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(57) ABSTRACT

A valve according to the mvention having a disk with a
shaped opening and one side interfacing with and conform-
ing to the shape of the exterior of the ball or plug. The disk
fits 1nside the port at the seat area, and 1s secured by a ring.
The ring can be threaded into the connection for the tluid
pipe line. Alternatively, the connection can have a groove for
an internal retamning ring. The disk 1s positioned so 1t
interacts with the hole 1n the ball, in such a way that the
desired flow characteristics are accomplished.
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BALL VALVE WITH MODIFIED
CHARACTERISTICS

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

RELATED APPLICATIONS

This application is a Reissue of U.S. Pat. No. 6,039,304
which claims priority to U.S. Provisional Patent Application
Ser. No. 60/062,010 filed Aug. 1, 1997. A divisional U.S.

Patent Application Ser. No. 09/404,739 vemains pending.

FIELD OF THE INVENTION

The present invention primarily pertains to control valves
used to control the supply of hot or chilled fluid (especially
water) to the heat transfer devices used in the heating/
ventilation/air conditioning systems in buildings (commonly
referred to as the HVAC system). These control valves are
generally operated by actuators, which are connected to the
temperature control system. The valves are modulated to any
suitable intermediate position, so a tlow rate that produces
the desired temperature 1s supplied.

BACKGROUND OF THE INVENTION

The flow capacity of the subject control valves must be
selected so as to be suitable for each control object. Also, the
flow characteristics of the valves must be compatible with
the heat transier characteristics of the control object. Basic
ball valves or plug valves have a certain inherent flow
characteristic not ideally suited for the above mentioned
applications. Also, the flow capacity of such valves, as
compared to the size of the valve, 1s very high. The use of
reducing couplings and installing a valve with a smaller size
than the basic pipe size tends to further distort the valve
characteristics.

U.S. Pat. No. 4,193,380 describes a plug valve which has
a special body shape. Among other things, there i1s brief
mention 1n the patent of ports and seats with a specially
shaped opening to give the valve desired tlow characteris-
tics. One advantage with the valve disclosed in the *580
patent 1s that the special openming or seat can be exchanged
with another seat which has a differently shaped opening and
therefore, gives the valve a different tlow capacity and/or
flow characteristics. This makes i1t possible to adapt the
disclosed valve for a specific control object. However, 1n
order to change the seats, the valve body has to be taken
apart. Therefore, valves that are bolted together and easy to
open are preferred, or even necessary, for practice of the
disclosure. So called “three piece” ball valves are especially
well suited. The three pieces are bolted together, providing
casy access to the seats.

A significant disadvantage of the plug valve taught in the
" 580 patent 1s that the HVAC market 1s 1n general very price
sensitive, and therefore relatively inexpensive “two piece”
ball valves are often used. The two pieces of such valves are
screwed together, and the threads are secured by an epoxy or
similar substance. This makes it very diflicult (indeed,
practically impossible) to take the valve apart in order to
exchange the seats. Specifically, 1f a “two piece” valve 1s
taken apart and reassembled in the field, there 1s a risk that
it may be tightened too little or too much. This will either
cause leakage through the seats, or an excessive torque to
operate the valve.
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An 1mportant consideration 1s that the above mentioned
specially shaped seat has to perform two functions. It must
provide a tight shut-ofl when the valve 1s closed and also
provide the desired flow characteristics, when the valve 1s
operated between opened and closed. What 1s desired,
therefore, 1s a control valve which 1s 1nexpensive to
manufacture, which 1s quick and easy to install and change,
and which has flow capacity and flow characteristics which
can be easily changed without disturbing the integrity of the
valve seal.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide an improved control valve 1n which its tlow capacity
and flow characteristics can be easily changed, without
having to take the valve apart. Thereby, the mtegrity of the
valve seals will remain itact, and the time consuming
operation of taking the valve apart and reassembling it 1s
climinated.

Another object of the invention 1s to separate the shut off
(sealing) function of the valve from the function that deter-
mines the flow coeflicient and flow characteristics.

A further object 1s that when a valve 1s replaced, the
device that determines the flow coethicient and characteris-
tics can be transterred to the new valve.

It 1s still another object of the present invention to provide
a control valve which 1s mexpensive to manufacture and
which can be quickly and easily assembled.

It 1s still another object of the present invention to provide
a control valve which has flow capacity and tlow charac-
teristics which can be easily changed without disturbing the
integrity of the valve seal.

To overcome the deficiencies of the prior art and to
achieve the objects and advantages listed above, a ball valve
1s disclosed which 1s slightly modified so it can retain a disk
which has a specially shaped opening. The disk 1s mserted
into one of the connection ports of the valve, where it 1s
fastened by a retaining ring or similar device known 1n the
art. The surface of the disk that faces the valve advanta-
geously 1s concave and corresponds to the spherical surface
of the ball inside the ball valve. The disk 1s preferably
mounted with 1ts concave surface very close to the surface
of the ball. The disk has an opening (which can be described
as generally or essentially V-shaped, although the walls of
the opening are not perfectly straight, but, rather, somewhat
convex) which interacts with the hole through the ball 1n
such a way that the desired flow coeflicient and flow
characteristics (typically “‘equal percent” although other
flow characteristics may be desired and achieved) are
accomplished, when the ball 1s turned between the closed
and open position.

In another embodiment of the present invention the disk
1s spring loaded, so 1t rests upon the ball. This reduces any
unwanted tlow that passes between the disk and the ball, so
essentially the entire flow through the valve 1s controlled by
the opening in the ball and the opening in the disk.

A further embodiment comprises a control valve having a
disc having a surface facing the ball, wherein the disc
surface 1s concave as described above, wherein the ball
valve has a reduced size port. In a reduced port ball valve the
largest diameter of the hole through the ball 1s smaller than
the largest diameter of the hole i the port and seat in the
valve body. The reduced size port eliminates the risk that the
disk moves into the hole through the ball, when the valve 1s
tully open.

As an alternative, the concave side of the disk can be
slightly cantered (one side thicker than the opposed side).
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This has the etfect that the disk only partially rests upon the
ball, so any unwanted flow between the disk and ball 1s
mimmized when the valve begins to open. The cantered
shape makes 1t possible to use a full ported valve without the
risk that the valve will lock up, so 1t no longer can be

operated. (A full ported ball valve has a hole through the ball
of the same diameter as the diameter of the port and seat 1n

the valve body.)

The mmvention and 1ts particular features and advantages
will be better understood and its advantages will become
more apparent from the following detailed description, espe-
cially when read in light of the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross sectional view of a valve 100, taken
along line 1—1 of FIG. 2, valve 100 constructed 1n accor-
dance with the present invention.

FI1G. 2 1s an end plan view of the valve 100 shown 1n FIG.
1, showing some elements thereof 1n phantom.

FIG. 3 1s a plan view of a first end of a disk 8 housed
inside valve 100, shown 1n FIG. 1.

FIG. 4 1s a plan view of the side of the disk 8 shown 1n
FIG. 3, showing some elements thereof in phantom.

FIG. 5 1s a plan view of a second end of the disk 8 shown
in FIG. 3.

FIG. 6 1s a partially broken away top cross-section view
ol another preferred embodiment of a valve 102 similar to
that of valve 100 of FI1G. 1, showing a disk 8 that 1s cantered.

FIG. 7 1s a side plan view of another preferred embodi-
ment of disk 8, wherein the side of the disk 8 that 1s intended
to make contact with ring 9 1s shaped as a tlexible flange 19.

FIG. 8 1s a top cross section view ol another preferred
embodiment of a valve 106, wherein the diameter of hole 4
through ball 3 1s smaller than the smallest diameter of disk

8.

DETAILED DESCRIPTION OF TH.
INVENTION

Referring to FIGS. 1-2 1n detail, the present imnvention
relates to a valve 100 having modified, and modifiable flow
capacity and characteristics. As used herein, the term “front™
refers to the “upstream”™ end of the valve 100, as that term
would be understood by the skilled artisan, and the term
“rear” refers to the “downstream” end of the valve 100.

Although this description i1s written 1n terms of valves
used 1 conjunction with fluid flow, especially liquid (.e.,
water) tlow 1n HVAC systems, it will be recognized that it
1s equally applicable to valves in a variety of applications,
where modification of flow capacity and/or flow character-
1stics without the need for disassembly and reassembly of
the valve 1s desired. Additionally, although this specification
1s written 1n terms of ball valves, 1t should be recognized that
the invention, and principles relating thereto, 1s equally
applicable to plug valves.

Moreover, 1t will be recognized that some or all of the
attached drawings are schematic representations for pur-
poses of illustration only and do not necessarily depict the
actual relative sizes or locations of the elements shown. In
addition, for the sake of convenience, not all elements are
necessarily shown or numbered 1n all drawings.

It should be understood that at least four preferred
embodiments are shown i FIGS. 1-8. In each of the
Figures, like elements are represented with like reference
numerals. For example, although different embodiments of
a disk are shown, each disk 1s represented with reference
numeral 8.
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As shown 1n FIGS. 1-35, valve 100 comprises main body
1; screw-1n body 2; ball 3; hole 4; shaft §; downstream seat
6; upstream seat 7; disk 8; retaiming ring 9; opening 10; key
11; upstream port 12; downstream port 13; groove 14; and
recess 15 (FIG. 2). When assembled together, the main body
1 and the screw-in body 2 forms a casing, which has
connections for the flmd pipe line. The casing has at least
two openings connected to a fluid pipe line (not shown) and
has an internal cavity which forms a valve chamber with an
upstream port 12 and a downstream port 13 for defining a
fluid tlow path through the chamber. The valve chamber
contains the ball 3 and the seats 6 and 7.

A ball or plug 3 1s mounted 1n the valve chamber and has
an exterior surface and two ends and a fluid passageway 4
extending between the ends and through the plug 3. The plug
also comprises an axis of rotation extending transverse to the
direction of the fluid flow passageway 4. The plug 3 is
rotatable about the axis of rotation for selectively turning the
plug between an open position in which the fluid tlow
passageway 4 1s disposed along the tluid flow path of valve
100. In the closed position the passageway 4 1s disposed
transverse to the fluid tlow path of valve 100.

Referring 1n detail to FIG. 1, the present invention uses a
standard ball valve 100, which has conventional ring-shaped
seats of a resilient material. In the text and figures, the
direction of flow 1s described to be from the upstream 12
port to the downstream port 13. The tlow can be reversed,
and disk 8 can be mounted and retained at either the
upstream 12 or downstream port 13. It 1s also possible to use
two disks, 1.e., to mount and retain a disk 8 at both ports.

Disk 8, as taught by the present invention, has an opening,
4 therein that 1s specially shaped to produce a desired tlow
capacity and tlow characteristics. Disk 8 1s inserted into the
valve 100 and secured therein. In the preferred embodiment,
and as best shown 1n FIGS. 1, 4, one side of the disk 8 1s
concave with a curvature approximating that of the exterior
spherical surface of ball 3 (in plug valves this shape 1s
generally semicircular). The disk 8 1s inserted into the
upstream port 12 (for example) and secured by a suitable
device, such as a retaining ring 9 adjacent to the seat 7 area.
The disk 8 fits the inside diameter of the seat 7 as closely as
possible, and the concave surface of the disk 8 follows the
spherical curvature of the surface of the ball 3 at a very close
distance.

It should be understood that disk 8 1s described as concave
because 1t 1s desired that its exterior surface closely approxi-
mate the exterior surface of ball 3. This has been done for
convenience only. It should be further understood that 11 the
plug took on a diflerent shape, then the disk would take on
a corresponding different shape, but nonetheless a shape that
closely approximated the shape of the plug.

In the disk 8 there 1s a specially shaped opening 10, which
interacts with the hole 4 1n the ball 3, so the desired flow
characteristics 1s accomplished when the ball 3 1s turned
between the closed and open positions. In the preferred
embodiment, shown 1n FIGS. 3, 5, the opening 1s essentially
V-shaped. The opening inside the disk 8 interacts with the
fluid passageway extending between the ends of the plug or
ball 3 so that different flow characteristics are achieved when
the plug 3 1s moved between the open and closed positions.

Referring to FIG. 1, near the seat 7 area there 1s a groove
14 1n the main body 1 of valve 100. The groove 14 1s sized
and shaped to secure the retaining ring 9 1n 1ts proper
position. Alternatively, 1t 1s possible to place the groove 14
in the screw 1n-body 2. It 1s important to install the disk 8
correctly, so the opening 10 can interact with the hole 4 1n
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the ball 3 to accomplished the desired result. This can simply
be done by positioning the disk 8 correctly when it 1s secured
by the retaining ring 9. In order to avoid mistakes and
positively secure the position of the opening 10 in the disk
8, the following can be done. The disk 8 can be provided
with a key 11, and the main body 1 1s provided with a
corresponding recess 15 (FIG. 2). The key 11 (FIG. 1) and
the recess 15 (FIG. 2) determine the position of the disk 8,
and thereby the position of the opening 10, so the disk 8 can
not be rotated versus the rest of the valve 100. It 1s of course
possible that, instead, the disk 8 has the recess and the main
body 1 has the key; other vanations would be apparent to
those skilled 1n the art.

In another preferred embodiment not shown in the
drawings, the disk 8 could be mounted in the screw-1n body
2. However, the position of the recess 15 1s dependent upon
how hard the screw-in body 2 i1s tightened. Therefore, the
location of the recess 15 must be planned, so 1t ends up at
a predetermined position when the screw-in body 2 1s
screwed 1n and tightened correctly. Of course, 1t 1s 1nstead
possible to use no key and recess and just mount the disk 8
positioned correctly.

In the simplest form of the mvention, there 1s a slight
clearance between the disk 8 and the curvature of the ball 3.
However, the clearance should preferably be as small as the
production tolerances allow. The smaller the clearance 1s, the
better the rangeability will be (the unwanted flow through
the clearance will compromise the rangeabliltiy of the valve,
especially at first, when the valve begins to open. The
smaller the unwanted flow, the better the rangeability waill
be).

Typically, as best shown in FIGS. 1, 5, the opening 10 in
the disk 8 has one pointed narrow end. It 1s especially
important that the clearance 1s very small at this end. In order
to reduce the clearance, the disk 8 can be spring loaded so
it presses against the ball 3. When the valve 100 1s fully
open, the spring action may move the disk 8 a little bit mnto
the opening 4 of the ball, 1f valve 100 1s a fullported valve.
It 1s possible that this may lock the valve 100, so 1t can no
longer be operated. This can be avoided by limiting the
movement of the ball 3 so that i1t can not open fully. For
example, the movement of ball 3 can be stopped a few
degrees before the tully open position. The shaft 5 that turns
the ball 3 can have a small arm that makes contact with a
protrusion on the body at the desired angle to accomplish

this.

An alternative solution 1s shown 1n FIG. 8. It uses a ball
valve 106 with a reduced port. The hole 4 through the ball
3 has a smaller diameter than the smallest diameter of the
disk 8. Theretore, the disk 8 can not fit into the hole 4 of the
ball 3. A small reduction in the size of the hole 4 1s enough.

The hole 4 can begin and end directly at the spherical
surface of the ball 3. However, it 1s more advantageous if the
ball 3 has a flat surface 20 at the end of the hole 4 where the
disk 8 1s located. The flat surface 20 should have an outside
diameter approximately the same as the disk 8. A single flat
surface 20 can be employed. However, two flat surfaces 20,
21 are shown 1n FI1G. 8. Thus 1s preferred because 1t prevents
the downstream seat 6 from closing ahead of the upstream
seat 7. Also, the ball 3 will be symmetrical so 1t can be
installed in any way. The flat surfaces 20, 21 increase the
portion of the angular movement of the ball 3 over which the
flow 1s controlled.

An additional alternative embodiment 1s shown 1n FIG. 6
and represented by reference numeral 102. It utilizes a disk
8 that 1s cantered because 1t 1s slightly thicker at one end 17.
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Because the disk 8 is slightly thinner at one end 18, and the
movement of the disk 8 1s very small, the thinner end 18 will
not reach into the hole 4 1n the ball 3, so when the ball 3 i1s
turned back, the disk 8 will be pushed back out again by a
“wedge” action. In the embodiment of FIG. 6, the turning
movement of the ball 3 should be limited, so 1t can not be
moved beyond the fully open and the fully closed positions.

The fact that the disk 8 at at least one end 17 rests upon
the ball 3 1mproves the rangeability of the valve (the
clearance will be zero, so the unwanted flow at the start point
will be minimal, where 1t 1s the most important). Preferably,
there 1s a spring action between the disk 8 and the retaining
ring 9. This can be accomplished by use of an O-ring 16.
FIG. 7 shows another alternative embodiment where the
disk 8 1s of a semi-resilient material and the end 19 that 1s
in contact with the retaining ring 9 1s shaped as a flange 19,
thus providing a limited spring action. It 1s also possible to
have a retaining ring 9 that 1s flexible and provides some
spring action. This can be accomplished by use of a wave
shaped, beveled or slightly conical retaining ring 9. Instead
of using a retaining ring 9, a short ring with an outside
diameter that 1s threaded to fit the inside diameter of the
connecting ports can be used. It 1s important that sutlicient
space remains for the connecting fluid pipe line. The spring
action can be provided by an O-ring, a spring washer or a
flexible flange.

The above text refers to “two piece’ ball valves. However,
the invention can also be applied to “three piece” ball valves,
as well as plug valves. The valve 100, 102, 106 according to
the invention oflers at least the following advantages:

1. The disk can be designed so the flow capacity (CV-
value) 1s reduced to a desired value. For example, using
the same sequence of CV-values that 1s typical for
HVAC control valves of a globe type.

2. The disk can be designed to provide equal percent flow
characteristics or any other suitable flow characteris-
tics.

3. A standard low cost ball valve can be used. The only
modification of the basic valve 1s the groove 14 and the
optional recess 15.

4. The disk 8 can be installed or replaced without taking
the valve apart.

5. The seats 6 and 7 are not interfered with. The factory
adjusted tension and the integrity of the valve remains
intact.

6. Because the seats 6 and 7 and the disk 8 are separate
parts, each part can be optimized to 1ts function without
regard to the other parts.

7. Small 1nexpensive ball valves are commonly replaced
by new valves when the seats are worn out. Because the
disk 8 1s removable, 1t 1s possible to keep the disk 8 and
use 1t i the replacement valve. In doing so, the new
valve will have the same flow coeflicient and charac-
teristics as the old valve.

The above description 1s for the purpose of teaching the
person of ordinary skill in the art how to practice the present
invention, and it 1s not intended to detail all of those obvious
modifications and variations of 1t which will become appar-
ent to the skilled worker upon reading the description. It 1s
intended, however, that all such obvious modifications and
variations be included within the scope of the present
invention as defined in the appended claims. The claims are
meant to cover the claimed components in any arrangement
which 1s eflective to meet the objectives there intended,
unless the context specifically indicates the contrary.




US RE39,658 E

7

What 1s claimed 1s:

1. A valve of the type having a casing provided with
openings to be connected to a fluid pipe line, wherein at least
one of the casing openings forms a groove and having a
valve chamber therein with at least one inlet and outlet port
for defining a fluid flow path through the valve chamber, the
valve comprising:

a plug mounted in the valve chamber and having an
exterior surface and two ends and a fluid flow passage-
way extending between the ends and through the plug,
the plug having an axis of rotation extending transverse
to the direction of the fluid flow passageway, the plug
being rotatable about the axis of rotation for selectively
turning the plug between an open position in which the
fluid flow passageway 1s disposed along the fluid tlow
path between the inlet and outlet ports and a closed
position 1n which the fluid flow passageway 1s disposed
transverse to the fluid tlow path;

a disk having an opening therein, the disk located inside
at least one of the inlet or outlet ports, the disk having
at least two sides, wherein one of its sides closely
conforms with and interfaces with the exterior surface
of the plug, wherein the opening of the disk interacts
with the fluid passageway extending between the ends
of the plug so that different tlow characteristics are
achieved when the plug 1s moved between the open and
closed positions; and

an internal retaining ring sized and shaped to fit at least
partially 1nside the groove, wherein the disk 1s retained
by the internal retaining ring which 1s at least partially
recessed 1nto the groove 1n one of the casing openings.

2. The valve of claim 1, wherein the disk opening 1s
essentially V-shaped.

3. The valve of claim 1, the disk comprising a key, the
casing comprising a member for cooperating with the disk
key, wherein the disk key mates with the cooperating
member of the casing.

4. A valve of the type having a casing provided with
openings to be connected to a fluid pipe line, wherein at least
one of the casing openings forms a groove and having a
valve chamber therein with at least one inlet and outlet port
for defining a fluid flow path through the valve chamber, the
casing further comprising a cooperating member, the valve
comprising;

a ball mounted in the valve chamber and having an
exterior surface and two ends and a fluid tflow passage-
way extending between the ends and through the ball,
the ball having an axis of rotation extending transverse
to the direction of the fluid flow passageway, the ball
being rotatable about the axis of rotation for selectively
turning the ball between an open position 1n which the
fluid flow passageway 1s disposed along the fluid tlow
path between the inlet and outlet ports and a closed
position 1n which the fluid flow passageway 1s disposed
transverse to the fluid flow path;

a disk having an essentially V-shaped opening therein, the
disk located inside at least one of the inlet or outlet
ports, the disk having at least two sides, wherein one of
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its sides closely conforms with and interfaces with the
exterior surface of the ball, the disk comprising a key,
wherein the disk key mates with the cooperating mem-
ber of the casing, wherein the opening of the disk
interacts with the fluid passageway extending between
the ends of the ball so that different flow characteristics
are achieved when the ball 1s moved between the open
and closed positions; and

an internal retaining ring sized and shaped to fit at least
partially mside the groove, wherein the disk 1s retaimned
by the internal retaining ring which 1s at least partially
recessed 1nto the groove 1n one of the casing openings.

5. The valve of claim 4, wherein the disk 1s spring loaded
and presses against the ball exterior surface.

6. A valve of the type having a casing having at least two
parts one of which 1s screwed 1nto the other and provided
with openings to be connected to a fluid pipe line and having
a valve chamber therein with at least one 1nlet and outlet port
for defining a fluid flow path through the valve chamber, the
valve comprising;:

a plug mounted in the valve chamber and having an
exterior surface and two ends and a fluid tlow passage-
way extending between the ends and through the plug
which 1s suspended between two seat rings, the plug
having an axis of rotation extending transverse to the
direction of the fluid flow passageway, the plug being
rotatable about the axis of rotation for selectively
turning the plug between an open position in which the
fluid flow passageway 1s disposed along the flud tlow
path between the inlet and outlet ports and a closed
position 1n which the fluid flow passageway 1s disposed
transverse to the fluid tlow path; and

a disk having an opening therein, the disk located inside
at least one of the inlet or outlet ports, the disk having
at least two sides, wherein one of the sides of the disk
closely conforms with and interfaces with the exterior
surface of the plug, and wherein the opening of the disk
interacts with the tfluid passageway extending between
the ends of the plug so that different flow characteristics
are achieved when the plug 1s moved between the open
and closed positions, and further wherein at least one of
the casing openings further comprises a groove and an
internal retaining ring sized and shaped to fit at least
partially mside the groove, wherein the disk 1s retained
by the internal retaining ring which 1s at least partially
recessed 1nto the groove 1n one of the casing openings.

7. The valve of claim 6, wherein one of the sides of the
disk 1s concave and has a diameter not greater than the inside
diameter of the seat rings.

8. The valve of claim 6, wherein one of the sides of the
disk has a diameter not greater than the mnside diameter of
the 1nlet and outlet ports.

9. The valve of claim 6, wherein the casing comprises a
recess into which the disk fits and further wherein each seat
ring 1s located inside a dedicated recess separate from the
recess for the disk.
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