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1

- STEM SEALING FOR HIGH PRESSURE VALVE
OR THE LIKE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND AND SUMMARY OF THE
INVENTION

In providing valves and related elements for high-
pressure environments the problems of rapid seal deteri-
oration and high stem torque as a result of the high
pressures are always encountered. This is particularly
80 in the valving of fluids at 20,000 psi, as is necessary in
many modern fluid systems. Past attempts to solve such
problems have not been entirely successful, often just
relying on the quality of sealing materials, which have
finite limits. U.S. Pat. No. 3,288,473 attempts to solve
the problem of short seal life by providing a plurality of
sealant passageways, each to be filled with sealant as the

h
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previous seal fails. This merely provides a temporary

remedy, however, rather than solving the problem.

According to the present invention a long-life, low
stem torque, valve steam seal is provided by utilizing a
series of pressure barriers, each barrier withstanding
only a fraction of the total pressure differential between
the fluid cavity to be sealed and the atmosphere. Plastic
is injected between each of the fluid elements of the
barriers at a pressure that decreases from the high-pres-
sure cavity to the atmosphere. Various means may be
utilized for maintaining the plastic under the proper
pressure in each chamber between barriers, such as a
one-way pressurized injection valve, an exterior high-
pressure chamber, or a channel having plastic under
high-pressure with a plurality of differential back-pres-
sure valves therein.

It is the primary object of he present invention to
provide an improved apparatus [and method] for
providing long-life shaft seals and low stem torque in
high-pressure environments. This and other objects of
the invention will become clear from an inspection of
the detailed description of the invention and from the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a gate valve, partly in cross-
section and partly in elevation, according to the teach-
ings of the present invention, shown in the closed and
open positions thereof;

FIG. 2 is a detail cross-sectional view of exemplary
sealing and pressure maintaining means according to the

present invention; and
FIG. 3 is a detail cross-sectional view of another

embodiment of pressure maintaining means according
to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

An exemplary gate valve assembly according to the
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teachings of the present invention is shown generally at

10 in FIG. 1. The assembly 10 preferably includes two
main components, a body member 12, and a bonnet 14.
A bonnet seal ring 13 seals the members 12 and 14 to-

gether, and bonnet studs 15 prevent separation of mem-
bers 12 and 14. A bore 16 adapted to carry fluids under
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high pressure extends through body member 12, and
communicates with a valve cavity 17. The bore 16 may
be a 2 inch bore, and 1s adapted to carry fluids at 20,000
psi.

Valving of the fluid carried through bore 16 may be
accomplished by moving a valve member 20 relative to
valve seat 18, which seat is connected to body member
12 and surrounds bore 16. Seals 22 or the like on the face
of valve seat 18 cooperate with the face of valve mem-
ber 20 to seal off the bore 16 in one position of valve
member 20. The valve member 20 is movable from a
position wherein it completely blocks the flow of fluid
through the bore 16 (right-hand section of FIG. 1), to a
position wherein it allows free, unrestricted flow of
fluid through bore 16 (left-hand section of FIG. 1).

Movement of valve member 20 from the blocking to
the fluid-flow allowing positions thereof is preferably
accomplishd by means that require a minimum amount
of relative movement between the components of as-
sembly 10 and the surrounding environment. This is
most advantageously accomplishd by providing .a stem
or shaft 24 rotatable in a bore 25 and having a screw-
theaded extension 26 thereof, which extension cooper-
ates with corresponding threads on an extension 28 of
valve member 20. Shaft 24 is journalled in bearing 30,
and rotation thereof may be effected by the rotation of
hand wheel 32 attached to a portion of shaft 24 extend-
ing outwardly from the bonnet 14. It will be seen that
rotation of shaft 24 — as by wheel 32 — results in trans-
lation of valve member 20 due to the threaded-engage-
ment between portions 26 and 28 of shaft 24 and valve
member 20 respectively. No translation of shaft 24 oc-
curs.

If desired, shaft 24 may be provided in the portion
thereof exterior of bonnet 14 with a “J slot” 34. J slot 34
allows a service tool to retrieve and/or replace 1nsert 36
or the like, even under pressure.

Since the shaft 24 extends from the I:ugh-pressure (i.e,
20,000 psi) region 17 to the atmosphere or other rela-
tively low-pressure region A, it is necessary to provide
means for sealing the shaft 24. Sealing means according
to the present invention having long life and exerting a
minimum of torque on the shaft 24, are shown generally
at 45 in the drawings [U.S. Pat. Nos. 3,307,826 and
3,544,064 show prior at sealing means for gate valves.]
As shown most clearly in FIG. 2 such sealing means
include a plurality of nested sealing elements—five seal-
ing clements, 47, 48, 49, 50, and 51 being shown. The
sealing element 47 is closest to the high-pressure region
17, and sealing element 51 is closest to the packing
retainer gland assembly 53 and low-pressure region A.

The sealing element 47 closest the high-pressure re-
gion 17 may comprise a tubular body member 55 having
an inner seal 36 for sealing engagement between 55 and
shaft 24, and an outer seal §7 for sealing engagement
between 55 and bore 25 for shaft 24. Interior threads 58
may be provided for engagement with exterior threads
on adjacent sealing element 48. Each other sealing ele-
ment besides element 47 may comprise a slightly differ-
ently shaped tubular body member 60 having an inner
seal 61 thereof and an outer seal 62 thereof. Cooperating
inner and outer threads may be formed on the various
sealing elements to provide for close-fitting interen-
gagement therebetween. Each seal may be of any suit-
able construction and may have anti-extrusion washers
disposed on the top and bottom surfaces thereof.

The sertes 47-51 of sealing elements is so arranged
that none of the sealing elements is subjected to more
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than a fraction of the total pressure differenital between
the high-pressure region 17 and the relatively low-pres-
“sure region A. This is accomplished by injecting plastic
80 or like semi-solid or viscous flowable material under
a particular pressure into each of the chambers 64
formed within elements 48, 49, 50, and 51, each cham-
ber 64 being between seals 56 and 61 and 57 and 62, or
between two seals 61 and two seals 62. The plastic 80
under pressure exerts its pressure between two adjacent
sealing elements so that the differential pressure there-
across is not as great as the differential between the
high-pressure region 17 and the relatively low-pressure
region A,

Means for ensuring that the differential pressure on
each of said sealing elements is not greater than a prede-
termined amount and that no sealing element differen-
tial pressure is as large as the pressure differential be-
tween the cavity and the low-pressure region includes
means 70 for injecting plastic material 80 into the areas
between adjacent sealing elements.

An example of how the sealing means 45 might fune-

10

13

20

tion to insure that the differential pressure across any .

one sealing element 47-51 was not greater than what .

that sealing element could reasonably bear under ex-
tended operation thereof is as follows Plastic 80 under a
pressure of 16,000 psi is. injected into chamber 64 in
sealing element 48. This means that if the line pressure
(pressure in cavity 17) is 20,000 psi, the differential
pressure across sealing element 47 is 20,000 — 16,000 =
4,000 psi. Plastic under a pressure of 12;000 psi is in-
jected into chamber 64 in sealing element 49.. This
means that the differential pressure across element 48 is

16,000 — 12,000 = 4,000 psi1. Plastic under a pressure of

8,000 psi is injected into chamber 64 of sealing element
50, thus the differential pressure ‘across element 49 is
12,000 — 8,000 = 4,000 psi. Plastic under a pressure of
4,000 psi is injected into chamber 64 in'sealing element
51, thus the d1fferent1al pressure across sealing element
50 is 8,000 — 4,000 = 4,000 psi. No. plastic need be
injected ‘behind the element 51, the area therebehind
being atmospheric pressure or another relatively low
pressure A, therefore, the pressure differential across

23

30

- sealing element 48 is 20,000 —

4
adjusting the pressure of the plastic or like material in
source 73, the pressure in chamber 64 is determined.
Another pressure maintaning means that has the ad-
vantage of not applylng higher pressure to the seals than
line pressure demands is shown generally at 75 in FIG
3. Means 75 includes a ﬂeatlng piston 77 disposed in a

‘channel 81 and having oné side thereof connected to the

high-pressure cavity 17, with the other side thereof
bearing against plastic 80 or like material under com-
pression in channel 81. A spring 79 may be provided for
normally acting in conjunction with the pressure in
cavity 17 for maintaining the plastic 80 under pressure.
Located in each passageway 86 between each chamber
64 and the channel 81 is a differential back pressure
valve, 82, 83, 84, or 85, that restricts the seal element
pressure to a given value below line 16 pressure. The
valves 82-85 may be of any suitable construction but
preferably each include a valve seat 87, a movable valve
member 88, a stem 89 or the like connected to movable

valve member 88, and a biasing means’ aetmg on steam
89 and valve member 88 for blaslng the valve member
88 toward engagement with valve seat 87. The biasing

means may take the form of a coil. 5pr1ng, such as a
spring 90, 91, 92, or 93 respectively. The spring constant
of each of the biasing means 90-93 is selected so that the
valve member 88 associated therewith will only open a
given pressure. For example, spring 90 is chosen so that

valve 83 will only open when the préssure in channel 81

1S greater than 4, 000 psi. Thus, if the pressure in cavity
17 is 20,000 psi, the pressure of plastic in chamber 64 of
4,000 = 16,000 psi. Simi-

~larly, the spring 91 is chosen so that valve 83 opens only

35

element 51 = 4,000 — atmoshperic pressure. Thus it

‘will be seen that no one sealing element need have a
pressure differential thereacross of more than 4,000 psi.
Sealing elements obviously have a much longer life
when the pressure dlfferentlal thereacross is 4,000 p31
rather than 20,000 psi, and relatively less expensive
materials can be used. Also, the torque exerted by the
sealing elements on the shaft 24 will be much less when
there1s a gradual step -down of pressures than if one seal
bears a 20,000 psi differential, and thus it should be
posmble for one man to manually rotate the wheel 32
even when the pressure of the fluid in bore 16 is 20,000
psi.

Various means can be utilized for 1n3ect1ng the plastic
80 or like material and/or maintaining it under the
proper pressure. For instance, as shown in FIGS. 1 and
2 a conventional needle valve 70 w1th a port 72 extend-
ing therefrom to a chamber 64 is utilized with each
sealing element 48-51. Plastic injected through valve 70
under a specified pressure will be retained at that pres-
sure by the valve 70.

Another means for mamtarmng the pressure W1tlnn a
chamber 64 at a specified value is shown diagrammati-
cally in FIG. 2. This includes an exterior pressure
source 73 in fluid communication with a port 64. By
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50

33

63

upon a pressure of 8, 000. psi, spring 92 is chosen sO that

- valve 84 only opens upon a pressure of 12,000 psi, and

spring 93 is chosen so that valve 85 opens. only upon a
pressure.of 16, 000 psi. Thus, again, no sealing element
has a pressure d1fferent1a1 thereacmss of more than
4,000 psi. - o

Other means for mamtalmng the pressure in the
chambers 64 at the. desired values could be employed;
for instance instead of cenneetmg plston 77 to the cav-
ity 17, it could be connected to a eentrollable exterior
pressure source. | : |

It will thus be seen that aceordlng to the apparatus of
the present invention means have been provided for
sealing a shaft or the like extending from a high-pres-
sure region to a relatively low-pressure region whereby
long-life of the sealing arrangement is achieved, and the
torque exerted on the shaft by the sealing means is kept
to a minimum. According to the method of the present
invention, the sealing of a shaft extendlng from a high-
pressure region to a low-pressure region is accom-
plished by arranging a plurality of sealing elements in
seallng engagement with the shaft between the two
regions so that the differential pressure on each of the
sealing elements is not greater than a predetermined
amount and so that no differential pressure action on
any one sealing element is as large as the pressure differ-
ential between the two regions. -

While the invention has been herein illustrated and
described in what is presently conceived to be the most
practical and preferred embodiment, it wﬂl be obvious
to one of ordinary skill in the art that many miodifica-
tions may be made thereof within the scope of the in-
vention. For instance, any number of sealing elements
could be employed, and the pressure differential across
each need not be maintained at the same levels (al-
though that is preferred). The shaft sealing arrangement
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could be utilized with shafts extending between high
and low pressure regions for operating other means
besides gate valves, and other elements similar to shafts
could also be sealed thereby. A wide range of semi-solid
or viscous flowable materials could be employed for
supplying pressure according to the present invention,
and a wide variety of types of and materials for sealing
elements and differential back-pressure valves could be
emploved. Many other modifications are also possible,
thus it is intended that the invention be accorded the
broadest interpretation of the appended claims so as to
encompass all equivalent structures [and methods.]}

What is claimed is:

1. Apparatus comprising:

a. a body having a cavity adapted to contain a fluid
under high pressure,

b. an operative element for functioning within said
cavity, in response to the rotation of a shaft,

¢. a shaft extending through said body from said cav-
ity to a region outside said body of relatively low
pressure,

d. means for providing a seal between said shaft and
said body between said cavity and said region, said
means including a plurality of sealing elements
which are successively disposed between the rela-
tively high and low pressure regions and sealing
between said shaft and said body each having a side
thereof toward said cavity and a side thereof oppo-
site said cavity, [and]

e. a plurality of chambers, each in communication with
the side of one sealing element nearest the region and
the side of the adjacent sealing element nearest the
cavity, and

Le.] /£ means for ensuring that the differential pres-
sure on each of said sealing elements 1s not greater
than a predetermined amount and that [to] no

‘sealing element differential pressure is as large as
the pressure differential between said cavity and
said low-pressure region[.], said means including
means for providing flowable plastic material under
pressure in each of said chambers decreasing from
said high pressure bore to said region comprising a
floating piston having one face thereof exposed to the
pressure of fluid within said cavity, and having the

3
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other face thereof bearing on flowable plastic material 45

in a channel in fluid communication with each of said
chambers, and a differential back-pressure valve oper-
atively associated with each of said chambers.

[2. Apparatus as recited in claim 1 wherein at least
three sealing elements are provided and wherein the
pressure differential across each sealing element is at
most about one-third the pressure differential between
said cavity and said low-pressure region.}

[3. Apparatus as recited in claim 1 wherein said
means for ensuring that the differential pressure on each
of said sealing elements is not greater than a predeter-

30

55

mined amount, includes a chamber located in communi-

cating relationship with one of said sealing elements on
the side thereof opposite said cavity, and means for
maintaining a flowable plastic material under a pressure
in said chamber, said pressure having a magnitude be-
tween the pressures in said high-pressure cavity and
said low-pressure region. J

[4. Apparatus as recited in claim 3 wherein said
means for maintaining a flowable plastic material under
pressure in said chamber includes a regulated pressure
source remote from said body member but in communi-

cation therewith. }
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[5. Apparatus as recited in claim 3 wherein said
means for maintaining a flowable plastic material under
pressure in said chamber includes an injection valve
means for allowing the introduction of flowable plastic
material under pressure into said chamber and for main-
taining the flowable plastic material under pressure in
said chamber once injected.} |

[6. Apparatus as recited in claim 3 wherein said
means for maintaining a flowable plastic material under
a pressure In said chamber comprises a piston having
one side thereof exposed to the pressure of fluid within
said cavity and having the other side thereof on flow-
able plastic material in a channel in fluid communication
with said chamber, and a differential back pressure
valve interposed in a passageway between said channel
and said chamber.]

[7. Apparatus as recited in claim 6 wherein said
differential back pressure valve includes a valve mem-
ber, a valve seat, and biasing means for supplying a
pressure of a magnitude between the pressure in said
cavity and the pressure in said region for biasing said
valve member toward engagement with said valve
seat. ]

[8. Apparatus as recited in claim 1 further compris-
ing a plurality of chamber, each in communication with
the side of one sealing element nearest the region and
the side of the adjacent sealing element nearest the
cavity, and wherein said means for ensuring that the
differential pressure on each of said sealing elements is
not greater than a predetermined amount includes
means for providing flowable plastic material under
pressure in each of said chamber, the magnitude of the
pressure in said chambers decreasing fmm said high
pressure bore to said region. ] -

-[9. Apparatus as recited in claim 8 wherem said
means for providing flowable plastic material under
pressure in each of said chambers comprises a piston
having one side thereof exposed to the pressure of fluid
within said cavity and having the other side thereof
bearing on flowable plastic material in a channel in fluid
communication with each of said chambers, and a plu-
rality of differential back pressure valves, one inter-
posed In a passageway between said channel and each
of said chambers, and wherein each of said differential
back pressue valves includes a valve member, a valve
seat, and biasing means for supplying a pressure of a
magnitude between the pressure in said cavity and the
pressure in said region for biasing said valve member
toward engagement with said valve seat, and the magni-
tude of the biasing pressure provided by the biasing
means increasing from said high pressure cavity toward
said region. }

10. A gate valve assembly comprising

a. a body having a bore extending therethrough, said

bore adapted to carry fluid under high-pressure
and defining a cavity,

b. a bonnet operatively connected to said body,

c. a valve member for opening and closing said bore,

d. means for moving said valve member for opening

and closing said bore, said means including a shaft
extending from said body member through said
bonnet to a region of relatively low pressure exte-
rior of said bonnet, said means including a screw-
threaded rod located within said bonnet and said body
so that said shaft is not translated during operation of
said valve member thereby, but is merely rotated,

€. means in said region for rotating said shaft,
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f. means for providing a seal between said shaft and
said bonnet intermediate said bore and said region,
said means including a plurality of sealing elements
which are successively disposed between said cav-
ity and said low-pressure region and seal between
said shaft and said body each having a side thereof
toward said cavity and a s1de thereof opposnte said
cawty, and

g. means for ensuring that tha differential pressure on
each of said sealing elements 1s not greater than a
predetermined amount and that no sealing element
differential pressure is as large as the pressure dif-
ferential between said cavity and said low-pressure
region[.]), including a chamber located in commu-
nicating relationship with one of said sealing elements
on the side thereof opposite said bore, and means for
maintaining a flowable plastic material under a pres-
sure in said chamber, said pressure having a magni-
tude between the pressures in said high-pressure bore
and said low-pressure region, comprising a piston
having one side thereof exposed to the pressure of fluid
within said bore and having the other side thereof
bearing flowable plastic material in a channel in fluid
communication with said chamber, and a differential
back pressure valve interposed in a passageway ba—
tween said channel and said chamber.

[11 An assembly as recited in claim 10 wherein said
means for moving said valve member includes a screw-
threaded rod located within said bonnet and said body
so that said shaft is not translated during operation of
said valve member.thereby, but is merely rotated.}

 [12. Apparatus as recited in claim 10 wherein at least
three sealing elements are provided and wherein the
pressure differential across each sealing element is at
most about one-third the pressure differential between
said cavity and said low-pressure region.

[13. An assembly as recited in claim 10 wherein said
means for ensuring that the differential pressure on-each

-8

[17 An assembly as recited in claim 16 further com-

prising an injection: valve member for allowing the
" injection’ of flowable plastlc material under pressure

»
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'mta said chamber.} -

[18. An assembly as remted in claim 13 wheram said

‘means for maintaining a flowable plastic material under

a pressure in' said chamber comprises a piston having
one side thereof exposed to the pressure of fluid within

said bore and having the other side. thereof beanng

flowable plastic material in a channel in fluid communi-
cation with said chamber, and a differential back pres-
sure valve intérpossed in a passageway between said
channel and said chamber.]} |

19. An assembly as recited in claim [18] 10 wherein
said differential back pressure valve includes a valve
member, a valve seat, and biasing means for supplying a
pressure of a magnitude between the pressure in said
bore and the pressure in said region for biasing said
valve member toward engagement with said valve seat.

20. An assembly as recited in claim [13] 10 further
comprising a plurality of chambers, one in operative
relationship with the side of one sealing element nearest
the region and the side of the adjacent sealing element
nearest the bore, and wherein said means for ensuring
that the differential pressure on each of said sealing
elements is not greater than a predetermined amount
includes means for providing flowable plastic material

‘under pressure in each of said chamber, the magnitude

of the pressures in said chambers decreasing from sald
high pressure bore to said reglon

21. An assembly as recited in claim 20 wherein said
means for providing flowable plastic material under

- pressure.in each of said chambers comprises a:piston

35

of said sealing elements is not greater than a predeter-

mined amount, includes a chamber greater than a prede-
termined amount, includes a chamber located in com-
municating relationship with one of said sealing ele-
ments on the side thereof opposite said bore, and means

for maintaining a flowable plastic material under a pres-

sure in said chamber, said pressure having a magnitude
between the pressures . in said high-pressure bore and

said low-pressure region.J |
[ 14. An assembly as recited in claim 13 wharam said

means for mamtammg:a flowable plastic material under
pressure in said chamber includes a regulated pressure
source remote from said body member but in communi-

cation therewith.J
I 15. An assembly as recited in claim 13 wherein sald

means for maintaining a flowable plastm material under

pressure in said chamber includes an injection valve
means for allowing the introduction of flowable plastlc
material under pressure into said chamber and for main-
taining the flowable plastic material under pressure in

said chamber once injected. ]
16. An assembly as recited in claim [13] 0 wherein

each of said sealing elements comprises a tubular mem-
ber having a first seal located at one end thereof on the
inside diameter thereof for sealing engagement with
said shaft, and a second seal located at the other end
thereof on the outside diameter thereof for sealing en-
gagement with said bonnet, flowable plastic material in
said chamber being adapted to apply pressure to both
said first and second seals.

45

50

having one side thereof expr.}sed to the pressure of fluid
within said bore and having the other side thereof bear-
ing on flowable plastic material in a channel in fluid
communication with each of said chambers, and a plu-
rality of differential back pressure valves, one inter-
posed in a passageway between said channel and each
of said chambers, and wherein each of said differential
back pressure valves includes a valve member, a valve
seat, and biasing means for supplying a pressure of a
magmtude between the pressure in said bore and the
pressure in said region for biasing said valve member
toward engagement with said valve, seat, and the mag-
nitude of the blasmg pressure provided by the biasing
means mcreasmg from said high pressure bore toward
said region.

22. Apparatus as ; recited in claim 1 wherein each differ-
ential back pressure valve includes a valve seat and a valve
member interposed in each passageway between.said chan-
nel and one of said chambers. |

23. Apparatus as recited in claim 22 wherein each af said

differential back pressure valves further includes spring

35

biasing means for supp{wng a pressure of a magnitude
between the pressure in said cavity and the pressure in said
region for biasing said valve member toward engagement
with said valve seat, the magnitude of the b:asmg pressure
_provided by the spring biasing means increasing from said

60 high pressure cavity toward said region.

24. Apparatus as recited in claim 23 wherein each of said

- valve seats is located in each respective passagewa y between

65

each respective valve member and said channel.

25. Apparatus as recited in claim 23 wherein each said
valve member is connected to each respective spring biasing
means by a rod, each respective rod extending through said
passageway and said valve seat to operatively connect each
respective valve member to each respective spring biasing
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means, each said spring biasing means located on the oppo-  along said shaft than the outer sealing element of each
site side of said channel as each respective valve member. respective sealing element.
26. Apparatus as recited in claim 1 wherein said piston 29. Apparatus as recited in claim 27 wherein nested
faces are of substantially equivalent cross-sectional area. portions of adjacent sealing elements are in screw-threaded
27. Apparatus as recited in claim I wherein each of said 5 engagement with each other.
sealing elements comprises a tubular body member having 30. Apparatus as recited in claim 19 wherein said valve

an inner seal for sealing engagement between said shaft  member is connected to said spring biasing means by a rod,

and said body member, and an outer seal for sealing en-  said rod extending through said passageway and said valve

gagement between said body member and said body, said  seat to operatively connect said valve member to said spring

inner and outer seals being spaced along the length of said 10 biasing means, said spring biasing means located on the

shaft, and said body members of adjacent sealing elements  opposite side of said channel as said valve member.

nesting together. 31. Apparatus as recited in claim 16 wherein said tubu-
28. Apparatus as recited in claim 27 wherein the inner  lar members nest together.

seal of each sealing element is located closer to said cavity k& % x
15
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