
Title: Drill Pipe Description of Invention The present invention relates to
a drill pipe, in particular a drill pipe including a valve assembly for
closing a side bore in the drill pipe. The drilling of a borehole or well
is typically carried out using a steel pipe known as a drill pipe or drill
string with a drill bit on the lowermost end. The drill string comprises a
series of tubular sections, which are connected end to end. The entire
drill string may be rotated using a rotary table, or using an overground
drilling motor mounted on top of the drill pipe, typically known as a
'topdrive', or the drill bit may be rotated independently of the drill
string using a fluid powered motor or motors mounted in the drill string
just above the drill bit. As drilling progresses, a flow of mud is used to
carry the debris created by the drilling process out of the borehole. Mud
is pumped down the drill string to pass through the drill bit, and returns
to the surface via the annular space between the outer diameter of the
drill string and the borehole (generally referred to as the annulus). The
mud flow also serves to cool the drill bit, and to pressurise the borehole,
thus substantially preventing inflow of fluids from formations penetrated
by the drill string from entering into the borehole. Mud is a very broad
drilling term and in this context it is used to describe any fluid or fluid
mixture used during drilling and covers a broad spectrum from air,
nitrogen, misted fluids in air or nitrogen, foamed fluids with air or
nitrogen, aerated or nitrified fluids to heavily weighted mixtures of oil
and or water with solid particles. Significant pressure is required to
drive the mud along this flow path, and to achieve this, the mud is
typically pumped into the drill string using one or morepositive
displacement pumps which are connected to the top of the drill string via a
pipe and manifold. 



Whilst the main mud flow into the well bore is achieved by pumping mud into
the main bore at the very top end of the drill string, it is also known to
provide the drill string with a side bore which extends into the main bore
from a port provided in the side of the drill string, so that mud can be
pumped into the main bore at an alternative location to the top of the
drill string. For example, as drilling progresses, and the bore hole
becomes deeper and deeper, it is necessary to increase the length of the
drill string, and this is typically achieved by disengaging the top drive
from the top of the drill string, adding a new section of tubing to the
drill string, engaging the top drive with the free end of the new tubing
section, and then recommencing drilling. It will, therefore, be appreciated
that pumping of mud down the drill string ceases during this process.
Stopping mud flow in the middle of the drilling process is problematic for
a number of reasons, and it has been proposed to facilitate continuous
pumping of mud through the drill string by the provision of a side bore in
each section of drill string. This means that mud can be pumped into the
drill string via the side bore whilst the top of the drill string is
closed, the top drive disconnected and the new section of drill string
being connected. In one such system, disclosed in US21 58356, at the top of
each section of drill string, there is provided a side bore which is closed
using a plug, and a valve member which is pivotable between a first
position in which the side bore is closed whilst the main bore of the drill
string is open, and a second position in which the side bore is open whilst
the main bore is closed. During drilling, the valve is retained in the
first position, but when it is time to increase the length of the drill
string, the plug is removed from the side bore, and a hose, whichextends
from the pump, connected to the side bore, and a valve in the hose opened
so that pumping of mud into the drill string via the side bore 



commences. A valve in the main hose from the pump to the top of the drill
string is then closed, and the pressure of the mud at the side bore causes
the valve member to move from the first position to the second position,
and hence to close the main bore of the drill string. The main hose is then
disconnected, the new section of tubing mounted on the drill string, and
the main hose connected to the top of the new section. The valve in the
main hose is opened so that pumping of mud into the top of the drill string
is recommenced, and the valve in the hose to the side bore closed. The
resulting pressure of mud entering the top of the drill string causes the
valve member to return to its first position, which allows the hose to be
removed from the side bore, without substantial leakage of mud from the
drill string. The side bore may then be sealed permanently, for example by
welding a plug onto the side bore, before this section of drill string is
lowered into the well. The drill string may also be provided with a side
bore in what is known as a "pump in sub", which is used in the event of an
emergency, for example to facilitate the provision of additional mud
pressure required to control a sudden surge in well-bore pressure due to
fluid inflow from a formation penetrated by the well entering the well in
what is known as a "kick". According to a first aspect of the invention we
provide a drill pipe having a tubular body through which is provided a main
bore, a side port provided in an exterior surface of the body, a side bore
extending through the body from the main bore to the side port, and a valve
member which is movable between a closed position in which fluid flow
through the side bore is substantially prevented and an open position in
which fluid flow through the side bore ispermitted, wherein the movement of
the valve member between the closed position and the open position
comprises translational movement, and the 



valve member is located at least predominantly within the side bore. This
invention may be advantageous, as locating the valve member at least
predominantly within the wall thickness of the drill pipe means that the
valve member does not interfere with flow of fluid along the main bore of
the drill pipe during normal drilling operation. Preferably, when in the
closed position, the valve member engages with a valve seat to
substantially prevent flow of fluid along the side bore, and the valve
member is arranged relative to the vaive seat such that if the fluid
pressure in the main bore of the drill pipe exceeds the pressure at the
side port, the valve member is urged into engagement with the valve seat.
The translational movement of the valve member between the closed position
and the open position is preferably generally parallel to a longitudinal
axis of the side bore. The drill pipe may include a spring element by means
of which the valve member is biased into either the open position or the
closed position, and in this case, the spring element preferably acts to
bias the valve member to the closed position, the valve member being
adapted to be opened by the pressure of fluid at the side port. Preferably,
the valve member has a generally annular bearing surface which, when the
valve member is in the closed position, engages with a corresponding
annular valve seat provided around the side bore. The valve member may be
provided with a locating part which engages with a guide part, the guide
part extending from the drill pipe into the side bore andassisting in
maintaining the alignment of the annular bearing surface of the valve
member with the valve seat. Where a spring element is provided, the spring
element may comprise a helical spring which extends around the locating
part between a stop part 



mounted on the locating part and the guide part. The drill pipe may further
be provided with a cap which may be releasably secured in the side bore,
and when secured in the side bore provides a substantially fluid tight seal
with the drill pipe, thus preventing flow of fluid along the side bore. In
this case, the cap may be provided with engagement formations which, when
secured in the side bore, engage with corresponding engagement formations
provided by the drill pipe, rotation of the cap within the side bore being
required to bring the respect engagement formations into engagement. The
engagement formations may comprise a pair of corresponding screw threads,
or include bayonet connector formations which are spaced around the
circumference of the side bore and extend radially into the side bore.
According to a second aspect of the invention we provide a drill pipe
header having a tubular body through which is provided a main bore, a side
port provided in an exterior surface of the body, a side bore extending
through the body from the main bore to the side port, and a valve member
which is movable between a closed position in which fluid flow through the
side bore is substantially prevented and an open position in which fluid
flow through the side bore is permitted, wherein the movement of the valve
member between the closed position and the open position comprises
translational movement, and the valve member is located at least
predominantly within the side bore. The drill pipe header may have any of
the features of the drill pipe according to the first aspect of the
invention.According to a third aspect of the invention we provide a sub for
connection to a drill pipe having a tubular body through which is provided
a main bore, a side port provided in an exterior surface of the body, a
side bore extending through the body from the main bore to the side port,
and a valve member which is 



movable between a closed position in which fluid flow through the side bore
is substantially prevented and an open position in which fluid flow through
the side bore is permitted, wherein the movement of the valve member
between the closed position and the open position comprises translational
movement, and the valve member is located at least predominantly within the
side bore. The sub may have any of the features of the drill pipe according
to the first aspect of the invention. It should also be appreciated that
the drill pipe, drill pipe header or sub may also be provided with a
further valve means, such as a standard Kelly or TIW valve, to close the
main bore of the drill pipe, for example during attachment of a new length
of drill pipe. Embodiments of the invention will now be described, by way
of example only, with reference to the following drawings of which: FIGURE
1a shows a part cross-sectional illustration of a first embodiment of drill
pipe not according to the invention, FIGURE 1b shows a longitudinal
cross-section through the portion of drill pipe illustrated in Figure 1a in
which the valve member is in the open position, FIGURE 1c shows a
longitudinal cross-section through the portion of drill pipe illustrated in
Figure 1a in which the valve member is in the closed position,FIGURE 2a
shows a part cross-sectional illustration of a second embodiment of drill
pipe not according to the invention, FIGURE 2b shows a longitudinal
cross-section through of the portion of drill pipe shown in Figure 2a in
which the valve member is in the open position, FIGURE 2c shows a
longitudinal cross-section through of the portion of drill pipe shown in
Figure 2a in which the valve member is in the closed position, FIGURE 3a
shows a part cross-sectional illustration of a third embodiment of drill
pipe not according to the invention, 



FIGURE 3b shows a longitudinal cross-section through the portion of drill
pipe shown in Figure 3a in which the valve member is in the open position,
FIGURE 3c shows a longitudinal cross-section through the portion of drill
pipe shown in Figure 3a in which the valve member is in the closed
position, FIGURE 4a shows a longitudinal cross-section through a fourth
embodiment of drill pipe according to the first aspect of the invention
with one valve member installed in the drill pipe, FIGURE 4b shows a
perspective illustration of a fourth embodiment of drill pipe according to
the first aspect of the invention with three valve members installed in the
drill pipe, FIGURE 4c shows a detailed cross-section through any one of the
valve members shown in Figures 4a or 4b in the open position, FIGURE 4d
shows a detailed cross-section through of any one of the valve members
shown in Figures 4a or 4b in the closed position,FIGURE 5a shows a
longitudinal cross-section through a fifth embodiment of drill pipe
according to the first aspect of the invention with two valves installed in
the drill pipe, FIGURE 5b shows a detailed illustration of a cross section
through one of the valves shown in Figure 5a in open position, FIGURE 5c
shows a detailed illustration of a cross section through one of the valves
shown in Figure 5a in the closed position with a closure cap, FIGURE 5d
shows a cut open perspective view of the valve illustrated in Figure 5b,
FIGURE 6a shows a first longitudinal cross-section through a valve assembly
for use in a sixth embodiment of drill pipe according to the invention ,
FIGURE 6b shows a first longitudinal cross-section through the valve
assembly shown in Figure 6b without the closure cap, 



FIGURE 6c shows a second longitudinal cross-section through the valve
assembly shown in Figure 6a, FIGURE 6d shows a second longitudinal
cross-section through the valve assembly shown in Figure 6a without the
closure cap. All of these designs exhibit translational movement of the
valve member as opposed to pivoting or rotational movements disclosed in
prior art. The designs shown in Figures 1 to 3 are advantageous because
they provide a better mechanism for keeping the sealing portion free of
debris, but have a disadvantage that, because the valve member is located
in the main bore of the drill pipe, the valve member may impede flow of
fluid along the drill pipe.For the designs disclosed in Figs 4, 5 and
6a-6d, the design results in greater cross-sectional area of the drill pipe
at the level of the valve which gives a more torque resistant design of
greater strength compared to the design in Figs 1 to 3, and also do not
substantially restrict flow of fluid along the main bore of the drill pipe,
particularly when in the closed position. Referring now to the figures, in
each one there is shown a section of drill pipe 10, having a tubular body
12 through which is provided a main bore 14. As is typical for drill pipes,
the exterior surface of the tubular body 12 is generally circular in
transverse cross-section, and the main bore 14 is cylindrical and extends
axially through the tubular body 14. A side port 16 is provided in the
exterior surface of the tubular body 12, and a side bore 18 extends through
the tubular body 12 from the main bore 14 to the side port 16, in this
example, generally perpendicular to the main bore 14. The drill pipe 10 is
also provided with a valve member 20 which is movable between a closed
position in which the valve member 20 substantially prevents fluid flow
through the side bore 18 and an open position in which fluid flow through
the side bore 18 is permitted, the movement of the valve member 



20 between the closed position and the open position comprising
translational movement. Referring now to Figures 1, 2 and 3, it will be
seen that, in these embodiments of the invention, the valve member 20
comprises a cylindrical element which is located within the main bore 14
and which engages with the tubular body 12 of the drill pipe 10 during
sliding of the valve member 20 between the open position (illustrated in
Figures 1b, 2b, & 3b) and the closed position (illustrated in Figure 1c, 2c
and 3c). Movement of the valve member 20 between the closed position and
the open position is achieved using an actuating part 22 which is mounted
for rotation within the main bore 14, and which includes a cam surface 24.
The cam surface 24 engages with the valve member 20 andis configured such
that rotation of the actuating part 22 about an axis coinciding with the
longitudinal axis A of the drill pipe 10 causes the valve member 20 to
slide in the main bore generally parallel to the longitudinal axis A of the
drill pipe 10 . In each case, the actuating part 22 comprises a generally
cylindrical tubular sleeve having a first end 22a provided with a bevel
gear 26 with a plurality of gear teeth which extend generally
longitudinally of the drill pipe 10. A portion of these gear teeth 26
engage with one or more corresponding teeth provided in a corresponding
smaller bevel gear 28, the two gears thus forming a crown wheel and pinion
arrangement. The smaller bevel gear 28 is mounted on the first end of a pin
30, which extends through an aperture provided in the tubular body 12 to a
generally cylindrical recess 32 provided in the exterior surface of the
tubular body 12. At a second end of the pin 30 is provided a head 34 having
a hexagonal recess in which a standard Kelly valve key can be fitted, and
used to rotate the smaller bevel gear 28 about the longitudinal axis of the
pin 30. This causes the actuating part 22 to rotate about the longitudinal
axis 



of the drill pipe 10, which in turn causes the valve member to slide along
the main bore 14. In the first and second embodiments of the invention,
shown in Figures 1 and 2, the valve member 20 also comprises a generally
cylindrical tubular sleeve, and therefore has a main bore 36 which extends
from a first end of the sleeve 20a to a second end of the sleeve 20b. The
valve member 20 is also provided with a side bore 38 which extends from a
port 40 provided in the exterior surface to the main bore 36 of the sleeve
20. An O-ring 42 is mounted in each of two circumferential grooves provided
in.the exterior surface of the sleeve 20, the separation of which is
greater than the diameter of the side bore 18 in the tubular body 12 of the
drill pipe 10. The Orings 42 are located between the port 40 and the second
end 20b of the sleeve20. Both provide a substantially fluid tight seal
between the sleeve 20 and the drill pipe 10. When in the open position, as
illustrated in Figure 1b, 2b, or 3b, the port 40 is aligned with the side
bore 18 in the body 12 of the drill pipe 10 so that fluid may flow into the
main bore 14 of the drill pipe via the side bores 18 and 38. When in the
closed position, as illustrated in Figure 1c, 2c, 3c, two of the Orings 42
are positioned one either side of the side bore 18, thus preventing flow of
fluid into the main bore 14 of the drill pipe 10 via the side bore 18. In
the first embodiment, illustrated in Figure 1a, 1b and 1c, a third O-ring
42 is provided in a circumferential groove located between the port 40 and
the first end 20a of the valve member 20. The cam surface 24 comprises a
helical thread which extends around the interior surface of the actuating
part 22 at the second end 22b thereof. This engages with a corresponding
helical thread provided around the exterior surface of the valve member 20
at the first end 20a thereof. By virtue of this engagement of the threads,
it will be appreciated 



that rotation of the actuating part 22 in a first direction will cause the
valve member 20 to slide within the main bore 14 of the drill pipe 10 in a
first direction, and rotation of the actuating part 22 in the opposite
direction will cause the valve member 20 to slide within the main bore 14
in the opposite direction. Thus, by using a Kelly key to turn the pin 30
secured to the small bevel gear 28, the valve member 20 may be moved
between the open position and the closed position. In the first embodiment,
the inter-engaged screw threads ensure that rotation of the actuating part
22 in a first direction results in movement of the valve member 20 from the
closed position to the open position, and rotation of the actuating part 22
in the opposite direction results in movement of the valve member 20 from
the closed position to the open position.This is not the case for the
second and third embodiments, however, and it is necessary to provide
resilient biasing means to return the valve member 20, in these examples,
to the open position from the closed position. In these examples, the
resilient biasing means comprises a helical compression spring 44, which
extends between a shoulder 46 provided in the interior surface of the drill
pipe 10, and the second end of the valve member 20b. The spring 44 is
compressed as the valve member 20 is moved from the closed position to the
open position, and therefore urges the valve member 20 back to the closed
position when the force from the actuating part 22 driving the valve member
20 is released. In the second embodiment, illustrated in Figure 2a, 2b and
2c, the first end of the sleeve 20a and the second end of the actuating
part 22b are cut at around a 45 angle relative to the longitudinal axis A
of the drill pipe 10. Thus, when the actuating part 22 is in a first
orientation relative to the sleeve 20, such that the first end of the valve
member 20a is generally parallel to the second end of 



the actuating part 22b, the ends 20a, 22b mate, and the valve member 20
lies in the closed position as illustrated in Figure 2c. If the actuating
part 22 is rotated about the longitudinal axis of the drill pipe 10 through
180, the second end of the actuating part 22b pushes the valve member 20
along the main bore 14 away from the actuating part 22 until the first end
of the valve member 20a lies perpendicular to the second end 22b of the
actuating part 22. The valve member 20 thus moves into the open position as
illustrated in Figure 2b. In the third embodiment, illustrated in Figure 3,
valve member 20 is of a slightly different configuration, and is provided
with a cylindrical portion which has a marginally smaller diameter than the
main bore 14 of the drill pipe 10. Again, an O-ring 42 is mounted in each
of two circumferential grooves provided in the exterior surface of the
cylindrical portion, the separation of which is greater than the diameter
of the side bore 18 in the tubular body 12 of the drill pipe 10. The
O-rings 42 provide a substantially fluid tight seal between the sleeve
20and the drill pipe 10, and thus when the valve member 20 is positioned
such that the O-rings 42 lie either side of the side bore 18 in the tubular
body 12 of the drill pipe 10, fluid flow into the main bore 14 is
substantially prevented, and the valve member 20 is in the closed position.
An actuating rod 48 extends from the cylindrical portion towards the second
end of the actuating part 22b, and bears on a generally helical cam surface
provided at the second end of the actuating part 22b. A helical compression
spring 44 is provided just as in the second embodiment of the invention.
Rotation of the actuating part 22 therefore causes the valve member 20 to
slide along the main bore 14 of the drill pipe 10. The parts are arranged
such that the valve member 20 is in the closed position when it is as close
to the actuating part 22 as possible, and rotation of the actuating part 22
through 



360 causes the valve member 20 to be pushed away from the actuating part 22
against the biasing force of the spring 44 into the open position. When the
actuating part 22 is returned to its original orientation, the spring 44
pushes the valve member 20 back to the closed position. Rather than
arranging the valve member in the main bore of the drill pipe, it is
preferred to locate the valve member at least predominantly in the side
bore. Embodiments of the invention are shown in Figures 4a, 4b, 4c, 4d, 5a,
5b, 5c, 5d, 6a, 6b, 6c, and 6d, and in these, the valve member 20 is
provided in the side bore 18 of the drill pipe 10, and engages with a
circular valve seat 50 provided in the wall of the side bore 18. The fourth
embodiment, illustrated in Figure 4a, comprises a Belleville check valve in
which the valve member 20 is mounted in a generally cylindrical valve
housing 52 which is retained in a corresponding recess at the side port 16
in the exterior surface of the drill pipe 10. In this example, the valve
housing isretained by means of two bolts, but it will be appreciated that
it could be retained some other way, for example by providing a screw
thread for engagement with a corresponding screw thread in the side port
16. An O-ring 54 is mounted in a circumferential groove provided in the
exterior surface of the valve housing 52 and provides a fluid tight seal
between the valve housing 52 and the tubular body 12 of the drill pipe 10.
The valve housing 52 is also provided with a central bore 56 which is
generally parallel to the side bore 18 and in which is located the valve
member 20. The diameter of the central bore is greater adjacent to the
exterior of the drill pipe 10 than it is at the end of the valve housing
closest to the main bore 14 of the drill pipe 10, and the shoulder formed
at the transition between the larger diameter portion and the smaller
diameter portion forms the valve seat 50 with which the valve member 20
engages to close the side bore 18. 



The valve member 20 is located in the larger diameter portion of the valve
housing 52, and comprises a circular bearing part 58 with a generally
circular groove in which is located a further O-ring 53. This O-ring 53
engages with the valve seat 50 when the valve member 20 is in the closed
position, as illustrated in Figure 4d, and provides a substantially fluid
tight seal which prevents flow of fluid along the side bore 18 into the
main bore 14 of the drill pipe 10. To ensure that the valve member 20 is
correctly located in the valve housing 52, the housing is provided with a
cylindrical wall 60 which extends generally perpendicular towards the main
bore 14 of the drill pipe 10. Yet another O-ring 59 is located in a
circumferential groove provided in the lower end of the valve member 20
closer to the drill pipe bore and this provides a substantially fluid tight
seal between the valve member 20 and the valve housing 52. Apertures 62 are
provided in the wall 60 between the two O-rings 53 and 59 in the valve
member 20, so that when the valve member 20 is in the open position, as
illustrated in Figure 4c, with the bearing part 58 and O-ring 53 spaced
from the valve seat 50, fluid can flow into the side port 16, betweenthe
O-ring 53 and the valve seat 50, through the apertures 62 into the
cylindrical space surrounded by the wall 60 and into the main bore 14 of
the drill pipe 10. A Belleville spring 64 is positioned between the valve
member 20 and a shoulder 66 provided in the wall of the side bore 18 which
urges the valve member 20 into the closed position. In order to move the
valve member 20 from the closed position to the open position, it is
necessary to apply an external force to the valve member 20 sufficient to
overcome the biasing force of the Belleville spring 64. In this embodiment
of the invention, no actuating part is provided to achieve this. Instead,
the valve member is configured so movement of the valve member 20 from the
closed position to the open 



position can be achieved by the application of fluid pressure to the valve
member 20 at the exterior of the drill pipe 10. In use, a connector is
provided to connect a hose from a mud pump to the side bore 18 in the drill
pipe, and when the pump is activated, the mud pressure in the hose builds
up until it is sufficient to push the valve member 20 into the side bore 18
so that the O-ring 53 moves away from the valve seat 50 and mud can flow
through the side bore 18. In cases where the diameter of the side bore 18
cannot be sufficiently large to provide the desired fluid flow rate into
the main bore 14 of the drill pipe 10 without comprising the mechanical
integrity of the drill pipe, the drill pipe 10 may be provided with more
that one side bore 18, each of which has a valve member 20. An example of
such a drill pipe 10, having three side bores 18, is shown in Figure 4b.
The fifth embodiment, illustrated in Figure 5a, comprises a poppet check
valve which is similar to the Belleville valve arrangement shown in Figure
4 in that the valve member 20 is mounted in a generally cylindrical valve
housing 52 which is retained in a corresponding recess at the side port 16
in the exteriorsurface of the drill pipe 10. In this example, two side
bores 18 are provided in the drill pipe, and each valve housing 52 is
retained by means of a screw thread 53 which engages with a corresponding
screw thread in the side port 16, but it will be appreciated that bolts, or
any other appropriate fastening means could be used. Alternatively the
valve housing could be integral with the tubular body 12 of the drill pipe.
Two O-rings 54 are mounted each in a circumferential groove provided in the
exterior surface of the valve housing 52 and provides a fluid tight seal
between the valve housing 52 and the tubular body 12 of the drill pipe 10.
The valve housing 52 is also provided with a central bore 56 which is
generally parallel to the side bore 18 in the drill pipe 



and in which is located the valve member 20. The valve member 20 is,
however, configured differently to the valve member 20 in the Belleville
check valve, and includes a stem 68 one end of which is mounted centrally
on a disc 70 so that the stem 68 extends generally normal to the disc 70 to
a free end of the stem 68a. A circular valve seat 50 is provided at the
interior end of the valve housing 52 which is adjacent the main bore 14 of
the drill pipe 10. The valve member 20 is located such that the stem
extends into the central bore 56 of the valve housing 52 from the interior
end thereof, whilst the disc 70 lies in the side bore without protruding
into said main bore 14 of the drill pipe, outside the valve housing 52 and
adjacent the interior end thereof. The diameter of the disc 70 is greater
than the diameter of the central bore 56 of the valve seat diameter of the
valve seat 50, and when the valve member 20 is in the closed position, the
disc 70 engages with the valve seat 50, providing a generally fluid tight
seal which substantially prevents fluid flow along the side bore 18 in the
drill pipe. In order to locate the valve member 20 radially within the
central bore 56 of the valve housing 52, an annular flange 72 is provided
which extends from the valve housing 52 into the central bore 56. The
flange 72 includes a central aperture which is just slightly larger in
diameter than the stem 68 of the valvemember 20, and the stem 68 of the
valve member 20 extends through this aperture. The valve member is biased
into the closed position by means of a helical spring 74 which extends
between a generally circular groove 76 provided in the flange 72 and a
collar 78 fixed to the free end of the stem 68a. It is therefore necessary
to move the valve member 20 against the biasing force of the spring 74 in
order to move it out of the closed position to the open position, in which
fluid can flow through the central bore 56 via the space between the valve
seat 50 and disc 70. Again, as with the fourth embodiment 



of the invention, the valve member 20 is configured such that this may be
achieved by the supply of pressurised fluid to a hose connected to the side
bore 18 of the drill pipe 10. The central bore 56 of the valve housing 52
is threaded 82 so that a cap 80 can be provided as illustrated in Figure
5c. The cap 80 is provided with a generally circular top part 80a from
which extends a generally cylindrical wall 80b of smaller diameter than the
top part 80a. The wall 80b extends into the central bore 56 of the valve
housing 52, and is provided with two O-rings 84 each of which is located in
a circumferential groove around the exterior surface of the wall 80b. The
screw thread by means of which the cap 80 is retained in the valve housing
52 is provided on the exterior surface of the wall 80a between the top part
80a and the O-rings 84. The O-rings 84 engage with the central bore 56 of
the valve housing 52 to provide a substantially fluid tight seal. This
ensures that the cap 80 provides a secondary seal preventing fluid flow
through the side bore 18 in the drill pipe 10 in case the seal provided by
the valve member 20 fails. Other fastening means may be used to retain the
cap 80 in the valve housing 52. For example, a bayonet lock or similar type
of quick connection methods may be used instead of the thread.During the
usual operational mode of the drill pipe there exists a pressure inside the
drill pipe bore 14 that forces the valve member 20 against the seat 50. To
use the valve, the cap 80 is removed. The cap 80 may also be provided with
a relief slot (not shown) to allow safe venting of any pressure trapped in
the central bore 56. Once the cap 80 is removed an adapter (not shown) can
be threaded into the thread 82 with similar O-rings to the O-rings 84 on
the cap 80 being provided to ensure a substantially fluid tight seal
between the valve housing 52 and the adapter. Fluid pressure can then be
supplied through this 



adapter which will start lifting the disc 70 from the seat once the applied
pressure is sufficient to overcome the biasing force of the spring 74 and
exceeds the internal pressure in the bore 14 of the drill pipe. At this
point the valve is opened 5b and flow will pass through the circumferential
clearance 86 into the bore 14 of the drill pipe 10. Once the flow is
stopped, and the pressure in the adapter is reduced below the pressure in
the drill pipe the valve 20 will close. The spring 74 will always ensure
that the valve is held in a closed position at all times when there is no
pressure applied from the internal bore of the drill pipe and there is no
pressure applied externally. The valve housing 52' and valve member 20' of
a sixth embodiment of drill pipe are illustrated in Figures 6a, 6b, 6c, and
6d. These are very similar in configuration to the valve housing 52 and
valve member 20 of the fifth embodiment of the invention, and equivalent
parts are labelled with the same reference numerals with the addition of ',
and are not described in detail below. Instead, only the specific
differences will be described in detail. In this embodiment, instead of
being secured to the drill pipe by means of a screw thread, the valve
housing 52' is provided with a plurality (in this example four) locking
studs 82 which each pass through a threaded aperture extending radially
outwardly through the valve housing 52' from the interior of the
valvehousing 52' to the exterior of the valve housing 52'. Each locking
stud 82 is threaded and the interior end 82a is provided with a head having
a hexagonal recess which may be engaged with an Allen key. To secure the
valve housing 52' to a drill pipe, the valve housing 52' is inserted into
the side port with the locking studs 82 retracted so that they do not
extend beyond the exterior surface of the valve housing 52'. The valve
housing 52' is then rotated in the side bore to ensure that the locking
studs 82 are aligned with corresponding 



apertures provided in the wall of the side port, and an Allen key engaged
with the head 82a of each stud 82 in turn and used to screw the stud 82
into the apertures in the drill pipe. Removal of the valve housing 52' from
the side port is therefore prevented. It will be appreciated, however, that
such locking studs 82 may be provided in addition to a screw thread
connection. A fluid tight seal between the valve housing 52' and the drill
pipe is, in this case, provided by means of a single O-ring 54'. In this
embodiment, the arrangement used to secure the spring 74' (which in this
example is a wave spring) is also slightly different to that used in the
fifth embodiment of the invention. Specifically, the free end 68a' of the
stem 68' of the valve member 20' is threaded, and a nut 84 is screwed onto
this threaded portion. The spring 74', which is located around the stem 68'
of the valve member 20', is sandwiched between the flange 72' and the nut
84. A stop 86 is also provided to restrict the extent to which the spring
74' may be compressed. In this example, the stop 86 comprises a collar
which has a threaded annular part 86a which engages with the screw thread
provided on the valve stem 68', and a tubular part 86b which extends from
the annular part 86a towards the disc 70' and encloses a generally
cylindrical space around the stem 68' of the valve member 20' into which
the spring 74' extends. Engagement of the tubular part 86b with the flange
72' sets the maximum possible compression of the spring 74'.This embodiment
is also provided with a cap 80', which is illustrated in Figures 6a and 6c
only, but in this case, instead of using a screw thread to secure the cap
80' to the valve housing 52', bayonet connection formations 88 (seen only
in Figure 6c) are provided on the exterior surface of the wall 80b' of the
cap 80'. In this example, four such bayonet connector formations 88 are
provided, and are spaced generally evenly around the wall 80b' of the cap
80, the 



spaces between adjacent bayonet connector formations occupying around half
of the outer circumference of the wall 80b' in total. The bayonet connector
formations 88 each engage with a corresponding lip formation 90
(illustrated in Figures 6b, 6c and 6d) which extends into the central bore
56' of the valve housing 52'. As such, in this example, four lip formations
90 are provided, and these are regularly spaced around the circumference of
the interior surface of the valve housing 52', occupying less than half of
the circumference in total. The valve housing 52' is also provided with
four locking pins 94 (seen only in Figure 6c) which extend through
apertures provided in the valve housing 52' from the exterior of the valve
housing 52', diagonally upwardly to the interior of the valve housing 52'.
Corresponding recesses, large enough to accommodate the interior ends of
the locking pins 94 are provided in the centre of the bayonet connector
formations 88 of the cap 80'. The cap 80' is thus secured to the valve
housing 52' as follows. The cap 80' is orientated so that each of the
bayonet connector formations 88 is aligned with one of the gaps between
adjacent lip formations 90. The cap 80' is inserted into the central bore
56' of the valve housing 52' from the exterior of the drill pipe until the
top part 80a' is slightly below the exterior end of the valve housing 52',
and is then rotated through around 45 until each of the bayonet connector
formations 88 engages with one of the lip formations 90, and each locking
pin 94 is located in the corresponding recess provided in the bayonet
connector formation 88. Engagement of the bayonet connector formations 88
with the lip formations 90 of the valve housing 52' thus prevents
withdrawal ofthe cap 80' from the valve housing 52', with the location of
the locking pins 94 in the recesses in the bayonet connector formations 88
ensuring that the cap 80' is correctly aligned relative to the valve
housing 52' to achieve maximum contact between the bayonet connector
formations 88 and the lip formations 



90, and to impede rotation of the cap 80' relative to the valve housing 52'
out of that alignment. To assist in achieving the rotation required to
engage the bayonet connection formations 88 with the lip formations 90, the
top part 80a' of the cap 80' is provided with a plurality of apertures 92
into which a special tool, may be inserted. The cap 80' may thus be rotated
by rotation of the tool. In this example, eight such apertures 92 are
provided, and thus the tool is provided with eight corresponding pins. In
order to assist a user in ascertaining when the cap 80' is correctly
aligned relative to the valve housing 52', the exterior surfaces of the lip
formations 90 of the valve housing 52' are provided with corresponding
apertures 96 which, when the cap 80' is in the correct alignment, line up
with the apertures 92 in the cap 80'. Thus, when the cap 80' is correctly
aligned relative to the valve housing 52', the pins of the tool can slot
into the apertures 96 in the lip formations 90. The user will feel this as
a sudden movement of the tool in towards the valve housing 52', and can
therefore be reassured that the alignment of the cap 80' is correct and no
further rotation is required. In this example, the mating surfaces of the
bayonet connector formation 88 and the lip formations are angled at around
45 to the longitudinal axis of the valve housing 52', the radially inward
portions of the mating surfaces being closest to the exterior of the drill
pipe. Whilst the cap 80' may be a unitary structure, in this example it is
made in two parts, and outer part 81a, which provides the outer periphery
of the top 80a' and the portion of the wall 80b' including the bayonet
connector formations 88,and an inner part 8 1b which provides the central
portion of the top 80a' and a lower portion of the wall 80b' which has a
circumferential groove in which an O-ring 84' is located. The outer part
81a and inner part 8 1b are fastened 



together by means of engagement of a screw thread which is provided around
the exterior of the central part 8 1b and the interior of the outer part 8
1a. As the lower portion of the wall 80b' in which the O-ring 84' is
provided has an outer diameter which is greater than the internal diameter
of the outer part 8 1a, when assembling the cap 80' it is necessary to
screw the central part 8 1b into the outer part 81a before inserting the
cap 80' into the valve housing 52'. The apertures 92 used to rotate the cap
80' to bring the bayonet connector formations 88 into locking engagement
with the lip formations 90 are provided in the outer part 81a of the cap
80'. The provision of such a two part structure is therefore advantageous,
as, during this rotation of the outer part 81a, engagement of the screw
threads of the outer and inner parts 8 1a , 8 1b causes the outer part 81a
to move slightly towards the exterior of the drill pipe, thus bringing the
bayonet connector formations 88 into tight engagement with the lip
formations 90, and prevents any substantial movement of the cap 80' in the
housing 52'. In this example, as the diameter of the top part 80a' of the
cap 80 is less than the internal diameter of the valve housing 52' at the
exterior end of the valve housing 52', the top part 80a' of the cap 80' can
be inserted into the central bore 56' of the valve housing 52' so that it
is flush with the exterior surface of the drill pipe, rather than engaging
with the outer end of the valve housing 52' as in Figure 5c. This means,
however, that alternative means of preventing the cap 80' from being pushed
too far into the central bore 56' of the valve housing 52' are required. In
this example, this is achieved by providing a reduced internal diameter
portion of the valve housing 52' at the interior end of the housing 52',
the valve seat 50' being provided on the end surface of the reduced
internal diameter portion of the valve housing 52'.When the cap 80' is
correctly positioned in the valve housing 52', the bayonet 



connector formations 88 lie between the lip formations 90 and the reduced
diameter portion, the O-ring engages with the valve housing to provide a
substantially fluid tight seal between the valve housing 52' and the cap
80' (the cap 80' therefore providing a back-up seal in case the seal
provided by engagement of the valve member 20' with the valve seat 20'
fails), and the end of the wall 80b' of the cap 80' (in this example
provided by the central portion 8 1b) engages with a shoulder provided by
the reduced diameter portion of the valve housing 52'. The engagement of
the end of the cap wall 80b' with this shoulder prevents any further
movement of the cap 80' into the central bore 56' of the valve housing 52'.
As with the fifth embodiment, once the cap 80' is removed an adapter (not
shown) provided with corresponding bayonet connector formations can be
engaged with the lip formations 90 of the valve housing 52', and if the
adapter is provided with a similar O-ring to the O-ring 84' on the cap 80',
this will ensure a substantially fluid tight seal between the valve housing
52 and the adapter. Fluid pressure can then be supplied through this
adapter into the main bore of the drill pipe as described above in relation
to the fifth embodiment. It should be appreciated that, whilst in the
fourth, fifth and sixth embodiments described above, the valve member 20 is
mounted in a valve housing 52, this need not be the case, and the valve
member 20 could equally be mounted directly in the body 12 of the drill
pipe 10. If the fluid pressure in the adapter is balanced relative to the
fluid pressure in the main bore, it will be appreciated that the fluid
pressure in the adapted may not be sufficient to move the valve member to
the open position, in which case, the adapter may be provided with a
mechanical actuator to push the 



valve member off the valve seat 50, 50' to the open position. The
mechanicalactuator may automatically do this, when the adapter is secured
to the drill pipe, or manual operation of the actuator may be required.
Locating the valve member 20 in the side bore 16 of the drill pipe 10, as
in the fourth, fifth and sixth embodiments of the invention is particularly
advantageous as it ensures that the valve member can be located entirely
within the wall thickness of the drill pipe, and, at least when in the
closed position, not extend into the main bore where it might interfere
with flow of fluid along the main bore. This may, of course, be achieved
using other configurations of valve member 20, and the valve member 20 need
not be exactly as described above. Any other configuration of valve member
with a bearing surface which can provide a substantially fluid tight seal
with a generally circular valve seat could be used. For example, the valve
member 20 could be spherical. The fourth, fifth and sixth embodiments of
valve member 20, in which the bearing surface is provided on a generally
circular disc, are, however, particularly advantageous, as they can be used
to seal a relatively large diameter side bore 18 without occupying too much
space along the axis of the side bore 18. If a ball valve member were used,
the dimension of the valve member along the axis of the side bore 18 would
be much greater relative to the diameter of the side bore 18, and this
could cause difficulties in ensuring that the valve member 18 is entirely
located within the wall thickness of the drill pipe 10. It should be
appreciated that one advantage of all the embodiments of the invention
described above is that all the components required for closing the side
bore are contained within the drill pipe. Whilst this need not be the case
- the valve member could, for example, comprise a tubular sleeve which is
located around the exterior surface of the drill pipe, locating the valve
member 



20 entirely within the drill pipe 10 is advantageous as it will not impede
insertion of the drill pipe 10 into a well bore, which it could do if it
were external to the drill pipe 10.Although not shown in the figures,
conventional drill pipe has at at least one of its free ends a connector
portion with an enlarged outer diameter. Advantageously, the section of
drill pipe 10 in which the side bore 18 is provided is part of the
connector portion, as this portion has an increased wall thickness compared
with the remainder of the drill pipe. This, of course, is particularly
advantageous in relation to the fourth and fifth embodiments of the
invention as positioning of the side bore 18 in the area of increased wall
thickness provides maximum space for the valve member 20. The side bore 18
could, however, be provided elsewhere in the drill pipe body, or could be
provided in a heavy weight drill pipe or drill collar, in which the entire
length of the drill pipe 10 has an enlarged wall thickness. The invention
could also be applied for casing used in drilling a well-bore in a process
known generally to persons skilled in the art as casing drilling.
Similarly, invention can be applied to a sub such as a pump in sub, a
drilling sub, a saver sub or a cross-over sub, each of which are smaller
lengths of tubing which are adapted to be connected to the end of a length
of drill pipe. It should also be appreciated that the drill pipe or sub may
also be provided with a further valve means, such as a standard Kelly or
TIW valve, to close the main bore of the drill pipe, for example, during
attachment of a new length of drill pipe. Such valves are commonly used as
an isolation valve in the drill string and consist typically of a rotating
ball valve that is manually actuated, and which is located within the main
bore of the drill pipe or sub. Whilst in the embodiments of the invention
described above, sealing is generally provided by means O-rings which are
typically made of rubber, any 



other conventional sealing systems, including metal-to-metal seals, may be
employed instead. When used in this specification and claims, the terms
"comprises" and "comprising" and variations thereof mean that the specified
features, steps orintegers are included. The terms are not to be
interpreted to exclude the presence of other features, steps or components.
The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or
in terms of a means for performing the disclosed function, or a method or
process for attaining the disclosed result, as appropriate, may,
separately, or in any combination of such features, be utilised for
realising the invention in diverse forms thereof.CLAIMS 1. A drill pipe
having a tubular body through which is provided a main bore, a side port
provided in an exterior surface of the body, a side bore extending through
the body from the main bore to the side port, and a valve member which is
movable between a closed position in which fluid flow through the side bore
is substantially prevented and an open position in which fluid flow through
the side bore is permitted, wherein the movement of the valve member
between the closed position and the open position comprises translational
movement, and the valve member is located at least predominantly within the
side bore. 2. A drill pipe according to claim 1 wherein, when in the closed
position, the valve member engages with a valve seat to substantially
prevent flow of fluid along the side bore, and the valve member is arranged
relative to the valve seat such that if the fluid pressure in the main bore
of the drill pipe exceeds the pressure at the side port, the valve member
is urged into engagement with the valve seat. 



3. A drill pipe according to claim 1 or 2 wherein the translational
movement of the valve member between the closed position and the open
position is generally parallel to a longitudinal axis of the side bore. 4.
A drill pipe according to any preceding claim wherein the drill pipe
includes a spring element by means of which the valve member is biased into
either the open position or the closed position. 5. A drill pipe according
to claim 4 wherein the spring element acts to bias the valve member to the
closed position.6. A drill pipe according to any preceding claim wherein
the valve member has a generally annular bearing surface which, when the
valve member is in the closed position, engages with a corresponding
annular valve seat provided around the side bore. 7. A drill pipe according
to any preceding claim wherein the valve member is provided with a locating
part which engages with a guide part, the guide part extending from the
drill pipe into the side bore and assisting in maintaining the alignment of
the annular bearing surface of the valve member with the valve seat. 8. A
drill pipe according to claim 4 and claim 7 wherein, the spring element
comprises a generally helical spring which extends around the locating part
between a stop part mounted on the locating part and the guide part. 9. A
drill pipe according to any preceding claim wherein the drill pipe is
further provided with a cap which may be releasably secured in the side
bore, and when secured in the side bore provides a substantially fluid
tight seal with the drill pipe, thus preventing flow of fluid along the
side bore. 10. A drill pipe according to claim 9 wherein the cap is
provided with engagement formations which, when secured in the side bore,
engage with corresponding engagement formations provided by the drill pipe,
rotation of 



the cap within the side bore being required to bring the respect engagement
formations into engagement. 11. A drill pipe according to claim 10 wherein
the engagement formations comprise a pair of corresponding screw
threads.12. A drill pipe according to claim 10 wherein the engagement
formations include bayonet connector formations which are spaced around the
circumference of the side bore and extend radially into the side bore. 13.
A drill pipe header having a tubular body through which is provided a main
bore, a side port provided in a n exterior surface of the body, a side bore
extending through the body from the main bore to the side port, and a valve
member which is movable between a closed position in which fluid flow
through the side bore is substantially prevented and a n open position in
which fluid flow through the side bore is permitted, wherein the movement
of the valve member between the closed position and the open position
comprises translational movement, and the valve member is located at least
predominantly within the side bore. 14. A d riillll pipe header according
to claim 13 wherein the drill pipe header has any of tthhee features of the
drill pipe of any one of claims 1 to 13. 15. A sub for connection to a
drill pipe having a tubular body through which is provided a main bore, a
side port provided in a n exterior surface of the body, a side bore
extending through the body from the main bore to the side port, and a valve
member which is movable between a closed position in which fluid flow
through the side bore is substantially prevented and a n open position in
which fluid flow through the side bore is permitted, wherein the movement
of the valve member between the closed position and the open position
comprises translational movement, and the valve member is located at least
predominantly within the side bore. 



16. A sub according to claim 15 wherein the sub has any of the features of
the drill pipe of any one of claims 1 to 13 . 


