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BALL TRIP VALVE FOR A STEAM TURBINE

Background

{0801} Steam turbines may often be uytilized in a myriad of industrial applications and
processes (o manage a pressurized working fluid {ie., pressurized steam) from a
source of pressurized steam (e.g., a boiler} over a broad rangs of pressures. In
conventional steam turbines, energy of the pressurized steam may be converied o
work to operate one or more downsiream processes. Conventional steam iurbines
may often utilize one or more valves {e.g., ball valve)} configured o control a flow of
the pressurized steam from the source {o the steam turbine. For example, the steam
turbines may often utilize a confrol valve configured 1o throtfle a flow rale of the
sieam to the steam furbine, and a trip valve configured to allow or prevent the flow of

the steam to the steam turbine.

(0002} A conventional trip valve 100 is illustrated in Figure 1, and may include a vaive
body 102 defining ports 104, 106 at opposite ends thereof, and a ball 108 disposed
in the valve body 102 between the poris 104, 106. As lllustrated in Figure 1, the bali
108 may define a passage 110 exiending therethrough, and may be actuated or
rotaied beilween opened and closed positions with a valve stem 112 to allow or
prevent the flow of the steam through the trip valve 100, As further illustrated in
Figure 1, the conventional trip valve 100 may utilize carbon graphite rings 114 as
bushings for the valve stem 112, and g single carbon graphite valve seal 116
configured to at least partially support the ball 108 and/or provide a seal around the
ball 108. The conventional trip valve 100 may also include a setscrew 118 extending
through the valve body 102 and configured to at least partially support the ball 108.
While conventional trip valves 100 have proven o be effective for aliowing or
preventing the flow of the steam to the steam turbine, the trip valve 100 and/or one or
more components thereof may degrade, thereby reducing the effective lifetime of the
trip valve 100. For example, radial thermal growth or expansion of the ball 108
and/or actuation of the ball 108 via the valve stem 112 may result in forces (e.g.,
radial force)} being exerted on the valve seat 116 and/or the carbon rings 114, which
may cause damage {(e.g., fraciure, chip, efc.} thereto. Further, fragments or pisces
of the damaged valve seal 116 and/or the damaged carbon rings 114 may be carried

into the steam turbine, thereby restricting flow therethrough.
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[8083] What is needed, then, is an improved ball valve and method for upgrading a

conventional ball valve.

Summary

[8684] Embodiments of the disclosure may provide a trip valve for a steam turbine.
The trip valve may include a valve body defining a cavity and a ball disposed in the
cavity. The valve body may also define a first port and a second port in fluid
communication with the cavity, and the ball may define a passage extending
therethrough. The ball may be configured to be rotated o selectively provide fluid
communication between the first and second valve ports via the passage thereof.
The frip valve may further include a first valve seal and a second valve seat
configured to engage and at least partially support the ball in the cavily. The first
valve seat may be disposed in the cavity belween the ball and the first port, and the
second valve seal may be disposed in the cavity between the ball and the second
port. The trip valve may also include a first biasing member and a second biasing
member. The first biasing member may be disposed adjacent the first valve seat,
and the second biasing member may be disposed adjacent the second valve seat.
The first and second biasing members may be configured io urge the first and

second valve seats toward the ball, respectively.

[8003] Embodimenis of the disclosure may alse provide ancther trip valve for a
sieam turbine. The trip valve may include a valve body defining a cavily, and inlet,
and an outlet, wherein the inlet and the outlet may be in fluid communication with the
cavity. The trip valve may also include a ball disposed in the cavity. The bhali may
define a passage extending therethrough, and may be configured o be rotated fo
selectively provide fluid communication from the inlet io the outlet. The trip valve
may further include a valve stem coupled with the ball and configured to rotate the
ball. The frip valve may also include a bushing disposed about the valve stem. The
bushing may be fabricated from alloy steel and configured o provide a bearing

surface for the valve siem.

(0006} Embodiments of the disclosure may further provide a method for upgrading a
trip valve. The method may include replacing at least one non-metallic valve seat
with a first metaliic valve seal. The method may aiso include disposing a first biasing

member adjacent the first meialiic valve seal. The mesthod may further include
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replacing at least one non-metallic bushing disposed about a valve stem of the trip

valve with a metallic bushing.

Brief Description of the Drawings

[8087] The present disclosure is best undersicod from the following detailed
description when read with the accompanying Figures. It is emphasized that, in
accordance with the standard practice in the industry, various fealures are nof drawn
to scale. In fact, the dimensions of the various features may be arbitranily increased

or reduced for clarity of discussion.

[o068] Figure 1 illustrates a cross-sectional view of a conventional trip valve,

according o the prior art.

{0009} Figure 2 illusirates a cross-sectional view of an exemplary trip valve,

according to one or more embodiments disclosed.

18010} Figure 3 illustrates a flowchart of a method 300 for upgrading a trip valve

according fo one or more embodiments disclosed.

Destailed Description

06111 It is fo be undersiood that the foliowing disclosure describes several
exemplary embodiments for implementing different fealures, structures, or functions
of the invention. Exemplary embodiments of components, arrangements, and
configurations are describaed below 1o simplify the present disclosure; however, these
exemplary embodiments are provided merely as examples and are not intended o
limit the scope of the invention. Additionally, the present disclosure may repeat
reference numerals and/or letters in the various exemplary embodiments and across
the Figures provided herein. This repetition is for the purpose of simplicity and clarity
and does not in ilself diciate a relationship beiween the varicus exemplary
embodiments and/or configurations discussed in the various Figures. Moreover, the
formation of a first feature over or on a second feature in the description that follows
may include embodiments in which the first and second features are formed in direct
contact, and may also include embodiments in which additional features may be
formed interposing the first and second features, such that the first and second

features may not be in direct contact. Finally, the exemplary embodimenis presented

(8]
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below may be combined in any combination of ways, ie., any element from one
exemplary embodiment may be used in any other exemplary embodiment, without

departing from the scope of the disclosure.

{0012} Additionally, certain terms are used throughout the following description and
claims to refer to particular components. As one skilled in the art will appreciale,
varicus entities may refer to the same component by different names, and as such,
the naming convention for the elements described herein is not infended to limit the
scope of the invention, unless otherwise specifically defined herein.  Further, the
naming convention used herein is not intended to distinguish between components
that differ in name but not function. Further, in the following discussion and in the
claims, the terms "including” and "comprising” are used in an open-ended fashion,

and thus should be interpreted to mean "including, bui not limiled 0" All numerical
values in this disclosure may be exact or approximate values unless cotherwise
specifically stated. Accordingly, various embodiments of the disclosure may deviate
from the numbers, values, and ranges disclosed herein withoul departing from the
intended scope. Furthermore, as it is used in the claims or specification, the term “or"
is intended to encompass both exclusive and inclusive cases, ie., "A or B" is
intended 1o be synonymous with "al least one of A and B," unless otherwise

expressly specified herein.

[0813] Figure 2 illustrales a cross-sectional view of an exemplary frip vaive 200 for a
steam turbine, according fo one or more embodiments. The trip valve 200 may
include a housing or vaive body 202 defining an inner chamber or cavily 204 and first
and second poris 208, 208 in fluid communication with the cavity 204. The cavity
204 may include a first portion 210 substantially extending or defined between a first
shoulder 212 and a second shoulder 214 of the valve body 202, and a second
portion 216 substantially extending or defined between the second shoulder 214 and
the second port 208,

[8014] The first and second ports 206, 208 may be disposed at opposite ends or end
portions of the valve body 202, and may be ulilized interchangeably as inlet and
outlet ports. For example, a first port 206 may be an inlet port, and a second port
208 may be an outlst porl. In another example, the first port 206 may be the oullef
port, and the second port 208 may be the inlet port. The trip valve 200 may include

one or more mounting flanges (two are shown 218, 220) coupled or integrally formed
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with the valve body 202, The mounting flanges 218, 220 may exiend from and be
disposed ahout the poris 206, 208, and configured fo detachably and fluidly couple
the poris 206, 208 with pipelines, conduits, and/or the steam turbine {not shown).
For example, as illustrated in Figure 2, a first mounting flange 218 and a second
mounting flange 220 may each define a plurality of circumferentially-arrayed
perforations or openings 222 at least partially extending therethrough.  The
circumferentially-arrayed openings 222 may be configured to receive one or more
mechanical fasteners (not shown) to facilitate the coupling of the mounting flanges
218, 220 to corresponding flanges (not shown) of the pipeline and/or the steam
turbine. Hustrative mechanical fasteners may include, but are not limited to, one or

more bolts, studs and nuts, and/or any other known mechanical fasteners.

[8615] The trip vaive 200 may include a ball 224 atl least pariially disposed in the
cavity 204 and configured fo conirol a flow of a working fluid {e.g., steam) through the
trip valve 200. For example, as illustrated in Figure 2, the ball 224 may be disposed
in the first portion 210 of the cavity 204 and configured to conirol the flow of the
working fluid through the trip valve 200 from the first port 206 io the second port 208.
The ball 224 may define a passage 226 extending therethrough, and the passage
226 may be configured to selectively provide fluid communication between the first
and second ports 206, 208. For example, as illusirated in Figure 2, the ball 224 may
be rotated to align the passage 228 with the ports 206, 208 fo provide fluid
communication between the ports 206, 208 and thereby actuate the trip valve 200 to
an opened position. In another example, the ball 224 may be rotated such that the
passage 226 is not in fluid communication with the ports 206, 208 to prevent fluid
communication therebetween and thereby actuate the irip valve 200 fo a closed

position,

(0016} A rod or valve stem 228 may be coupled with the ball 224 and configured fo
rotate the ball 224 io actuate the trip valve 200 between the closed and opened
positions. As illustrated in Figure 2, the valve body 202 may define an opening 230
extending therethrough, and the valve stem 228 may extend through the opening
230 to couple with the ball 224. The valve stem 228 may be supported by and/or
retained in the opening 230 via a filling 232 (e.g., pipe filling} coupled or integrally
formed with the valve body 202. For example, as illustrated in Figure 2, the fitting
232 may be coupled with the valve body 202 via threads. In another example, the

fitling 232 may be metallurgically bonded or coupled with the valve body 202 via

[
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welds {(not shown). The fitting 232 and/or the valve body 202 may define one or
more annular recesses (two are shown 234, 236) configured to receive respective
bearings or bushings 238, 240. The bushings 238, 240 may be disposed about the
valve stem 228 and configured to provide a bearing surface for the rofation of the
valve stem 228. The bushings 238, 240 may be fabricaled from a metallic material,
such as a metal or a metal alloy. lHustrative metals and metal alloys may include, but
are not limited o, stainless steel, carbon steel, titanium, a titanium alloy, a nickel
alloy, or the like. In an exemplary embodiment, the bushings 238, 240 are fabricated

from a hardensd stainless stesal.

{0017} The irip valve 200 may include one or more valve seats (fwo are shown 242,
244} configured to support the ball 224 and/or provide a seal around the ball 224,
For example, each of the valve seals 242, 244 may be or include annular rings
disposed on opposing sides of the ball 224 and configured to support and position
the ball 224 in the first portion 210 of the cavilty 204. In ancther exampie, the valve
seats 242, 244 may engage the ball 224 and/or the valve body 202 o prevent a
leakage flow therebetween. As illusirated in Figure 2, a first valve seatl 242 may be
disposed between the ball 224 and the first shoulder 212 of the valve body 202 such
that a first annular surface 246 thereof faces or is oriented toward the first shoulder
212, and a second annular surface 248 thereof faces the ball 224. As further
ilustrated in Figure 2, a second valve seat 244 may be disposed between the bali
224 and the second shoulder 214 of the valve body 202 such that a first annular
surface 250 thereof faces or is oriented toward the second shoulder 214, and a
second annular surface 252 thereof faces the bail 224, At least a portion of each of
the valve seats 242, 244 may be shaped and/or sized to sealingly engage the ball
224. For example, as illusirated in Figure 2, the second annular surfaces 248, 252 of
the respeclive valve seals 242, 244 may be contoured fo sealingly engage the ball
224, in another example, the ouler circumferential surfaces of the respeciive valve
seats 242, 244 may be sized and/or shaped o sealingly engage an inner surface of
the valve body 202, in an exemplary embodiment, the first and second valve seats
242, 244 may fully support the ball 224 in the cavity 204 without the setscrew 118

utilized in the conventional trip valve 100 illusirated in Figure 1.

[0018] The valve seals 242, 244 may be fabricated from one or more meiallic
materials, such as metals or metal alloys. llusirative metals and metal alloys may

include, but are not limited o, stainless steel, carbon steel, titanium, a titanium alloy,



WO 2017/069925 PCT/US2016/054672

a nicketl alioy, or the like, or any combination thereof. In an exemplary embodiment,
the valve seats 242, 244 are fabricated from a hardensd siainless steel. In at least
one embodimert, the second annular surfaces 248, 252 of the respective valve seats
242, 244 may be coated with one or more wear resistant materials, lubricating
materials, corrosion resistant materials, or the like, or any combination thereof. in
ancther embodiment, the vaive seats 242, 244 may include inlays 254 fabricated
from onhe or more wear resistant materials, lubricating materials, corrosion resistant
materials, or the like, or any combination thereof. For example, the inlavs 254 may
be fabricated from a superalloy, such as a nickel-based superalioy or a cobali-based
superalloy. Hlustrative nickel-based superalioys may include, but are not limited to,
Nimonic alloys, Inconel alloys, rhenium containing superalloys (e.g., Rene N§,
C?v’iSX~4®, PWA 1484, Rene N6, efc), or the like. Hiustrative cobalt-based
superalloys may include, but are not limited to, FSX-414, Stellite® Steliite® 21,
Steliite® 31, MarM302, MarM508, Haynes-188, or the like. As illustrated in Figure 2,
the valve seats 242, 244 may define grooves 256 extending annularly along the
respective second annular surfaces 248, 252 thereof, and the inlavs 254 may be at
least partially disposed in the grooves 256 o engage the outer surface of the ball
224,

{0018} The trip valve 200 may include one or more biasing members {iwo are shown
258, 260) configured fo hold the valve seats 242, 244 adjacent the ball 224 and/or
urge the valve seals 242, 244 toward the ball 224, For example, as illustrated in
Figure 2, a first biasing member 258 may be disposed between the first shoulder 212
and the first valve seat 242, and configured {0 urge the first valve seat 242 foward
the ball 224 such that the second annular surface 248 and/or the inlay 254 disposed
at the second annular surface 248 engages the outer surface of the ball 224, A
backing member may be disposed between the first biasing member 258 and the first
shoulder 212, and configured to at least partially retain the first biasing member 258
in the cavity 204. In at least one embodiment, illustrated in Figure 2, a second
biasing member 260 may be disposed between a refaining member 262 {e.g., snap
ring} and the second valve seal 244, and configured to urge the second valve seat
244 toward the bali 224 such that the second annular surface 252 and/or the inlay
254 disposed at the second annular surface 252 engages the outer surface of the
ball 224. The refaining member 262 may be or include an annular member, such as

a snap ring, a threaded ring, or a shrink-fit ring, configured to retain the second
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biasing member 260 and the second valve seat 244 in the first portion 210 of the
cavity 204. For example, the refaining member 262 may be a snap ring disposed in
an annuiar groove 264, The refaining member 262 may also be an annular member
coupled to the inner surface of the valve body 204 and/or the annular groove 204 via
welds {(e.g., tack welds). In another example, the retaining member 262 may be a
threaded ring coupled to the inner surface of the valve body 204 via threads (nof
shown}. In vet ancther example, the retaining member 262 may be an annular
member coupled with the inner surface of the valve body 204 via an interference fit
{e.g., shrink-fit}. In another embodiment, the second biasing member 260, similar to
the first biasing member 258 may be disposed between a shoulder (not shown) of

the valve body 202 and the second valve seat 244.

{0020} The biasing members 258, 260 may be configured {o reduce or prevent the
displacement {e.g., axial and/or radial displacement) of the ball 224 in one or more
directions. For example, the biasing members 258, 260 may be configured o reduce
axial displacement of the ball 224 towards or away from the first port 208 and/or the
second port 208. The biasing members 258, 260 may reduce the displacement of
the ball 224 by providing or ensuring that a balance of forces are sxerted on the ball
224 via the respective valve seals 242, 244, it should be appreciated that reducing
the axial andfor radial displacement of the ball 224 may reduce deflecting or radial
ioads being exerted on the valve stem 228. The biasing members 258, 260 may also
be configured to maintain engagement between the valve seats 242, 244 and the ball
224 during thermal expansion and/or contraction of the irip valve 200 andfor one or
more components thereof. For example, in operation, the steam flowing through the
irip valve 200 may heat the ball 224, thereby resulling in radial thermal expansion of
the ball 224. As the radial thermal expansion of the ball 224 urges the first and
second valve seals 242, 244 towards the first and second ports 206, 208,
respectively, the first and second biasing members 258, 260 may urge the first and
second valve seals 242, 244 foward the ball 224 ito mainiain engagement

therebetween.

{0021} The biasing members 258, 260 may be or include any force producing system
or device. For example, as illustrated in Figure 2, the biasing members 258, 260
may include one or more springs (s.g., leaf springs, coll springs, wave-spring, sfe.).
in another example, the biasing members 258, 260 may be or include one or more

Belleville washers. An overall spring constant of each of the biasing members 258,
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260 may be varied (ie., increased or decreased) to optimize the biasing forces
applied to the ball 224 and/or the valve seats 242, 244. For example, the spring
constant of each of the biasing members 258, 260 may be varied 1o increass or
decrease the biasing forces applied to the ball 224. in another example, the number
of the bigsing members 2568, 260 may be increased or decreased {o generally
increase or decrease the biasing force applied to the ball 224. it should be
appreciated that the spring constant of each of the biasing members 258, 260 may

be greater than, less than, or equal to one another.

(80231 In at least one embodiment, the conventional trip valve 100 (llusirated in
Figure 1} or a similar trip valve may be upgraded or updated to provide the
exemplary trip valve 200 ilustrated in Figure 2 via one or more methods. The
method for upgrading the conventional irip valve 100 to the exemplary trip valve 200
may include modifying, removing, and/or replacing one or more components of the
conventional trip valve 100. In at least one embodiment, the method for upgrading
the conventional trip vaive 100 may include coupling the retaining member 262 to the
inner surface of the valve body 102, As previously discussed, coupling the retaining
member 262 o the inner surface of the valve body 102 may include welding the
retaining member 262 to the valve body 102, threading the refaining member 262
into the valve body 102, and/or disposing the retaining member 262 into the annular
groove 264 of the valve body 102, For example, the method for upgrading the
conveniional trip valve 100 may include machining the inner surface of the valve
body 102 to form the annular groove 264 (see Figure 2} configured o receive the
retaining member 262.  In another example, the method for upgrading the
conventional trip valve 100 may inciude replacing the single carbon graphite valve
seat 116 with the first valve seat 242, and replacing the carbon graphite rings 114
with the bushings 238 fabricated from the hardened stainless sieel. In yst another
example, the method for upgrading the conventional trip valve 100 may include
removing the seiscrew 118. The method for upgrading the conventional trip valve
100 fo the exempiary frip valve 200 may also include adding one or more
componenis to the conventional trip valve 100. For exampie, the method for
upgrading the conventional trip valve 100 may include adding the second valve seat
244, in ancther example, the method for upgrading the conventional trip valve 100
may include adding the first and second biasing members 258, 260. In yet another

example, the method for upgrading the conventional trip valve 100 may include
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adding or disposing the retaining member 264 in the annular groove 264 to retain the
second valve seat 244 and the second biasing member 260 in the first portion 210 of
the cavity 204.

[8023] Figure 3 illustrates a flowchart of a method 300 for upgrading a trip valve
according to one or more embodiments. The method 300 may include replacing at
least one non-metallic valve seat with a first metallic valve seat, as shown at 302.
The method 300 may also include disposing a first biasing member adjacent the first
metallic valve seat, as shown at 304. The method 300 may further include replacing
at least one non-meiallic bushing disposed about a valve siem of the trip valve with a

metallic bushing, as shown at 306.

{0024} The foregoing has outlined features of several embodiments so thatl those
skilled in the art may better understand the present disclosure. Those skilled in the
art should appreciate that they may readily use the present disclosure as a basis for
designing or modifying other processes and structures for carrying out the same
purposes and/or achieving the same advantages of the embodiments introduced
herein. Those skilled in the art should also realize that such equivalent constructions
do not depart from the spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein without departing from

the spirit and scope of the present disclosure.

10
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Claims

We claim:

1. A trip valve for a steam furbine, comprising:

a valve body defining a cavity, a first port, and a second pori, the first and
second ports in fluid communication with the cavity;

a ball disposed in the cavily and defining a passage extending therethrough,
the ball being configured {o be rotated o seleclively provide fluid communication
between the first and second ports via the passage;

a first valve seat disposed in the cavily between the ball and the first port, the
first valve seat being configured to engage and at least partiaily support the ball in
the cavity;

a second valve seat disposed in the cavily betweesn the ball and the second
port, the second valve seat being configured {o engage and at least partially support
the ball in the cavily;

a Tirst biasing member disposed adjacent the Tirst valve seat and configured to
urge the first valve seat toward the ball; and

a second biasing member disposed adjacent the second valve seat and

configured io urge the second valve seat toward the hall.

2. The trip valve of claim 1, wherein the valve body defines a shoulder, and the

first biasing member is disposed between the first valve seat and the shoulder.

3. The trip valve of claim 1, further comprising an annular retaining member
coupied with the valve body, the second biasing member being disposed between

the second valve seat and the annular relaining member.
4. The trip valve of claim 3, wherein the valve body defines an annular groove
along an inner surface thereof, and the annular retaining member is disposed in the

annular groove.

5. The trip valve of claim 1, wherein the first valve seatl and the second valve

seat are fabricated from alloy steel.

i1
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6. The trip valve of claim 5, wherein the first valve seat and the second valve

seat each comprise an inlay fabricated from a superalioy.

7. The trip valve of claim 1, further comprising a valve stem coupled with the ball
and configured to rofafe the ball to seleclively provide fluid communication between

the first and second ports via the passage.

8. The trip valve of claim 7, further comprising a bushing disposed about the

valve stem and fabricated from alloy stesl.

a. The irip valve of claim 1, wherein the trip valve does not comprise a setscrew

configured to at least partially support the ball in the cavity.

10. A trip valve for a steam turbine, comprising:

a valve body defining a cavily, an inlet, and an outiet, the inlet and the outlet
being in fluid communication with the cavity;

a ball disposed in the cavily and defining a passage extending therethrough,
the ball being configured to be rotated o selectively provide fluid communication
from the inlet to the outlet;

a valve stem coupled with the ball and configured to rotate the ball; and

a bushing disposed about the valve stem and fabricated from alloy steel, the

bushing configured 1o provide a bearing surface for the valve stem.

11.  The trip valve of claim 10, further comprising a first valve seat disposed in the
cavity adjacent the ball and configured o engage and at least partially support the

ball in the cavity.

12.  The trip valve of claim 11, further comprising a second valve seat disposed in
the cavity and configured to engage and at least partially support the ball in the

cavity.

13. The trip valve of claim 12, further comprising:
a first biasing member disposed adjacent the first valve seat and configured to

urge the first valve seat toward the ball; and
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a second biasing member disposed adjacent the second valve seat and

configured o urge the second valve seat toward the ball.

14.  The trip vaive of claim 13, wherein the valve body defines a shoulder and an

annular groove along an inner surface thereof.

15, The trip valve of claim 14, further comprising a retaining member disposed in
the annular groove, wherein:

the first biasing rmember is disposed between the first valve seal and the
shoulder, and

the second biasing member is disposed between the second valve seat and

the retaining member.

16.  The trip valve of claim 15, wherein the first valve seat and the second valve
seat are sach fabricaled from hardened sieel and comprise an inlay fabricated from a

superalloy.

17. A method for upgrading a trip valve, comprising:
replacing at least one non-metaliic valve seat with a first metallic valve seat;
disposing a first biasing member adjacent the first melallic valve seat; and
replacing at least one non-metallic bushing disposed about & valve stem of the

trip valve with a metallic bushing.

18.  The method of claim 17, further comprising coupling a retaining member with

an inner surface of a valve body of the trip valve.

19.  The methed of claim 18, wherein coupling the retaining member with the inner
surface of the valve body comprises:

machining the inner surface of the valve body of the trip valve to form an
annular groove; and

disposing the retaining member in the annular groove.

20.  The method of claim 19, further comprising:

disposing a second metallic valve seat adjacent a ball of the trip valve;

13
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disposing a second biasing member between the retaining member and the
second meialiic valve seat; and
eliminating a setscrew configured o at least partially support the ball within

the valve body.

14
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