealing land 74e has an undeflected diameter that is
larger than the undeflected diameter of sealing land 744, which
is in turn larger than the undeflected diameter of sealing land
74c, which is in turn larger than the undeflected diqmeter of
sealing land 74b, which is in turn larger than the undeflected
diameter of sealing land 74a.

The undeflected diameters of sealing lands 74a-b are
selected so that they are slightly smaller than outer diameter
22 of stem 20. On the other hand, the undeflected diameters of
sealing lands 74c-e are selected so that they are slightly larger
than outer diameter 22 of stem 20. Selecting such sealing land




Referring now mainly to FIG 1, seal 30 is |located ins
and | ower end—46—0of support |eg 36 abuts upwardly faci
stem openi ng I sdbieeB @Iﬁ is located retaining ri .
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diameters results in seal leg 34 being deflected outwardly upon
insertion of stem 20 through seal 30. More specifically, upon
insertion of stem 20 through seal 30, sealing land surfaces 76a-b
will be in contact with stem 20, while sealing land surface 76c-e
will not be in contact with stem 20.

Referring now mainly to FIG. 1, seal 30 is located inside
stem opening 14, and lower end 46 of support leq 36 abuts
upwardly facing shoulder 18 in the stem opening 14. Above seal
30 is located retaining ring 90. A downwardly facing surface of
retaining ring 90 abuts upper portion 54 of seal body 32.
Retaining ring 90 has a recess in its outer diameter that houses
elastomeric seal 92, and a recess in its inner diameter that
houses elastomeric seal 94. Elastomeric seal 92 is in sealing
engagement with stem opening 14, and elastomeric seal 94 is in
sealing engagement with stem 20. Lower retaining nut 96 is
located above retaining ring 90. Lower retaining nut 96 is
threadedly attached to stem opening 14 so that a lower surface
of lower retaining nut 96 abuts an upper surface of retaining
ring 90. Intermediate retaining nut 98 is located above' lower
retaining nut 96 and is threadedly attached to stem opening 14
so that a lower surface of intermediate retaining nut 98 abuts
an upper surface of lower retaining nut 96. Finally, upper
retaining nut 100 is located above intermediate retaining nut 98
and is threadedly attached to stem opening 14 so that a lower
surface of upper retaining nut 100. abuts an upper surface of
intermediate retaining nut 98. The retaining ring 90 and lower,
intermediate, and upper retaining nuts 96, 98, and 100 function
as a retaining means to maintain seal 30 in abutment with
dipwardly facing shoulder 18 of stem opening 14.

In operation, the above described structure functions as
follows. Stem 20, located within stem opening 14 of valve 10,
moves axially and in turn moves a gate (riot shown) between closed
and open positions to selectively control flow through valve 10.
During operation, the region of stem opening 14 below seal.ao is
at elevated pressures, this region is referred to as high
pressure region 102 in the figures. The pressures in high
pressure region 102 can vary from very low pressures to very high



92, and a recess—t+na—+ts—inner dianeter that houses Gifer | c -seai‘ 94.
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El astoneric S%Shge?HEBeLnnReSFal I ng engagenent with s AW %*@éni ng -14, .and

el astoneric se i ng engagenment with stem 20. Lower ret ai ni ng
nut 96 is |loca ,HEH{”E ining ring 90. Lower ref{al niyg FER 99 |
threadedly att opening 14 so that a lo surface of T

retaining nut 96

pressures in excess of 10,000 psi. Low pressure region 104, on
the other hand, is at a lower pressure than high pressure region
102. Fluids therefore have a tendency to escape from high
pressure region 102 to low pressure region 104.

As described above, metal seal 30 is located inside stem
opening 14 and is kept in abutment with upwardly facing shoulder
18 by a retaining means comprising retaining ring 90, lower
retaining nut 96, intermediate retaining nut 98, and upper
retaining nut 100. Also, stem 20 is located through stem opéning
14 and through seal 30. Since stem 20 is located through seal
30, seal leq 34 is deflected outwardly.

Referring now to PIG. 4, when the pressure differential
between high pressure region 102 and low pressure region 104 is
zero, lower sealing land 74a and intermediate sealing land 74b
are in contact with stem 20, and sealing lands 74c-e are not in
contact with stem 20. Since lower and intermediate sealing lands
74a and 74b are being maintained in a deflected position by
contact with stem 20, there exist normal forces at the points of
contact. '

PIG. 6 shows a table of the normal forces at various contact
points, or nodes 106a,-e;, for various pressure differentials.
The table of PIG. 6 was developed by finite element analysis.
For each of eléven representative pressures, FIG. 6 gives the
normal forces, in pounds/radian, for each node 106a,~e,. Although
the units for the normal forces given in FIG. 6 are pounds-
force/radian, since they were derived by analyzing points rather
than areas, the values given are not representative of the actual
forces but are only indicative of the relative size of the
forces.

Referring now to both PIGS. 4 and 6, one can see that nodes
106a; and 106a, on lower sealing land 74a, and nodes 106b; and
106b, on intermediate sealing land 74b, are in contact with stem
20 since positive values for the normal forces at those nodes are
shown in PIG. 6 for a zero psi pressure differential. On the
other hand nodes 106c,~e, on sealing lands 74c-e are not in
contact with stem 20 since normal forces of zero appear in FIG.
6 for nodes 106c,~e;, for a zero psi pressure differential.
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As the pressure differential between high pressure region
102 and low pressure region 104 increases, seal leq 34 deflects
inward, thus flexing inner surface 68 of middle and lower
sections 62 and 64 of seal leg 34 towards stem 20. As the
pressure differential increases, seal leg 34 continues to flex
inward, and, eventually, additional sealing lands 74 come into
contact with stem 20. For example, looking at upper sealing land
74c, when the pressure differential is about 1000 psi, node
106¢c,, on the lower portion of upper sealing land 74c, comes into
contact with stem 20, while node 106c,, which is on the upper
portion of upper sealing land 74c is not yet in contact with stem
20. As the pressure differential increases towards 3000 psi,
more of upper sealing land 74c¢ contacts stem 20 until the entire
upper sealing land 74¢ is in contact with stem 20, as is the case
when the pressure differential reaches 3000 psi. As the pressure
differential continues to increase, additional sealing 1lands
gradually come into contact with stem 20. fThe values in FIG. 6
show that once the pressure differential reaches 9000 psi, all
of sealing lands 74a-d are in contact with stem 20, and only
sealing land 74e is not in contact with stem 20. PIG. 5 shows
seal leg 34 and stem 20 with sealing lands 74a-4 in contact with
stem 20.

The increase in the number of sealing lands 74 contacting
stem 20 with increasing pressure differential results in a
corresponding increase in sealing surface. The increased sealing
surface that results with increasing pressure helps to maintain
a positive seal as the pressure differential increases.

The present invention also results in more beneficial normal
force levels between the seal leg 34 and stem 20. To obtain a
positive seal, relatively high normal forces are required along
the sealing surfaces. On the other hand, excessive normal forces
at the contact points are undesirable because they result in
damage to the sealing surfaces and eventual deterioration of seal
integrity. The design of the present invention results in
sufficiently large normal forces to provide a positive seal,
while at the same time maintaining the forces at a low enough
level to prevent damages to the sealing surfaces. Since seal leg



14 so that a | ower surface of upper retaining nut 100 abuts an upper
surface of internediate retaining nut 98. The retaining ring 90 and | ower,
i ntermedi ate, and upper retaining nuts 96, 98, and 100 function as a
retaining means to maintain seal 30 in abutment with upwardly facing
shoul der 18 of stem opening 14. In operation, the above described structure
functions as follows. Stem 20,
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34 is flexible, the sealing surface increases with increasing
pressure. The gradual increase in sealing surface prevents the
normal forces at any one location along seal leg 34 to become
excessively large. Furthermore, the shape of seal leg 34 ensures
that each sealing land 74 maintains a sufficiently high normal
force against stem 20 at any of the various pressure
differentials that might be encountered during operation of valve
10. Referring again to FIG. 6, and looking generally at the
normal force values for each node as the pressure differential
increases,'rIG. 6 shows that the normal forces at each node
generally increase, or at least do not decrease drastically, as
the pressure differential increases. FIG., 7 shows the
information of PIG. 6 in graphical form, with the normal forces
on the vertical axis, the nodes on the horizontal axis, and with
each line representing a different pressure differential.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it will be
understood by those skilled in the art that various chanées in
form and detail may be made therein without departing from the
spirit and scope of the invention.
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What is claimed is:
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1. In a gate .valve having a valve body, an axially
movable stem extending through a stem opening in the valve
body for moving a gate between open and closed positions,
the improvement comprising:

a metal seal having an annular seal body through
which the stem extends;

the metal seal having a flexible annular seal leg
depending from the seal body for sealing against the stem,
the seal leg hav1ng a tip at its lower end;

an inner surface of the seal leg having at least one
groove axially spaced from the tip, defining a lower
sealing land at the tip and at least one upper sealing
land spaced above the groove;

the lower sealing land having an undeflected inner
diameter that is slightly less than the outer diameter of
the stem so that the seal leg will flex outward as the
stem inserts through the seal; and

the upper sealing land having an undeflected inner
diameter that 1is greater than the undeflected inner
diameter of the lower sealing land and selected such that
the upper sealing land contacts the stem as the stem
inserts through the seal and such that increased fluid
pressure in the stem opening causes the upper sealing land
to apply greater contact force against the stem and causes
the seal leg to flex inwardly so that the effective
sealing surface between the metal seal and the stem is
increased with increasing pressure.

2. The valve according to claim 1 wherein the seal body
has an inner diameter slightly greater than the diameter
of the stem and wherein the seal body has a plurality of
axially spaced apart lubricating grooves located on the
inner diameter of the seal body.
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3. The valve according to claim 1 wherein the stem
opening has an upwardly facing shoulder, and wherein the
seal further comprises:

the support leg depending from the seal body
concentric with and surrounding the seal leg;

a support leg having a lower end which abuts the
upwardly facing shoulder; and

wherein the valve further comprises retaining means
for retaining the seal with the support leg in abutment
with the upwardly facing shoulder.

4. The valve according to claim 1 wherein the upper and
lower sealing lands arxe substantially cylindrical
surfaces.

5. The valve according to claim 1 further comprising an
elastomeric seal on an exterior diameter of the seal body

in sealing engagement with the stem opering.

6. The valve according to claim 1 wherein the seal body
has a generally cylindrical inner diametexr having a flex
recess located at a junction of the seal body and seal leg
at the lower end of the inner diameter of the seal body,
to facilitate flexing of the seal leg.

7. A metal seal for a gate valve having a valve body,
an axially movable stem extending through a stem opening
in the valve body for moving a gate between open and
closed positions, the metal seal comprising:

an annular seal body through which the stem extends;

a flexible annular seal leg depending from the seal -
body for sealing against the stem, the seal leg haV1ng a
tip at its lower end;

an inner surface of the seal leg having a plurality
of axially spaced apart grooves defining a lower sealing
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kept in abutment with upwardly facing shoul der 18 by-a-retaining. means_.
conprising retaining ring 90, |lower retaining nut 96, internedi ate

retai ning nut 98, and upper retaining nut 100. Al so, HH H“anﬂuunrtﬂﬂd
through stem opening 14 and through seaj330. Since t SO TR e/

t hrough seal 30, seal leg 34 is

land at the tip, and at least one intermediate sealing
land and an upper sealing land spaced above the lower
sealing land;

the lower sealing land having an undeflected inner
diameter that is slightly less than the outer diameter of
the stem so that the seal leg will flex outward as the
stem inserts through the seal; '

the intermediate sealing land having an undeflected
inner diameter that is greater than the undeflected inner
diameter of the lower sealing land;

the upper sealing land having an undeflected inner
diameter that is éreater than the undeflected inner
diameter of the intermediate sealing land; and

the undeflected inner diameters of the sealing lands
selected such that increased fluid pressure in the stem
opening causes the seal leg to flex inwardly so that the
effective sealing surface between the metal seal and the
stem is increased with increasing pressure due to the
intermediate sealing land and upper sealing land coming
into contact with the stem. '

8. The metal seal according to claim 7 wherein the seal
body has an inner diameter slightly greater than the
diameter of the stem and wherein the seal body has a
plurality of axially spaced apart lubricating grooves
located on the innexr diameter of the seal body.

9. The metal seal according to claim 7 wherein the stem
dpening has an upwardly facing shoulder, and wherein the
seal further comprises: _

a support leg depending from the seal body concentric -
with and surrounding the seal leg;

the support leg having a lower end which abuts the
upwardly facing shoulder; and

wherein the valve further comprises retaining means
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-5- deflected outwardly. Referring nowto FIG 4, when thepressure

differential

bet ween hi gh pressure

R R

for retaining the seal with the support leg in abutment

with the upwardly facing shoulder.

10. The metal seal according to claim 7 wherein the upper
sealing land, intermediate sealing land, and lower sealing
land are substantially cylindrical surfaces.

11. The metal seal according to claim 7 further
comprising an elastomeric seal on an exterior diameter of
the seal body in sealing engagement with the stem opening.
12. The metal seal.according to claim 7 wherein the seal
body has a generally cylindrical inner diameter haviné a
flex recess located at a junction of the seal body and
seal leg at the lower end of the inner diameter of the
seal body to facilitate flexing of the seal leg.

13. A gate valve comprising in combination:

a valve body;

an axially moveable stem extending through a stem
opening in the valve body for moving a gate between the
open and closed positions;

a metal seal located in the stem opening and having
an annular seal body through which the stem extends;

a flexible annular seal leg depending from the seal
body for sealing against the stem, the seal leg having a
tip at its lower end; .

an inner surface of the seal leg having a plurality
of axially spaced apart grooves defining a lower sealing
land at the tip, and at least one intermediate sealing
land and an upper sealing land spaced above the lower -
sealing land;

the lower sealing land having an undeflected inner
diameter that is slightly less than the outer diameter of
the stem so that the seal leg will flex outward as the

nu\ﬁi il \\ﬁ““‘




region 102 and | ow pressure region 104 is zero, |ower sealing |land 74a and
i'nternmedi ate sealing land 74b are in contact with stem 20, and sealing

| ands 74c-e are not in contact with stem 20. Since Tower and internedi ate

sealing lands 74a and 74b are being nmmiptained in a | iwpn by

contact with stem 20, there exist normal forces at t ﬂl ﬂ W |Eﬁﬂl “ﬂact.
* [ L L $ *

stem inserts through the seal;

the intermediate sealing land having an undeflected
inner diameter that is greater than the undeflected inner
diameter of the lower sealing land;

the upper sealing land having an undeflected inner
diameter that is greater than the undeflected inner
diameter of the intermediate sealing land;

the undeflected innexr diameters of the sealing lands
selected such that increased fluid pressure in the stem
opening causes the seal leg to flex inwardly so that the
effective sealing surface between the metal seal and the
stem is increased.ﬁith increasing pressure due to the
intermediate and upper sealing lands subsequently and
sequentially coming into contact with the stem;

the seal body having an inner diameter slighﬁly
greater than the diameter of the stem and having a
plurality of axially spaced apart lubricating grooves
located on the inner diameter of the seal body;

the stem opening having an upwardly facing shoulder;
and

the seal body having a support leg depending from the
seal body concentric with and surrounding the seal leg,
the support leg having a lower end which abuts the
upwardly facing shoulder.

14. The gate valve according to claim 13 further
comprising a retaining means for retaining the support leg
in abutment with the upwardly facing shoulder.

15. The gate valve according to claim 13 wherein the
upper sealing land, intermediate sealing land, and lower -
sealing land are substantially cylindrical surfaces.

16. The gate valve according to claim 13 further
comprising an elastomeric seal on an exterior diameter of
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FIG 6 shows a table of the normal forces at various contact points, -
nodes 106al-e2, for various pressure differentials. The table of FlI G 6 was

devel oped by finite el enent anal ysis. For each of el i“mg“rgﬂllve
pressures, FIG 6 gives the normal farggs, in poundéﬁiﬁ““ﬂﬁ h node
106al-e2. Although the units for the normal forces diven ih FIG®6 a
pounds-force/radi an, since they

the seal body in sealing engagement with the stem opening.

17. The gate valve according to claim 13 wherein the seal
body has a generally cylindrical inner diameter having a
flex recess located at a junction of the seal body and
seal leg at the lower end of the inner diameter of the
seal body to facilitate flexing of the seal leg.
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were derived by anal yzing points rather than areas, the val ues given are
not representative of the actual forces but are only indicative of the
relative size of the forces. Referring nowto both FIGS. 4 and 6, one can
see that nodes 106al and 106a2 on | ower sealing |and 74a, and nodes 106b1
and 106b2 on internediate

- 17 -

DYNAMIC METAL-TO METAL SEAL

ABSTRACT

A metal stem seal for sealing between a movable stem
and a stem opening in a valve body has an annular seal
body through which the stem extends. The seal has a
flexible annular seal leg depending from the seal body for
sealing against the stem. The inner surface of the seal
leg has at least one groove defining a plurality of
sealing lands, including at least a lower sealing land and
upper sealing land. The undeflected innexr diameter of the
lower sealing land is selected so that upon insertion of
‘the stem through the seal, the seal leg deflects outward.
The undeflected diameter of the upper sealing land is
selected so that it is larger than the undeflected inner
diameter of the lower sealing land. The undeflected
diameters of additional sealing lands are selected so that
they are successively larger than the undeflected inner
diameters of the sealing lands below them. Increased
fluid pressure in the stem opening causes the seal leg to
flex inward causing additional sealing lands to contact
the stem.
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sealing land 74b, are in contact wwth stem 20 since positive values for the
normal forces at those nodes are shown in FIG 6 for a zero psi pressure
differential. On the other hand nodes 106cl-e2 on seal i ngqs 4c-e are
not in contact with stem 20 since nornmal forces of zero MLAMM@]GSH

for nodes 106c¢cl-e2 for a T
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zero psi pressure differential. As the pressure differential between high
pressure region 102 and | ow pressure region 104 |ncreaseSTh§§ﬁ%“h§gﬁ§i

|
deflects inward, thus flexing inner surface 68 of mddle a acﬁds
62 and 64 of seal |l eg 34 towards stem 20. As the pressure ﬁmmmﬁl "
I ncreases, seal leg 34 continues to flex
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I nward, and, eventually, additional seal [ ng | ands 74 cone | REP € f"vﬂfﬁﬂ

stem 20. For exanple, |ooking at u hesewdse%ﬂ 4 74c, nft he pressure
differential is about 1000 psi, nod he Iovver of t ib2 FEB
sealing land 74c, cones into contact whil e no e 106c2, mhlch
I's on the upper portion of upperisealing an IS not y I n contdct

with stem
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20. As the pressure differential increases towards 3000 psi, nore of upper
sealing land 74c contacts stem 20 until the entire upper sealing | and 74c
is in contact with stem 20, as is the case when the pressure differential
reaches 3000 psi. As the pressure differential continues to increase,

addi tional sealing |lands gradually cone into contact with stem 20. The
values in FIG 6 show that once
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0
0
494
1121
631
416
296
410
295
344

10000 psi

9000 psi
0
0

248
1089
626
422
295
395
268
317
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8000 psi
0
0
0

1063
623
426
291
377
240
280

7000 psi
0
0
0

919
551
364
301
383
225
263

6000 psi

0

0

0
779
468
312
312
347
209
236

F/G. 6

PRESSURE DIFFERENTIAL
5000 psi
0
0
0
646
367
268
322
390
191
208

4000 psi
0
0
0

518
244
237
334
392
171
181

NORMAL FORCES (in Ibf/rad)

3000 psi
0
0
0

389
116
210
347
393
151
153

2000 psi
0
0
0

248
0
184
359
394
130
126

1000 psi
0
0
0
63
0
105

353

391
113
99

0 psi
0
0
0
0
0
0

269

379

12
78

This Sheet Has Been Replacec

< (MR

10682
10561
106d,
106d,
106c,
106¢ 4
106b,
106b,
10632
1062,

Z0aw



o e
&;ﬁa dd 2 — °
= & Z 9/
N
© it
< mwm 300N
s
d O ©
: = a0l Yago) pgol ‘pool taggl Vagoy tq901 Yqg0s gyl ‘eg0)
o _ | I ! :
. O O
- -1 4,
n -] - — i
—_— O e —
%o
% " % a 0000b —&— | PPN e e e a e X NN L L ooz
—ocs 1%d 0008 ~——@——
o< —
™~ =5 ivd 0008 ~—ll—— X m -
—_s-_ e |1 1 ] Eemremm e e e O e e e e e N AN - N A A el oor ®
© O nm isd g0of ——W—— | ! | 5
© N w | | " i
i,Mu m ° Uy Ivd 0009 ——K——- “ “ l 2
2o b o = e m = dmmm e TP DUPR. UF ) VAN N 7 7 Y Y A SIS U 008 ©
o= O+ 18 900§ ~—O—— | | { i m
o m T C § § | ] [V 8
o T .Z 1sd gooy —{}— I i | i 5
o ng P | 1 I E
N > 1vd 000¢ ~—Y— p==-== [==-=-= To===- R A R Wk Wi b 2 & hatal ek Rl 008 g
O _ I { { | z
m S§ 1%d 0002 —H—— " " " !
2 mm mdoooy —+— | L. s DT ek ST T TERS SESINES W ///Soupty RUSUSUS Jpup 000t
© B d A | | i
mm do ( | 1 !
= m /) it } 1 | i
nnpm.MMLml. L e | JERUR . i R | —l.ll.l..lL......lll.Ilr-oouv
|0 ON BA}|SOd UMOYS JB 89010 aA|ssaidwo)
o5 ER
[7p]
— o S3IAON LV S30¥04 TYWHUON
T n o
oS0 cn
5.0 o
no =c
nac . ._
e o 0 ) )
« CAN O O
00 -@®© @
(] m — 4
O occ
S co0O0
—.— N O O



' b Abo9430-5 Tres
I ncreasing pressure differential results in a corresponding increase in
seal ing surface. The increased sealing surface that results with increasing
‘pressure
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DYNAMIC METAL-TO METAL SEAL
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A metal stem seal for sealing between a movable stem
and a stem opening in a valve body has an annular seal
body through which the stem extends. The seal has a
flexible annular seal leg depending from the seal body for
sealing against the stem. The inner surface of the seal
leg has at least one groove defining a plurality of
sealing lands, including at least a lower sealing land and
upper sealing land. The undeflected inner diameter of the
lower sealing land is selected so that upon insertion of

ABSTRACT

the stem through the seal, the seal leg deflects outward.
The undeflected diameter of the upper sealing land is
selected so that it is larger than the undeflected inner
diameter of the lower sealing land. The undeflected
diameters of additional sealing lands are selected so that
they are successively larger than the undeflected inner
diameters of the sealing lands below them. Increased
fluid pressure in the stem opening causes the seal leg to
flex inward causing additional sealing lands to contact

the stem.
REPLACEMENT SHEET THIS SHEET HAS BEEN
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DYNAMIC METAL-TO-METAL SEAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates in general to gate valves, and in particular to a
improved metal-to-metal seal for sealing between a movable stem and a'stem
opening in a valve body.

2. Description of the Prior Art

A typical gate valve has a body with a flow passage extending through it. The
flow passage intersects a central cavity wherein is located a gate that is
perpendicular to the flow passage. In communication with the central cavity is a
stem opening. A stem extends through the stem opening and into the central
passage where the stem is connected to the gate. Selective movement of the stem
causes the gate to move between closed and open positions that obstruct flow or
allow flow, respectively, through the flow passage.

There are generally two types of gate valves: the rising-stem type, and the
non-rising-stem type in the rising-stem type, the stem moves only axially
without rotation, to move the gate between closed and open positions. In the
non-rising-stem type, the stem only rotates, without moving axially, and the
rotation of the stem, in conjunction with a gear connection between the stem and
the gate, causes the gate to move between open and closed position.

Since the central cavity of the gate valve and the stem opening are in
communication, the space between the stem and the stem opening must be sealed
to avoid leakage. At first, elastomeric seals were used. However, since
elastomeric seals do not have the necessary longevity, especially in corrosive
environments, metal seals have become popular for several applications.

Several metal-to-metal seals have been developed for sealing between a
movable stem and a stem opening in a valve body. However, generally such
seals made prior to this invention have disadvantages such as premature wear,
damage to the sealing surface, insufficient sealing capacity under certain
conditions, and excessively short service life.

SUMMARY OF THE INVENTION

It is the general object of the invention to provide an improved metal-to-metal
seal for sealing between a movable stem and a stem opening in a valve body.
The improved metal seal has an annular seal body through which the stem
extends. The seal has a flexible annular seal leg depending from the seal
body for sealing against the stem. The inner surface of the seal leg has at
least one groove defining a plurality of sealing lands, including at least a
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excessive normal forces at the contact points are undesirabl e because they

result in danage to the sealing surfaces and eventual deterioration of seal

integrity. The design of the present invention results in sufficiently

| arge normal forces to provide a posii2ve seal, while at the sane tine

mai ntai ning the forces at a | ow enough I evel to prevent damages to the

seal i ng surf doeea.sedlingdand and upper sealing land. The undeflected inner diameter of the
lower sealing land is selected so that upon insertion of the stem through the
seal, the seal leg deflects outward. The undeflected diameter of the upper
sealing land is selected so that it is larger than the undeflected inner
diameter of the lower sealing land. The undeflected diameters of additional
sealing lands are selected so that they are successively larger than the
undeflected inner diameters of the sealing lands below them.

Increased fluid pressure in the stem opening causes the seal leg to flex
inward, causing additional sealing lands to contact the stem, thus increasing
the effective sealing surface while maintaining the contact forces between the
stem and seal at beneficial levels. The above improvements result in a
metal-to-metal seal with improved sealing capabilities and longer service life.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view illustrating a portion of a typical gate
valve, including the improved metal seal of the present invention.

FIG. 2 is a view, partly in section, of the improved metal seal of the
present invention shown in FIG. 1.

FIG. 3 is an enlarged sectional view of the seal leg of the metal seal of
FIG. 2 shown in its undeflected position.

FIG. 4 is a sectional view of the seal leg of FIG. 3 being deflected outward
by the stem of the valve.

FIG. 5 is a sectional view of the seal leg of FIG. 4 being deflected inward
by pressure in the stem opening.

FIG. 6 is a table of the normal forces at various contact points between the
seal leg and the stem at various pressure differentials.

FIG. 7 is a graph of the information of FIG. 6, with the normal forces on the
vertical axis, the nodes on the horizontal axis, and with each line representing
" a different pressure differential.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1, shows a portion of a gate valve 10 of the rising-stem type. Gate
valve 10 has a valve body 12 having a stem opening 14. The stem opening 14
has a stepped inner diameter 16 defining an upwardly facing shoulder 18. A
stem 20, baving an outer diameter 22, is located through stem opening 14. Stem
20 is connected to a gate (not shown). Stem 20 moves axially within stem
opening 14 and moves the gate between open and closed positions. Stem 20
does not rotate.

A metal seal 30 is located inside stem opening 14. Metal seal 30 has an

—_—
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seal leg'34 is flexible, the sealing surface increases with increasing
pressure. The gradual increase in sealing surface prevents the nornal
forces at any one |l ocation along seal |leg 34 to becone excessively |arge.
Furthernore, the shape of seal |eg 34-gnsures that each sealing |and 74
mai ntains a sufficiently high normal force against stem20 at any of the
various pressiph@atichitRupnd, AH&isld adnular seal leg 34, and an annular support leg

36 that is concentric with and surrounds seal leg 34. Seal body 32 has a stepped

outer diameter 38 that mates with stepped inner diameter 16 of stem opening 14.

Stepped outer diameter 38 of seal body 32 has a circumferential outer recess 40

for housing an elastomeric seal 42 in sealing engagement with stem opening 14.

Support leg 36 depends from lower portion 44 of seal body 32. Support leg 36

has a lower end 46 that abuts upwardly facing shoulder 18 in stem opening 14.

Referring now mainly to FIGS. 2 and 3, seal body 32 has a generally
cylindrical inner diameter 48 which is slightly larger than outer diameter 22 of
stem 20. Inner diameter 48 of seal body 32 has a plurality of circumferential
Iubricating grooves 50 that are axially spaced apart one from the other. Seal
body 32 also has a circumferential inner recess 52 at upper portion 54 of seal
body 32 for housing a chevron seal 56. Chevron seal 56 acts as a back-up seal
between seal body 32 and stem 20.

Seal body 32 has a flexible annular seal lég 34 depending from lower portion
44 of seal body 32 for sealing against stem 20. A flex recess 58 is located at
the lower end of inner diameter 48 of seal body 32, at the junction between
lower portion 44 of seal body 32 and seal leg 34. Flex recess 58 facilitates the
flexing of seal leg 34.

Seal leg 34 has an upper section 60, a middle section 62, and a lower section
64. Upper section 60 extends downwardly and inwardly from seal body 32.
Middle section 62 extends downwardly and inwardly from the lower end of
upper section 60, but in a more downward direction than upper section 60.
Upper section 60 and middle section 62 both have generally uniform cross
sections. Lower section 64 extends in the same direction as middle section 62,
but has a tapered cross-section. Outer surface 66 of lower section 64 tapers
towards inner surface 68 of middle and lower sections 62 and 64 as it
approaches tip 70 of seal leg 34. '

Inner surface 68 of middle and lower sections 62 and 64 has a plurality of
axially spaced apart grooves 72a-d. Grooves 72 result in a plurality of axially
spaced apart sealing lands 74a-e. Sealing lands 74 include lower sealing land
74a, intermediate sealing land 74b, upper sealing land 74c, and additional
sealing lands 74d-e. Lower sealing land 74a is located at tip 70 of seal leg 34,
intermediate sealing land 74b is located above lower sealing land 74a, upper
sealing land 74c is located above intermediate sealing land 74b, and additional
sealing lands 74d-¢ are located above upper sealing land 74c.

Each sealing land 74a-¢ has a corresponding sealing land surface 76a-¢. Since
angle 7e of inner surface 68 of middle and lower sections 62 and 64 is very
small, sealing land surfaces 76a-¢ are very close to being cylindrical surfaces.
As will be discussed later, during operation, scal leg 34 flexes inward, and
sealing land surfaces 76a-e come into contact with stem 20, at which point
sealing land surfaces 76a-¢ are cylindrical surfaces.

Since seal leg 34 is angled downwardly and inwardly, sealing lands 74¢-a
have successively smaller undeflected diameters. Therefore, sealing land 74¢ has
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m ght be-encountered during operation of valve 10. Referring again to FIG
6, and | ooking generally at the normal force values for each node as the
pressure differential increases, FIG 6 shows that the normal forces at
each node generally increase, or at |e4ast do not decrease drastically, as
the pressure differential increases. FIG 7 shows the information of FIG 6
i n graphi cal an undeflected diameter that is larger than the undeflected diameter of sealing

land 74d, which is in turn larger than the undeflected diameter of sealing land

74¢, which is in turn larger than the undeflected diameter of sealing land 74b,

which is in turn larger than the undeflected diameter of sealing land 74a.

The undeflected diameters of sealing lands 74a-b are selected so that they
are slightly smaller than outer diameter 22 of stem 20. On the other hand, the
undeflected diameters of sealing lands 74c-¢ are selected so that they are
slightly larger than outer diameter 22 of stem 20. Selecting such sealing land
diameters results in seal leg 34 being deflected outwardly upon insertion of
stem 20 through seal 30. More specifically, upon insertion of stem 20 through
seal 30, sealing land surfaces 76a-b will be in contact with stem 20, while
sealing land surface 76c-¢ will not be in contact with stem 20.

Referring now mainly to FIG. 1, scal 30 is located inside stem opening 14,
and lower end 46 of support leg 36 abuts upwardly facing shoulder 18 in the
stem opening 14. Above seal 30 is located retaining ring 90. A downwardly
facing surface of retaining ring 90 abuts upper portion 54 of seal body 32.
Retaining ring 90 has a recess in its outer diameter that houses elastomeric seal
92, and a recess in its inner diameter that houses elastomeric seal 94.
Elastomeric seal 92 is in sealing engagement with stem opening 14, and
elastomeric seal 94 is in sealing engagement with stem 20. Lower retaining nut
96 is located above retaining ring 90. Lower retaining nut 96 is threadedly
attached to stem opening 14 so that a lower surface of lower retaining nut 96
abuts an upper surface of retaining ring 90. Intermediate retaining nut 98 is
located above lower retaining nut 96 and is threadedly attached to stem opening
14 so that a lower surface of intermediate retaining nut 98 abuts an upper
surface of lower retaining nut 96. Finally, upper retaining nut 100 is located
above intermediate retaining nut 98 and is threadedly attached to stem opening
14 so that a lower surface of upper retaining nut 100 abuts an upper surface of
intermediate retaining nut 98. The retaining ring 90 and lower, intermediate, and
upper retaining nuts 96, 98, and 100 function as a retaining means to maintain
seal 30 in abutment with upwardly facing shoulder 18 of stem opening 14.

In operation, the above desctibed structure functions as follows. Stem 20,
located within stem opening 14 of valve 10, moves axially and in turn moves a
gate (not shown) between closed and open’positions to selectively control flow
through valve 10. During operation, the region of stem opening 14 below seal 30
is at elevated pressures, this region is referred to as high pressure region 102
in the figures. The pressures in high pressure region 102 can vary from very low
pressures to very high pressures in excess of 10,000 psi. Low pressure region
104, on the other hand, is at a lower pressure than high pressure region 102.
Fluids therefore bave a tendency to escape from high pressure region 102 to low
pressure region 104.

As described above, metal seal 30 is located inside stem opening 14 and is
kept in abutment with upwardly facing shoulder 18 by a retaining means
comprising retaining ring 90, lower retaining nut 96, intermediate retaining nut
98, and upper retaining nut 100. Also, stem 20 is located through stem opening
14 and through seal 30, Since stem 20 is located through seal 30, seal leg 34 is

—_—
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form with the normal forces on the vertical axis, the nodes on the

hori zontal axis, and with each line representing a different pressure
differential. Wile the invention has been particularly shown and descri bed
with reference to a preferred enbodinesit, it will be understood by those
skilled in the art that various changes in formand detail may be nade

therei n W t hQigfled@INsitvwirdg.

Referring now to FIG. 4, when the pressure differential between high pressure
region 102 and low pressure region 104 is zero, lower sealing land 74a and
intermediate sealing land 74b are in contact with stem 20, and sealing lands
74c-e are not in contact with stem 20. Since lower and intermediate sealing
lands 74a and 74b are being maintained in a deflected position by contact with
stem 20, there exist normal forces at the points of contact.

FIG. 6 shows a table of the normal forces at various contact points, or nodes
106al-¢2, for various pressure differentials. The table of FIG. 6 was developed
by finite element analysis. For each of eleven representative pressures, FIG. 6
gives the nommal forces, in pounds/radian, for each node 106al-e2. Although the
units for the normal forces given in FIG. 6 are pounds-force/radian, since they
were derived by analyzing points rather than areas, the values given are not
representative of the actual forces but are only indicative of the relative size
of the forces.

Referring now to both FIGS. 4 and 6, one can see that nodes 106al and
106a2 on lower sealing land 74a, and nodes 106b1 and 106b2 on intermediate
sealing land 74b, are in contact with stem 20 since positive values for the
‘normal forces at those nodes are shown in FIG. 6 for a zero psi pressure
differential.

On the other hand nodes 106c1-e2 on sealing lands 74c-e are not in contact with
stem 20 since normal forces of zero appear in FIG. 6 for nodes 106¢1-¢2 for a
zero psi pressure differential.

As the pressure differential between high pressure region 102 and low
pressure region 104 increases, seal leg 34 deflects inward, thus flexing inner
surface 68 of middle and lower sections 62 and 64 of seal leg 34 towards stem
20. As the pressure differential increases, seal leg 34 continues to flex
inward, and, eventually, additional sealing lands 74 come into contact with stem
20. For example, looking at upper sealing land 74c, when the pressure
differential is about 1000 psi, node 106 c 1, on the lower portion of upper
sealing land 74c¢, comes into contact with stem 20, while node 106c2, which is
on the upper portion of upper sealing land 74c is not yet in contact with stem
20. As the pressure differential incteases towards 3000 psi, more of upper
sealing land 74c contacts stem 20 until the entire upper sealing land 74c¢ is in
contact with stem 20, as is the case when the pressure differential reaches 3000
psi. As the pressure differential continues to increase, additional sealing lands
gradually come into contact with stem 20. The values in FIG. 6 show that once
the pressure differential reaches 9000 psi, all of sealing lands 74a-d are in
contact with stem 20, and only sealing land 74¢ is not in contact with stem 20.
FIG. 5 shows seal leg 34 and stem 20 with sealing lands 74a-d in contact with
stem 20.

The increase in the number of sealing lands 74 contacting stem 20 with
increasing pressure differential results in a corresponding increase in sealing
surface. The increased sealing surface that results with increasing pressure
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fromthe spirit and scope of the invention. -7 -

-2

Because of the above problem with coating or hardfacing gates with either
only an extremely hard material or only a more ductile material, prior art gate
valves have not been suited for shearing wireline while retaining post-shear
seal integrity.

SUMMARY OF THE INVENTION

In this invention, the gate of a gate valve is coated with a combination of
materials to achieve a gate capable of shearing wireline while retaining seal
integrity. Since ductility is desired at the shearing edge of the gate, and
extreme hardness is desired at the sealing surfaces of the gate, this invention
strategically locates, at appropriate locations, materials having appropriate
characteristics.

The shearing edges are constructed of an inlay of a hard ductile material that
provides protection against chipping. The sealing surfaces, on the other hand,
are coated with an extremely hard material that provides durability to the
sealing surface. Although these extremely hard sealing materials are very
brittle and would crack and chip if subjected to the high shearing stresses
encountered during shearing, this will be prevented by the inlays of the more
ductile material located at the shearing edges that will isolate the brittle sealing
material from the majority of the shearing stresses.

DRWDESC:
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention are set forth in
the appended claims. The invention itself however, as well as a preferred mode
of use, and further objects and advantages thereof, will best be understood by
reference to the following detailed description of an illustrative embodiment
when read in conjunction with the accompanying drawings, wherein:

FIG. 1 is a vertical sectional view illustrating a typical gate valve.

FIG. 2 is a front view of a typical gate, but showing the improvement
according to this invention.

FIG. 3 is a side view of the gate shown in FIG. 2.

FIG. 4 is a vertical sectional view of the gate shown in FIG. 1 taken along
the line 4-4 in FIG. 2.

FIG. 5 is a front view of a typical seat, but showing the improvement
according to this invention.

FIG. 6 is a vertical sectional view of the seat shown in FIG. 5 taken along
the line 6-6 in FIG. 5.

FIG. 7 is the same sectional view shown in FIG. 6, but showing a different
arrangement of the inlay and the coating of the seat.
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CLAIM5: What is clainmed is: 1. A nmetal seal for a gate valve having a val ve
body, an axially novabl e stem extending through a stem opening in the valve
body for noving a gate between open and cl osed positions, the netal seal
conprising: an annul ar seal body through which the stem extends;

belps to maintain a positive seal as the pressure differential increases.

The present invention also results in more beneficial normal force levels
between the seal leg 34 and stem 20. To obtain a positive seal, relatively high
normal forces are required along the sealing surfaces. On the other hand,
excessive normal forces at the contact points are undesirable because they
result in damage to the sealing surfaces and eventual deterioration of seal
integrity. The design of the present invention results in sufficiently large
normal forces to provide a positive seal, while at the same time maintaining the
forces at a low enough level to prevent damages to the sealing surfaces. Since
seal leg 34 is flexible, the sealing surface increases with increasing pressure. -
The gradual increase in sealing surface prevents the normal forces at any one
location along seal leg 34 to become excessively large. Furthermore, the shape
of seal leg 34 ensures that each sealing land 74 maintains a sufficiently high
normal force against stem 20 at any of the various pressure differentials that
might be encountered during operation of valve 10. Referring again to FIG. 6,
and looking generally at the normal force values for each node as the pressure
differential increases, FIG. 6 shows that the normal forces at each node
generally increase, or at least do not decrease drastically, as the pressure
differential increases. FIG. 7 shows the information of FIG. 6 in graphical
form, with the normal forces on the vertical axis, the nodes on the horizontal
axis, and with each line representing a different pressure differential.

While the invention has been particularly shown and described with reference
to a preferred embodiment, it will be understood by those skilled in the art
that various changes in form and detail may be made therein without departing
from the spirit and scope of the invention.
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a flexible annul ar seal |eg depending fromthe seal body for sealing

against the stem the seal leg having a tip at its |ower end; an inner

surface of the seal |leg having a plurality of aX|aI ooves

defining a lower sealing land at the t¥p, and at almmﬁm('mgmme

sealing | and and an upper sealing | and spaced above t'he ¢l oher *seal i'ng Iand
CLAIMS: What is claimed is:

[*1] 1. A metal seal for a gate valve having a valve body, an axially
movable stem extending through a stem opening in the valve body for moving a
gate between open and closed positions, the metal seal comprising:

an annular seal body through which the stem extends;

a flexible annular seal leg depending from the seal body for sealing against
the stem, the seal leg having a tip at its lower end;

an inner surface of the seal leg having a plurality of axially spaced apart
grooves defining a lower sealing land at the tip, and at least one intermediate
sealing land and an upper sealing land spaced above the lower sealing land;

the lower sealing land having an undeflected inner diameter that is slightly
less than the outer diameter of the stem so that the seal leg will flex outward
as the stem inserts through the seal and seal against the stem;

the intermediate sealing land having an undeflected inner diameter that is
greater than the undeflected inner diameter of the lower sealing land;

the upper sealing land having an undeflected inner diameter that is greater
than the undeflected inner diameter of the intermediate sealing land; and

the undeflected inner diameters of the intermediate and upper sealing lands
selected such that increased fluid pressure in the stem opening causes the seal
leg to flex inwardly so that the intermediate and upper sealing lands
incrementally sealing against the stem, which results from- the different -
pressure levels within the stem opening.

[*2] 2. The metal seal according to claim 1 wherein the seal body has an
inner diameter slightly greater then the diameter of the stem and wherein the
seal body has a plurality of axially spaced apart lubricating grooves located on
the inner diameter of the seal body.

{*3] 3. The metal seal according to claim 1 wherein the stem opening has an
upwardly facing shoulder, and wherein the seal further comprises:

a support leg depending from the seal body concentric with and surrounding
the seal leg;

the support leg having a lower end which abuts the upwardly facing shoulder;
and

wherein the valve further comprises retaining means for retaining the seal
with the support leg in abutment with the upwardly facing shoulder.

[*4] 4. The metal seal according to claim 1 wherein the upper sealing land,
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the | ower sealing land having an undeflected inner dia
slightly less than the outer dianmeter of the stemso th ﬂ!ﬁ %“’ ﬁg’ | |
flex outward as the steminserts through the seal and sea
stem the internediate sealing |and ha8|-ng an undefl ected i-nner di amater
that is greater than the undeflected inner diameter of the | ower sealing
| and; intermediate sealing land, and lower sealing land are substantially cylindrical

surfaces.

[*5] 5. The metal seal according to claim 1 further comprising an
elastomeric seal on an exterior diameter of the seal body in sealing engagement
with the stem opening.

[*6] 6. The metal seal according to claim 1 wherein the seal body has a
generally cylindrical inner diameter having a flex recess located at a junction
of the seal body and seal leg at the lower end of the inner diameter of the seal
body to facilitate flexing of the seal leg.

[*7] 7. A gate valve comprising in combination:
a valve body;

an axially movable stem extending through a stem opening in the valve body
for moving a gate between open and closed positions;

a metal seal located in the stem opening and having an annular seal body
through which the stem extends;

a flexible annular seal leg depending from the seal body for scaling against
the stem, the seal leg having a tip at its lower end;

an inner surface of the seal leg having a plurality of axially spaced apart
grooves defining a lower sealing land at the tip, and at least one intermediate
sealing land and an upper sealing land spaced above the lower sealing land;

the lower sealing land having an undeflected inner diameter that is slightly
Iess than the outer diameter of the stem so that the seal leg will flex outward
as the stem inserts through the seal and seal against the stem;

the intermediate sealing land having an undeflected inner diameter that is
greater than the undeflected inner diameter of the lower sealing land;

the upper sealing land having an undeflected inner diameter that is greater
than the undeflected inner diameter of the intermediate sealing land;

the undeflected inner diameters of the intermediate and upper sealing lands
selected such that different increased fluid pressure Ievels in the stem opening
cause the seal leg to flex inwardly so that the intermediate and upper sealing
lands subsequently and sequentially coming into contact with the stem;

the seal body having an inner diameter slightly greater then the diameter of
the stem and having a plurality of axially spaced apart lubricating grooves
located on the inner diameter of the seal body;

the stem opening having an upwardly facing shoulder; and

the seal body having a support leg depending from the seal body concentric
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t he upper sealing |and having an undeflected inner dianeter that FS"gFeater
than the undefl ected inner dianeter of the internedi auﬂ'ﬂﬂm“

the undeflected inner diameters of the internediate a m#ﬁ' 'rands
sel ected such that increased fluid pre§sure in the ster ofentng”causes the
seal leg to flex inwardly so that the internediate and upper sealing | ands

with and surrounding the seal leg, the support leg having a lower end which
abuts the upwardly facing shoulder.

[*8] 8. The gate valve according to claim 7 further comprising a retaining
means for retaining the support leg in abutment with the upwardly facing
shoulder.

[*9] 9. The gate valve according to claim 7 wherein the upper sealing land,
intermediate sealing land, and lower sealing land are substantially cylindrical
surfaces.

[*10] 10. The gate valve according to claim 7 further comprising an
elastomeric seal on an exterior diameter of the seal body in sealing engagement
with the stem opening.

[*11] 11. The gate valve according to claim 7 wherein the seal body has a
generally cylindrical inner diameter having a flex recess located at a junction
of the seal body and seal leg at the lower end of the inner diameter of the seal
body to facilitate flexing of the seal leg.
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increnental |y sealing against the stem which results fromthe different
pressure levels within the stemopening. 2. The nmetal seal according to
claiml1l wherein the seal body has an inner dianeter slightly greater then
t he di aneter of the st and wherein the seal body has a plurality of
axially 5paeea‘“§part | ubri c‘atl ng groovels | ocated on
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the inner dianmeter of the seal body. 3. The metal seal according to claiml
wherein the stem openi ng has an upwardly facing shoul der, and wherein the
seal further conprises: a support |eg depending fromthe seal body
concentric with and surroundi ng the seal |eg;
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t he éuppdrt | eg having a | ower end which abuts the upwardly facing shoul der
and wherein the valve further conprises retaining neans for retaining the
seal with the support leg in abutnment with the upwardly facing shoul der. 4.

The net al

seat according to claim1 wherein the upper sealing |and,
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and |l ower sealing land are substantially

i nt ér medi at e seal i ng | and,

cylindrical
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DYNAMIC METAL-TO-METAL SEAL

REPLACEMENT SHEET

BACKGROUND OF THE INVENTION
27 APR 1998

1. Field of the Invention

This invention relates in general to gate valves, and in particular to aL
improved metal-to-metal seal for sealing between a movable stem and a stem
opening in a valve body.

2. Description of the Prior Art

A typical gate valve has a body with a flow passage extending through it. The
flow passage intersects a central cavity wherein is located a gate that is
perpendicular to the flow passage. In communication with the central cavity is a
stem opening. A stem extends through the stem opening and into the central
passage where the stem is connected to the gate. Selective movement of the stem
causes the gate to move between closed and open positions that obstruct flow or
allow flow, respectively, through the flow passage.

There are generally two types of gate valves: the rising-stem type, and the
non-rising-stem type in the rising-stem type, the stem moves only axially
without rotation, to move the gate between closed and open positions. In the
non-rising-stem type, the stem only rotates, without moving axially, and the
rotation of the stem, in conjunction with a gear connection between the stem and
the gate, causes the gate to move between open and closed position.

Since the central cavity of the gate valve and the stem opening are in
communication, the space between the stem and the stem opening must be sealed
to avoid leakage. At first, elastomeric seals were used. However, since
elastomeric seals do not have the necessary longevity, especially in corrosive
environments, metal seals have become popular for several applications.

Several metal-to-metal seals have been developed for sealing between a
movable stem and a stem opening in a valve body. However, generally such
seals made prior to this invention have disadvantages such as premature wear,
damage to the sealing surface, insufficient sealing capacity under certain
conditions, and excessively short service life.

SUMMARY OF THE INVENTION

It is the general object of the invention to provide an improved metal-to-metal
seal for sealing between a movable stem and a stem opening in a valve body.
The improved metal seal has an annular seal body through which the stem
extends. The seal has a flexible annular seal leg depending from the seal
body for sealing against the stem. The inner surface of the seal leg has at
least one groove defining a plurality of sealing lands, including at least a
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an axially novabl e stem extending through a stem opening in the val ve body
for nmoving a gate between open and cl osed positions; a netal seal |ocated
in the stem opening and having an annul ar seal body through which the stem
extends; a flexible annular seal |eg depending fromthe seal body for

seal i ng agai nst _2.

lower sealing land and upper sealing land. The undeflected inner diameter of the
lower sealing land is selected so that upon insertion of the stem through the
seal, the seal leg deflects outward. The undeflected diameter of the upper
sealing land is selected so that it is larger than the undeflected inner

diameter of the lower sealing land. The undeflected diameters of additional
sealing lands are selected so that they are successively larger than the
undeflected inner diameters of the sealing lands below them.

Increased fluid pressure in the stem opening causes the seal leg to flex
inward, causing additional sealing lands to contact the stem, thus increasing
the effective sealing surface while maintaining the contact forces between the
stem and seal at beneficial levels. The above improvements result in a
metal-to-metal seal with improved sealing capabilities and longer service life.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view illustrating a portion of a typical gat REPLACEMENT SHEET

valve, including the improved metal seal of the present invention.

27 APR 998

FIG. 2 is a view, partly in section, of the improved metal seal of the
present invention shown in FIG. 1.

FIG. 3 is an enlargéd sectional view of the seal leg of the metal seal of
FIG. 2 shown in its undeflected position.

FIG. 4 is a sectional view of the seal leg of FIG. 3 being deflected outward
by the stem of the valve.

FIG. 5 is a sectional view of the seal leg of FIG. 4 being deflected inward
by pressure in the stem opening.

FIG. 6 is a table of the normal forces at various contact points between the
seal leg and the stem at various pressure differentials.

FIG. 7 is a graph of the information of FIG. 6, with the normal forces on the
vertical axis, the nodes on the horizontal axis, and with each line representing
" a different pressure differential. )

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1, shows a portion of a gate valve 10 of the rising-stem type. Gate
valve 10 has a valve body 12 having a stem opening 14. The stem opening 14
has a stepped inner diameter 16 defining an upwardly facing shoulder 18. A
stem 20, having an outer diameter 22, is located through stem opening 14. Stem
20 is connected to a gate (not shown). Stem 20 moves axially within stem
opening 14 and moves the gate between open and closed positions. Stem 20
does not rotate.

A metal seal 30 is located inside stem opening 14. Metal seal 30 has an



the stem the seal leg having a tip at its |ower end; an inner surface of
the seal leg havin urality of axially spaced apart grooves defining a

| ower sealing | and ;a8 IEET iy Sag @ | east one internedi ate sealing | and
d

and an upper sealing Ian ﬁ%ﬁﬁ e the lower sealing land; the | ower
seal i ng | and havi ng~af—t#d fe ney_dianeter that is slightly

annular seal body 32, a flexible annular seal leg 34, and an annular support leg
36 that is concentric with and surrounds seal leg 34. Seal body 32 has a stepped
outer diameter 38 that mates with stepped inner diameter 16 of stem opening 14.
Stepped outer diameter 38 of seal body 32 has a circumferential outer recess 40
for housing an elastomeric seal 42 in sealing engagement with stem opening 14.
Support leg 36 depends from lower portion 44 of seal body 32. Support leg 36
has a lower end 46 that abuts upwardly facing shoulder 18 in stem opening 14.

Referring now mainly to FIGS. 2 and 3, seal body 32 has a generally
cylindrical inner diameter 48 which is slightly larger than outer diameter 22 of
stem 20. Inner diameter 48 of seal body 32 has a plurality of circumferential
lubricating grooves 50 that are axially spaced apart one from the other. Seal
body 32 also has a circumferential inner recess 52 at upper portion 54 of seal
body 32 for housing a chevron seal 56. Chevron seal 56 acts as a back-up seal
between seal body 32 and stem 20.

Seal body 32 has a flexible annular seal leg 34 depending from lower portion
44 of seal body 32 for sealing against stem 20. A flex recess 58 is located at
the lower end of inner diameter 48 of seal body 32, at the junction between
lower portion 44 of seal body 32 and seal leg 34. Flex recess 58 facilitates the
flexing of seal leg 34.

Seal leg 34 has an upper section 60, a middle section 62, and a lower section

64. Upper section 60 extends downwardly and inwardly from seal body 32.
Middle section 62 extends downwardly and inwardly from the lower end of

~ upper section 60, but in a more downward direction than upper section 60.
Upper section 60 and middle section 62 both have generally uniform cross
sections. Lower section 64 extends in the same direction as middle section 62,
but has a tapered cross-section. Outer surface 66 of lower section 64 tapers
towards inner surface 68 of middle and lower sections 62 and 64 as it
approaches tip 70 of seal leg 34.

Inner surface 68 of middle and lower sections 62 and 64 has a plurality of
axially spaced apart grooves 72a-d. Grooves 72 result in a plurality of axially
spaced apart sealing lands 74a-e. Sealing lands 74 include lower sealing land
74a, intermediate sealing land 74b, upper sealing land 74c, and additional
sealing lands 74d-e. Lower sealing land 74a is locdted at tip 70 of seal leg 34,
intermediate sealing land 74b is located above lower sealing land 74a, upper
sealing land 74c is located above intermediate sealing land 74b, and additional
sealing lands 74d-e are located above upper sealing land 74c.

Each sealing land 74a-¢ has a corresponding sealing land surface 76a-¢. Since
angle 7e of inner surface 68 of middle and lower sections 62 and 64 is very
small, sealing land surfaces 76a-e are very close to being cylindrical surfaces.
As will be discussed later, during operation, seal leg 34 flexes inward, and
sealing land surfaces 76a-e come into contact with stem 20, at which point
sealing land surfaces 76a-¢ are cylindrical surfaces. '

Since seal leg 34 is angled downwardly and inwardly, sealing lands 74¢-a
have successively smaller undeflected diameters. Therefore, sealing land 74e has
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| ess than the outer dianeter of the stemso that the seal | gRWUACEMEW( SHEET
outward as the steminserts through the seal and seal agai ngt tne srem t

i ntermedi ate sealing |and having an undefl ected i nner diane}ef pgswgﬁ
greater than the undefl ected inner dianeter of the |ower segl ng | a e
upper sealing land having an undeflected _inner dianeter th

an undeflected diameter that is larger than the undeflected diameter of sealing
land 74d, which is in turn larger than the undeflected diameter of sealing land
74c, which is in turn larger than the undeflected diameter of sealing land 74b,
which is in tumn larger than the undeflected diameter of sealing land 74a.

The undeflected diameters of sealing lands 74a-b are selected so that they
are slightly smaller than outer diameter 22 of stem 20. On the other hand, the
undeflected diameters of sealing lands 74c-¢ are selected so that they are
slightly larger than outer diameter 22 of stem 20. Selecting such sealing land
diameters results in seal leg 34 being deflected outwardly upon insertion of
stem 20 through seal 30. More specifically, upon insertion of stem 20 through
seal 30, sealing land surfaces 76a-b will be in contact with stem 20, while
sealing land surface 76¢c-¢ will not be in contact with stem 20.

Referring now mainly to FIG. 1, seal 30 is located inside stem opening 14,
and lower end 46 of support leg 36 abuts upwardly facing shoulder 18 in the
stem opening 14. Above seal 30 is located retaining ring 90. A downwardly
facing surface of retaining ring 90 abuts upper portion 54 of seal body 32.
Retaining ring 90 has a recess in its outer diameter that houses elastomeric seal
92, and a recess in its inner diameter that houses elastomeric seal 94.
Elastomeric seal 92 is in sealing engagement with stem opening 14, and
elastomeric seal 94 is in sealing engagement with stem 20. Lower retaining nut
96 is located above retaining ring 90. Lower retaining nut 96 is threadedly
attached to stem opening 14 so that a lower surface of lower retaining nut 96
abuts an upper surface of retaining ring 90. Intermediate retaining nut 98 is
located above lower retaining nut 96 and is threadedly attached to stem opening
14 so that a lower surface of intermediate retaining nut 98 abuts an upper
surface of lower retaining nut 96. Finally, upper retaining nut 100 is located
above intermediate retaining nut 98 and is threadedly attached to stem opening
14 so that a lower surface of upper retaining nut 100 abuts an upper surface of
intermediate retaining nut 98. The retaining ring 90 and lower, intermediate, and
upper retaining nuts 96, 98, and 100 function as a retaining means to maintain
seal 30 in abutment with upwardly facing shoulder 18 of stem opening 14.

In operation, the above described structure functions as follows. Stem 20,
located within stem opening 14 of valve 10, moves axially and in turn moves a
gate (not shown) between closed and open’positions to selectively control flow
through valve 10. During operation, the region of stem opening 14 below seal 30
is at elevated pressures, this region is referred to as high pressure region 102
in the figures. The pressures in high pressure region 102 can vary from very low
pressures to very high pressures in excess of 10,000 psi. Low pressure region
104, on the other hand, is at a lower pressure than high pressure region 102,
Fluids therefore have a tendency to escape from high pressure region 102 to low
pressure region 104.

As described above, metal seal 30 is located inside stem opening 14 and is
kept in abutment with upwardly facing shoulder 18 by a retaining means
comprising retaining ring 90, lower retaining nut 96, intermediate retaining nut
98, and upper retaining nut 100. Also, stem 20 is located through stem opening
14 and through seal 30. Since stem 20 is located through seal 30, seal leg 34 is



than the undefl ected inner dianeter of the internedi ate ge?
undefl ected inner diameters of the intermediate and uppef ™
sel ected such that different increased fluid pressure |eyefs i
opening cause the seal leg to flex inwardly so that the }
upper sealing |ands subsequently and seguentially com ng} i

t he stem

deflected outwardly.

Referring now to FIG. 4, when the pressure differential between high pressure
region 102 and low pressure region 104 is zero, lower sealing land 74a and
intermediate sealing land 74b are in contact with stem 20, and sealing lands
74c-¢ are not in contact with stem 20. Since lower and intermediate sealing
lands 74a and 74b are being maintained in a deflected position by contact with
stem 20, there exist normal forces at the points of contact.

FIG. 6 shows a table of the normal forces at various contact points, or nodes
106al-€2, for various pressure differentials. The table of FIG. 6 was developed
by finite element analysis. For each of eleven representative pressures, FIG. 6
gives the normal forces, in pounds/radian, for each node 106al-e2. Although the
units for the normal forces given in FIG. 6 are pounds-force/radian, since they
were derived by analyzing points rather than areas, the values given are not
representative of the actual forces but are only indicative of the relative size
of the forces.

* Referring now to both FIGS. 4 and 6, one can sce that nodes 106al and
106a2 on lower sealing land 74a, and nodes 106b1 and 106b2 on intermediate
sealing land 74b, are in contact with stem 20 since positive values for the
nommal forces at those nodes are shown in FIG. 6 for a zero psi pressure
differential.

On the other hand nodes 106c1-e2 on sealing lands 74c-e are not in contact with
stem 20 since normal forces of zero appear in FIG. 6 for nodes 106c1-e2 for a
zero psi pressure differential.

As the pressure differential between high pressure region 102 and low
pressure region. 104 increases, seal leg 34 deflects inward, thus flexing inner
surface 68 of middle and lower sections 62 and 64 of seal leg 34 towards stem
20. As the pressure differential increases, seal leg 34 continues to flex
inward, and, eventually, additional sealing lands 74 come into contact with stem
20. For example, looking at upper sealing land 74c, when the pressure
differential is about 1000 psi, node 106 c 1, on the lower portion of upper
sealing land 74c, comes into contact with stem 20, while node 106¢2, which is
on the upper portion of upper sealing land 74c is not yet in contact with stem
20. As the pressure differential increases towards 3000 psi, more of upper
sealing land 74c contacts stem 20 until the entire upper sealing land 74c is in
contact with stem 20, as is the case when the pressure differential reaches 3000
psi. As the pressure differential continues to increase, additional sealing lands
gradually come into contact with stem 20. The values in FIG. 6 show that once
the pressure differential reaches 9000 psi, all of sealing lands 74a-d are in
contact with stem 20, and only sealing land 74¢ is not in contact with stem 20.
FIG. 5 shows seal leg 34 and stem 20 with sealing lands 74a-d in contact with
stem 20. .

The increase in the number of sealing lands 74 contacting stem 20 with
increasing pressure differential results in a corresponding increase in sealing
surface. The increased sealing surface that results with increasing pressure



t he seal

of the stemand having a plurality of axially spaced apart

body having an inner diameter slightly greater then the dianeter
| ubricating

grooves | ocated on the inner dianeter of the seal body; the stem opening

havi ng an upwardly facing shoul der; and the seal body having a support

depending fromthe seal body concentri C.6-

helps to maintain 4 positive seal as the pressure differéiitial increases.

The present invention also results in more bencficial normal force levels
between the seal leg 34 and stem 20. To obtain a positive seal, relatively high
normal forces are required along the sealing surfaces. On the other hand,
excessive normal forces at the contact points are undesirable because they
result in damage to the sealing surfaces and eventual deterioration of seal
integrity. The design of the present invention results in sufficiently large
normal forces to provide a positive seal, while at the same time maintaining the
forces at a low enough level to prevent damages to the sealing surfaces. Since
seal leg 34 is flexible, the sealing surface increases with increasing pressure.
The gradual increase in sealing surface prevents the normal forces at any one
location along seal leg 34 to become excessively large. Furthermore, the shape
of seal leg 34 ensures that each sealing land 74 maintains a sufficiently high
normal force against stem 20 at any of the various pressure differentials that
might be encountered during operation of valve 10. Referring again to FIG. 6,
and looking generally at the normal force values for each node as the pressure
differential increases, FIG. 6 shows that the normal forces at each node
generally increase, or at least do not decrease drastically, as the pressure
differential increases. FIG. 7 shows the information of FIG. 6 in graphical
form, with the normal forces on the vertical axis, the nodes on the horizontal
axis, and with each line representing a different pressure differential.

While the invention has been particularly shown and described with reference
to a preferred embodiment, it will be understood by those skilled in the art
that various changes in form and detail may be made therein without departing
from the spirit and scope of the invention.

| eg
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CLAIMS: What is claimed is:

1. A metal seal for a gate valve having a valve body, an axially
movable stem extending through a stem opening in the valve body for moving a
gate between open and closed positions, the metal seal comprising:

an annular seal body through which the stem extends;

a flexible annular seal leg depending from the seal body for sealing against
the stem, the seal leg having a tip at its lower end;

an inner surface of the seal leg having a plurality of axially spaced apart
grooves defining a lower sealing land at the tip, and at least one intermediate
sealing land and an upper sealing land spaced above the lower sealing land;

the lower sealing land having an undeflected inner diameter that is slightly
less than the outer diameter of the stem so that the seal leg will flex outward
as the stem inserts through the seal and seal against the stem;

the intermediate sealing land having an undeflected inner diameter that is
greater than the undeflected inner diameter of the lower sealing land;

the upper sealing land having an undeflected inner diameter that is greater
than the undeflected inner diameter of the intermediate sealing land; and

the undeflected inner diameters of the intermediate and upper sealing lands
selected such that increased fluid pressure in the stem opening causes the seal
leg to flex inwardly so that the intermediate and upper sealing lands
incrementally sealing against the stem, which results from the different
pressure levels within the stem opening.

2. The metal seal according to claim 1 wherein the seal body has an
inner diameter slightly greater then the diameter of the stem and wherein the
seal body has a plurality of axially spaced apart lubricating grooves located on
the inner diameter of the seal body.

3. The 'metal seal according to claim 1 wherein the stem opening has an
upwardly facing shoulder, and wherein the seal further comprises:

a support leg depending from the seal body concentric with and surrounding
the seal leg;

the support leg having a lower end which abuts the upwardly facing shoulder;
and

wherein the valve further comprises retaining means for retaining the seal
with the support leg in abutment with the upwardly facing shoulder.

4. The metal seal according to claim 1 wherein the upper sealing land,

- b o
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abuts the upwardly facing shoul der.
further conprising a retaining neans for retaining the suppojft &%
abutrment with the upwardly facing shoulder. 9. The gate vajv
claim7 wherein the upper sealing | and,

8. The gate val ve acco ding to clarm

W%ﬁt

accordi
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intermediate sealing land, and lower sealing land are substantially cylindrical
surfaces.

5. The metal seal according to claim 1 further comprising an
elastomeric seal on an exterior diameter of the seal body in sealing engagement
with the stem opening.

6. The metal seal according to claim 1 wherein the seal body has a
generaily cylindrical inner diameter having a flex recess located at a junction
of the seal body and seal leg at the lower end of the inner diameter of the seal
body to facilitate flexing of the seal leg.

7. A gate valve comprising in combination:
" a valve body;

an axially movable stem extending through a stem opening in the valve body
for moving a gate between open and closed positions;

a metal seal located in the stem opening and having an annular seal body
through which the stem extends;

a flexible annular seal leg depending from the seal body for sealing against
the stem, the seal leg having a tip at its lower end;

an inner surface of the seal leg having a plurality of axially spaced apart
grooves defining a lower sealing land at the tip, and at least one intermediate
- sealing land and an upper sealing land spaced above the lower sealing land;

the lower sealing land having an undeflected inner diameter that is slightly
less than the outer diameter of the stem so that the seal leg will flex outward
as the stem inserts through the seal and seal against the stem;

the intermediate sealing land bhaving an undeflected inner diameter that is
greater than the undeflected inner diameter of the lower sealing land;

the upper sealing land having an undeflected inner diameter that is greater
than the undeflected inner diameter of the intermediate sealing land;

the undeflected inner diameters of the intermediate and upper sealing lands
selected such that different increased fluid pressure levels in the stem opening
cause the seal leg to flex inwardly so that the intermediate and upper sealing
lands subsequently and sequentially coming into contact with the stem;

the seal body having an inner diameter slightly greater then the diameter of
the stem and having a plurality of axially spaced apart lubricating gmov&s
located on the inner diameter of the seal body;

the stem opening having an upwardly facing shoulder; and

the seal body having a support leg depending from the seal body concentric
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I nternmedi ate sealing |and, and | ower sealing |land are substantially

cylindrical

surfaces. 10. The gate valve according to claim?7 further

conprising an elastomeric seal on an exterior dianeter of the seal body in
seal i ng engagenent with the stem opening:

-9.

with and surrounding the seal leg, the support leg having a lower end which
abuts the upwardly facing shoulder.

8. The gate valve according to claim 7 further comprising a retaining
means for retaining the support leg in abutment with the upwardly facing
shoulder.

9. The gate valve according to claim 7 wherein the upper sealing land,
intermediate sealing land, and lower sealing land are substantially cylindrical
surfaces.

10. The gate valve according to claim 7 further comprising an
elastomeric seal on an exterior diameter of the seal body in sealing engagement
with the stem opening.

11. The gate valve according to claim 7 wherein the seal body has a
generauy cylindrical inner diameter having a flex recess located at a junction
of the seal body and seal leg at the lower end of the inner diameter of the seal
body to facilitate flexing of the seal leg. _

~REFLAGEMENT SHEET
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11. The gate valve according to claim7 wherein the seal body has a
generally cylindrical inner dianmeter having a flex recess | gpeabted
junction of the seal body and seal |leg at the | ower end of 7P
di aneter of the seal body to facilitate flexing of the seal
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DYNAMIC METAL-TO-METAL SEAL

A metal stem seal for sealing between a movable stem
and a stem opening in a valve body has an annular seal
body through which the stem extends. The seal has a
flexible annular seal leg depending from the seal body
for sealing against the stem. The ianer surface of the seal
Ieg has at least one groove defining a plurality of sealing
lands, including at least a lower sealing land and upper
sealing land. The undeflected inmer diameter of the
lower sealing land is selected so that upon insertion of
the stem through the seal, the seal leg deflects outward.
The undeflected diameter of the upper sealing land is
selected so that it is larger than the undeflected inner
diameter of the lower sealing land. The undeflected
diameters of additional sealing lands are selected so that
they are successively larger than the undeflected inner
diameters of the sealing lands below them. Increased
fluid pressure in the stem opening causes the seal leg to
. flex inward causing additional sealing lands to coatact
the stem.
Fig. 1
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DYNAMIC METAL-TO-METAL SEAL

BACKGROUND OF THE INVENTION

1. Field of the Invention-

This invention relates in general to gate valvm, and in particular to an
improved metal-to-metal seal for sealing between a movable stem and a stem
opening in a valve body.

2. Description of the Prior Art

A typical gate valve has a body with a flow passage extending through it. The
flow passage intersects a central cavity wherein is located a gate that is
perpendicular to the flow passage. In communication with the central cavity is a
stem opening. A stem extends through the stem opening and into the central
passage where the stem is connected to the gate. Selective movement of the stem
causes the gate to move between closed and open positions that obstruct flow or
allow flow, respectively, through the flow passage.

There are generally two types of gate valves: the rising-stem type, and the
non-rising-stem type, The rising-stem type, the stem moves only axially
without rotation, to move the gate between closed and open positions. In the
non-rising-stem type, the stem only rotates, without moving axially, and the
rotation of the stem, in conjunction with a gear connection between the stem and
the gate, causes the gate to move between open and closed position.

Since the central cavity of the gate valve and the stem opening are in
communication, the space between the stem and the stem opening must be sealed
to avoid leakage. At first, elastomeric seals were used. However, since
elastomeric seals do not have the necessary longevity, especially in corrosive
environments, metal seals have become popular for several apphcauons

Several metal-to-metal seals have been developed for sealing between a
movable stem and a stem opening in a valve body. However, generally such
seals made prior to this invention have disadvantages such as premature wear,
damage to the sealing surface, insufficient sealing capacity under certain
conditions, and excessively short service life.

SUMMARY OF THE INVENTION

It is the general object of the invention to provide an lmproved metal-to-metal
seal for sealing between a movable stem and a stem opening in a valve body.
The improved metal seal has an annular seal body through which the stem
extends. The seal has a flexible annular seal leg depending from the seal

" 'body for sealing against the stem. The inner surface of the seal leg has at

least one groove defining a plurality of sealing lands, including at least a

-1- REPLACEMENT SHEET
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annular seal body 32, a flexible annular seal leg 34, and an annular support leg
36 that is concentric with and surrounds seal leg 34. Seal body 32 has a stepped
outer diameter 38 that mates with stepped inner diameter 16 of stem opening 14.
Stepped outer diameter 38 of seal body 32 has a circumferential outer recess 40
for bousing an elastomeric seal 42 in sealing engagement with stem opening 14.
Support leg 36 depends from lower portion 44 of seal body 32. Support leg 36
has a lower end 46 that abuts upwardly facing shoulder 18 in stem opening 14.

Referring now mainly to FIGS. 2 and 3, seal body 32 has a generally J
cylindrical inner diameter 48 which is slightly larger than outer diameter 22 of REPLACEMENT SHEET

stem 20. Inner diameter 48 of seal body 32 has a plurality of circumferential

lubricating grooves 50 that are axially spaced apart one from the other. Seal .11
body 32 also has a circumferential inner recess 52 at upper portion 54 of seal 18 DEC 1998
body 32 for housing a chevron seal 56. Chevron seal 56 acts as a back-up seal B

between seal body 32 and stem 20.

Seal body 32 has a flexible annular seal leg 34 depending from lower portion
44 of seal body 32 for sealing against stem 20. A flex recess 58 is located at
the lower end of inner diameter 48 of seal body 32, at the junction between
lower portion 44 of seal body 32 and seal leg 34. Flex recess 58 facilitates the
flexing of seal leg 34.

Seal leg 34 has an upper section 60, a middle section 62, and a lower section
64. Upper section 60 extends downwardly and inwardly from seal body 32.
Middle section 62 extends downwardly and inwardly from the lower end of

" upper section 60, but in a more downward direction than upper section 60.

Upper section 60 and middle section 62 both have generally uniform cross
sections. Lower section 64 extends in the same direction as middle section 62,
but has a tapered cross-section. Outer surface 66 of lower section 64 tapers
towards inner surface 68 of middle and lower sections 62 and 64 as it
approaches tip 70 of seal leg 34.

Inner surface 68 of middle and lower sections 62 and 64 has a plurality of
axially spaced apart grooves 72a-d. Grooves 72 result in a plurality of axially
spaced apart sealing lands 74a-e. Sealing lands 74 include lower sealing land
74a, intermediate sealing land 74b, upper sealing land 74c, and additional
sealing lands 74d-e. Lower sealing land 74a is locdted at tip 70 of seal leg 34,
intermediate sealing land 74b is located above lower sealing land 74a, upper
sealing land 74c is located above intermediate sealing land 74b, and additional
sealing lands 74d-¢ are located above upper sealing land 74c.

Each sealing land 74a-e has a corresponding sealing land surface 76a-¢. Since
angle 78 of inner surface 68 of middle and lower sections 62 and 64 is very
small, sealing land surfaces 76a-¢ are very close to being cylindrical surfaces.
As will be discussed later, during operation, seal leg 34 flexes inward, and
sealing land surfaces 76a-¢ come into contact with stem 20, at which point
sealing land surfaces 76a-e are cylindrical surfaces. '

Since seal leg 34 is angled downwardly and inwardly, sealing lands 74e-a
have successively smaller undeflected diameters. Therefore, sealing land 74¢ has



DYNAMIC METAL-TO-METAL SEAL

ABSTRACT

A metal stem seal for sealing between a movable stem
and a stem opening in a valve body has an annular seal
body through which the stem extends. The seal has a
flexible annular seal leg depending from the seal body
for sealing against the stem. The inner surface of the seal
leg has at least one groove defining a plurality of sealing
lands, including at least a lower sealing land and upper
sealing land. The undeflected inner diameter of the
lower sealing land is selected so that upon insertion of
the stem through the seal, the seal leg deflects outward.
The undeflected diameter of the upper sealing land is
selected so that it is larger than the undeflected inner
diameter of the lower sealing land. The undeflected
diameters of additional sealing lands are selected so that
they are successively larger than the undeflected inner
diameters of the sealing lands below them. Increased
fluid pressure in the stem opening causes the seal leg to
flex inward causing additional sealing lands to contact
the stem.

Figure 1




