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IMPROVEMENTS TO SAFETY VALVE CONNECTIONS

The present invention relates to an apparatus for exchanging safety valves in a system,
and in particular to a valve arrangement for isolating one from a pair of safety valves

installed in parallel.

In piping systems it is often necessary to provide a safety valve which prevents the
pressure in the system exceeding a maximum value. In safety critical systems it can be
necessary to provide backup safety valves to meet safety standards. It is important to
ensure that the safety valves are regularly maintained and in some systems this
maintenance must be preformed while the system is at operating pressure. It is also
important that the safety of the system is not compromised during any maintenance
work. An apparatus that enables safety valves to be removed from a system without

compromising safety is therefore desirable.

The invention provides a safety apparatus for a pressurised system, the apparatus
comprising: first and second safety valves; a system port for connection to the
pressurised system; and a connecting means. The first and second safety valves may
be connected to the system port through the connecting means, and the connecting
means may be arranged to individually isolate either the first or second safety valve
from the system port without isolating the other safety valve from the system port
thereby preventing both safety valves being isolated from the system port at the same
time. The connecting means may be arranged to provide full bore connection
simultaneously to the first and second safety valves and the system port. The
connecting means may be arranged to individually isolate either the first or second
safety valve from the system while maintaining full bore connection between the

system port and the other safety valve.

The connecting means may comprise a three way valve. The three way valve may
comprise a valve member which is arranged to rotate about an axis defined between
two ends of the valve member. The axis may extend between two opposite ends, which
may be a top and bottom, of the valve member. A channel may be formed in a portion
of the valve member in the region in between the two ends of the valve member. The
channel may form an opening on the surface of the valve member. The opening may

extend from a first point in a first direction around the axis and part way around the
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surface of the valve member to a second point, leaving a closing region which may
extend from the first point in a second direction, opposite to the first, around the axis
and part way around the surface of the valve member to the second point. The opening

may only partially encompass the valve member.

The opening may be defined by three circular areas on the surface of the valve
member, the three circular areas being connected to each other by bores meeting
within the valve member and being of substantially equal diameter, and wherein the
opening is also defined by a passage with a width which is less than the diameter of
the circular areas which extends around the surface of the valve member joining the

three circular areas.

The valve member may be surrounded by a body which may define two outlet ports
cach arranged to be connected to a respective one of the safety valves. The channel
opening may be arranged to join the system port with both outlet ports simultaneously.
The closing region may be arranged to close off ecach of the outlet ports when rotated

so as to be aligned therewith.

The opening may extend around at least one quarter, or at least one half, of the
circumference of the valve member. The channel may extend through the axis of
rotation of the valve member in a direction substantially perpendicular to the axis. The
valve member may comprise two lobes, one on each side of the channel. The valve

member may comprise a ball having a part-spherical surface.

The valve member may be connected to a spindle which may be arranged to rotate the
valve member, the spindle may define a key which engages the valve member,
wherein the key only allows the spindle to be connected to the valve member in one
orientation. The valve member may be a ball with a keyway formed in the surface of
the ball and wherein the key may be formed on the spindle in a position offset from

the central axis of the spindle.

The connecting means may comprise an actuating means such as a handle, or
handwheel, which allows manual or automatic isolation of either the first or second

safety valve.
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The apparatus may further comprise, in any combination, any one or more of the
features of the preferred embodiments of the invention, which will now be described,

by way of example only, with reference to the accompanying drawings in which:
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Figure 1 shows a section view of a pressure safety apparatus according to an

embodiment of the present invention;

Figure 2 shows a detailed view of the three way valve from the pressure safety

apparatus shown in Figure 1;

Figure 3 shows the ball from the three way valve shown in Figure 2;

Figure 4 shows the apparatus from Figure 1 with both safety valves connected

to the system port;

Figure S shows the apparatus from Figure 1 with the first safety valve isolated

from the system port;

Figure 6 shows the apparatus from Figure 1 with the second safety valve

isolated from the system port;

Figure 7 shows an exploded view of the valve member and body shown in

Figure 1;

Figure 8 shows an alternative valve member which may be used in the

apparatus of Figures 1 to 7;

Figure 9 shows a projection view of a pressure safety apparatus according to

an embodiment of the invention;

Figure 10 shows a section view of the pressure safety apparatus shown in

Figure 9;

Figure 11 shows a projection view of a pressure safety apparatus according to

another embodiment of the invention;
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Figure 12 shows a section view through the pressure safety apparatus shown in

Figure 11;

Figure 13 shows a further section view of the pressure safety apparatus shown

in Figures 11 and 12; and

Figure 14 shows a section view through the spindle of a pressure safety

apparatus according to another embodiment of the invention.

Referring to Figures 1 and 2, a pressure safety apparatus 100 is shown which
comprises two individual safety valves 101 and 102 and a connecting means in the
form of a three way valve 103. The three way valve (shown in more detail in Figure 2)
has a rectangular body 200 with four side surfaces 201, 202, 203, 204 and a top and a
bottom surface. The body defines three ports 205, 206, 104 in three of the side
surfaces 201, 203, 204. Two of these ports 205, 206 are outlet ports and one is an inlet
port 104, The first outlet port 205 is connected to the first safety valve 101, the second
outlet port 206 is connected to the second safety valve 102, and the inlet port 104 is
connected to the system to be governed by the safety valves 101, 102. The inlet
port 104 is open to the system pressure. The safety valves 101, 102 are each supported
on a rigid pipe 105, 106 with a 90 degree bend. The valve body 200 and the
pipes 105, 106 may be formed from stainless steel and the pipes may be welded to the
body 200. The pipes form the connections between the outlet ports 205, 206 on the
three way valve and the safety valves 101, 102. The first 205 and second 206 outlet
ports of the three way valve are positioned in line on opposing sides of the valve. The
outlet ports are circular and define circular openings in the sides 201, 203 of the valve
body 200. The system port 104 is positioned perpendicular to the first and second
ports on a third side of the valve. The valve has a fourth side 202 which is blank with

no port.

The ports 104, 205, and 206 meet at a central cavity in the valve where a valve
member in the form of a ball 207 is held between two identical mutually facing PTFE
seats 208, 209 cach fitted around the outlet ports 205, 206. Instead of PTFE seats, an
alternative is to provide a pair of PTFE O-rings each in a machined groove located in

the internal cavity, where a groove surrounds each of the outlet ports. Of course
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materials other than PTFE may be used. The ball 207 is mounted in the body 200 for
rotation about a first axis as will be described in more detail below. The first seal 208
is positioned between the first outlet port 205 in the three way valve and the ball 207,
and the second 209 is positioned between the second outlet port 206 in the three way
valve and the ball 207. The seals are ring shaped and are positioned over the outlet
ports 205, 206 and are parallel to each other and co-axial. Each seal has a central

opening which is centred on the outlet port.

Referring to Figure 3, a channel 301 is defined through the ball 207 and extends from
the centre of one hemisphere, through the centre of the ball, in a direction
perpendicular to the axis of rotation, to the centre of the opposite hemisphere. The
channel 301 has a bottom 308 which runs straight through the ball 207 and the top of
the channel 301 is open. The bottom of the channel is semicircular in cross section,
centred on an axis through the centre of the ball, and above that the sides of the
channel are flat, so that the channel is generally U-shaped in cross section. The radius
of curvature of the bottom of the channel is less than the radius of the ring
seals 208, 209, so that when the channel is aligned with the two outlet ports, the ring
seals 208, 209 secal against the part-spherical surface around the bottom of the
channel. The top of the channel forms an opening 302 on the surface of the ball which
is a round oblong shape that extends from the centre of one hemisphere around the
surface of the ball along the central circumference to the opposite hemisphere. The
opening 302 forms a region which is large enough to face and encompass at least part
of both outlet ports, and the inlet port, of the three way valve, when the ball 207 is in
a first position (as shown in Figure 4). The regions of the ball 207 either side of the
channel form a pair of lobes 309, 310, such that the ball 207 has a U shaped profile
when viewing the ball along the length of the channel 301. The region of the ball 207
below the bottom of the channel 301 joins the lobes 309, 310, and its outer surface
forms part of the part-spherical surface of the ball which provides a closing
region 311. The closing region 311 is larger than the opening in each of the
seals 208, 209 and is therefore large enough to completely close off either of the
outlet ports 205, 206 if rotated to cover the opening in one of the seals. The ball 207
therefore has a part-spherical surface, or dome, which includes the closing region 311
and the regions between the opening 302 of the channel 301 and the flat surfaces at
the ends 303, 304 of the ball.
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As shown in Figure 7, the ball 207 may be considered to contain three mutually
perpendicular axes 1b, 2b and 3b meeting at the centre of the ball 207. The first
axis 1b, which is the axis of rotation, may be considered as extending perpendicularly
through both lobes 309, 310 of the ball 207. The second axis 2b may be considered as
extending parallel to the length of the channel 301, at the centre of curvature of the
bottom of the channel. The third axis 3b may be considered as extending from the top
of the channel 301 through the centre of the opening in the surface of the ball
perpendicularly towards and through the base of the channel and out through the dome
of the ball. The body 200 may also be considered to have three mutually perpendicular
axis lh, 2h and 3h meecting at the centre of the body. The first axis 1h is aligned with
the rotational axis of the ball 1b. The second axis 2h passes through the centre of both
outlet ports of the body. The third axis 3h passes through the centre of the inlet port.

Referring back to Figure 3, the ball 207 is connected to a handle 300 and can rotate
within the valve body 200 around the first axis. The ball 207 may be rotated so that
the channel 301 extends between the first and second outlet ports of the valve. The
channel 301 therefore extends across the ball, along the second axis, in a direction
perpendicular to the axis of rotation of the ball. There are two flat surfaces machined
on the ball’s surface on two ends 303, 304 of the ball where the first axis (the axis of
rotation of the ball) passes through the lobes 309, 310. One end of a spindle 305 is
connected to one end 304 of the ball, this connection may be via a Woodruff keyway
cut into the ball and a complementing Woodruff key may be formed on the end of the
spindle. The other end of the spindle 305 is connected to the handle 300. A threaded
sealing plug 306 is positioned on the spindle 305 which screws into the valve
body 200 and seals the gap between the valve body and the spindle while still
allowing the spindle to rotate. The other end 303 of the ball may have a small
hole 307 drilled through to the channel 301 providing a drainage passage back to the

channel.

Referring to Figure 14, the ball 1400 is connected to the spindle 1400 with a woodruff
key 1402 which is formed on the spindle and offset from the central axis of the
spindle 1401. A corresponding offset keyway is formed in the ball 1400 such that the
spindle can only be connected to the ball in one orientation. A handle 1403 is

connected to the spindle 1401 at the opposite end to the ball 1440. The offset
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woodruff keyway prevents the spindle being fitted in different orientations which may

mislead the operator to the current valve position.

The apparatus can be joined to a piping system by welding the system port 104 to a tee
piece fitted in the piping system. The safety valves are removably connected to the
rigid pipes 105, 106 which connect the valves to the outlet ports of the three way

valve.

In normal operation the handle 300 can be left in a neutral position such that the
base 308 of the channel in the ball is parallel with the first and second ports to the
safety valves as shown in Figure 4. In this arrangement both safety valves are
connected to the system. During maintenance of the safety valves the handle can be
moved through 90 degrees clockwise or anticlockwise, moving the closing region of
the dome of the ball over the opening in one of the PTFE seats 208, 209 to isolate one
or other of the safety valves from the system while leaving the remaining safety valve
connected to the system, as shown in Figures 5 and 6. A similar effect can be achieved
with the use of PTFE O-ring scals instead of the seats. O-rings have the advantage
over integral sealing seats that if the seal is damaged an O-ring can be easily replaced.

O-rings also contribute a self-sealing action to the sealing of the ball surface.

It will be appreciated that as one of the valves is isolated by rotating the ball so that
the base 308 of the channel blocks the outlet port in the three way valve, the path
between the system port and the opposing safety valve port remains open and
unobstructed, and therefore the function of the other safety valve is not compromised
by isolating the safety valve. With the safety valve isolated from the system it may be
removed for maintenance and refitted. The safety valve can then be reconnected to the
system by moving the handle back to the neutral position and the procedure may be

repeated for the second safety valve.

The handle 300 has three positions, in the first the base 308 of the channel is
positioned in line with the fourth side 202 of the valve so there is a clear path from the
inlet port through the valve to both safety valves. In the second position the base 308
of the channel is positioned over the first port 205 blocking the port and isolating the
first safety valve. In the third position the base 308 of the channel is moved over the

second port 206 blocking the port and isolating the second safety valve. It will be



10

15

20

25

30

35

WO 2015/193679 PCT/GB2015/051792

appreciated that by having a single valve 103 for individually isolating both safety
valves it is not possible to accidently isolate both safety valves at once and

compromise the safety of the system.

An alternative valve member in the form of a ball 800 forming part of a further
embodiment is shown in Figure 8. The ball has three circular arcas 801, 802, and 803
in its surface which are open to form holes, connected by bores which meet at the
centre of the ball. Two of the circular arcas 801 and 803 are defined by the ends of a
first bore which passes straight through the centre of the ball. The third circular
arca 802 is defined by the end of a single bore which passes in a direction
perpendicular to the first bore and meets the first bore at the centre of the ball in a tee
arrangement. A passage or slot 804 is cut between the holes 801, 802, and 803 which
is narrower than the diameter of the holes. The slot 804 is centred on the plane
containing the axes of the two bores, and extends from the side of the first bore out to
the surface of the ball in the same direction as the second bore. The holes and the
passage together form a single opening on the surface of the ball including the circular
arcas and the two narrower arcas between them.. Providing a narrow passage which
links the holes in the surface of the ball has been found to improve the sealing

between the ball and the seals in the valve body.

A further embodiment of the invention is shown in Figures 9 and 10. This arrangement
is the same as the previous embodiment except the valve and outlet ports are
contained within a body 900 of material comprising three rectangular blocks 901, 902
and 903. The three rectangular blocks are joined together by four bolts 904 which pass
directly through the four corners of all three blocks. The middle block 902 defines the
system inlet port and contains the valve member800. Blocks 901 and 903 contain
first 1001 and second 1002 outlet port extensions respectively. Seal holders 1003
and 1004 are positioned within the outlet ports of the middle block. The seal
holders 1003 and 1004 support PTFE seals which seal against the surface of the valve
member 800. The arrangement of the valve member and seals are as described in

previous embodiments.

The end blocks 901 and 903 contain outlet port extensions 1001 and 1002 which are
arranged to divert the flow from the valve member 800 to the safety valves. The

extensions 1001 and 1002 each bend through 90 degrees.
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The end blocks 901 and 903 seal against the middle block 902 by means of face
sealing O-rings 1005 and 1006 of PTFE each positioned in a groove formed between
the body of the middle block and the seal holders 1003 and 1004,

A further embodiment is shown in Figures 11 to 13 in which the end blocks have been
replaced with pipe fittings 1101 and 1102. The pipe fittings 1101 and 1102 also
provide seal holders which accommodate the O-rings or seats 1301 and 1302 which

seal against the surface of the ball.

Further bleed screws 1303 and 1304 are each position in one of the pipe fittings 1101
and 1102. The bleed screws allow pressure to be released from the pipe fittings once a

fitting has been isolated from the system pressure with the valve member.

It will be appreciated that other embodiments of the invention may vary from the
embodiments described above. For example, the two outlet ports may be positioned at
any angle around the axis of rotation of the valve member. The valve member may
have other forms, for example the valve member may be cylindrical in shape rather
spherical. Also the shape of the channel through the valve member can vary
considerably, provided the channel is large enough to open into all three ports
simultaneously, and the closing region of the ball is large enough to close off each of

the outlet ports, one at a time, the valve will function as required.
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CLAIMS

1. A safety apparatus for a pressurised system, the apparatus comprising: first and
second safety valves; a system port for connection to the pressurised system; and a
connecting means, wherein the first and second safety valves are connected to the
system port through the connecting means, and the connecting means is arranged to
individually isolate either the first or second safety valve from the system port without
isolating the other safety valve from the system port thereby preventing both safety

valves being isolated from the system port at the same time.

2. The apparatus of claim 1 wherein the connecting means comprises a three way
valve.
3. The apparatus of claim 2 wherein the three way valve comprises a valve

member which is arranged to rotate about an axis defined between two ends of the
valve member and wherein a channel is formed in a portion of the valve member in the

region in between the two ends of the valve member.

4. The apparatus of claim 3 wherein the channel forms an opening on the surface
of the valve member, the opening extending from a first point in a first direction
around the axis and part way around the surface of the valve member to a second
point, leaving a closing region extending from the first point in a second direction,
opposite to the first direction, around the axis and part way around the surface of the

valve member to the second point.

5. The apparatus of 4 wherein the opening is defined by three circular areas on
the surface of the valve member, the three circular areas being connected by bores
meeting within the valve member and being of substantially equal diameter, and
wherein the opening is also defined by a passage with a width which is less than the
diameter of the circular arecas which extends around the surface of the valve member

joining the three circular areas

6. The apparatus according to claims 4and 5 wherein the valve member is
surrounded by a body which defines two outlet ports each arranged to be connected to

a respective one of the safety valves.
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7. The apparatus of claim 6 wherein the channel opening can be arranged to join

the system port with both outlet ports simultancously.

8. The apparatus of claims 4 to 7 wherein the closing region is arranged to close

off each of the outlet ports when rotated so as to be aligned therewith.

9. The apparatus of any one of claims 4 to 8 wherein the opening extends around

at least one half of the circumference of the valve member.

10. The apparatus of any one of claims 3 to 9 wherein the channel extends through
the axis of rotation of the valve member in a direction substantially perpendicular to

the axis.

I1. The apparatus of any one of claims 3 to 10 wherein the valve member

comprises two lobes one on either side of the channel.

12. The apparatus of any one of claims 3 to 11 wherein the valve member

comprises a ball having a part-spherical surface.

13. The apparatus of any one of claims 3 to 12 wherein the valve member is
connected to a spindle which is arranged to rotate the valve member, the spindle
defining a key which engages the valve member, and wherein the key only allows the

spindle to be connected to the valve member in one orientation.

14. The apparatus of claim 13 wherein the valve member is a ball with a keyway
formed in the surface of the ball and wherein the key is formed on the spindle in a

position offset from the central axis of the spindle.

15. The apparatus of any preceding claim wherein the connecting means comprises

a handle which allows manual isolation of e¢ither the first or second safety valve.

16. The apparatus substantially as described herein and as represented in the

accompanying drawings.
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