EP 0 905 348 B1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(45) Date of publication and mention
of the grant of the patent:
26.01.2005 Bulletin 2005/04

(21) Application number: 98122696.2

(22) Date of filing: 31.10.1995

(11) EP 0 905 348 B1

EUROPEAN PATENT SPECIFICATION

(51) Intcl.”: E21B 10/32, E21B 10/56,

E21B 47/18

(54) Underreamer blade
Schneidarm fir Raumer

Lame de coupe pour élargisseur

(84) Designated Contracting States:
FR NL

(30) Priority: 31.10.1994 GB 9422022
17.03.1995 GB 9505430

(43) Date of publication of application:
31.03.1999 Bulletin 1999/13

(62) Document number(s) of the earlier application(s) in

accordance with Art. 76 EPC:
95935506.6 / 0 788 578

(73) Proprietor: SMITH INTERNATIONAL, INC.
Houston, TX 77205-0068 (US)

(72) Inventors:
¢ McGarian, Bruce
Stonehaven, Aberdeen AB3 2HW (GB)

(74)

(56)

Armell, Richard Alvin
Montrose, Angus DD10 0BW (GB)

Representative: Goodenough, Nigel et al
A.A. Thornton & Co.

235 High Holborn

London WC1V 7LE (GB)

References cited:

EP-A- 0 058 061 EP-A- 0 325 271

EP-A- 0 391 683
GB-A- 1 464 464
US-A- 3 851 719
US-A-4 809 793

EP-A- 0 522 553
US-A- 2 644 673
US-A- 4 586 574
US-A- 5 036 921

US-A- 5242 017

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.

99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 0 905 348 B1 2

Description

[0001] This invention relates to a blade for an under-
reamer, that is to say a blade for a reaming tool for use
in subterranean well bore. 2-stage underreamers have
been proposed in which the bodies of the upper and low-
er stages are releasably secured to each other by way
of a threaded interconnection. Whilst such an arrange-
ment considerably assists the manufacture of the tools
it suffers from the disadvantage that very close manu-
facturing tolerances are necessary if, when the upper
and lower body parts are screwed together, the blades
on the upper and lower parts are to end up at exactly
the correct angular position relative to each other. Fur-
ther, the presence of a screw-threaded joint between the
upper and lower stages of the tool reduces the strength
of the body as compared with the strength of a unitary
body.

[0002] A prior art cutting blade is disclosed in docu-
ment GB 1 464 464 as comprising a gauge face and
cutting face arranged on a single base insert at a rela-
tively small angle to one another.

[0003] A 2-stage underreamer is also disclosed in pri-
or art document US 5,036,921. The underreamer de-
scribed in this prior art document incorporates two pairs
of blades mounted in a unitary supporting body and op-
erable by the action of hydraulic fluid on the circular fac-
es of the two pistons. A blade according to the preamble
of the appended claim 1 is disclosed in both prior art
documents US 2,644,673 and US 5,242,017.

[0004] According to one aspect of the present inven-
tion there is provided a blade for an underreamer, the
blade comprising: an arm; a pivot mount by which the
arm is, in use, pivotally mounted on an underreamer
body for pivotal movement about a pivot axis between
a retracted position and an extended position; a plurality
of wear resistant members forming a first cutting face
which, when the blade is in its extended position, ex-
tends transversely to the longitudinal axis of the under-
reamer for cutting in a downhole direction into material
surrounding the underreamer body; a plurality of wear
resistant members which form a gauge cutting face
which, when the arm is in its extended position, defines
the maximum diameter of the underreamer, and a plu-
rality of wear resistant members which define an upper
cutting face which extends inwardly from the upper end
of the gauge cutting face for cutting in an upward direc-
tion into material surrounding the underreamer body;
the blade being characterised in that the first cutting face
is arranged so as to lie in a plane perpendicular to the
plane in which the gauge face lies, and in that the wear
resistant members which form the gauge and first cut-
ting faces are embedded in a common base which is
secured to the arm by welding or brazing.

[0005] A blade comprising further desirable features
is defined in any of the appended claims 2 to 8.

[0006] The invention will be better understood from
the following description of a preferred embodiment

10

15

20

25

30

35

40

45

50

55

thereof, given by way of example only in the context of
a 2-stage reamer, reference being had to the accompa-
nying drawings wherein:

Figure 1 is a pictorial representation showing the
general configuration of an embodiment of the
present invention mounted in an extended position
within a reaming tool;

Figure 2A illustrates a portion of a preferred ream-
ing tool from the upper end thereof to a plane A-A;
Figure 2B illustrates a portion of the reaming tool of
Figure 2 from the plane of A-A of Figure 2A to the
plane B-B;

Figure 2C illustrates a portion of the reaming tool of
Figure 2 from the plane B-B of Figure 2B to the
plane C-C;

Figure 2D illustrates a portion of the reaming tool of
Figure 2 from the plane C-C of Figure 2C to the bot-
tom end thereof;

Figure 3 is a schematic cross-sectional view on the
line IlI-11l of Figure 2B;

Figure 4 is a cross-section on the line IV-1V of Figure
2C;

Figure 5 is a view substantially of the portion of the
tool illustrated in Figure 2C, but with blades accord-
ing to the present invention in the fully extended po-
sition;

Figure 6 illustrates schematically a wear resistant
member for use in forming a blade in accordance
with the present invention;

Figure 7 is a bottom plane view of the wear resistant
member of Figure 6;

Figure 8 is a view in the direction of the arrow VIII
of Figure 6; and

Figure 9 illustrates an alternative wear resistant
member.

[0007] Referring firstly to Figure 1 the general config-
uration of a 2-stage reamer 1 is illustrated. The reamer
1 comprises a unitary body 2 in which is formed an upper
slot 3 and a lower slot 4. The slots extend completely
through the body to provide respective upper and lower
pockets. A pair of upper blades 5A and 5B according to
the present invention are mounted in the slot 3 and a
pair of lower blades 6A and 6B according to the present
invention are mounted in the lower slot 4. The blades
5A,5B,6A,6B are pivotally connected to the body by
means of pivot pins 7,8. The central longitudinal planes
of the slots 3,4 are mutually perpendicular to each other.
[0008] A practical configuration is illustrated in Fig-
ures 2A-2D, 3 and 4.

[0009] Referringfirstly to Figures 2A and 2B an adapt-
er 9 is screw threadedly engaged with a screw thread
10 provided on the upper end of the body 2. The adapter
9 has a conventional tapered connecting thread 11 at
the upper end thereof for engagement with tools or a
drill string to which the 2-stage underreamer is connect-
ed. In a typical application the 2-stage underreamer will
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be connected via suitable subs to a downhole motor to
provide for rotation of the 2-stage underreamer to effect
reaming of a body located within a well bore.

[0010] The adapter 9 includes a through bore 12 for
communicating fluid to the interior of the body 10.
[0011] Immediately below the adapter 9 the body 2
defines a cylinder portion 13 in which an upper piston
14 is slidably mounted. A seal 15 provided on the piston
14 sealingly engages the cylinder 13. The zone of the
cylinder 13 below the seal 15 is vented to the exterior of
the tool via a vent passage 16. A spring 17 biases the
piston 14 upwardly as viewed in Figure 2B.

[0012] The piston 14 includes a central passage 18
which communicates at the upper end of the piston with
the space above the piston and, at the lower end of the
passage 18, with a multiplicity of slots 19 which connect
the passage 18 to the exterior of the piston. In the ab-
sence of fluid pressure within the cylinder 13 the piston
14 will adopt the position illustrated in Figure 2B under
the influence of the spring 17. In this position the slots
19 overlap slightly with an annular groove 20 formed in
the bore 21 of the body 2 thereat. The groove 20 in turn
communicates via generally radially extending passag-
es (not shown) with bypass passages 22 provided for
communicating fluid flow past the blades 5A,5B. As the
piston 14 is forced downwardly in use by fluid pressure
within the cylinder 13 the degree of overlap between the
slots 19 and the groove 20 increases and accordingly,
for a given applied pressure, the flow rate through the
tool will increase. Thus, movement of the piston 14
downwardly (to effect movement of the blades as de-
scribed below) will result in an increased flow rate
through the tool thereby indicating that the blades have
moved from their normal retracted position to their ex-
tended use position.

[0013] The piston 14 engages the blades via a cam
member 23 which is secured to the lower end of the pis-
ton 14 by a pin 24. The arrangement of the cam member
23 and the blades 5A,5B is substantially the same as
the arrangement of the cam member 25 and the blades
6A,6B of the lower reaming stage. Reference should ac-
cordingly be had to Figure 2C which illustrates in more
detail the arrangement of the cam member 25 and the
lower blades 6A and 6B.

[0014] The blades 5A,5B and 6A,6B are pivotally
mounted within respective slots 3,4 by means of pivot
pins 8 which extends through and are secured to the
body 2. The blades 5A,5B and 6A,6B are acted on by
respective common torsion springs which tend to main-
tain the blades in the configuration illustrated in Figure
2. In this configuration, cam surfaces 26 at the upper
extremities of the blades are presented to the lower fac-
es 27 of the cam member 23,25. Downward movement
of the cam members will force the blade 6B to rotate
clockwise as viewed in Figure 2C and will simultaneous-
ly force the blade 6A to rotate anti-clockwise as viewed
in Figure 2C. Continued downward movement of the
cam member 25 will produce continued rotation of the
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blades 6A,6B until they assume the configuration illus-
trated in Figure 5.

[0015] Preferably, a stop shoulder 28 is provided on
the body 2 for each blade 6A,6B (only the stop shoulder
28 for the blade 6A is illustrated in Figure 2C) to be en-
gaged by respective corresponding shoulders 29 on the
blades when the blades are in the fully extended position
as illustrated in Figure 5. Referring now to Figure 3 it will
be noted that the flow passages 22 are provided by ma-
chining appropriate grooves in the outer surface of the
body 2 and then closing the machined grooves by
means of cover plates 30 which are welded in position.
By this means, flow passages can be established from
the groove 20 to passages 31 (Figure 2C) which extend
radially inwardly from the passages 22 to a central cyl-
inder 32 formed in the body 2. The passages 22 contin-
ue downwardly of the tool beyond the passages 31, past
the blades 6A,6B and terminate close to the lower end
of the tool. Radially extending slots 33 extend from the
lower end of each passage 22 into the interior bore 34
of the body adjacent the lower end thereof. Intermediate
the passages 31 and the passages 33 a further set of
passages 35 (Figure 2C) extend radially inwardly from
the passages 22 to the bore 32.

[0016] The passages 31 allow fluid pressure from the
passages 22 to be communicated to the cylinder 32 to
act on the full circular cross-sectional area of the upper
face 45 of the lower piston 36. Fluid pressure acting on
the piston 36 produces a downward force on the cam
member 25 to shift the blades 6A,6B as described
above. A spring 37 is provided to act on the piston 36 to
bias the piston 36 into its upper position (corresponding
to retraction of the blades) in the absence of fluid pres-
sure within the cylinder 32. The space in which the
spring 37 is housed is vented to the exterior of the tool
via a vent passage 38.

[0017] Fluid pressure from the passages 22 is admit-
ted via the passages 35 to the annular chamber 39 lo-
cated between a sleeve 40 and an annular portion 41 of
the piston 36. The annular piston portion 41 is connect-
ed to the upper face portion 45 by means of a rod 70.
The sleeve 40 is fixed relative to the body 2 by means
of pins 42 and is sealed to the bore of the body by an
O-ring 43 and to the piston by an O-ring 44. Pressure in
the chamber 39 acts over the annular area of the piston
portion 41 to provide a force which supplements that
produced by pressure acting over the full circular area
of the upper face 45 of the piston.

[0018] Referring now to Figure 2D the lower end of
the tool is fitted with a plug 46 which is secured to the
body by means of pins 47. An O-ring 48 seals between
the plug 46 and the bore 34 of the body to close the bore
34 at the upper end of the plug 46. The lower end of the
plug 46 is fitted with a nozzle 49 to provide a restricted
outlet 50 from the chamber 51 into which the passages
33 discharge. In use, when fluid is pumped downwardly
through the tool from a suitable source the nozzle 50
restricts outward flow of the fluid and thereby provides
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a back pressure to effect movement of the pistons as
described above. The lower extremity of the body 2 is
provided with a screw-thread connection 52 enabling
the tool to be connected to other components located
therebelow.

[0019] The pivot pins 7,8 which rotatably mount the
blades 5A,5B and 6A,6B respectively are substantially
identical. The pivot pin 7 is shown in more detail in Fig-
ure 3 and comprises a body 53 having a head portion
54 and a shaft portion 55. The head portion 54 includes
a drive socket 56 to enable a tool to be applied to the
pin for the purpose of rotating the pin during insertion
and removal thereof. The exterior surface of the head
portion 54 is formed with screw-threads which engage
mating screw-threads provided in the body 2.

[0020] The end of the shaft 55 remote from the head
54 is formed with a locking arrangement 57 to prevent
accidental loosening of the pin. In the illustrated locking
arrangement the end of the pin is split longitudinally to
form a multiplicity, for example four, individual fingers
58. The pin end is also counterbored and threaded so
that the fingers 58 define a threaded socket 59.

[0021] The exterior of the fingers 58 lie on a circular
cylinder which is an extension of the cylindrical profile
of the main part of the shaft 55. The socket 59 is formed
with an NPT tapered thread. After the pin 7 has been
screwed home by use of a suitable tool an NPT tapered
plug 60 is screwed into the threaded socket 59 and, by
virtue of the cooperating tapered threads, expands the
fingers 58 into tight locking engagement with the wall 61
of the bore in which the pin is located.

[0022] In an alternative arrangement, the fingers 58
splay outwardly somewhat from the base of the fingers
- i.e. the exterior surfaces of the fingers lie on a cone
which diverges away from the head 54. The wall 61 of
the pin receiving bore tapers at a mating angle so that
when the pin is in position the exterior of the fingers 58
lie against the corresponding tapered portion of the wall
61. In this case, the end of the pin is formed with a par-
allel threaded socket into which an appropriate locking
screw is inserted after the pin has been fully screwed
home in order to prevent radially inward movement of
the fingers and thereby prevent accidental loosening of
the pin. The locking screw is preferably of a relatively
soft metal, for example brass, and is somewhat over-
sized relative to the screw-thread provided in the socket.
Accordingly, as the screw is driven home the socket in
the pin will act as a die to cut a tight thread on the screw.
[0023] Regardless of whether the pins have a gener-
ally parallel exterior surface which is cammed outwardly
by an NPT taper screw or whether they have a tapered
exterior surface which is locked by a parallel screw, a
groove is preferably provided adjacent the mouth of the
socket 59 to receive a circlip which will prevent acciden-
tal slackening of the locking screw. Thus, in both cases,
the pin is locked tight in position by means of a screw
which itself is prevented from accidental backing off by
a circlip located within a groove formed at the mouth of
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the screw-threaded socket 59.

[0024] It should be noted that the body 2 is, as illus-
trated in the drawings, unitary. In order to assist manu-
facture the body may be fabricated from several parts,
but these parts are preferably permanently joined to-
gether (as by welding) to form the unitary structure de-
scribed above. The upper piston 14 and its associated
seals together with the spring 17 are loaded into the bore
of the tool via the open upper end of the body 2 before
the adapter 9 is connected. The components of the low-
er piston assembly are inserted via the lower end of the
tool before the closure plug 46 is positioned.

[0025] In accordance with the present invention, the
blades 5A,5B and 6A,6B comprise bodies of alloy steel
having secured thereto a multiplicity of wear resistant
assemblies preferably of diamond and/or tungsten car-
bide. The diamond/tungsten carbide material is secured
to a base e.g. of a tungsten nickel cobalt matrix, which
is itself then secured to a steel base arm as by brazing.
One possible embodiment of a wear resistant member
for securing to a base arm in order to form a blade ac-
cording to the present invention is illustrated in Figures
6-8. The illustrated member comprises a body 51 of a
tungsten nickel cobalt matrix having embedded therein
hard and wear resistant materials in the critical zones
A,B,C and D. In use, the body 51 is secured as by braz-
ing to a steel base arm in order to form a blade assembly
according to the present invention.

[0026] Referring to Figure 6 it will be noted that the
wear resistant member 52 is generally C-shaped to
present a lower drilling face A which, during downward
movement of the tool will act to drill material contacted
by the drilling face A; a back reaming face C which, dur-
ing upward movement of the tool will ream material com-
ing into contact with the back reaming face C; a gauge
face D to maintain the gauge diameter of the hole
through which the tool passes and a transition face B
which connects the drilling face A to the gauge face D
and is effective to remove material close to the gauge
diameter during downward drilling with the tool.

[0027] The body 51 is substantially C-shaped and un-
derlies the hardwearing material in all the above de-
scribed zones. The profile of the body 51 is designed to
mate with the steel base arm and to provide satisfactory
surfaces for brazing. In addition, the body 51 includes
any necessary reinforcing, e.g. in the form of a web 53
to prevent thermal distortion of the body during manu-
facturing.

[0028] The zones A,B,C and D are provided with ap-
propriate wear resistant materials designed to optimize
the particular functions which the surfaces in use per-
form. In the illustrated embodiment of the invention zone
A, the drilling face, is set with diamonds regularly spaced
and offset to give full area coverage as the tool rotates.
The transition zone B is also set with diamonds regularly
spaced and off-set to give full coverage, but these dia-
monds are longer in relation to diameter to give better
bonding and/or wear life. For example, the diamonds in
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the transition zone B may have a length to diameter ratio
of 2:1. In location C, the back reaming face, the surface
is set with diamonds regularly spaced and off-set to give
complete coverage. These diamonds need not be set
as densely as in locations A and B as, under normal con-
ditions, the back reaming face encounters less arduous
conditions than the drilling face or the transition zone.
The gauge face is provided with elongate bars 54 of suit-
able material, for example thermally stable polycrystal-
line diamond or tungsten carbide. The bars are set
proud of the gauge face to ensure a cutting or cleaning
action and the bars are spaced apart by slots 55 to allow
material removed by the bars to be cleared from the cut-
ting faces of the bars by drilling mud flowing upwardly
past the tool. At the lower edge of the bars 54 the sur-
faces thereof taper to blend into the radius of the tran-
sition face B. Preferably, in transverse cross-section the
bars 54 are of a dovetail shape in order to assist bonding
of the bars to the body 51.

[0029] It should be understood that references herein
to "diamond" include natural diamond materials, ther-
mally stable diamond materials and polycrystalline dia-
mond materials and that references to wear resistant
material include diamond materials, tungsten carbide
and other hard abrasion resistant materials.

[0030] The above described wear resistant member
may conveniently be formed by a moulding process in
which a mould is formed from carbon to provide the de-
sired profile for the wear resistant member.

[0031] Referring now to Figure 9, an alternative wear
resistant member 56 is illustrated. The alternative wear
resistant member exhibits the same general zones A,B,
C and D as the wear resistant member 52 illustrated in
Figures 6-8. The zones A,B and C are provided with nat-
ural diamond inserts 57 which are suitably spaced and
offset to give full area coverage as the tool rotates. The
diamonds in the transition zone B may have the pre-
ferred length: diameter ratio 2:1 as with the inserts of
the arrangements of Figures 6-8. In the gauge face D
tungsten carbide inserts 58 in the form of rectangular
blocks are provided to ensure wear resistance in the
gauge area. The tungsten carbide inserts 58 alternate
with rows of natural diamond inserts 57 in the gauge
face D. Both tungsten carbide inserts 58 and diamond
inserts 57 in the gauge face D are set proud of the metal
in which they are embedded to provide raised cutting
and wear resistant surfaces. At the lower end of each
tungsten carbide insert 58 in the region of the junction
between the gauge face D and the transition face B ther-
mally stable diamond inserts 59 are provided.

[0032] It will be appreciated that whilst Figures 6-8
and Figure 9 provide alternative arrangements for wear
resistant members, many other arrangements are pos-
sible. In general, combinations of tungsten carbide and
diamond are used to provide optimum wear resisting
characteristics, and in particular, in the gauge face D the
inserts are arranged proud of the material in which they
are embedded to provide optimum cutting action and
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wear resistance.

[0033] Whilst the wear resistant blades described
above are particularly suitable for use in the 2-stage un-
derreamer described it will be appreciated that the blade
arrangement may have alternative uses and, in partic-
ular, may be used in downhole tools other than 2-stage
underreamers.

Claims

1. A blade (5A,5B,6A,6B) for an underreamer, the
blade comprising: an arm; a pivot mount by which
the arm is, in use, pivotally mounted on an under-
reamer body for pivotal movement about a pivot ax-
is between a retracted position and an extended po-
sition; a plurality of wear resistant members forming
a first cutting face (A) which, when the blade is in
its extended position, extends transversely to the
longitudinally axis of the underreamer for cutting in
a downhole direction into material surrounding the
underreamer body; a plurality of wear resistant
members which form a gauge cutting face (D)
which, when the arm is in its extended position, de-
fines the maximum diameter of the underreamer,
and a plurality of wear resistant members which de-
fine an upper cutting face (C) which extends inward-
ly from the upper end of the gauge cutting face for
cutting in an upward direction into material sur-
rounding the underreamer body; the blade being
characterised in that the first cutting face (A) is ar-
ranged so as to lie in a plane perpendicular to the
plane in which the gauge face (D) lies, and in that
the wear resistant members which form the gauge
and first cutting faces are embedded in a common
base (51) which is secured to the arm by welding or
brazing.

2. A blade according to claim 1, wherein the rear re-
sistant members (54) provided on the gauge face
(D) are set proud of said face.

3. Ablade according to claim 1 or 2, wherein the wear
resistant members (54) provided on the gauge face
(D) are spaced apart from one another so as to pro-
vide a path (55) fro fluid flowing past the blade when
in use.

4. A blade according to any preceding claim, wherein
the wear resistant members (54) provided on the
gauge face (D) are elongated bars of diamond or
tungsten carbide.

5. A blade according to any preceding claim, wherein
the wear resistant members on the cutting face (A)

are diamond inserts.

6. A blade according to any preceding claim, wherein
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the nature and/or packing density of the wear re-
sistant members varies according to their position
on the base (51).

A blade according to any preceding claim, wherein
the base (51) is of a tungsten nickel cobalt matrix.

A blade according to any preceding claim, wherein
the wear resistant members which form the upper
cutting face (C) are embedded in the base (51).

Patentanspriiche

1.

Messer (5A, 5B, 6A, 6B) fiir einen Unterschneider,
wobei das Messer umfasst: einen Arm, eine
Schwenkanbringung, mit der der Arm in Funktion
funktionell an einem Unterschneider-Kérper zur
Schwenkbewegung um eine Schwenkachse herum
zwischen einer eingezogenen Position und einer
ausgefahrenen Position angebracht ist, eine Viel-
zahl verschleil3fester Elemente, die eine erste
Schneidflache (A) bilden, die sich, wenn sich das
Messer in seiner ausgefahrenen Position befindet,
quer zur Langsachse des Unterschneiders er-
streckt, um in einer Abwartsbohrlochrichtung in Ma-
terial zu schneiden, das den Unterschneider-Kor-
per umgibt, eine Vielzahl verschleillfester Elemen-
te, die eine Aulenschneidflache (D) bilden, die,
wenn sich der Arm in seiner ausgefahrenen Positi-
on befindet, den maximalen Durchmesser des Un-
terschneiders definiert, sowie eine Vielzahl ver-
schleillfester Elemente, die eine obere Schneidfla-
che (C) definieren, die sich vom oberen Ende der
AuRenschneidflache nach innen erstreckt, um in ei-
ner Aufwartsrichtung in Material zu schneiden, das
den Unterschneider-Kérper umgibt, wobei das
Messer dadurch gekennzeichnet ist, dass die er-
ste Schneidflache (A) so angeordnet ist, dass sie in
einer Ebene senkrecht zu der Ebene liegt, in der die
AuRenflache (D) liegt, und dass die verschleil’fe-
sten Elemente, die die Auflen- und die erste
Schneidflache bilden, in einem gemeinsamen Tra-
ger (51) eingebettet sind, der durch Schweiflen
oder Hartléten an dem Arm befestigt wird.

Messer nach Anspruch 1, wobei die verschleifdfe-
sten Elemente (54), die an der AulRenflache (D) vor-
handen sind, uber die Flache hinaus ragen.

Messer nach Anspruch 1 oder 2, wobei die ver-
schleilfesten Elemente (54), die an der AuRenfla-
che (D) vorhanden sind, voneinander so beabstan-
det sind, dass ein Weg (55) fiur Fluid entsteht, das
in Funktion an dem Messer vorbeiflief3t.

Messer nach einem der vorangehenden Anspri-
che, wobei die verschlei’festen Elemente (54), die
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an der AufRenflache (D) vorhanden sind, langliche
Stabe aus Diamant oder Wolframkarbid sind.

5. Messer nach einem der vorangehenden Anspri-
che, wobei die verschleilRfesten Elemente an der
Schneidflache (A) Diamanteinsatze sind.

6. Messer nach einem der vorangehenden Anspru-
che, wobei die Eigenschaften und/oder die Anord-
nungsdichte der verschleil3festen Elemente ent-
sprechend ihrer Position an dem Trager (51) variie-
ren.

7. Messer nach einem der vorangehenden Anspru-
che, wobei der Trager (51) aus einer Wolfram-Nik-
kel-Kobalt-Matrix besteht.

8. Messer nach einem der vorangehenden Anspri-
che, wobei die verschleil’festen Elemente, die die
obere Schneidflache (C) bilden, in dem Trager (51)
eingebettet sind.

Revendications

1. Lame (5A, 5B, 6A, 6B) destinée a un élargisseur, la
lame comprenant: un bras ; un support de pivot
grace auquel le bras est, lors de son utilisation,
monté de maniéere pivotante sur un corps d'élargis-
seur pour permettre un mouvement pivotant autour
d'un axe de pivot entre une position rentrée et une
position sortie ; plusieurs éléments résistants a
I'usure formant une premiére surface d'attaque (A)
qui, lorsque la lame est en position sortie, s'étend
transversalement a l'axe longitudinal de I'élargis-
seur pour découper, dans une direction de forage,
un matériau entourant le corps de I'élargisseur ; plu-
sieurs éléments résistants a l'usure formant une
surface d'attaque de calibrage (D) qui, lorsque le
bras est en position sortie, définit le diamétre maxi-
mal de I'élargisseur, et plusieurs éléments résis-
tants a l'usure définissant une surface d'attaque su-
périeure (C) qui s'étend vers l'intérieur depuis I'ex-
trémité supérieure de la surface d'attaque de cali-
brage pour découper, dans une direction ascendan-
te, un matériau entourant le corps de I'élargisseur ;
la lame étant caractérisée en ce que la premiére
surface d'attaque (A) est disposée de maniére a
étre située dans un plan perpendiculaire au plan
dans lequel se situe la surface de calibrage (D), et
en ce que les éléments résistants a l'usure formant
la surface d'attaque de calibrage et la premiére sur-
face d'attaque sont encastrés dans une base com-
mune (51), qui est fixée au bras par soudage ou
brasage.

2. Lame selon larevendication 1 dans laquelle les élé-
ments résistants a 'usure (54) disposés sur la sur-
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face de calibrage (D) sont montés de maniéere pro-
éminente par rapport a ladite surface.

Lame selon la revendication 1 ou 2 dans laquelle
les éléments résistants a l'usure (54) disposés sur
la surface de calibrage (D) sont espacés les uns des
autres de maniere a fournir une voie (55) destinée
a un fluide circulant devant la lame lorsque celle-ci
est utilisée.

Lame selon I'une quelconque des revendications
précédentes dans laquelle les éléments résistants
a l'usure (54) disposés sur la surface de calibrage
(D) sontdes barres allongées en diamant ou en car-
bure de tungsténe.

Lame selon I'une quelconque des revendications
précédentes dans laquelle les éléments résistants
a l'usure sur la surface d'attaque (A) sont des in-
serts en diamant.

Lame selon I'une quelconque des revendications
précédentes dans laquelle la nature et/ou la densité
de chargement des éléments résistants a l'usure
varie(nt) selon leur position sur la base (51).

Lame selon l'une quelconque des revendications
précédentes dans laquelle la base (51) est en une
matrice de tungsténe nickel cobalt.

Lame selon I'une quelconque des revendications
précédentes dans laquelle les éléments résistants
a l'usure formant la surface d'attaque supérieure
(C) sont encastrés dans la base (51).
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Fig.2B.
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