Title: Drill Pipe Description of Invention The present invention relates to
a drill pipe, in particular a drill pipe including a valve assenbly for
cl osi ng aveizdm/daesse in the drill pipe. The drilling of acheRh@i®22s well
is typically carried out using a steel pipe known as a drill pipe or dril
string wwth a drill bit on the | owernost end. The drill string conprises 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
driIIing notor nmounted on top of the drill pipe, typically known as a
"topdrive', or the drill bit nmay be rotated independently of the dril
string using a fluid powered notor or notors nounted in the drill string
just above thBtlelrDril Plpe. As drilling progresses, a flow of nud is used to
carry the debris created by the drilling process out of the borehole. Mid

i s punped dogﬁ thetdri%u stQing to pass through the drill bit, and returns
to the suPfa r space between the outer dianmeter of the
drill string and the borehole (generally referred to as the annulus). The

mud flow al Sglr@fpyé%%n& fhv%ﬂﬂbntr@l%; fb'éghig P{ﬁegg%éﬁ,cera?sas&m! gﬁetmauémp%ol e,

t hus substan y preventing rnflow o rom for mat S penetrated
by the drill wlvé agsémbinfentiesinma isittecbarken e dtibpipe. Mud is a very broad
drilling termand in this context it is used to describe any fluid or fluid
m xture used during drilling and covers a broad spectrumfromair,

ni trogen,qom steél dfiling &% o Hbréhble%r \m;n rsqgﬁi&aw BAFRY 6uttu3q#3g Ws‘téb@lpﬁe or

nitrogen, aerated or nitrif ds toO eaV|I m xtures of oil
and or water kwawn gela drllmpemlctlstﬂ st®@mlth|acdnﬂt blbpésibaﬂ@NBBﬂmﬁcﬁmdr dbetasill

d h d_al h d h h
ypi cal Iy punoB0EAmPTtsRe meide rpfET seridonish i Saphdfiof 'S end.
di spl acenent punps which are connected to the top of the drill string via a

pi pe and mani f ol d.
The entire drill string may be rotated using a rotary table, or using an over-

15  ground drilling motor mounted on top of the drill pipe, typically known as a ‘top-
drive’, 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

20 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

25  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.

30
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 more
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VWhilst the main nmud flowinto the well bore is achieved by punping nmud into
the main bore at the very top end of the drill string, it is also known to
provi de tWe 2drwd4b6s3tring with a side bore which extendsPCmtGB206v002826N bor e
froma port provided in the side of the drill string, so that nud can be
punped into the main bore at an alternati%e location to the top of the
drill string. For exanple, as drilling progresses, and the bore hole
beconmes deeper and deeper, it is necessary to increase the length of the

from the top Pobtimanipbemelth s byfihe ™ St B ORPRRTE AR Ry "

drill stringyj£aghse BAdgnifckp drive with the free end of the new tubing
section, and then recommencing drilling. It will, therefore, be appreciated
t hat punping of nmud down the drill string ceases during this process.

St oppi ng nud in the m : L j pc for
a nomber o W18 il b il BloohBirglbure S BoReSER Y. 4mPRg T FTTALS
punpi ng of Mk iR WRe b thelvéryltop ehidrd thy diitetrimgoitiisiatsd kiovn & deoviler e i n
each section of drill string. This means that nud can be punped into the
drill string the &rilliséring withisoside Rere whigmextepgds 8ito th mgin bore frenhg Pegt

bet ng. connectivaRH 15 1a® SERIGE B Shd 3P R HHb Btk otk P, of
each secti on piindsdrel at altgnativieloeation fu the tdpdfahsiddé stiiige which is cl osed

using a plug, and a val ve nmenber which is pivotable between a first
position in which the side bore is closed whilst the main bore of the dril

string i spop s L ] i i J e d whi | st
the mai n1Bor & < ernles e Bfinb3rabieRRe et LA hO E8cBRS debosrany s
first positiafeepautit Wheecddsanstd inorease thaderegih of the driksying, ahdtthie islri | |

string, the plug is renov fromthe sjde bore nd hose_, whi xt ends
fromthe punﬁyp'@aﬂhéeh'@deg%ytis%e@w%ﬁ}%ﬁopﬁ{a{ef%tsst% of fe W@C%”B%’ened
so that punpi figyiQh 2y sBERod BEwWBid o tRETdrilGthG dritighdltheP@b&irive with
the free end of the new tubing section, and then recommencing drilling. It will,
15  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
20  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.

25  In one such system, disclosed in US2158356, 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

30 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, which



commences. A valve in the main hose fromthe punp to the top of the drill
string is then closed, and the pressure of the nud at the side bore causes
t he val vewoentsdedsd nove fromthe first position to thePSEaB209OI261 ON,

and hence to close the main bore of the drill string. The main hose is then
di sconnected, the new section of tubing ndunted on the drill string, and
the main hose connected to the top of the new section. The valve in the
mai n hose is opened so that punping of nmud into the top of the drill string

i s recommenced nd the valve in th se to. [ [ 0, he
resul ting pr §§E§Jn%§%ﬁmﬁﬂ%| pgmpeﬁoHBe?etﬁgcf?grbe 8*dtet oeradrg:ﬁ(l~j %O\{sa(t?\r/(?clrpgt%ggiuoss-és t he
val ve menber oP@néGTsBrtHafQuﬂnbmgféﬁ:ﬁhdméithé@lﬁ_ll siirig-tiaahé @ide bbve hose to be
renoved fromthe side bore, wthout substantial |eakage of nud fromthe

drill stringcommendate Avalee imihe mein hesestamddegermpieihe {pp efdhe skilinpl e by

wel ding a plug.ontq,the side I efore S i i i IS
| onered i nt osﬁ'm@ \ﬁgf‘?ﬂ dﬁ‘?@ dpﬁﬁltﬁgp%s%ﬁ%@mgl rgglag%tttgé'g\@{edtgd véatuﬁéélﬂgﬁgde
bore in what vafekeMberSo moVRIBM the $irdt posittircto the seseddipasitioa, ement of an
energency, for exanple to facilitate the provision of additional nud

pressure reqliened te slaserthednaia kare @& thesdrlystring. wel | - bore pressure due to
fluid inflow froma fornmation penetrated by the well entering the well in
what is known as a "kick". According to a first aspect of the invention we

provi de a drifHe iRhREhGSY istten disdunnattddothe hbwaegtiomolf tiibing nsumtédied the mai n
bore, a side port provided in an exterior surface of the body, a sjde bore

ext endi ng t hidsill giringeansbie Manheseeconfiastasbicthedopfd the aewpsidtionghae a val ve
o i Lo e TOrTl ¢ .

Through dhe. sl P8 FamHasErs opefpR S inB0RUpRY ot ifB he ol ey |

which fluid fdripvetiitg Eigtohtmesdats dndrthe ivaper imithe ddsewbénesidet bure minsetent  of

t he val ve nenmber between the cl ose osjtion and the en, position
conpri ses t r g suding prﬁgwr@eq)ftrpugﬁgtqrh@ t%e top oftthe dg s{}m% 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

15  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.

20 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".

25
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

30 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



val ve nenber is |located at | east predomnantly within the side bore. This
i nvention may be advantageous, as |ocating the valve nenber at | east

pr edom nawmol2g10vi46d583n t he wal | thickness of the drill pipeTraBne®/ (ks t he
val ve nenber does not interfere with flow of fluid along the nain bore of
the drill pipe during normal drilling ope"rati on. Preferably, when in the

cl osed position, the val ve nenber engages with a valve seat to
substantially prevent flow of fluid along the side bore, and the val ve

orassurc i n PRETHEARIBBIY G firsimati! o ks EHEE Renigerl df dohd,

side port, t ssii@,\é%drfﬁéagénip%swcg\eébmﬁﬁéewmmm Movemehte andlive seat .
The transl ational novenent of the val ve nmenber between the cl osed position

and the openvalusimhember is Ipeatedraidegstquademinantly ayitin e sidedqrengi t udi nal
axis of the side bore. The drill pipe may include a spring el ement by neans
of which the valve nenber is biased into either the open position or the

cl osed posit iraR inedRtidMMalise s@sntabbeus Risilocaticeimentalys afemniadd ot leasts to
bi as the valve nenber to the closed positiaon, the valve rrenger bei B%e
rably,

adapted to beregssnisanty within fhecaalthiclgiessaiitie dfill prre giegpsiBatthepa

t he val ve nenber rd ﬁ?a‘?ﬁ i n the
val ve nenber ”?%“'P%’ai?%ezs @&Q&%H%W@\?Bgﬁg@gée@%ﬁﬁ a cgp@egg’gﬁ |ﬁg
annul ar val v ip:‘ee@@rirmﬁwnd@curmi@ﬁﬁeﬁalﬁensi de bore. The val ve nenber may be

provided with a locating part which engages with a guide part, the guide
part extending fromthe drill pipe into the side bore andassisting in

B e o
el enent may ealversest tashbstaatibllyspravegt fidw off flaid alndg the sidedberecahddhe i ng
part between vzézl\lvset I’%g %rrris 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.

15
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.

20 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.

25
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.

30 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 and



nounted on the locating part and the guide part. The drill pipe may further
be provided with a cap which may be rel easably secured in the side bore,
and when wocoreiddedsn t he side bore provides a substanti alPCy/dB2009h052ght seal
with the drill pipe, thus preventing flow of fluid along the side bore. In
this case, the cap may be provided with énhgagement formations which, when
secured in the side bore, engage with correspondi ng engagenent formations
provi ded by the drill pipe, rotation of the cap within the side bore being

required to bri, the respect .en enen rmati gns, i nt o engagenegnt. The
engagenent f%#&%‘ﬁ@@@%ﬁ?%@gﬁnﬁﬁa PF %%QQQEB%WHN@U@%‘%Eaﬁhﬁr eads,
or include b@g?% RBBPRRH e LaKBRIdspNs wWhi ch are spaced around the
circunference o t?‘le side bore and extend radially into the side bore.

According to a second aspect of the invention we provide a drill pipe

header havi a tubul ar bod hr ough L,eh | oAl n_hore, a side
port provi dg‘g/heﬁez%s@ﬂge‘? ngéniﬂﬁ'?@g/édegj ﬂf%?%?%ﬁ%ﬁﬁ% g@?‘@”ggtaendi ng
through tshe Rogbal spARY WHicHBkt@nBS folif {@Haselogamﬁ]pgﬂtbemedn@ step partmenber
whi ch is novabl e between a cl osed position in ich fluid flow through the
si de bore i smouptedanitke locagng pert and thedgwde ®8en position in which fluid
flow through the side bore is permtted, wherein the novenent of the valve
menber between the closed position and the open position conprises

transl at i onarheelvilipiné maanfdrthbebe Proddes Mitkra tcap hWidet athydie tedt@adably
predom nantly within the side bore. The drill pi pe header may have any of
the feat ur esSegureddn ghe pidefigse. are whenpcured iethe; $ide baEgRQVIdsSs § he

connect | Bn' ¢ Ssgey Ad 8hL SeaREFinelht g, MR rb el R il U7 e
a mai n bore, alngitte siie bomw. dvitHisccase, dre e evayove providerewith engeagbowyt a
Zlngeabegfvgxhﬁﬁ%éiggﬁw%ﬁﬁ,g&hé# (saectz)t?rg iI\ Ecl?ems{[dg onrqé’l,I gngé)greewh c%pr%sgé)lq&ngort ’

engagement formations provided by the drill pipe, rotation of the cap within the

side bore being required to bring the respect engagement formations into

15 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.

20 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

25 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.

30  The drill pipe header may have any of the features of the drill pipe according to

the first aspect of the invention.



novabl e between a closed position in which fluid flow through the side bore
is substantially prevented and an open position in which fluid flow through
t he si de worelwmegser m tted, wherein the novenent of thePcalGB2ooEIORE2S

bet ween the cl osed position and the open position conprises translational
novenent, and the valve nmenber is |ocated at |east predom nantly 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 al so be appreciated that
the drill pipe rill pipe, header .ar sub may al so rovi.ded wit

further val vaScrraing g RS br i RisnlR yR B RR S5 5 a el e

mai n bore of 5ijhg fisd hbviﬁl{;l%et,ubhﬁr BN TRIGugRULhiBE i@ bt atmath toreeavsidgengt h
of drill pipe. Enbodiment's of the invention will now be described, by way
of exanpl e opdy previded iredeexirriorisgriane of 18 boding sidakiarg extgnding dHough GURE

la shows a part, cross-sectional illustration. qf LSt I t..of drill
b pe not acclrdiy FOAE TADaPon TPt Bng aha mERERL WAL
Cross-sedf i OphavBbRUSEWERS Peloskabositiofrih Mhish eidifldw irbagethé sideitmrees 1a in
whi ch the valve nenber is in the open position, FIGJRE 1c shows a

| ongi t udi nal sdbgsstialbcprieyantes adan open pesitiogdnyyhigh fluid favwéhmughdhie at ed in

howe a par t SUPdeteln el AR, WFRRED A midbeény A BRE RaRE B PRL RE V™, T |

pi pe not accgdglnged ﬁobiﬁ@nidﬁweﬂhbidvén ddsidrEceiapasoyranslatiogaltrndvaraent,

cross-section through of the portion of drill pipe showm in Figure 2a in
whi ch the vapod theNale memberislecaissatieastinredominantwvithin e qisiedore.
Iongitud'(pal cross-section through of the portion of drill pipe shown in

Figure 2a”in which the valve nmenber is in the closed position, FIGURE 3a

shows a part Teeass-megtavaanyi dflthe featuiasnofthealrilipe acobiigrerthedfrstdr i | |

pi pe not according to the invention,
aspectof the invention.

It should also be appreciated that the drill pipe, drill pipe header or sub may
15  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,

20  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,

25 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,
30



FI GURE 3b shows a | ongitudinal cross-section through the portion of drill
pi pe shown in Figure 3a in which the valve nenber is in the open position,
FI GURE 3cwehounm4essBongi t udi nal cross-section through thecpaB20evooefzedri | |
pi pe shown in Figure 3a in which the valve nenber is in the cl osed
position, FIGURE 4a shows a | ongitudinal €éross-section through a fourth
enbodi nent of drill pipe according to the first aspect of the invention
wi th one val ve nenber installed in the drill pipe, FIGJRE 4b shows a

ti [ ti f f th dj t_of ill pi di t
T et e o B4l el b e SR ALIESke Ol L bbb P BaRERTEANTS |
drill pipe, bF@fBifEEnSRWOrdinged e Rehti®sS- section through any one of the
val ve nenbers shown in Figures 4a or 4b in the open position, FlIGURE 4d

shows a detailed cross-section through of any one of the val ve nenbers

h [ [ b i h d i 1. ,
ongt t udi nal TAeHEE 2Bantds 4 IeblyfirT FeRRRhbE Brob Gt SR8 DR o
accor di ng5t 0 pifeshdvs in ERRES Radh WHieh tHe edlve aembénistinghy apeapokitiphal | ed in
the drill pipe, FIGURE 5b shows a detailed illustration of a cross section

t hrough one of the valves shown in Figure 5a in open position, FlIGJRE 5c

Shown 1 Fi ot EUBE PHYRBEF BrBlifue! 8RB 3RlRe Inieol f BBk S,

shows a cut qessiRENAREFIgure 24 iawisith thevataé veermberiztinahe dlasedfogition, 5b,
FI GURE 6a shows a first |ongitudinal cross-section through a val ve assenbly
for use in a sixth enbodinent of drill pipe according to the invention ,

F1 GURE ho Shoes RE 56 Sihold9 bEHABEL- s6ERR R fiSlbAth bRaaHE ehibdiAbifor

assenbly Shown 1 n Figure hou osure cap,
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,

15
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
20 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

25 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,

30 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,



FI GURE 6¢c shows a second | ongitudinal cross-section through the valve
assenbly shown in Figure 6a, FIGURE 6d shows a second | ongi tudi nal

Cr oss- secwpanwdisesagh t he val ve assenbly shown in Fi gur @CesBaedo2I26t he
closure cap. Al of these designs exhibit translational novenent of the
val ve nenber as opposed to pivoting or r®tational movenents disclosed in
prior art. The designs shown in Figures 1 to 3 are advantageous because
t hey provide a better nmechani smfor keeping the sealing portion free of

debris, but h di sad that, b | i s | acat ed
T the noi n FHRHREashaw PROTHHB eresSsatien HBHf oyl BABEHhent 170 ©
fluid al ong g&iﬂ%g&’é bbbor ir@%ﬁﬁé firiiagirst Snmedhssttiosedith twvEivgied indaked

n

6a- 6d, the desi results in greater cross-sectional area of the drill pipe
at the | evelin ¢tie dhlepipa, ve whi ch gives a nore torque resistant design of
greater strength conpared to the design in Figs 1 to 3, and al so do not
substantially restrict flow of fluid along the main bore of the drill pipe,

parti cul grl y- whate ish dHRv<Ch aeeficaamistiation dRef eoss sgciimmtiroughentiofthes, in
each one there 1s shown a section of drill pipe 10, having a tubul ar body

12 through waihas shovpn oVFigete 8anmPReBPositiod, As is typical for drill pipes,
the exterior surface of the tubular body 12 is generally circular in
transverse cross-section, and the nain bore 14 is cylindrical and extends

axi al ly thr gugiukbed showsa deediedlifustrativindsf spoross Bectien hrougl eeiat there
exterior surface of the tubular body 12, and a side b?re 18 extends through
the tubul ar vahdss shown émfiguee RailR th Flosed ROSIORVER §LIORHE CPB: in this
exanpl e, generally perpendicular to the nmain bore 14. The drill pipe 10 is
al so pr& 1 ded with a valve nenber 20 which is novabl e between a cl osed

position in miigRE SEshews @ outoben pispadiveatrw aff ke palwe divstratediind 1 ow
through the side bore 18 and an open position in which fluid flow through
the side borEiguse b8, pernitted, the movenment of the val ve member

FIGURE 6a shows a first longitudinal cross-section through a valve assembly

15  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,

20 FIGURE 6¢ 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.
25
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
30 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.



20 between the closed position and the open position conprising
transl ati onal novenent. Referring nowto Figures 1, 2 and 3, it wll be
seen t hatwoi2niotdaesse enbodi nents of the invention, the vaCrasBmewes220
conprises a cylindrical elenment which is Jocated within the main bore 14
and whi ch engages with the tubular body 12 of the drill pipe 10 during
sliding of the valve nenber 20 between the open position (illustrated in
Figures 1b, 2b, & 3b) and the closed position (illustrated in Figure 1c, 2c

and 3c). MvesEhe ddsigritedigalosed i FREY 4,20 ahe 6WERY) th@@le§igﬂsr%§ulﬁ’é)ﬁ{ reaferand
t he open position is achieved usi r'llﬁ an actuating rt 22 which 1's nounted
rilip

a
for rotati onCrapsisentional araa of Hig drill pipeatdhesevsh of the valve whictagiveaef ace 24.

The cam surf Lk r I,s .configured such
(hat rotati oty EEIEHERN MG of8-F sHERAR eSSl RubaRRs M ih the

| ongi t udi nal Figsi1sto’8,adnd Aleodiol hdt fibeantRllg askstast idwe of Alidean méfh to
slide in the main bore generally parallel to the |ongitudinal axis A of the

drill pipe 1pore afhe e pivg Particidardy wheniin e slosed Postionr i ses a general |y
cylindrical tubular sleeve having a first end 22a provided with a bevel
gear 26 with a plurality of gear teeth which extend generally

| ongi t udi nal Regferfing hewdoi the figupss, 10 eaéh poetthere isfsholese sgetion deeiiihpipe

engage with or_nore correspondi ng teeth provided in a correspondj ng
smal | er bevef&gbaé‘r‘n@ﬁ,w?‘l‘@r [’ng Jédhoudhushiel isPiRyidedta Mginkeea 14arfts 1§i ni on

arrangerent ey IR SpBS UL SRHorhree BRYNE R 06 14 Eafade! 2 P11

30, which extends t an aperture provide ody 12 to a
gener al 19 cytirauiarn indtansyeesescrd@sseotionieahd thethainexareridois cylinfidcat aotl t he

tubul ar body 12. At a,second d,of the pin 3Q i.§ provjded a head 34 having
a hexagonal ?’é@@% axfal irE’HgQEiE? é‘r?m'ﬁ?ﬁb 1§- 3‘&?'3% Hgéglkbwrﬁ?é'dﬁat'f‘&ﬁ and
used to rot aggekibessidid sm%qu_sbm%eaﬁ& QH@%tsiGQ%oF@WS'éxHQLdﬁbr&iéjlﬁthg the
pin 30. This causes the actuating part 22 to rotate about the 1ongitudinal
axi s tubular body 12 from the main bore 14 to the side port 16, in this example,
generally perpendicular to the main bore 14.
15
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 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
25 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¢, 2¢ and 3c). Movement of the valve member 20 between the

closed position and the open position is achieved using an actuating part 22
30 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 and



of the drill pipe 10, which in turn causes the valve nenber to slide al ong
the main bore 14. In the first and second enbodi nents of the invention,
shown i n Woguoreesess3and 2, the val ve nenber 20 al so conpPCI&B2009@pesal |y
cylindrical tubular sleeve, and therefore has a main bore 36 which extends
froma first end of the sleeve 20a to a 38cond end of the sleeve 20b. The
val ve nmenber 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 0 St Bl SRR e AL e P e, O oo
greater than%éiﬁﬁﬁﬁ'fgﬂmﬁﬂﬁe RingktO&ingl Qﬁsl?ig{) h%ﬁ’drinfbiﬁ)ﬁgotém}ge%rthmgwelZ of the

drill pipe 1 e Oings 42 are locate et ween port 40 and the second
end 20b of tmenteret?CslidBdn hthenwmin deregsndstiamairalld! yo fhallodgttudihal adal

bet ween t he ,RI «?g/e 2@ and ézhe drill pipe 10. When in the open position, as
il lustrated 4 1QHPEPRS &b or 3b, the port 40 is aligned with the side
bore 18 ign 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. Wen in the

cl osed posi tinogachacadd, lthe actuatiogipar22)aemptises 2cgergeally oyingficaliebdar ngs 42

1 i -t ot REeANAYGr L) <G Zandridee fins thyelpstt HE B SEEIEY ob )"
the first engeshtaBtH whidn elabr@igefietdlly fbsuifiRiidaly dithartil kipe a0t Ripottida 6f Ng

42 is provided in a circunferential groove |ocated between the port 40 and
the first enthezegesr te¢ib 2engagrwilbon2r Mt canesnaridieg tepdh proidedss a

hel i cal read _which exte roun ' | or .t he uat i ng
part 22 1" T AcolRefiaTERFIsR HRYPL a1l 28, TS bhg BBt UtETo b oS ng
hel i cal threa#eBravd grforabAdRgeinet SPHeesalerstfalgeapR8idimotmteteontder 20
at the first end 20a thereof. By virtue of this engagenent of the threads,
it will be afistesd&f &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

15 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.

20
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.

25

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
30 diameter of the side bore 18 in the tubular body 12 of the drill pipe 10. The O-

rings 42 are located between the port 40 and the second end 20b of the sleeve



that rotation of the actuating part 22 in a first direction wll cause the
val ve nmenber 20 to slide within the main bore 14 of the drill pipe 10 in a
first dirwotzomde@nad rotati on of the actuating part 22 PATidB20@ppPER6t €
direction will cause the valve nenber 20 to slide within the main bore 14
in the opposite direction. Thus, by usindla Kelly key to turn the pin 30
secured to the small bevel gear 28, the valve nenber 20 nay be noved

bet ween the open position and the cl osed position. In the first enbodi nent,

the inter-enggag crew,t hread nsure.that rotatjon of the acjfuating part
25 i a1 s 20N R Erovds A PR it 52 Brbiehrt e desiort BpotRh t he
cl osed posityampige idie open position, and rotation of the actuating part 22

in the opposite direction results in novenent of the valve nenber 20 from
the cl osed position to the open position.This is not the case for the

d and th; di . : i t '
esi i ent bi SUdh ARRE PR RdR AR Rl Pd o FikierBo88 Bl o rBelBAl e
to the open phghéd Aithfthe&ldesorel 18 rtheASHdy PNof the drilesipe evadings fluidhe
resilient biasing neans conprises a helical conpression spring 44, which

ext ends bet wewY #ow frda tlhie mai berev#ddhe dritl pipe viadhe sideshereadd atd 88e dril |

Compr ested adV i PR HoRRhaSibs S Ml Ga BB g forc. REcal sl A8 855 (e

open posi ti ofingadd drbgrceitvnedusriesithidresida bl thesiad ®or@ d8bais prevéfthg! osed
position when the force fromthe actuating part 22 driving the val ve nenber

20 i s rel eas&aw affluidinte theympir keiril dehthe diill piper 1 ¥a the skdeybere Y&, 2b and
2c, the f4rst 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 Ipthefis0embodimemt)dlustratedhint Rigutenta,pty &n@2cj a third @-fing 42 is
orientation relatiye to,the_sl eeve 20, such at the first end of the val ve
merber 20a i el B # AN EaRdL g opke TalemBererbine port 46 BndThe firs

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

15  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

20 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.

25
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

30 member 20 from the closed position to the open position.



the actuating part 22b, the ends 20a, 22b mate, and the val ve nenber 20
lies in the closed position as illustrated in Figure 2c. If the actuating
part 22 iworetwaueessabout the |ongitudinal axis of the dPCTIGER2@P&01R6t hr ough
180, the second end of the actuating part 22b pushes the val ve nenber 20
along the main bore 14 away fromthe actddting part 22 until the first end
of the valve nenber 20a |ies perpendicular to the second end 22b of the
actuating part 22. The val ve nenber 20 thus noves into the open position as
illustrated in Fiqu 2b. | e third empadjnent,...illustrated in Eigure 3,
val ve. member 108 1+ B8bheBase B K st BRI TRBhHImT RO dREEY 8RS deo
with a cylinfetsssarp®y biovitieMaisilienh BfasthdBeahsab rstusieid eaiveinddraber 20 an the
main bore 14 of the drill pipe 10. Again, an O-ring 42 is nounted in each

of two circutifeseeamplegrtodhe oppndasiian fremithe closedrpasitianudn dreseof t he

of the i qe BopEs: e FaelRTRERLR piap Ratillspad GPIE ohTpiedan Share
O rings &2 paswvliehaeamds Betivernl & shbulddr 46 phévigedin el inkeTorishefage egve
20and the drill pipe 10, and thus when the val ve nmenber 20 is positioned

such that thediil pige U2 anddheiserand sndeof dihe vaedna@mbes28b18he sPERG 4dubul ar
body 12 of t o) ' i i 4
substanti al | {%e%% ']eer?P g%%%e’{ﬁ%\/? Neeqbgﬁldee@ggdgtéﬁo@ﬁréﬁitﬁeﬁ%s%c o%ée'@onpg)si tion.
An act uat i ngtheoshefBpesitiendsnd thenefone ueyds thervatvd meeniberd@0 bavatdihet diesescond
end of the actuating part 22b, and bears on a generally helical cam surface
provi ded at PR¥lieR tbgdowe fromm theaskiating Mgzﬂﬁ'ﬂ'.ngdhﬁdah@amew&ﬁ?@ssi on
spring 44y i siheysegd just as in the second enbodi ment of the invention.
Rotation of the actuating part 22 therefore causes the valve nenber 20 to
slide along the main bore 14 of the drill pipe 10. The parts are arranged

RO T e 1T SN R R P
t hr ough 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
15 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
20 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.

25 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

30 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 20



360 causes the valve nmenber 20 to be pushed away fromthe actuating part 22
agai nst the biasing force of the spring 44 into the open position. Wen the
act uat i ngvpant0/@a33s returned to its original orientati @oT/GHE2e09%0p2320g 44
pushes the val ve nenber 20 back to the closed position. Rather than
arranging the valve nenber in the main bdde of the drill pipe, it is
preferred to | ocate the valve nenber at | east predomnantly in the side
bore. Enbodi nents of the invention are shown in Figures 4a, 4b, 4c, 4d, b5a,
5b, 5c¢, 5d, 6a,,6b, . 6C d 6d,. and.in thes t he valye nemher 20 i
orovided i n a4 Bect gRGith I e the s g0 s FpRB0e iR
circular valggt §#R20-miysU2Veé eaflet Sdbh thebkldeBork NS initAE tlisiigr B&dy Theffourth
enbodi ment, illustrated in Figure 4a, conprises a Belleville check valve in

whi ch t he vdhedrittepiper 028uidSlayinte g maimbgend4 i sybsigntialirprevented) aed

housi ng 52 ich,is retali s rrespondi ng r ' ort 16
in the exter SrVaé\fﬁ'm'? %?ﬁf'ﬁe'ﬂgﬁ? ﬁf&ssﬁ&%s@%&%@fﬁﬁ%tﬁ@%%{%g%{eﬂgseal ve
housi ng issr eft@niRE dYlindfsi oot WWhas tse sddtnd éndbf thebsctaptiiepared, t hat
it could be retained sonme other way, for exanple by providing a screw

ay .
thread for eanfhbeatsmn aigemesalbdielisabermi swifasersqvidad @b éhe seeand endief por t

16. An Ori 54 .1 5. in a circunferential groove provided in the
exterior su;‘ggc%t%%lﬁé%g?\?é housi ng 52 and provides a fluid tight seal

bet ween the val ve housing 52 and the tubular body 12 of the drill pipe 10.
The val ve housing 52 is also provided with a central bore 56 which is
general |y pafh&elieal gunpressionfpring 4t isgoravidedusiasin the segead emnhasimest ve
menber T i of the central bore is greater adjacent to the
exteri orzi(bof @ﬁggdﬁ\( %[I:I}I pe 10 than it is at the end of the val ve housing
closest to the main bore 14 of the drill pipe 10, and the shoul der forned

Aol e S0 A AReLer Bl IOl B0 LB aAmb e
engages to CiRREaIbAS tRé ARiRBofe 48 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
15  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.
20
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, 6¢, and 6d, and in these, the valve member 20 is provided in the
25 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
30 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 is



The val ve nenber 20 is located in the |arger dianeter portion of the valve
housi ng 52, and conprises a circular bearing part 58 with a generally

ci rcul ar woaowd4s653wWhi ch is | ocated a further Oring 53PCTHBR0®/00252g 53
engages with the valve seat 50 when the valve nenber 20 is in the closed

position, as illustrated in Figure 4d, and provi des 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 nenber 20 is

ly | ed.in th ing.52. .th Lng.is. ided with
ool i val GRea N mPans Bl Ko, BMS e . e el BB at RS BEY, e
bore 14 of tR&aidedlsbnid et WayYdr mmlerby%rbmam@?sbﬁew ffrabgdoi N a

circunferential groove provided in the |ower end of the valve nenper 20
cl oser to thengagarneniywigh Borasrespentingssqsewhigad i tesiteapent 461 yWT Ouiied t i ght

seal between,fhe val ve t ; i . 62 are
provided in ?%és ngp}’%fﬁﬁ%?ﬁé%lﬁ%rﬁﬁﬁ?lvﬁgg\\fé‘bﬁogléa‘%gﬁétﬁg egéerilér?psﬁ.[]réalé\%a ve
menber 205 sthd Vive WOESING B2 aad peovidsda fluiDtigla seal bbiverpethepeivd housings
illustrated in Figure 4c, with the bearing part 58 and Oring 53 spaced
fromthe val 62 a@dghew)ular bedy dapfthedrill Rikg 1he side port 16, betweent he
Oring 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 piphel@ive/hRaihgbRlis alstpprongleddvitls apestral boredc®athieteis demeraibl ve

menber 20 and a shoul der 66 provided in.the wall of the side bor whi ch
urges the vaPa@lgkiodbe side pﬁf@)1§t"f’é‘ddnd‘r€]’§‘a‘ L?dQF?tieQrffLe IVﬁFV@r'a‘@mt{% Qﬁn&get he
val ve meypber it TRy b eEr ohi
nocessar 0t o EmatePEl indedrts BRroRu et ddiacif 1O oRBRLL bPthe ddl BB
over cone t he 1Dithan itgs dbtheeend of the BEVE Bousing cigeeshitp Bve miin bories1eobibeéi nent
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cl osed posi t ypiindter bORICPPARY the smaller diameter portion forms the valve seat 50 with
which the valve member 20 engages to close the side bore 18.

15
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

20 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

25 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

30 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, between



position can be achieved by the application of fluid pressure to the valve
menber 20 at the exterior of the drill pipe 10. In use, a connector is
provi ded wo 20wvmees8 a hose froma nud punp to the side poT&ERBIYG02326e dril |
pi pe, and when the punp is activated, the nud pressure in the hose builds
up until it is sufficient to push the val%e menber 20 into the side bore 18
so that the Oring 53 noves away fromthe valve seat 50 and nud can fl ow

t hrough the side bore 18. In cases where the dianeter of the side bore 18

cannot be syjfici.ent I e 1,0 proyij the desired fluid.f rate into
Che nai ' borles Grrgp GG aide BeB BO\intaliat Pectrarkph b 2ints Wechani cal

integrity ofcylihgricH isbhc®isDfrouh8ed Byithe walllRsD ARd TRy tRE nidiA \Ho#e d 4\t tife mor e
that one sidé bore 18, each of which has a valve nmenber 20. An exanple of
such a dril Idrifipiee 10, having three side bores 18, is shown in Figure 4b.

The fifth enbodinment, illustrated in Figure 5a, conprises a poppet check
valve which is simlar to the Belleville valve arrangenent shown in Figure

4 in thag thepefbvite BpAAGBAAS positivhet Rgvesn thaoaloe ahémbeybormdi£al val ve
housi ng 52 which is retained in a correspondi ng recess at the side port 16

in the exterghouidariGeroyidedia theiwall gfitpe side boig thwhichkrgesdhe valyesi de

b 18 . . Do . :
ot ned by THEREgPiatodnbdodtd bosifaf®ly SR SRR AR FelihatZd 2 1 g
screw t hr eadrém théelssedepgsitidn tbthelvgen postlidn, itie neppsearyabepplyhat bol ts, or

any other appropriate fastening neans coul d be used. Alternatively the

val ve housi rgctemal ipree 1o fieyrle memher B8 sulfisigni to syarrome tie biggingrferge pi pe.
Two O riqmgs I i | : ' ' in the
ext ert or Cour TAnE RS PANE L, ek SpbBU A BRIy BN AR BEEAES

bet ween t he part iseprovidedrig dehievedthidielnstdad, #re baldg n"iémbér tsheordiguldd go pe 10.

general |y pabaydent of fedvalieBiastbe defbi theitrad pogfigfo the Sper ' °
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

15 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 untit 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.

20
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

25 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
30 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



and in which is |ocated the valve nenber 20. The val ve nenber 20 is,
however, configured differently to the valve nenber 20 in the Belleville
check valwe,20emdeisacl udes a stem 68 one end of which i sPooGR2ea/@e3br al |y
on a disc 70 so that the stem 68 extends generally normal to the disc 70 to
a free end of the stem68a. A circular végve 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 val ve nenber 20 is |ocated such that the stem

extends intg e c ral. 6, 0f .1 h % i f ynLerior
end t her eof ,S‘&fﬁﬁes%ﬁ?r%lfbgé&@- \W tigs ? ar\[ﬁﬁfg, @leﬁ%otﬁ%e%%t%%r%{ﬂr%p@em I ng
into said methe diirgipddasd ebbie vaivel Houginie52 @itetaided tiyemeahy ef Aedséwg 52 and
adj acent the interior end thereof. The dianmeter of the disc 70 is greater

than the di dieead 53whiel epgageavither eomsespendingsgamibraadin theaside ePror t he
| t 5 is ition, th
val ve_seat 54 tﬁﬂﬁlt[\&mﬁgaeégrgﬁe\é@t&?tl{ﬁg%tﬁ%bgroarﬁ%?f#%r%Bgre r@?%ﬁgﬁlh I on e

di sc 70 engagés W Ve Sea rovi era 'urd tight

seal whi ¢h smieaherbukl by upeevaitdmafilvely dhé halwediousing twuld bacntagral wigh i n t he
drill pipe. In order to |ocate the valve mher 28 radi al Ig Wi tBi,n t he
central bor ethgdubglar hedy 12,4 the il ipe; 2l we ©-HRgR P4 are meljied £ac8 IR Aovi ded
whi ch ext end | 20; i ; i

flange 72 1 ol RaEra el tfodfe BEvRdinife SlehorSarBeste fls e bl

di armet er t haand peo\ddesradBidfightrszal bbtreaamtrer vad@e hansing 152 andthes®ibotfart he

val ve nenber,K 2 xtends through this erture. The val ve er.,. i s biased

into the cl o@%‘gy Egéﬁ?{t}i‘%ﬁr'&?‘%&sﬂ?ﬁ V@%@PPE@Q i5i 3lgP ?Ep‘f}]ﬁ%w"@ﬁ ends

bet ween ge I [ @R i ' tife thage a
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to nove the aadewhinrbisrlocdied e nglvetrhembieaglng force of the spring 74 in

order to nove 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 val ve

seat 50 and ghewakle meafder. 2088, Mblbvéh eohfilirell deffdresilyrenthe valve member

20 in the Belleville check valve, and includes a stem 68 one end of which is

15  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

20 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

25 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
30 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 valve



of the invention, the valve nenber 20 is configured such that this may be
achi eved by the supply of pressurised fluid to a hose connected to the side
bore 18 oVothw/wdsdsBl pi pe 10. The central bore 56 of thecCraiBzeodoeRbng 52
is threaded 82 so that a cap 80 can be provided as illustrated in Figure
5¢c. The cap 80 is provided with a generall% circular top part 80a from

whi ch extends a generally cylindrical wall 80b of snaller dianmeter than the
top part 80a. The wall 80b extends into the central bore 56 of the valve

housi ng 52, i oyl ] O-rings 84, e 0 ieh i pcated in
a circunfer e%héb?g’ov@(?ﬁ}deo%h%&\é?éhﬁ }é?lygfn%'ﬂp?gg@eé{e%éﬁﬁ%q% tgﬁ"o. The

screw t hr ead apgrigraFheobavbintdmbBeisdiaséPinits tHeetlabee pobitiohsy mabme ohausi ng
52 is provided on the exterior surface of the wall 80a betweéen the top part

80a and the Oslicalgpriog 74rwhich extagds batweringeenptalydireutasgroene Bore 56 of

t he val ve houysl ' i) Ly fl ied ti ... TS
ensures that Lb? %\28%%1 g% ﬁér’%‘% ggs %gsésjg@éazg?r@egetglth%#%\?e%ﬂ"hfgﬁ@%?w %aow
through tbe dfidehdreferelfiedesstinetodhblé td Palvd fnémberse aghmss & biasRiy ded by
t he val ve ne or\egzrgq%o fails. .. her fasteni n'g[ means may be used to retain the

cap 80 in th dhe spENa 45D orger togngue flout 8T Hig eased |pﬁ§itioarto§h¢rppan ht ype
of quick con ~QN; ; i e ; . ing the
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drill pipe bbetwéen thavalverseas 50 emdwdise 0 migadn, a%Ongﬂimﬁiurﬂi@mbedrgnéaﬁ- T(r)]
use the valve, the cap 80,is renoved. The cap_.80 nmay al so be provided wt
arelief sloff E}?ﬁ)'ﬂ""gﬁﬁﬁﬂ’)th?d’aé‘fq piemeare,ismonfiguisd éfﬂh thab s mabapped in

the centpgl %@h@vé@-bm@gsaag@z sﬁﬂeﬁeuﬁéeo[ggeg%_mea@&m eedofb%e%?c? ) can

be threaded into the thr sim rings tot rings 84 on
the cap 80 bédong 18radihel ddllpipeem@ure a substantially fluid tight seal

bet ween the val ve housing 52 and the adapter. Fluid pressure can then be
supplied through this

The central bore 56 of the valve housing 52 is threaded 82 so that a cap 80
can be provided as illustrated in Figure 5¢c. The cap 80 is provided with a

15 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

20 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
25  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

30 may be used instead of the thread.



adapter which will start lifting the disc 70 fromthe seat once the applied
pressure is sufficient to overcone the biasing force of the spring 74 and
exceeds twe 20mr@se5al pressure in the bore 14 of the dri PCTER209/082526hi S
poi nt the valve is opened 5b and flow wi || pass through the circunferenti al
cl earance 86 into the bore 14 of the drill8 pipe 10. Once the flowis
stopped, and the pressure in the adapter is reduced bel ow the pressure in
the drill pipe the valve 20 will close. The spring 74 will always ensure
that the valve . is held in a cJ osed i nes when there is no
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15  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.

20
The valve housing 52’ and valve member 20’ of a sixth embodiment of drill
pipe are illustrated in Figures 6a, 6b, 6¢c, 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

25 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
30 four) locking studs 82 which each pass through a threaded aperture extending

radially outwardly through the valve housing 52’ from the interior of the valve



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

i nto the wpentumessin the drill pipe. Renoval of the valPee/dBroeiogs262' from
the side port is therefore prevented. It will be appreciated, however, that
such | ocking studs 82 may be provided in18ddition to a screw thread
connection. A fluid tight seal between the valve housing 52' and the drill
pipe is, in this case, provided by neans of a single Oring 54'. In this

mbodi ment, the. t d.t th ing, 74", (whi.ch_in thi
ol 6 1's’ Aol 5By Bris Sxeriiras e VEREMpUs 87 bk hE T At T he
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i s al so provihediead 8%a of eaph stid 8% n B @&diyseddo sere the, sttdyed &40 € and 6c
only, b in | ' d ' : t r ca
50 1ot vapeiTeS e HESbRRE Lkl MeAEhRhaigS2 RoREEk Sue pEThy

i n Figure 6cjs thersforeopiederitean It dl batappreviateds hawevar thdtesushllbcldtd stunls t he
cap 80'. In this exanpl e, fourgé_uch bayonet connector formations 88 are

> V)
provi ded, an82Y BpRFRAdgRHEAAFIHION4Q 8o tRGRY GANBSREPD- 80b' of the cap
80, the

A fluid tight seal between the valve housing 52’ and the drill pipe is, in this

15 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

20 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

25 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

30 possible compression of the spring 74'.



spaces between adj acent bayonet connector formations occupying around half
of the outer circunference of the wall 80b' in total. The bayonet connector
f or mat i orw0&8108|6¢53engage with a corresponding |ip for meCir@aB20@/002526
(illustrated in Figures 6b, 6c and 6d) which extends into the central bore
56' of the valve housing 52'. As such, iR0this exanple, four lip formations
90 are provided, and these are regularly spaced around the circunference of
the interior surface of the valve housing 52', occupying |less than half of

the circunference jn total. The val ve hqusin "is also provjd wth
oo e TR mbpai B 6 BISPoProRIEH QUTeS 685 &1, Wiice s Dnaaiadindrottes
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56' of the valve ) m the, exterior. of the drill e unt.il the
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and is then ppthatadet birQuateranedBetEWHNBOD’ iRasal.0The haybasPesindnect or
formati ons 88 g@gages with one of the lip formations 90, and each | ocking

pin 94 is | otdmadons 8Brractvengageowtih mcareaspoadingdin Wsanatianee(ilhusjratad in
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with the rons usin us pr

wi t hdr awal ohbh@ingm 8B's duchint this axedniplehfolgilipgobiationd 90 arderdvaded, izpid of
t he | ocki ng Flns 94 in the recesses in the bayonet connector formations 88

ensuring tha qsmarearﬁgs@ﬂy@a@s@ aéeynd, the ¢igpvsaferenca eltbetipterine sydageof
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an or mat |

formations 8
15  The valve housing 52’ is also p‘rovided with four locking pins 94 (seen only in
Figure 6¢) 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

20 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
25 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
30 connector formation 88. Engagement of the bayonet connector formations 88
with the lip formations 90 of the valve housing 52’ thus prevents withdrawal of



90, and to inpede rotation of the cap 80" relative to the val ve housi ng 52
out of that alignnent. To assist in achieving the rotation required to
engage t hwokawoeds3connection formations 88 with the |i pCraBmIvweR690, 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' mmy thus be rotated
by rotation of the tool. In this exanple, eight such apertures 92 are

provi ded, and thus the tool is provi ded with eight corresponding pins. In

wh 80" ctly
ol gned r ot at o eapAt Fromy i e Bt nga with 1= RERHF0 P Ui IAKES RN Bfe 1 | p
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apertures 96 whi ch, when the cap 8 e correct
with the aper&QJrSe@Orgecﬂynaltmr@ddaﬁat% to tﬁ'muslvemwsmm@ darac&(ével mammumct |y

I d | at h ho t he 0 can sl ot
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a sudden goveyERHdab |ﬁ1b@db(?@{ati'oﬁ deH\@bgﬁ SBh?elé(Wé’f?J th@q/%\'l\@hégsmg 8pdoGan
therefore be reassured that the al i gnment of the cap 80" 1s correct and no

further rot atqféhﬁtlﬁﬂlgﬂélﬁntred. In this exanple, the mating surfaces of the
bayonet connector formation 88 and the |ip formations are angled at around
45 to the longitudinal axis of the valve housing 52', the radially inward

portions of (Meassistingichisving tfe Rkttt RgRTeato ePghls tﬁébéxbﬁét éHnnteEﬁoﬁ'“ I
pi pe. Wil st the cap 80 I S exanp It is
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made in two paimations@e Wé%edlarfprma@nwgﬁ dHGMQ@Edé’@a béthm(r:]zm gﬁesl phery
f th 8 e onet
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portion of t hesdrteal. 8Dk capCBOanha)}/\imslb@rrbtalédey robtionadflth8@bol. Whitlgs has a

circunferenti al roove n which an O-ring 84' is |located. The outer part
81a and i nnerexBHﬁ}b Sel@B sych apertwies P2 aregprowded and thus the tool is provndeg

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

15 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

20  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

25 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
30 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,



t oget her by nmeans of engagenent of a screw thread which is provided around
the exterior of the central part 8 1b and the interior of the outer part 8
la. As thwol2owareqsarti on of the wall 80b' in which the @CTiGR@4023286

provi ded has an outer dianeter which is greater than the internal dianeter
of the outer part 8 la, when assenbling €Be cap 80' it is necessary to
screw the central part 8 1b into the outer part 8la before inserting the
cap 80" into the valve housing 52'. The apertures 92 used to rotate the cap

Wth the |1 pardande e BTS2 s AR08 SRR e
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housing 52'. In this exanple, as the dianeter of the top part 80a’ of the
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with the outer end of the valve housing 52 as in Figure 5c. This neans,

however, thaintetheeuisripad Siambefose insesinehtherean 8@ ivtepthgovalve bensieg 9¢'-pushed
too far jqto the central bore 56' of the valve housing 52' are required. In
this exarpp? this is achieved by providing a reduced internal dianeter

portion of tmae\e@)lemrémgz iusgd 33 rofate tHeeca8@rtowringithedayonet bonsédigr 52' ,
the val ve seat 50' being provided on the end surface of the reduced

nternal di afRSTBNOBES 1519 eKsEnaRopa1ans NaiGedip TOMREHORHEO cip PEavided
correctly pog feONREr hbart81G hy aPBEE FHe ProvisbR&BRMEAM o part structure

is therefore advantageous, as, during this rotation of the outer part 813,

15 engagement of the screw threads of the outer and inner parts 81a, 81b 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'.

20
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

25 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

30 the housing 52', the valve seat 50’ being provided on the end surface of the

reduced internal diameter portion of the valve housing 52'.



connector formations 88 lie between the lip formations 90 and the reduced
di aneter portion, the Oring engages with the val ve housing to provide a
subst ant iaDI2g10fd4ed5d ti ght seal between the val ve housi n@Ch&B2009h0232e cap
80" (the cap 80" therefore providing a back-up seal in case the seal

provi ded by engagenent of the valve menb@B 20' with the val ve seat 20
fails), and the end of the wall 80b' of the cap 80" (in this exanple
provi ded by the central portion 8 1b) engages with a shoul der provided by

th d d di f th h 5 t of
the end of -t e aabt 84 d Sofpely SasiBodsro (h tevaive bannidd B2 e Benanet °
movenent of mé‘c@@rf%ﬂnanaﬁ@ssrn@ mwbéﬁkhé)ms?orﬁ@atlows gdﬂsnmé/ é{}%%a' ng 52°.

As with the fifth enbodi nent, once the cap 80" is renpved an adapter (not
shown) pr ovi di@theier poidions ﬁao@rfmgwgnmg&amth an@&e@oufsmgm pronilecan be

d h_t f h d
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fourth, fi ftﬁ nggéslli@?h Of e%ﬁﬁ‘s (PQRgefs%ces{aﬁg%g?bg\’/égé %W{;& +‘%ﬁr41rg)ﬁ%t£bﬁh 20 is
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menber 20 could equally be _nmounted directly in the body 12 of the drill
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pressure I n the a ent o e Varve e

t he open posb6i cofrthewahxﬂnmksmgﬁé’,. t he adapt er may be provided with a

mechani cal actuator to push the
As with the fifth embodiment, once the cap 80’ is removed an adapter (not
shown) provided with corresponding bayonet connector formations can be

15  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

20 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
25 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

30 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 mechanical



val ve nenber off the valve seat 50, 50' to the open position. The

mechani cal actuator may autonmatically do this, when the adapter is secured
to the drwbDl2opi@@ess3or manual operation of the actuator may/dB2oesmes2sed.
Locating the valve nmenber 20 in the side bore 16 of the drill pipe 10, as
in the fourth, fifth and sixth enbodi nent2¢ of the invention is particularly
advant ageous as it ensures that the val ve nenber can be |located entirely
within the wall thickness of the drill pipe, and, at |east when in the
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with a bearing surface which can provide a substantially fluid tight seal
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ocated ar Ul LG MotcTeern Biebichta SHESAPTAY BHBIoN seakwithat he val ve
menber generally circular valve seat could be used. For example, the valve member
20 could be spherical. The fourth, fifth and sixth embodiments of valve
15 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
20 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

25  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

30 insertion of the drill pipe 10 into a well bore, which it could do if it were external
to the drill pipe 10.



20 entirely within the drill pipe 10 is advantageous as it wll not inpede

I nsertion of the drill pipe 10 into a well bore, which it could do if it
wer e ext ewoabiow@edsde drill pipe 10. Al t hough not shown i RCTIGB2DéOLES,
conventional drill pipe has at at |east one of its free ends a connector

portion with an enl arged outer dianeter. 25dvantageous|y, t he 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 conpar ed

ith th d f the d | pbipe. This, of I I
e STRIRSED S SRS e R oSt G rRE o
i nvention aslt@ﬁéé@h@@@tgorﬂ{edt&@p&tlgﬁ\A,k?l%rﬁﬂ efilarded B@te@rd‘i’c?méfer' ncreased wal |

t hi ckness provi des nmaxi num space for the vaﬁve menber 20. The side bore 18
coul d, howevAdyarfeggously dise sﬁ@emﬁwéldell plpet‘n@lrdwhidh themidebdrg 1®is coul d be
prOV|ded in a tire

ot nCor ¢ rarayiiads FeistneldonngbtdR pofiort s this Sartibh g Mofbsei il on

could al b@nél@n@%b%@ﬁﬁre@@ﬁt%e%%nhdérdﬂ?'thé RO p?pé/\BTIHrstfébdrée dsprocess
known generally to persons skil inthe art as casing drilli

Simlarly, i na/@lﬁuiadu a@b{ﬁntﬁege@wl in é@latl@n to thepfosintbrangsfifgh gmb@dulrne@tﬁb)f the

engt hs or « IRER AP R lieBindiafrEREbEle TR A=y WoteSERE VB 2" engtn
of drill pipgickriess heoVidedinsaxifmenappacciontieslvalvatmémdedR0! ITHe fige doresub may
al so be provided with a further valve neans, such as _a standard KeIIy or

TI Wval ve, a>8 €prulsle howevahihe Bm\/éiqsifelswhgrﬁ inithgidsiél pipe pody.eRsiodld Bar i ng
attach br db%"Yn'aeﬁﬁév AL I|gﬂ1’t'o‘n'u PES'nééa{ V§ﬁ|cﬁftﬁ?fé%m§)féh§tr+’§€d as

an isola |on Valve 1n str con a“rotating

bal | val ve thmtdmllsplparﬂlﬂhﬂwéslaa@ﬂm‘ged,walrtdlok/nesﬁ Thellmmttmh (Wl.ﬂmais;otljea mai n
bore of the dri 1p or sub. gﬂ [st in the enbodi rrent of the |w2vent|on
descri bed ab%%"edsé’élcﬁﬁb‘gi‘ése&e'ﬁ riling A welhiedn ByPIRESSS @WPH&QG de are

typically magder8hs skiMREin tR&¥rt as casing drilling. Similarly, invention can be applied
fo a sub such as a pump in sub, a drilling sub, a saver sub or a cross-over sub,
15 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

20 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.

25  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.

30 When used in this specification and claims, the terms "comprises” and

"comprising" and variations thereof mean that the specified features, steps or



ot her conventional sealing systens, including netal-to-nmetal seals, may be
enpl oyed i nstead. When used in this specification and clains, the terns
"conpri se80 2ard46€56npri si ng” and vari ations thereof nearCricR2009®22peci fied
features, steps orintegers are included. The terns are not to be
interpreted to exclude the presence of ofRer features, steps or conponents.
The features disclosed in the foregoing description, or the follow ng
clainms, or the acconpanying draw ngs, expressed in their specific forns or

orocess for DEGaRs Holen. bl Gelhd o R Birt R e e

separ ately, presencany offsriearirés) stefs sHEdmpeAtKes, be utilised for
realising the invention in diverse fornms thereof.CLAIMS 1. A drill pipe
havi ng a tubul ar body through which is provided a main bore, a side port

provided in { Ofi: - . si de bor xtendi ng through
t he body frO&H?ﬁ%ét%élsn&ggllrdééﬁgﬁyﬁ%foté? éggg’?éFCﬁF?ﬂPd“é’@&‘? ﬁg%mgta”aﬁi ¢h is
novabl e et whenaccoohmErgthg dsEwings, éxpredicehinfthuirépbb@w rbimeueh fehfsrde bore
is substantiall revented and an open position 1n which flurd tlow through

the side bor B1628S i peHQrEYNg Wi Aiscloserduneiishenia methaskonprogcesstarber

bet ween t he fid A h [t I ses _translational
moverent, and RO aP s qO sl R Q0BROIE. 03D, SAERASH Bt BV it hi m ¢ he
si de bore. 2combinatibh ofispeh featareti, be Utitised frmedlivingtied hventisn in Biviehg cl osed
posi tion, t\rll\)g valtve anber engages with a valve seat to substantially
prevent flo O5fSt h?ﬁe&’ al ong the side bore, and the val ve nenber is arranged
relativeggt o the val ve seat such that if the fluid pressure in the nain bore
of the drill pipe exceeds the pressure at the side port, the valve nenber
is urged into engagenent with the val ve seat.



3. Adrill pipe according to claim1 or 2 wherein the translational

novenment of the val ve nenber between the cl osed position and the open
position We 2gmves@Bl y parallel to a | ongitudinal axis ofCrigB2sd®2izere. 4.
A drill pipe according to any preceding claimwherein the drill pipe
includes a spring el ement by means of whiZdh the val ve nenber is biased into
either the open position or the closed position. 5. Adrill pipe according
to claim4 wherein the spring elenment acts to bias the valve nenber to the
cl osed positj &119! A drill pipe according to any precedi ng clai mwherein

t he valve ne ﬁ'as a generally annul ar bearing surface which, when the
val ve nmenber is in the closed position, engages with a correspondi ng

annul ar val ve seat provided around the side bore. 7. Adrill pipe according
to any precedi ng &dilpipgdexing 3 tbulai hadyntbndegh whigbriswrewdedia mam | ocat i ng

t which . N . t h 1 d t t i f th
B i po + MPRS B etk bRuyBaea 13 bk tec® At o0l g Ychebdre ghent of
t he annulfr belenting thrsdgirtedodyneomahy endiReRe tdiidisidBoorelane $eate 8. A
drill pipe according to claim4 and claim 7 wherein, the s%l ng el ement

conprises a GwnebelWhichds moyeblghetnpens cleses tesiiondn svvieh fluid flayeat i ng part
bet t t i t i t.. ., 9. A
ari 1T pi pe alioldl indpidelite Asbiahfiil] aridelRlatlth b8y HosRs brigh

further provfldddion tHroagle #pe siledorety pbenitiel eahakdiy tise moveehdrm of ige si de
bore, and v\/nenl securEd 'l)n t he side bore provides a substantially fluid
tight seal weMKEeIMEMAET PetWaEH et(ﬁe@edpp%ﬁ)m PR the eRepmositioncampiigest he

side borg 1f8andafdbhillmel i ' ' cap is
provi ded wit are]nSageﬂeﬂ@%?@cﬁ%ﬁgggg\%ﬁﬁh@b%@ﬁ?Ss‘eMca%Eegddgtl l% %tne si de bore,
engage Wit h prdogsipanily wihierthagitebord.or nat i ons provi ded by the drill pipe,
rotation of

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

15  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.

20 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
25 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.
30



the cap within the side bore being required to bring the respect engagenent

formations into engagenent. 11. A drill pipe according to claim 10 wherein
t he engageoento/fessaat i ons conprise a pair of correspondiPOl/GR20EV102526
threads. 12. A drill pipe according to claim10 wherein the engagenent

formati ons include bayonet connector ford®tions which are spaced around the
circunference 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 th bOd%//érﬁ sibde bore

ext endi ng th@-ougrf\fjﬁ'ﬁ PIRRIFCETIING RANYaRTRCBEINg Glain waesiad e ¥r FHO&" val ve
menber whi chyd at?ﬁﬁt{)‘é':'redb ; lﬁ?m TR } ! } | .qw

t hr ough therhsaistsjaeg%}gré}:ea”?s su stanat?ﬁngl y premﬁﬁ'e Hgﬁgjé(\a@%ﬁgprﬁ%mgggstlﬁon in
whi ch fl ui d the®logda pesition,engsigde Withr 2 correppomding edpularerbiensadiprovidedent

of the valve rrenagr bg{v&%n t he cl osed position and the open position
conpri ses t rRYNAENSFIAE H¥Perment, and the val ve menber is located at |east
predom nantly within the side bore. 14. Ad riillll pipe header according
to claim13 wherein the drill pipe header has any of tthhee features of the
drill pipe of. anyAciid pie acepndingltotanylprecesdingclainhwhereio dhe ¥alvednembes

drill pipe havi a_ tubul ar body through which i. rovid maj n, bore, a
i de port - priofraages W RisatBE e WHEH RteRS i Bbie Sl Y Baf

ext endi ng t heagadingTRorR ety dtin @ipd Mto TR §1d8 Boke badtdeistingen Padihtairing tige val ve
menber which is novabl e between a closed position in which fluid flow

t hr ough t he dignengsdras the aspplar Heeriag isyrfpee véhevalya demheobyih thpyalveon in
whi ch fhﬁ(jgéépvthrough the side bore is permtted, wherein the novenent
of the val ve frenber between the cl osed position and the open position
conprises translational novenent, and the valve nenber is |ocated at | east
predoninantlg wi thin the side bore.

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.

15
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.

20

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

25 formations into engagement.

11. A drill pipe according to claim 10 wherein the engagement formations

comprise a pair of corresponding screw threads.



16. A sub according to claim15 wherein the sub has any of the features of
the drill pipe of any one of clains 1 to 13 .
WO 2010/046653 PCT/GB2009/002526
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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.

5 13. Adrill 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

10  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.

15 14.  Adrill pipe header according to claim 13 wherein the drill pipe header

has any of the features of the drill pipe of any one of claims 1 to 13.

16. 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,

20 aside 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

25 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.
30



