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FRI CTI ON- REDUCI NG DRI LL PI PE COVPONENT This invention relates to. a dril

pi pe conponent, and in particular to a conponent to be placed
in a string of drill pipe to reduce the friction between the
string and the hole wall. 5 In industries
where | ong Wolermses bores are drilled, such agctitbogbiiznd gas
exploration and extraction i ndustries, the friction which
occurs due to contact between the drill string and the bore

wall may result in a
required to rotate the
al so causes wear

e in the torque
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. This invention relates to a drill pipe component, and
in particular to a component to be placed in a string of
drill pipe to reduce the friction between the string and
the hole wall.

5 In industries where long holes or bores are drilled,
such as the o0il and gas exploration and extraction
industries, the friction which occurs due to contact
between the drill string and the bore wall may result in a
substantial increase in the torque required to rotate the

10 string and the drill bit. Such contact also causes wear
and damage to the steel casing used to line sections of the
bore.

In an effort to avoid these difficulties there have
been various proposals for friction reducing components to

15 . be mounted in or on the string. US Patent No 5,261,498
{The Red Baron {(0il Tools Rental) Limited) describes a
typical friction reducing component or sub, in which a bore
wall contacting sleeve is mounted on the lower part of a
mandrel via bearings and is axially retained on the lower

20 mandrel part between a shoulder and an upper mandrel part.
While this and other subs have been used successfully in
numerous operations, the cost and complexity cf'such subs
has limited their widespread adoption and use.

. It is among the objects of embodiments of the present

25 invention to ©provide a friction-reducing drill pipe

component which is relatively simple in construction and is



and damage to the steel casing used to line sections of the

* bor e. In an effort to avoid these difficulties there have
been various proposals for friction reducing conponents to 15 be
nounted in or on the string. US Patent No 5,261, 498 {The Red
Baron (O Ws»¥8#8ntal) Limted) describes a Wﬁ%‘éﬂz Briction
reduci ng conponent or sub, in which a bore wal | contacting
sl eeve is nounted on the |ower part of a 2 mandrel via bearings
and is axially retained on the | ower 20~ mandrel part between a
shoul der and arthmspdiessapapenspee tto manufacture awhi heintain.and ot her subs
have been used successfully in nuner ous operations, the cost

and conpl exity of S@EF?§§B§9 to the P?ese%%si¢Y¢ﬁ§¥SP1ﬂ§§FP wSdesprided
S0Pt 0 e, U3 el MBIBD 6P PoLo 0 pSIRRLIEYS SkiePEgee
cormponent whi Clyd Sar €,3hi1v ekyr SidTP! EnkN ABRHE! | Dh@1dih§ a tubular
5 mandrel having first and second ends for connection to
adjacent components of the drill string, a sleeve mounted
.on the mandrel, and first and second stops on the mandrel
for restraining the sleeve against axial movement relative
to the mandrel, at least the first stop being removable
10 from the mandrel to permit the sleeve to be-removed over
the first end of the mandrel.

In use, the major parts of the component may be
disassembled simply by removing the first stop and then
lifting the sleeve over the first end of the wandrel. This

i5 contrasts with conventional arrangements in which removal
of the sleeve, if possible,'requires, for example, the
dismantling of the mandrel or heat treatment and expansion
of the sleeve. Thus, maintenance and repair of components
y made in accordance with embodiments of the present
20 invention is relatively simple and in many instances may be
carried out on-site at a drilling location.

The sleeve way be rotatable relative to the mandrel or
may be non-rotatable on the mandrel. In this area,
componénts or subs in which the sleeve is fixed relative to

25 a mandrel are described as “rotating" subs, as the sleeve
rotates in the bore with the drill string. If the sleeve
is rotatable on the mandrel such subs are described as

“non-rotating” subs, as the sleeve remains stationary
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According to the present invention there is provided a

friction-reduci

second ends for

ng drill pipe conponent for form ng part of a drill
string, the WOAHBHEht conprising a tubular 5 mandr el hRETEB6A212Y and

connection to adj acent conponents of the dril

string, a sleeve nounted on the mandrel, and first and second stops

on the mandr el
relative

fromthe mandrel to permt fhe sleeve to.be renmoved over the first
end of the mandrel.
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. for restraining the sl eeve agai nst axial novenent
redath¥e nbQ iR bored east the first stop being renovabl e

ting subs, bearings may be provided between
the sleeve and mandrel, or the sleeve and mandrel may
define bearing surfaces. Where bearings are provided these
may be introduced into the gap between the sleeve and the
mandrel through a port in the sleeve. Bearing lubricant
may be trapped between the mandrel and sleeve, however it
is preferred that the fluid in the bore provides the
necessary lubrication, and to this end the spacing of the
stops may be selected to provide a flow path between the
stops and the sleeve ends. One of the upper stop and the
upper end of the sleeve may be configured to permit flow of
fluid therebetween in the event that the contact between
the sleeve and bore wall causes the sleeve to be pushed
upwardly into contact with the upper stop, for example the
upper end of the sleeve or the stop may be scalloped.
Alternatively, ports may be provided in the upper end of
the sleeve.

Preferably, the first stop is in the form of a collar.
The collar may engage with a screw thread formed on the
mandrel or may be retained on the mandrel by releasable
connectors. The releasable connectors may be in the form
of bolts or pins or, most preferably, are in the form of
sprung pins or dogs which normally extend radially from the
mandrel to engage and retain the collar. The collar may
define ports therethfough to allow the dogs to be pushed
inwardly to allow removal of the collar. The collar may

also define slots in communication with the ports so that

10
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In use, the major parts of the conponent nmay be di sassenbl ed sinply
-by renoving the first stop and then lifting the sleeve over the
first end of the mandrel. This 15 contrasts with conventi onal
arrangenments in which renoval of the sleeve, if possible, requires,
for exanpl ewotsmess2s di smantling of the mandrel or heaPCEEBMMEdt and
expansi on of the sleeve. Thus, maintenance and repair of conponents
made in accordance with enbodi nents of thegpresent 20 i nvention is
relatively sinple and in many instances may be carried out on-site
at a drilling Itdeacicddar may be rotatéthacskeser hhg pins ot dimbies spaluatyi ve
to the mandrel or y be non-rotatable on the nandrel In this

area, AR S 59 TRERIN (e sFlese; sthe xdagsemayi be t o
B R SRS N e L TLRE | e
rotatable on tQﬁtﬁPQ&ﬁ%'éﬁﬂ@@l&ﬂﬁ% Ve t9RSGNVRAEIBR it is possible for
5 unskilled personnel to remove and replace the sleeve using
only very simple tools, such that components may be
repaired on-site without requiring specialised assistance
or egquipment.
Preferably also, the second stop is in the form of a
10 stop ring. The ring may be removable but is preferably
integral with the mandrel. In the preferred embodiment the
mandrel, the mandrel end comnections and the second stop
are machined from a single piece of metal. The first stop
and the sleeve may each alsoc be formed of single pieces of
15 metal. Accordingly, the resulting connector has only a
small number of parts and is therefore easily assembled and
disassembled and may be of robust construction.
The sleeve may have a cylindrical:- outer surface, or
may define axial or helical blades with slots therebetween,
20 to facilitate passage of drilling f£fluid through the annulus
between the drill string and the bore wall. The blades may
be of resilient material, such as PTFE, PEEK polymeric
material, or vulcanised neoprene, most preferably
reinforced with metal or some other rigid structure.
25 Alternatively, the blades may be of metal, such as steel or
alloy. The metal blades may be integral with the sleeve or
welded or otherwise bonded to the sleeve. The slots may be

undercut.
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3 relative to the bore. In non-rotating subs, bearings
may be provi ded between the sl eeve and mandrel, or the sl eeve and
mandr el nayWo 9708423 def i ne bearing surfaces. Were beari ngFCHEEH ded

t hese 5 may be introduced into the gap between the sl eeve and the
mandrel through a port in the sleeve. Beasing | ubricant may be
trapped between the mandrel and sl eeve, however it is preferred that
the fluid in the b@s@qmddwfsdes Enpgther aspecteefatle|phesentt iigwensadnt o
this end the spacing of th st ops may. be selected to provide a flow

path between tHere 1s Pr??&ﬁ§daﬂdf¥+ﬁF¥94H§ﬁ§qﬁ%&§ dphil pine, SMPFELNEL 0p
and the for forming part of a drill string, the component

comprising a tubular mandrel having first and seccnd ends
. [ for connection to adjacent components of the drill string,
and a sleeve mounted on the mandrel, the sleeve defining
external blades with undercut channels therebetween.
According to a further aspect of the present invention
there is provided a friction-reducing drill pipe component

10 for forming part of a drill string, the component
comprising a tubular mandrel having first and second ends
for connection to adjacent components of the drill string,
a sleeve mounted on the mandrel, and spring-mounted lock
dogs mounted on the mandrel and cperatively associated with

15 the sleeve for releasably retaining the sleeve on the
wmandrel.

These and other aspects of the present invention will
now be described, by way of example, with reference to the
- accompanying drawings, in which:

20 Figure 1 is a part-sectional view of a E£friction-
reducing drill pipe component in accordance with a first
embodiment of the present invention;

Figure 2 is a part-sectional view of a friction-
reducing drill bipe component in accordance with a second
. 25 embodiment of the present invention; |
Figure 3 is a sectional view of the mandrel of the
component of Figure 2;

Figure 4 is a sectional view on line 4 - 4 of Figure



upper end of the sleeve may be configured to permt flow of fluid
.therebetween in the event that the contact between t he sl eeve and
bore wall causes the sleeve to be pushed 15 upwardly into contact with
t he upper stop, for exanple the upper end of the sleeve or the stop
may be scal lwpeross2s Al ternatively, ports may be provi BEYGBAS2I pper
end of t he sl eeve. Preferably, the first stop is in the
formof a collar. 20 -The collar may engage with a screw thread forned
on the mandrel or nmay be retained on the mandrel by rel easabl e
connectors. Thezyel easabl e connectors nmay be in the form of bolts or
pins or, nost preferably, are in the formof _sprung pins or dogs

whi ch nornal |y ext erREFHSE af | ¢5f rdynPRRE-sestionghnyiey ©f chgdFdchignret ain

ége collar. The &giég éggx%iqﬁ quine ports tQFr through %o %Ilﬁy%the
gs to be pus RARP tPHIBRT SToRACTL2PRE WOFPaAROFRE
col lar may embodiment of the present invention;
5 Pigure 6 is a sectional view of the mandrel of the
component of Figure 5;

Figure 7 is a perspective view of the sleeve of the
component of Figure 5; and

Figure 8 is a perspective - {riew of an alternative

10 sleeve for the component of Figure 5.

Reference is first made to Figure 1 of the drawings,
which illustrates a frictibn-reducing drill pipe component
in the form of a sub 10 forming part of a drill string (not
shown) for location in a drilled bore. The sub 10

is5 comprises a tubular body or mandrel 12 provided with

conventional conical threaded pin and box connections 14,

15 to permit the sub 10 to form part of a drill étring. A

stop ring 16 is formed on the mandrel 12 and locates the

: lower end of a sleeve 18. The upper end of the sleeve 18

20 is located by a stop comprising a set of s;Sruhg lock dogs

20 biassed to extend radiélly ffom the mandrel 12 into

corresponding slots 22 defined on the inner surface of the

sleeve 18. In this embodiment the sleeve is a "rotating®
sleeve, in that it rotates with the mandrel 12.

25 To remove the sleeve 18 from the mandrel 12 an

operator depresses the lock dogs 20 by pushing on the lock

dogs 20 through the sleeve ports 24 which communicate with

the slots 22. When the lock dogs 20 are pushed inwardly



al so define slots in conmunication with the ports so that WO
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4 the collar may be rotated to cover the pins. Were sprung
dogs are utilised to retain the sleeve, the dogs nay be ushed
i nwar dl y t owperms4es reroval of the sleeve. Thus, V\W‘E"HGWB%I”
enbodi nent of the invention it is possible for 5 unski |l | ed personnel
to renmove and repl ace the sl eeve using 7 only very sinple tools, such
t hat conponents may be repaired on-site w thout requiring
speci al i sed astjhet abeeve 18 mayobeeljifpa®dver the depresse®rdigy abl, yandiso,
the second stop is in the formof a 10 stog ring. The ring may be
removabl e but ixemgwefiecfrpnythe end of the mandrel.

Reference is now made to Figures 2, 3 and 4 of the
drawings, which illustrate a friction-reducing pipe
’ 5 component in the form of a sub 30 in accordance with a

further embodiment of the present invention. The sub 30 is

somewhat similar to the sub 10 described above, in that it

comprises a tubular mandrel 32 defining corresponding pin

and box connections 34, 35 and carrying a stop ring 36 to

10 retain a sleeve 38 on the mandrel 12. Further, the upper

end of the slesve 38 is rgtained by lock dogs 40. However,

the lock dogs 40 engage with a lock collar 41 rather than

with the slesve 38, which is thus free to rotate on the

mandrel 32. Those working in the area would describe the

15 gsleeve 38 as of the "non-rotating" type, as in use the

sleeve 38 remains stationary relative to the bore wall,

while the mandrel 32 and the remainder of the drill string
rotates. '

The lock dogs 40 engage slots 42 in the collar 41, and

20 'ports 44 provide operator access to the lock dogs 40. Each

port 44 is located at one end of the respective slot 42,

such that the collar 41 wmay be rotated on the mandrel 32

until the dogs 40 engage the other "closed" end of the slot

42. Of course the ports 44 and slots 42 are arranged such

. 25 that rotation of the sub 30 in a bore tends to result in

rotation of the collar 41 to bring the dogs 40 to the
closed ends of the slots 42.

The lock dogs 40 are illustrated in greater detail in
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integral with the mandrel. In the preferred enbodi nent the mandr el ,
-the mandrel end connections and the second stop are machined from a
single piece of netal. The first stop and the sl eeve may each al so
be fornmed of single pieces of 15 metal . Accordingly, the resulting
connect or haso eTésa23 smal | nunber of parts and is PREGEINIU2Ras| |y
assenbl ed and di sassenbl ed and nmay be of robust construction.

The sl eeve may have a cylindrical outer sugface, or may define
axial or helical blades with slots therebetween, 20 to facilitate

passage of drilFigueré|4iaf ttheougawihgsannBatk lock dogbet vieerdditel idd
string and the bore wall. The bl ades may be of resilient material,
such as PTFE, PEERESRESH#SIS threaded h%@ 4§ a\rhlclmacc@mdhtg%ca smn@e

Struct tre. 26 4na gresadad 036F SO FRFARET 48 b8 SFIRET HLMSIAT SER col
L e or o hoCle JoCaEEkAed! SCaaERY1hE BN A (bl | SRS
5 shoulder 52 and limit the outward radial extension of the
dog 40. A compression spring is provided between each lock
dog and the base of the hole 46, to urge the dog radially
outwardly. The dogs 40 are ported to prevent the dogs
being pushed inwardly by the elevated pressures experienced
10 downhole.

In use, a number of subs 30 will be provided in a
drill string, and as the string is rotated in a bore the
sleeve 38, which is of larger diameter than the other parts
of the drill string, will contact the casing which lines

15 the bore and the mandrel 32 will rotate relative to the
non-rotating sleeve 38. In this particular embodiment the
mandrel 32 and the sleeve 38 each define plane bearing
surfaces, however lubrication is provided by the drilling
mud which, during a drilling operation, will flow upwardly

20 through the annulus between the sub 30 and the bore casing.
This drilling mud will find its way between the stop ring
36 and the lower end of the sleeve 38, pass between the
mandrel and the sleeve, and then flow out between the upper
end of the sleeve 38 and the collar 41. To ensure that the

25 fluid may flow out between the upper end of the sleeve 38
and the collar 41, the collar 41 is scalloped.

From Figure 3 of the drawings it will be noted that

the mandrel 32 and stop ring 36 are formed from a single
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i nvention there is provided a friction-reducing drill pipe conmponent
for formng part of a drill string, the conponent conprising a

t ubul ar narnvoahobasyi ng first and second ends 5 for cE®RMEPNBIY o

adj acent conponents of the drill string, and a sl eeve nounted on the
mandrel, the sleeve defining external blades w th undercut channels

t her ebet ween. According to a further aspect of the present

i nvention pieldaebg metRLOVi sefkied l ithlel @N=b0dUSENGndl Eb11 P PP CRFPONENt
10 for formng part of a drill string, the conponent

also each formed of a single piece of metal. The sub 30 is
therefore very robust, and tests have revealed that the
various parts of the sub 30 experience very little wear

5 under normal circumstances. However, if it is desired to
remove the sleeve 38 from the mandrel 32, this is achieved
by depressing the lock dogs 40 to allow removal of the
collar 41, and then depressing the lock dogs to allow
removal of the sleeve 38 from the end of the mandrel.

10 Similarly, the sleeve 38 may be refitted on the mandrel 32
with equal ease.

Reference is now made to Figures 5, 6 and 7 of the
drawings which illustrate a friction-reducing drill pipe
component in the form of a sub 60 in accordance with a

15 further embodiment of the present invention. The sub
comprises a tubular mandrel 62 provided with conventional
pin and box connections 64, 65 to permit the sub 60 to form
part of a drill string. The mandrel also defines a stop
ring 66 which locates the lower end of a sleeve 68, the

20 upper end of the sleeve 68 being located by a collar 70
which engages a thread 72 cut on the outer surface of the
mandrel 62, Like the sub 30 described above, the sleeve 68
is rotatable on the mandrel 62, and in this embodiment
various bearings 74 are provided between the sleeve 68 and

. 25 the mandrel 62, the opposing faces of which are shaped to
défine- appropriate bearing races or tracks 76, 77 (it
should be noted that the dimensions of the bearings 74 and

the tracks, 76, 77 are shown somewhat exaggerated in the



conprising a tubular mandrel having first and second ends for

-connection to adjacent conponents of the drill string, a sl eeve
nount ed on the mandrel, and spring-nounted | ock dogs nounted on the
mandrel and operatively associated with 15 the sl eeve for rel easably
retaini ng theostesdye on the mandr el . TheX/GBs012Ber
aspects of the present invention wll now be descri bed, by way of
exanple, with reference to the accp anyi ng drawi ngs, in which: 20
Figure 1 is a part-sectional view of a fricClion- reduci ng drill

pi pe conponent FigaceHy dance with a first enbodi nent of the present

I nventi on; Figure 2 is a part-sectional view of a friction-

reducing drill pipe Refgranae isnnavcoaderice parthiculaectmdFigie 7 of the
enbodi nent of the present jpven Figure 3 is a sectional

view of the nardFRFiRgsq pwhich %&ggéﬁﬁﬁﬁﬂﬁthﬁfﬁﬁ%ﬁm%a§§° It will be
Flgure 4 is a S§g£é8n§L3¥i§ﬂgoglgg3%‘%g égfgnégg4g§§ axially extending
5 blades 78 with channels or slots 80 therebetween. The
blades 78 are formed of steel, a metal alloy or a resilient
_material, such as PTFE, moulded or otherwise formed or
secured around a steel reinforcing body. To facilitate
assembly and disassembly of the sub 60, various ports 82
i0 are provided in the sleeve 68 to allow bearings to be
placed in or removed from the appropriate bearing tracks
76, 77 between the mandrel 62 and the sleeve 68.
To disassemble the sub 60, the ports 82 are opened and
the bearings 74 removed therethrough. The collar 70 is
is then disengaged from the thread 72 and removed from the
mandrel 62. The sleeve 68 may then be lifted over the
upper end of the mandrel 62. To reassemble the sub 60
these steps are simply repeated in the reverse order.
Reference is now also made to Figure 8 of the
20 drawings, which i_llustrates an alternative sleeve 88
defining three helically extending blades 90 with undercut
channels 92 extending therebetween; the undercut channels
92 provide a larger flow area between the blades 90 while
not reducing the contact area provided by the blades 90.
25 It will be clear to those of skill in the art that the
above-described embodiments are merely exemplary of the
present invention, and that wvarious modifications and

improvements may be made thereto, without departing from



WD 97/ 08423 PCT/ GB96/ 02123 2;

. Figure 5 is a part-sectional view of a friction- reducing drill pipe
conmponent in accordance with anot her enbodi ment of the present
invention; 5 Figure 6 is a sectional view of the mandrel of the
conponent OWOBT/gR#2E 5; Figure 7 is a perspectiCRSEdt the
sl eeve of the conponent of Figure 5; and Figure 8 is a
perspective view of an alternative 10 sl eeve for the conponent of
Fi gure 5. Reference is first made"to Figure 1 of the draw ngs,

the scope of the present invention. In a further

embodiment, the sub 30 described above may be modified by
the provision of a sleeve defining a series of blades, and
in a still further embodiment the sleeve may include wmeans
) 5 to permit for £illing of the gap between the sleeve 38 and
the mandrel 32 with bearings, which may be in the form of

a large number of glass balls.



formof & sub 10 formng part of & drill string (not HAE LR TR SR
|l ocation in a drilled bore. The sub 10 15 conpri ses & tGbular® body *

or mandrel 12 provided with THI , 1 9gﬁi‘conical t hreaded pin and
box connect ixg\¢rokdas 15 ty%esa BMEEE 1;0 to forrecyaB6aizsa dril |
O L]

string. A stop ring 16 .s_f fhe ndrel 12 and |ocates the
| ower end of a sleeve 18. The upper end of the sleeve 18 20 is |located
by a stop conprising a set of sprung | ock@ogs 20 bi assed to extend
radially fromthe mandrel 12 into correspondi ng slots 22 defined on
the inner surface of the sl eeve 18. In this enbodi nent the sleeve
is a "rotating’e sleeve, in that it rotates with the mandrel 12. 25
To renove the ‘éf%%%% 18 fromthe mandrel 12 an oper at or depresses
t he | ock dogs 20 by pushing on the | ock dogs 20 through the sleeve
ports 24 which comrunicate with
1. A friction-reducing drill pipe component for forming

part of a drill string, the component comprising a tubular
mandrel having first and second ends for connection to
5 adjacent components of the drill string, a sleeve mounted
on the mandrel, and first and second stops on the mandrel
-for restraining the sleeve against axial movement relative
to the mandrel, at least the first stop being removable or
retractable to permit the sleeve to be removed over the

10 first end of the mandrel.

2. The component of c¢laim 1, wherein the sleeve is

rotatable relative to the mandrel.

3. The component of c¢laim 2, wherein the sleeve and

mandrel define bearing surfaces.

15 4. The component of c¢laim 2, wherein bearings are

provided between the sleeve and mandrel.

5. The component of claim 4, wherein the bearings are
introduced into a gap between the sleeve and the mandrel

through a port in the sleeve.

20 6. The component of any of claims 2 to 5, wherein one or

more openings are provided in or between the sleeve and

This Sheet Has Been RT
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the slots 22. When the | ock dogs 20 are pushed inwardly
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7 the sleeve 18 may be lifted over the depressed dogs 20, &nd°
removed fromthe end of the man Ref erence i s now made to
. ﬁ‘ﬁflsamiHASm%EENh : |

Fi gures 2, 3wendesazaf the
friction-reducing pipe S onpo

accordance with a further enbodi ment of the present

D i |l ustr #CT/GE6/02123
pﬁ t he rmof a sub 30 in

i nvention. The

sub 30 is sorrewhat simlar to the s&#B 10 described above, in that

conprises a tub s Rk 1 n box
comelzt i ons 32, Eilryl ng gfrs '11%?' %u{'i% ek 8bgre t:r°etE’§1tf"r""a sqaé?eve

38 on the Wﬁndr%bt&%en E%kt@ﬂbevbh%dﬂnﬁﬁndrel and serve as a lubricant

10

15

20

therebetween,

7. The component of claim 6, wherein the spacing of the

stops and the length of the sleeve is selected to provide

- a flow path between the stops and the sleeve ends.

8. The component of claim 7, wherein one of an upper stop
and an upper end of the sleeve is configured to permit flow
of fluid therebetween in the event that the contact between
the sleeve and bore wall and downward movement of the drill
string relative to the bore wall causes the sleeve to be

pushed upwardly into contact with the upper stop.

9. The component of claim 8, wherein the upper end stop

is scalloped.

10. The component of any of the preceding claims wherein

the first stop is in the form of a colliar.

11. The component of claim 10, wherein the collar engages

a screw thread formed on the mandrel.

12. The component of c¢laim 10, wherein the collar is
retained on the mandrel by releasable or retractable

connectors.
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end of the sleeve 38 is retained by | ock dogs 40. thmmr"w
-dogs 40 engage with a lock collar 41 rather than

L) ey

38, which is thus free to rotate on the mandrtel ¢€32% Thos® Wor ki ng
in the area woul d describe the. 15 st-eeve 38 as of the "non-rotating”
type, as i nwasey/o848 THES SHEET 38SrBHRA hs stationary r BERIGBISOMP t he
bore wal |, whi l e the nmegem@CEB2 andjthe remai nder of the dril
string r ot at es. THheE égck dogs 40 engage slots 42 in
the collar 41, and 20 ports 44 provi operator access to the | ock
dogs 40. Eachi3, The &stidorfEht of @Qaliadi0l Whereiw e ididmeRtieeet hye sl ot
42, such that the collar 41 may be rotated on the mandrel 32

until the dogs sf@usggdegs vihdcht hormatlyssxtershdadfially ftom the mandrd2. O
course the ports 44 and slots 42 are arranged such 25 that rotation of

the sub 30 in &oherngagendRd t¥ehaiqy the gollar. rotation of the collar 41
to bring the dogs 40 to the

14. The component of claims 12 or 13, wherein the collar
5 defines ports therethrough to permit access to the

connectors.

15. The component of claim 14, wherein the collar also
defines slots in communication with the ports so that the

collar may be rotated to cover the connectors.

10 16. The component of any of the preceding claims, wherein

the second stop is in the form of a stop ring.

17. The component of c¢laim 16, wherein the ring is

integral with the mandrel.

18. The component of claim 17, wherein the mandrel, the
15 mandrel end connections and the second stop are machined

from a single piece of metal.

19. The connector of any of the preceding claims wherein
the first stop and the sleeve are each formed of single

pieces of metal.

20 20. The connector of any of the preceding claims wherein

the sleeve has a ¢cylindrical outer surface.

This Sheet Has Been Rerlaced
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PCT/ GB96/ 02123 * ¢ Filgufe & of the

drawi ngs. Each | ock dog 40 i C a respectlve t hr eaded hol e
46 which ac¥Mi8#Bes a stepEnﬂg SHEET H P PEENleaded 1 ock BSGFEBISHRRE, 48. A

| arger di aneter stop Q |§L%§|P%Q d on leach | ock dog 40 to engage a
retainer 5 shoul der 52 and limt the qgtward radial extension of the
dog 40. A conpression spring is provided between each | ock dog and
the base of theiol &hts conneatge blcadggofadiaihy 1 to 15puwwherdiy. thdhe
dogs 40 are ported to prevent the dogs bei n? pushed i nwardly by the
el evat ed pressﬁ]&e\@(méﬂgegxtema blades with slots therebetween.

-

22. The connector of claim 21, wherein at least the blade

surfaces are of resilient material.

5 23. The connector of claim 21 or 22, wherein the slots are

undercut.

24. A friction-reducing drill pipe component for forming
part of a drill string, the component comprising a tubular
mandrel having first and second ends for connection to
10 adjacent components of the drill string, and a sleeve
mounted on the mandrel, the sleeve defining external blades

with undercut channels therebetween.

25. A friction-reducing drill pipe component for forming
part of a drill string, the component comprising a tubular
15 ° mandrel having first and second ends for connection to
adjacent components of the drill string, a sléeve mounted
on the mandrel, and spring-mounted lock dogs mounted on the
mandrel and operatively associated with the sleeve for

releasably retaining the sleeve on the mandrel.
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10 downhol e. In use, a nunber of subs 30 will be provided in

‘a drill string, and as the string is rotated in a bore the
sl eeve 38, which is of l|arger dianmeter than the other parts of the
drill string, will contact the casing which lines 15 t he bore and the
mandrel 32 WOPA8&3ate rel ative to-the non-r ot at i ng PETGBE2EB. | n
this particul ar enbodi nent the mandrel 32 and the sl eeve 38 each
define plane bearing surf aces, hoggxp | ubrication is provided by
the drilling mud which, during a drilfing operation, will flow
upwardly 20 t hrough the annul us between the sub 30 and the bore casing.
This drilling nmud will find its way between the stop ring 36 and the
| ower end of the sleeve 38, pass between the mandrel and the sl eeve,
and then flow out between the upper end of the sleeve 38 and the
coklar 41. To ensure that the 25 fluid may flow out between the upper
end of the sleevelB8——~ and the collar 41, the co A5 is scal | oped.
' /30
32
L2
40
38
36
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From Figure 3 of the drawings it will be noted that the mandrel 32

and stop ring 36 are fornmed froma single WO 97/ 08423

PCT/ GB96/ 02123 9 pi ece of netal.
Further, the sleeve 38 and.collar 41 are al so each forned of a

singl e pi ecewof9meRal . The sub 30 is t heref ore very raiigeisnzezad
tests have reveal ed that the various parts of the sub 30 experience
very little wear 5 under normal circ tances. However, if it is
desired to renove the sleeve 38 from tthe mandrel 32, this is

achi eved by depressing the | ock dogs 40 to alloew renoval of the
collar 41, and then depressing the |lock dogs to all ow renoval of the

sl eeve 38 fromthe end of the mandrel.

“‘*—:E_E__ 35
7
//\32
Al A
# 40
€
: 36
’ FIG.3
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10 Simlarly, the sleeve 38 may be refitted on the mandrel 32

w th equal ease. Reference is now nmade to Figures 5, 6 and 7 of
t he drawi ngs which illustrate a friction-reducing drill pipe
conponent in_the formof a sub 60 in accordance with a 15 further
enbodi ment ol*% M?esent I nvention. The sub conprCEGBIsA2123bUIl ar
mandrel 62 provided wth conventi onal pin and box connections 64,
65 to permt the sub 60 to form Baxts of a drill string. The
mandrel also defines a stop ring 66 whrch | ocates the | ower end of
a sleeve 68, the 20 upper end of the sleeve 68 being | ocated by a
collar 70 whi ch engages a thread 72 cut on the outer surface of the
mandrel 62. Like the sub 30 described above, the sleeve 68 S
rotatable on the mandrel 62, and in this enbodi ment vari ous
bearings 74 are provided between the sleeve 68 and 25 the mandrel 62,
t he opposing faces of which are shaped to

i
N

ATV e
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define appropriate bearing races or tracks 76, 77 (it shoul d be

noted that the di nensions of the bearings 74 and the tracks, 76, 77
are shown sonewhat exaggerated in the WO 97/ 08423
PCT/GBQG/OZL%B - 10 Fi gures}.
Ref erence i sYHOW H&de in particular to Figure 7 of the PCT/GRI691123)S
which illustrates the sl eeve 68. It wll be noted that the sleeve
68 defines four axially extending 5 q#@gs 78 with channels or slots 80
t her ebet ween. The bl ades 78 are Torfmed of steel, a netal alloy or
a resilient material, such as PTFE, noul ded or otherw se formed or
secured around a steel reinforcing body. To facilitate
6
3 65
’,—-60 ;
62 T T
/ |
72 70
77
||
68 — 76
177N 74
] }
74 CN—76
|
] P
66 77

| - “

FIG.5

————— FIG.6
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assenbly and di sassenbly of the sub 60, various ports 82 10 are

provided in the sleeve 68 to all ow bearings to be placed in or
renoved fromthe appropriate bearing tracks 76, 77 between the
mandrel 62 aqg éﬂﬁﬂgleeve 68. To di sassenbl e the sub 60, the
ports 82 are B *nd t he bearings 74 renoved t her RAIVGRYGI02123 The
collar 70 is 15 t hen di sengaged fromthe thread 72 and renoved from

t he mandrel 62. The sleeve 68 may tSwnSbe |ifted over the

upper end of the mandrel 62. To reassenble the sub 60 t hese steps
are sinply repeated in the reverse order. Ref erence is now al so
made to Figure 8 of the 20 drawi ngs, which illustrates an
alternative sleeve 88 defining three helically extending bl ades 90
wi t h under cut channel s 92 extendi ng therebetween; the undercut
channel s 92 provide a larger flow area between the blades 90 while

not reduci ng the contact area provided by the blades 90.

SUBSTITUTE SHEET (RULE 26)



25 It will be clear to those of skill in the art that the
-above-descri i re merely exenplary—of_the _present
i-nvention, amﬂlﬁmm!mmﬂbd' fications and | THIS SHEETPHASEBRENL)S may be
made thereto, »w t hout wdepar #i ng from 12 97/ GHRRCED

PCT/ GB96/ 02123 —43 -k scope of

the present invention. In a further 0 nt,tihe sub 30
descri bed above nay be nodified by Vi 'oaf%f a sl eeve
defining a.sewigkéﬁﬁﬁblades, and ynea ASt4 | | iur ther enbodi nent t he

sl eeve may include neans 5 to permt for filling of the gap between
the sl eeve 38 and . the mandrel 32 with bearings, which may be in the

form of f%leugefggc Egngieghg§§gb8&kil pipe component for forming

part of a drill string, the component‘comprising a tubular
mandrel having first and second ends for connection to
5 adjacent components of the drill string, a sleeve mounted
on the mandrel, and first and second stops on the mandrel,
intermediate the first and second ends, for restraining the
sleeve against axial movement relative to the mandrel, at

least the first stop being removable or retractable to

10 permit the sleeve to be removed over the first end of the
mandrel.
2. The component of claim 1, wherein the sleeve is

rotatable relative to the mandrel.

3. The component of c¢laim 2, wherein the sleeve and
15 mandrel define bearing surfaces.
4. The component of claim 2, wherein beavrings are

provided between the sleeve and mandrel.

S. The component of claim 4, wherein the bearings are
introduced into a gap between the sleeve and ths mandrel

20 through a port in the sleeve.

6. The component of any of clai%s 2 to 5, wher=in zcne or
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CLAI V5 1. A frlctl n-r ill pipe companent for formn part of
a drill string, Hllwﬁﬂ [ﬁﬁ ﬂl: Eﬂrl sing a tubul aTHlSnﬁITEBTeHA@?:BE'EN first
and second ends f adj acent conponent EREP[AGébe dri string,
a sl eeve nounted on the mandrel, and firstland

mandrel, internediate the first and second ends, for restralnlng t he
sl eeve agalnst URFS| GREFERGR 3%F aPFORIE8d( HE RRdPELwesr fheselepwef jamst

stop bei ng reanabdregrtgeééggggpérlffang fluid in the bore to enter a gap

('D_

between the sleeve and mandrel and serve as a lubricant

therebetween.

5 7. The component of claim 6, wherein the spacing of the
stops and the length of the sleeve is selected to provide

a flow path between the stops and the sleeve ends.

.8.-_ Th;'cbmpénent of claim 7, wherein one of an upper stop
and an uppér end.of the sleeve is configured to permit.flow
10 of fluid therebetween in the event that the contact between
the sleeve and bore wall and downward movement of the drill
string relative to the bore wall causes the sleeve to be

pushed upwardly into contact with the upper stop.

9. The component of claim 8, wherein the upper end stop

15 is scalloped.

10. The component of any of the preceding claims wherein

the first stop is in the form of a collar.

11. The component of claim 10, wherein the collar engages

a screw thread formed on the mandrel.

20 12. The component of claim 10, wherein the collar is

retained on the mandrel by zreleasable or retractable

C°nn80t°rs '. REPLACEMENT SHEET
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permt the sleeve t r the first e —andr gl - 2.
The corrponent of ﬁ“["i“" GH:f“fn the sI eev | § ‘f %E | ative to
er ei REPEACED eeye fand

the mandre nmponent s of cI
mandr el deflne bearlng surfaces : The14conponent of ~clraim 2,
wherein bearings are provi ded betmeen t he sl eeve and mandrel . 5. The

conponent of claim 4T %h%?@?ﬂn?%ﬁ %@a?%ﬁ@@ afe VhRERIAUEES crGestpys are

bet ween t he sleeve and, t he r.o t Ieeve
sprung dogs w. ¥E normgh xte&g)raé lI& rom the mandrel

to engage and retain the collar.

" 14. The component of claims 12 or 13, wherein the collar

5 defines ports therethrough to permit access to the
connectors.
15. The component of claim 14, wherein the collar also

defines slots in communication with the ports so that the

collar may be rotated to cover the connectors.

10 16. The component of any of the preceding claims, wherein

the second stop is in the form of a stop ring.

17. The component of claim 16, wherein the ring is

integral with the mandrel.

18. The component of claim 17, wherein the mandrel, the
15 mandrel end connections and the second stop are machined

from a single piece of metal.

19. The connector of any of the preceding claims wherein
the first stop and the sleeve are each formed of single

pieces of metal.

20 20. The connector of any of the preceding claims wherein

the sleeve has a cylindrical outer surface.
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6. The conponen 2 to 5, whereinone or

13 nore opening ! augﬂiﬂ"ﬁs bet ween t he| JHifSHEERHASHBERN &1 to
permt drilling f ILn to enter a gap} bet WREFLACER sleeye and
mandrel and serve as a lubricant therebetwasn. 7F—Ffre—ToOTPONENnt of
claim6, wherein the spacing of the stops and the length of the sleeve is
sel ected to proditde Taef lmnmttohetiveamyt b sfleimsarid tdels| eeherends.che

8. The conponent of claim7, wherein one of an upper stop
sleeve carries external blades with slots therebetween.

22. The connector of claim 21, wherein at least the blade

surfaces are of resilient material.

5 23. The connector of claim 21 or 22, wherein the slots are

undercut.

24. A friction-reducing drill pipe component for forming
part of a &rill string, the component comprising a_tubular
mandrel having first and second ends for connection to
10 adjacent components of the drill string, a sleeve mounted
on the mandrel, and spring-mounted lock dogs mounted on the
mandrel and operatively associated with the sleeve for
releasably retaining the sleeve on the mandrel, the

released sleeve being removable over the first end of the

15 mandrel.

This Sheet Has Been Reﬂlaced
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and an uppe} end of the sleeve is configured to pernmit flow of PRgdIg~T -

t her ebet ween t the contact between . the sl eeve and par

wal | -and dovﬂlmuﬂﬁlcﬂl]ﬁmltlﬂ the drill mmfﬁ the bok &W
causes the sl teve tto e Spushed upwardly ] t he upper stop.
9. The conponent of claim8, wherein thej upper end stop s scal |l oped. -
10. The conponent of any of the precddi ng| c|] aiDEMMIH?I n he first stop is

in the formof a collar. 11. The conpohept of claim 10, jwherein the
collar engages a screw thread forned on | hé nandrel. 13. The conponent

of clai@ﬁ%&Mgmerein the collar is

— —

1. A friction-reducing drill pipe component for forming
bart of a drill §tring, the component comprising a tubular
mandrel having first and second ends for connection to
adjacent components of the drill string, a sleeve mounted
. on the mandrel, and first and second stops on the_mandrel,
intermediate the first and second ends, for restraining the
sieeve against axial movement relative to the mandrei, at

least the first stop being removable or retractable to

permit the sleeve to be removed over the first end of the

mandrel.

2. The component of claim 1, wherein the sleeve is
rotatable relative to the mandrel.

3. The component of claim 2, wherein the sleeve and
mandrel define bearing surfaces.

4. The component of claim 2, wherein bearings are

provided between the sleeve and mandrel.

5. The component of claim 4, wherein the bearings arxre

introduced into a gap between the sleeve and the mandrel

through a port in the sleeve.

6. The component of any of claims 2 to S, wherein one or



retai ned on the mandrel by rel easabl e or getrectatd bctors. -

13. The corrpommllm"mmum] Il wher ei n tWEl’&&M§ sprung dogs
whi.ch normal |y ﬂ fromthe ndrel to engade jand retain the
col l ar. 14. The®cohpdherit 6f clains 12} o 631 mhegej n lthe col lar

defines ports therethrough to permt accepgsjto %e conngctior s. 15. The
conponent of claim 14, wherein the colla ] ~sliots in

conmruni cation with the ports so thatldhe

more openings are provided in or between the sleeve and
mandrel to permit drilling fluid in the bore to enter a gap
between the sleeve and mandrel and serve as a lubricant

therebetween.

-

7. The component of claim 6, wherein the spacing of the.
stops and the length of the sleeve is selected to provide

a flow path between the stops and the sleeve ends.

8. The cowponent of claim 7, wherein one of an upper stop

and an upper end of the sleeve is configured to permit flow

of fluid therebetween in the event thai the contact between

the sleeve and bore wall and downward movement of the drill

string relative to the bore wall causes the sleeve to be

pushed upwardly into contact with the upper stop.

S. The component of claim 8, wherein the upper end stop

is scalloped.

10. The cowponent of any of the preceding claims wherein

the first stop is in the form of a collar.

11. The component of claim 10, wherein the collar engages

a screw thread formed on the mandrel.

12. The component of claim 10, wherein the collar 1is
retained on the mandrel by releasable or retractable

connectors.



cover the connectcREPLACEMNTTSHEE'B onent of any

be at e
of the p ﬂml lﬂ“jﬂ!ﬂm erein the secofdfstop is in tT], ormof a stop
ring. ’ t of claim 16, Vheuq-mmj?g ihgi is integral
with the man reI 18. The. conmpongnt of ¢l aim 17 ereih the mandrel,
the mandrel end connections and the seconfl STOp~are—machthed from a
singl e pheceTdfe Wh@bnent L3 HRGEAMEGH =0l aPK-0 G djng clainms
wherein the first Stop and the sl eeve are each formed of sin pi eces of

metal . spritg dhescennent Abrablagyertehle rav@eadiyng it \M&Q{c&lél

to engage and retain the collar.

14. The component of claims 12 or 13, wherein the collar

defines ports therethrough to permit access to the

connectors.,

15. The component .of claim 14, wherein the collar also
defines slots in communication with the ports so that the

collar may be rotated to cover the connectors.

16. The component of any of the preceding claims, wherein

the second stop is in the form of a stop ring.

17. The component of claim 16, wherein the ring is

integral with the mandrel.

18. The component of claim 17, wherein the wmandrel, the
mandrel end connections and the second stop are wachined

from a single piece of metal.

19. The connector of any of the preceding claims wherein

the first stop and the sleeve are each formed of single

pieces of metal.

20. The connector of any of the preceding claims wherein

the sleeve has a cylindrical outer surface.



connector of claim21 or 22, where the slots

fricti on2kedufhag cominelctgipectorpvnedt $F1IRSr

MGLESTY AT
Thé connect or

are . undercut.

REPLACEMEN] SnELil

_the sl eeve h ' ' outer surface.
15 21. - The ig!ﬁﬁ% m m]ﬁ !lof claims 1 to 10
external bla i «ner ebet ween. 22.

wherein at | east the bl ade surfaciﬁ are of rdasil+tept—materiat.

eve carries
claim 21,

. 23. The
24. A

Fraidy idHe string,

t he conpogent conprising a tubﬂ

r .
sleeve carries externa é})lades with slots therebetween.

22. <The connector of claim 21, wherein at least the blade

surfaces are of resilient material.

23 . The connector of claim 21 or 22, wherein the slots are

undercut.

24, A friction-reducing drill pipe component for forming

part of a drill string, the component comprising a tubular

mandrel having first and second ends for connection to

adjacent cowponents of the drill string, a sleeve mounted

on the mandrel, and spring-mounted lock dogs mounted on the

mandrel and operatively associated with the sleeve for

releasably retaining the sleeve on the mandrel, the

released sleeve being removable over the first end of the

mandrel.

25. A friction-reducing drill pipe component for forming
part of a drillstring, the component comprising a tubular
mandrel having first and second ends for connection to
adjacent components of the drillstring, a sleeve directly
mounted on the mandrel, first and second stops on the
mandrel intermediate the first and gecond ends for
restraining the sleeve against axigl maovement relarive to
the mandrel, the wmandrel being configurable to permit the
sleeve to be removed from the mandrel, the sleeve being
rotatable relative to the mandrel, and the aleeve and the
mandrel each defining plane bearing surfaces.

26. A friction-reducing drill pipe companent for forming
part of a drillstring, the component comprising a tubular
mandrel having first and second ends for connection to
adjacent componenta of the drillstring, a sleeve mounted
directly on the mandrel, first and second agtops on the
mandrel for restraining the sleeve against axial movement
relative to the wandrel, at least the firgt stop being
removable or retractable to permit the sleeve to be removed
from the mandrel, the sleeve being rotatable relative to the

mandrel, and the sleeve and the mandrel each defining plane
bearing surfaces. : -



mandr el haV|n ends for conn€rLLy conponent s
of the drill g{mmjm”“ﬂl”ﬂi H unt ed on the}#&d - nount ed

| o dogs nount*edcontt and operati t he

sl eeve for releasably retai n| ng the sl eeve o rel eased
sl eeve being renovabl e over the first end®6of

friction-redugihng drid,ls Rpi;pe 17 g i Ié tring,
the  conponent ~CGRPHTZGi 3 Ul iy i b, SEAS o
connect i on totagga%nhaﬁaga@nﬁawngffw@t% S ddil) erd &

nount ed on t heomaagaekntf bosboAsft § €60 NEheS tAMAS] Xt 4 W&ﬂdﬂ@e\ieﬂ Qte

the first andeogeebrdmandgelor an@sEigkni agdt becahaeweopgabnsth@(lu@indﬁéf:@m?m
relative to tlHeaternddéatet hhenfifdse| abdi swoashfergls afice: tneqtafaﬁlxin.ﬂgh&:he

sl eeve to be sdeeved dgadmsthexmmidmedvendnt stebaklivei hg tbeavabldeealel ait ve
to the mandrelleastd the digwre apept heirghoremoelele dek n¥e @ttanblbeam ng
surfaces. 26PeARt dihorakesaNgi iRy 1El¢|¥$m‘bv‘%)@ @ l% eﬁgﬂt fF‘éﬁ 604 Rf pebre  of
a drillestrin§& Ic gty ddawentd ndrel having first and
second ends for connection to adj acent corrponents of the drillstring, a

sl eeve mounted directly on the mandrel, first and second stops on the
mandrel for restraining the sleeve against axial novenent relative to the
mandrel, at least the first stop being



renovabl e or retractable to permt the slee
mandrel, the sleeve being rotatable relativg
and the mandrel each defining plane bearing

16 27.

drillstring, the conponent conprising a uni .

first

drillstring, a sleeve nounted on thé"’ﬁ‘fﬁ‘ﬁﬂ}

fro¥re 11 7-9
antradecofgeve

o the. rrandr

ur flacgs
ng_f 0? ‘f’9ér

A friction-reducing drill ipe co

and seco@p!]'ds for ceobReiTROECTUA FREHEEMN
nd second stops on
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{57) Abstract

The friction-reducing drill pipe component in the form of a sub (10) is adapted to form 65
part of a drill string. The sub (10) comprises a tubular mandrel (12) having first and second :
ends for connection to adjacent components of the drill string. A sleeve {18) is mounted on : ’,——60
the mandre] (12}, and first and second stops on the mandrel (15, 20) restrain the sleeve (18) g | - :
against axial movement relative to the mandrel (12). One of the stops (20) is removable or ‘ : 62
retractable to permit the sleeve (18) to be removed over the first end of the mandrel.
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