EP 2 831 361 B1

(19)

(12)

(49)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 831 361 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
15.01.2020 Bulletin 2020/03
Application number: 13768527.7

Date of filing: 22.03.2013

(51)

(86)

(87)

Int Cl.:
E21B 4/10 (2006.01)

International application number:
PCT/US2013/033546

International publication number:
WO 2013/148521 (03.10.2013 Gazette 2013/40)

(54)

HAMMER DRILL
BOHRHAMMER
MARTEAU PERFORATEUR

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 26.03.2012 US 201261615518 P

Date of publication of application:
04.02.2015 Bulletin 2015/06

Proprietor: Rival Downhole Tools LC
Houston TX 77041 (US)

Inventors:
VON GYNZ-REKOWSKI, Gunther H-H
Conroe, TX 77301 (US)

(74)

(56)

HERBEN, William, C.
Magnolia, TX 77355 (US)
WILLIAMS, Michael, V.
Montgomery, TX 77356 (US)

Representative: Murgitroyd & Company
Murgitroyd House

165-169 Scotland Street

Glasgow G5 8PL (GB)

References cited:
US-A-2613 917
US-A- 2 641 445
US-A- 5503 228
US-A1-2005 230 153
US-B1-6 761 231

US-A- 2 634 951
US-A- 3 837 414
US-A1-2002 185 312
US-B1- 6 431 294

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition 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 2 831 361 B1 2

Description
BACKGROUND OF THE INVENTION

[0001] This invention relates to downhole tools. More
particularly, but not by way of limitation, this invention
relates to a downhole percussion tool.

[0002] In the drilling of oil and gas wells, a bit means
is utilized to drill a wellbore.

[0003] Downhole percussion tools, sometimes re-
ferred to as hammers, thrusters, or impactors are em-
ployed in order to enhance the rate of penetration in the
drilling of various types of subterranean formations. In
some types of wellbores, such as deviated and horizontal
wells, drillers may utilize downhole mud motors. The
complexity and sensitivity of bottom hole assemblies af-
fects the ability of drillers to use certain tools, such as
downhole hammers.

[0004] Patent document US2613917A discloses a ro-
tary-impact well drilling tool adapted to be positioned at
the lower end of a conduit extending downwardly from
the surface and including a prime mover adjacent the
lower end of the conduit having a housing connected to
said conduit and a downwardly extending rotatable shaft
concentric therewith.

[0005] PatentdocumentUS2002/185312A1 discloses
an impact tool for use in a well bore. The impact tool
provides a hammer action through reciprocal movement
of a cam within a spring mechanism. In an embodiment
a drill bit is included to provide an impact drilling tool
which requires minimum weight on bit to operate. The
impact tool can therefore be run on coiled tubing and
wireline.

[0006] Patent document US 6761231B1 discloses a
percussive tool adapted to receive rotational energy from
the inner member of a dual-member drill string. In a pre-
ferred embodiment the percussive tool has a hydraulic
pump, driven by a drive member, to operate the hammer
assembly. In another preferred embodiment the percus-
sive tool has a rotary-driven cam assembly adapted to
mechanically operate the hammer assembly. This inven-
tion provides increased control and efficiency for the use
of percussive force in horizontal directional drilling oper-
ations.

[0007] Patentdocument US 2634951A discloses a ro-
tary impact drill for earth boring which includes: a shank
adapted to have a bit attached thereon and to be rotated
in an earth bore; retarder means loosely mounted on said
shank so as to rotate eccentrically relative there-to and
for sliding frictional engagement with the wall of said bore
without undercutting said wall; an impact means recip-
rocally mounted between said shank and said retarder
means to produce periodic impacts on said shank.

SUMMARY OF THE INVENTION

[0008] In one embodiment, the invention provides a
downhole apparatus connected to a workstring within a
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wellbore according to claim 1. Preferred embodiments
are disclosed in claims 2-5.

[0009] Also disclosed in one embodiment, is a method
for drilling a wellbore with a workstring according to claim
6.

[0010] Preferred embodiments are disclosed in claims
7-13.

[0011] A feature of the invention is that the resistance
of the spring can be adjusted without moving the mandrel
relative to the housing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIGURE 1 is a partial sectional view of a first em-
bodiment of the downhole apparatus.

FIGURE 2 is a partial sectional view of lower housing
of the downhole apparatus of the first embodiment
in the engaged mode.

FIGURE 3 is a partial sectional view of the lower
housing of the downhole apparatus of the first em-
bodiment in the disengaged mode.

FIGURE 4 is a partial sectional view of the downhole
apparatus of the first embodiment as part of a bottom
hole assembly.

FIGURE 5 is a partial sectional view of lower housing
of the downhole apparatus of a second embodiment
in the engaged mode.

FIGURE 6 is a partial sectional view of the lower
housing of the downhole apparatus of the second
embodiment in the disengaged mode.

FIGURE 7A is perspective view of one embodiment
of the anvil radial cam member.

FIGURE 7B is a top view of the anvil radial cam mem-
ber seen in FIGURE 7A.

FIGURE 8 is a perspective view of one embodiment
of the hammer radial cam member.

FIGURE 9 is a schematic depicting the downhole
apparatus of the present invention in a wellbore.

FIGURE 10A is a graph of static weight on bit (WOB)
versus time during drilling operations.

FIGURE 10B is a graph of dynamic WOB utilizing a
percussion unit.

FIGURE 10C is a graph of dynamic WOB utilizing
percussion unit, wherein the impact force is overlaid
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relative to the static load.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0013] Referring now to the Fig. 1, a partial sectional
view of the downhole apparatus 2 of a first embodiment
will now be discussed. The first embodiment apparatus
2 includes a power mandrel, seen generally at 4, that is
operatively attached to the output of a downhole mud
motor (notshown). The apparatus 2 also includes a radial
bearing housing unit, seen generally at 6. The radial bear-
ing housing unit 6 willbe operatively attached to the work-
string, such as drill pipe or coiled tubing, as will be de-
scribed later in this disclosure. More particularly, Fig. 1
shows the power mandrel 4 (which is connected to the
output of the motor section, as is wellunderstood by those
of ordinary skill in the art). The mandrel 4 may be referred
to as the power mandrel or flex shaft. Also shown in Fig.
1 is the upper bearing housing 10a which includes the
upper radial bearings 12a, lower radial bearing 14a, balls
16a and thrust races 18a. The lower housing is seen
generally at 20a in Fig. 1 and will be described in further
detail.

[0014] AsseeninFig. 1, a partial sectional view of low-
er housing 20a of the downhole apparatus 2 of the first
embodiment is shown. Fig. 1 depicts the hammermass
22a (sometimes referred to as the hammer member or
hammer), which is attached (for instance, by spline
means via a spring saddle 40a) to the radial bearing hous-
ing unit 6. The hammermass 22a will have a radial cam
surface 24a. The hammermass 22a will engage with the
anvil 26a, wherein the anvil 26a has a first end that con-
tains a radial cam surface 28a, wherein the radial cam
surface 28a and radial cam surface 24a are reciprocal
and cooperating in the preferred embodiment, as more
fully set out below. Fig. 1 also depicts the power mandrel
4, which is fixed connected to the driveshaft 30a via
thread connection or similar means. A key 32a (also re-
ferred to as a spline) allows for rotational engagement of
the power mandrel 4 and the driveshaft 30a with the bit-
box sub 34a, while also allowing for lateral movement of
the bitbox sub 34 relative to the drive shaft 30a. The anvil
26a is fixedly connected to the bitbox sub 34a.

[0015] Fig. 1 also depicts the spring means 36 for bi-
asing the hammermass 22a. The spring means 36 is for
instantaneous action. More specifically, Fig. 1 depicts
the spring saddle 40a that is an extension of the bearing
housing 6 i.e. the spring saddle 40a is attached (via
threads forinstance) to the bearing housing 6. The spring
saddle 40a is disposed about the driveshaft 30a. Dis-
posed about the spring saddle 40a is the spacer sub 42a,
wherein the spacer sub 42a can be made at a variable
length depending on the amount of force desired to load
the spring means 36. As shown, the spring means 36 is
a coiled spring member. The spring means 36 may also
be a Belleville washer spring. One end of the spring
means 36 abuts and acts against the hammermass 22a
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which in turn urges to engagement with the anvil 26a.
[0016] In Fig. 2, a partial sectional view of the lower
housing 20a of the downhole apparatus 2 of the first em-
bodiment in the engaged mode is shown. It should be
noted that like numbers appearing in the various figures
refer to like components. The cam surface 24a and cam
surface 28a are abutting and are face-to-face. Note the
engaged position of the end 37a of the driveshaft 30a
with the angled inner surface 38a of the bitbox sub 34a
securing the axial transmission of the WOB from the drill-
string to the bitbox sub 34a and the bit (not showing here).
In Fig. 3, a partial sectional view of the lower housing 20a
of the downhole apparatus 2 of the first embodiment in
the disengaged mode will now be described. In this mode,
the apparatus 2 can be, for instance, running into the
hole or pulling out of the hole, as is well understood by
those of ordinary skill in the art. Therefore, the radial cam
surface 24a of hammer 22a is no longer engaging the
radial cam surface 28a of the anvil 26a. Note the position
of the end 37a of the driveshaft 30a in relation to the
angled inner surface 38a of the bitbox sub 34a. As stated
previously, the bit member (not shown in this view) is
connected by ordinary means (such as by thread means)
to the bitbox sub 34a.

[0017] Referring now to the Fig. 4, a schematic view
of the downhole apparatus 2 of the first embodiment will
now be discussed as part of a bottom hole assembly.
The firstembodiment the apparatus 2 includes the power
mandrel, seen generally at 4, that is operatively attached
to the output of a downhole mud motor "MM". The appa-
ratus 2 also includes a radial bearing housing unit, seen
generally at 6. The radial bearing housing unit 6 will be
operatively attached to the workstring 100, such as drill
pipe or coiled tubing. Also shown in Fig. 4 is the upper
bearing housing 10a which includes the upper radial
bearings 12a, lower radial bearing 14a, balls 16a and
thrust races 18a. The lower housing is seen generally at
20a. As shown in Fig. 4, the bit 102 is attached to the
apparatus 2, wherein the bit 102 will drill the wellbore as
readily understood by those of ordinary skill in the art.
[0018] Fig. 5 and Fig. 6 depict the embodiment of the
apparatus 2 without the spring means. Referring now to
Fig. 5, a partial sectional view of lower housing 20b of
the downhole apparatus 2 of a second embodiment in
the engaged mode is shown. Fig. 5 depicts the hammer-
mass 22b (sometimes referred to as the hammer mem-
ber or hammer), which is attached (for instance, by spline
means) to the spring saddle and the radial bearing hous-
ing unit(notshown here). The hammermass 22b will have
aradial cam surface 24b. The hammermass 22b will en-
gage with the anvil 26b, wherein the anvil 26b has a first
end that contains a radial cam surface 28b, wherein the
radial cam surface 28b and radial cam surface 24b of the
hammermass 22b are reciprocal and cooperating in the
preferred embodiment, as more fully set out below. Fig.
5 also depicts the driveshaft 30b (with the driveshaft 30b
being connected to the power mandrel, not shown here).
A key 32b (also referred to as a spline) allows for rota-
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tional engagement of the drive shaft 30b with the bitbox
sub 34b, while also allowing for lateral movement of the
bitbox sub 34b relatively to the driveshaft 30b -. The anvil
26b is fixed connected to the bitbox sub 34b.

[0019] In Fig. 6, a partial sectional view of the lower
housing 20b of the downhole apparatus 2 of the second
embodiment in the disengaged mode will now be de-
scribed. In this mode, the apparatus 2 can be, for in-
stance, running into the hole or pulling out of the hole,
as well understood by those of ordinary skill in the art.
Hence, the radial cam surface 24b of hammermass 22b
is no longer engaging the radial cam surface 28b of the
anvil 26b. Note the position of the end 37b of the drive-
shaft 30b in relation to the angled inner surface 38b of
the bitbox sub 34b. As previously mentioned, a bit mem-
ber is connected (such as by thread means) to the bitbox
sub 34b.

[0020] Referring now to Fig. 7A, a perspective view of
one embodiment of the anvil radial cam member. More
specifically, Fig. 7A depicts the anvil 26a having the radial
cam surface 28a, wherein the radial cam surface 28a
includes an inclined portion 50, horizontal (flat) portion
51, and an upstanding portion 52. The inclined portion
50 may be referred to as a ramp that leads to the vertical
upstanding portion 52 as seen in Fig. 7A. Fig. 7B is a top
view of the anvil radial cam member seen in Fig. 7A. In
one embodiment, multiple ramps (such as inclined por-
tion 50, horizontal portion 51, extending to an upstanding
portion 52) can be provided on the radial cam surface
26a.

[0021] InFig. 8, aperspective view of one embodiment
of the hammer radial cam member is depicted. More spe-
cifically, Fig. 8 shows the hammermass 22a that has a
radial cam surface 24a. The radial cam surface 24a also
has aninclined portion 54, horizontal (flat) portion 55 and
an upstanding portion 56, which are reciprocal and co-
operating with the inclined portion and upstanding portion
of the anvil radial cam surface 28a, as noted earlier. Note
that the cam means depicted in Figs. 7A, 7B and 8 will
be the same cam means for the second embodiment of
the apparatus 2 illustrated in Figs. 5 and 6.

[0022] A schematic of a drilling rig 104 with a wellbore
extending therefrom is shown in Fig. 9. The downhole
apparatus 2 is generally shown attached to a workstring
100, which may be a drill string, coiled tubing, snubbing
pipe or other tubular. The bit member 102 has drilled the
wellbore 106 as is well understood by those of ordinary
skill in the art. The downhole apparatus 2 can be used,
as per the teachings of this disclosure, to enhance the
drilling rate of penetration by use of a percussion effect
with the hammer 22a/22b impacting force on the anvil
26a/26b, previously described. In one embodiment, the
downhole hammer is activated by the bit member 102
coming into contact with a reservoir interface, such as
reservoir rock 108 found in subterranean wellbores or
other interfaces, such as bridge plugs. In one embodi-
ment, a driller can drill and hammer at the same time. As
per the teachings of this invention, in the spring (first)
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embodiment, the hammermass will be accelerated by a
spring force of the compressed spring thus generating
an impact force when the hammermass hits the anvil
member.

[0023] Referring now to Figs. 10A, 10B and 10C,
graphs of the weight on bit (WOB) versus time during
drilling operations will now be discussed. More specifi-
cally, Fig. 10A is the static WOB versus time; Fig. 10B is
adynamic WOB utilizing the hammer and anvil members
(i.e. percussion unit); and, Fig. 10C represents -the sum-
marized WOB wherein the impact force is graphically
overlaid (i.e. summation) relative to the static load, in
accordance with the teachings of this disclosure. As not-
ed earlier, the percussion unit is made-up of the anvil,
hammer, cam shaft arrangement and spring. The wave
form W depicted in Figs. 10B and 10C represent the os-
cillating impact force of the percussion unit during use.
Note that in Fig. 10C, W1 represents the force when the
hammermass impacts the anvil and W2 represents the
force when the hammermass does not impact the anvil.
It must be noted that the size and shape of the wave form
can be diverse depended on the material and the design
of the spring, the anvil, the hammermass and the spacer
sub.

[0024] An aspect of the disclosure is that the static
weight of the drill string is transmitted different to the bit
than the impact force (dynamic weight on bit) created by
the hammer and anvil member. The static WOB is not
transmitted through the hammer and anvil members in-
cluding cam surface (i.e. cam shaft arrangement). The
impact force is transmitted through the hammer and anvil
to the bitand not through the camshaft arrangement. The
percussion unit will generate the impact force if the cam
shafts arrangements are engaged independently of the
amount of WOB. Yet another aspect of one embodiment
of the disclosure is the power section of the motor is si-
multaneously rotationally driving the bit and axially driv-
ing the hammer member. No relative axial movement is
taking place between the housing of the apparatus and
the inner drive train (including the power mandrel and
the driveshaft) that is driving the bit and the percussion
unit.

[0025] Another aspect of the one embodiment is the
anvil is positioned as close as possible to the bit; the bit
box and/or bit can function as an anvil. Still yet another
aspect of one embodiment is that when the bit does not
encounter a resistance, no interaction between the two
cams is experienced and thus no percussion motion.

Claims

1. A downhole apparatus (2) connected to a workstring
(100) within a wellbore (106), the workstring (100)
being connected to a bit member (102) with a motor

means (MM) comprising:

a power mandrel (4) operatively connected to



7 EP 2 831 361 B1 8

the motor means (MM) and to a drive shaft (30a);
an anvil member (26a) operatively formed on
the bit member (102), the anvil member (26a)
being operatively connected to the power man-
drel (4) and to the drive shaft (30a);

aradial bearing housing unit (6) operatively con-
nected to the workstring (100), the radial bearing
housing unit (6) being disposed about the power
mandrel (4) and the drive shaft (30a); and having
an upper end and a lower end;

a spring saddle (40a) configured as a tubular
extension of the radial bearing housing unit (6),
the spring saddle (40a) being disposed about
the drive shaft(30a) and having an upper section
and a lower section, the upper section of the
spring saddle (40a) being operatively and direct-
ly attached to the lower end of the radial bearing
housing unit (6);

a spring spacer (42a) disposed about the lower
section of the spring saddle (40a);

a spring (36) disposed about the lower section
of spring saddle (40a) and having a first end and
a second end, the first end of the spring (36)
abutting the spring spacer (42a); and
ahammer member (22a) slidably positioned be-
tween the anvil member (26a) and the spring
saddle (40a), wherein the hammer member
(22a) abuts the second end of the spring (36).

The apparatus of claim 1 wherein the hammer mem-
ber (22a) and the anvil member (26a) are positioned
below the radial bearing housing unit (6).

The apparatus of claim 1 or 2 wherein the workstring
(100) is selected from a tubular drill string and a
coiled tubing string.

The apparatus of any of claims 1 to 3 wherein the
anvil member (26a) contains a radial cam face (28a)
having an inclined portion (50) and an upstanding
portion (52).

The apparatus of any of claims 1 to 4 wherein the
hammer member (22a) contains a radial cam face
(24a) having aninclined portion (54) and an upstand-
ing portion (56).

A method for drilling a wellbore (106) with a work-
string (100), comprising the steps of:

a) providing a downhole apparatus (2), the
downhole apparatus (2) being connected to the
workstring (100) within the wellbore (106) and
to a bit member (102), the downhole apparatus
(2) comprising: a power mandrel (4) operatively
connected to a motor means (MM) and to adrive
shaft (30a); an anvil member (26a) with a radial
cam surface (28a) operatively formed on the bit

10

15

20

25

30

35

40

45

50

55

member (102), the anvil member (26a) being
operatively connected to the power mandrel (4)
and to the drive shaft (30a); a radial bearing
housing unit (6) operatively connected to the
workstring (100), the radial bearing housing unit
(6) being disposed about the power mandrel (4)
and the drive shaft (30a); and having an upper
end and a lower end; a spring saddle (40a) con-
figured as a tubular extension of the radial bear-
ing housing unit (6), the spring saddle (40a) be-
ing disposed about the drive shaft(30a) and hav-
ing an upper section and a lower section, the
upper section of the spring saddle (40a) being
operatively and directly attached to the lower
end of the radial bearing housing unit (6); a
spring spacer (42a) disposed about the lower
section of the spring saddle (40a), a spring (36)
disposed about the lower section of the spring
saddle (40a)and having a firstend and a second
end, the first end of the spring (36) abutting the
spring spacer (42a); a hammer member (22a)
with a radial cam surface (24a) slidably posi-
tioned between the anvil member (26a) and the
spring saddle (40a), wherein the hammer mem-
ber (22a) abuts the second end of the spring
(36);

b) lowering the workstring (100) into the wellbore
(106);

c) contacting the bit member (102) with a reser-
voir interface (108);

d) engaging a distal end of the drive shaft (30a)
with a surface of the bit member (102); and

e) engaging the radial cam surface (28a) of the
anvil member (26a) with the radial cam surface
(24a) of the hammer member (22a) so that the
hammer member (22a) imparts an impact force
on the anvil member (26a) that is transmitted to
the bit member (102) in the form of a dynamic
weight on bit member.

The method of claim 6 wherein the workstring (100)
produces a static load that is transmitted to the bit
member (102) in the form of a static weight on bit
member, wherein the static weight on bit member
and the dynamic weight on bit member represent a
maximum force on bit member.

The method of claim 7 wherein the static weight on
bit member is transmitted to the bit member (102)
substantially without transmission through the ham-
mer and anvil members (22a, 26a).

The method of claims 7 or 8 wherein the dynamic
weight on bit member is an oscillating impact force
generated substantially independent of the static
weight on bit member.

10. The method of any of claims 6 to 9 further comprising
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the step of causing the motor means (MM) to rotate
the power mandrel (4) and the drive shaft (30a) to
simultaneously rotationally drive the bit member
(102) and axially drive the hammer member (22a).

The method of any of claims 6 to 10 wherein no rel-
ative axial movement takes place between the radial
bearing housing unit (6) and the power mandrel (4)
and the drive shaft (30a) that are rotationally driving
the bit member (102) and axially driving the hammer
member (22a).

The method of claim 6 wherein the anvil member
(26a) is a bit box sub (34a) operatively connected to
the bit member (102).

The method of claim 6 wherein when the radial cam
surface (24a) of the hammer member (22a) and the
radial cam surface (28a) of the anvil member (26a)
are engaged, and the hammer member (22a) is slid-
ing axially relative to the anvil member (26a), the
spring (36) will be periodically compressed and re-
leased thereby periodically accelerating the hammer
member (22a) towards the anvilmember (26a) which
in turn generates an additional impact force.

Patentanspriiche

1.

Eine Untertagevorrichtung (2), die miteinem Arbeits-
strang (100) innerhalb eines Bohrlochs (106) ver-
bunden ist, wobei der Arbeitsstrang (100) mit einem
MeiRelelement (102) mit einem Motormittel (MM)
verbunden ist, beinhaltend:

eine Kraftspindel (power mandrel) (4), die be-
triebsfahig mit dem Motormittel (MM) und mit
einer Antriebswelle (30a) verbunden ist;

ein Ambosselement (26a), das betriebsfahig auf
dem MeiRelelement (102) gebildet ist, wobei
das Ambosselement (26a) betriebsfahig mit der
Kraftspindel (4) und mit der Antriebswelle (30a)
verbunden ist;

eine Radiallagergehduseeinheit (6), die be-
triebsfahig mit dem Arbeitsstrang (100) verbun-
denist, wobei die Radiallagergehauseeinheit (6)
um die Kraftspindel (4) und die Antriebswelle
(30a) angeordnet ist und ein oberes Ende und
ein unteres Ende aufweist; einen Federschuh
(40a), der als eine rohrenférmige Verlangerung
der Radiallagergehauseeinheit (6) konfiguriert
ist, wobeider Federschuh (40a) um die Antriebs-
welle (30a) angeordnetist und einen oberen Ab-
schnitt und einen unteren Abschnitt aufweist,
wobei der obere Abschnitt des Federschuhs
(40a) betriebsfahig und direkt an dem unteren
Ende der Radiallagergehduseeinheit (6) ange-
bracht ist;
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einen Federabstandshalter (42a), der um den
unteren Abschnitt des Federschuhs (40a) ange-
ordnet ist;

eine Feder (36), die um den unteren Abschnitt
des Federschuhs (40a) angeordnet ist und ein
erstes Ende und ein zweites Ende aufweist, wo-
bei das erste Ende der Feder (36) an den Fe-
derabstandshalter (42a) anstofRt; und

ein Hammerelement (22a), das verschiebbar
zwischen dem Ambosselement (26a) und dem
Federschuh (40a) positioniert ist, wobei das
Hammerelement (22a) an das zweite Ende der
Feder (36) anstoft.

Vorrichtung gemaf Anspruch 1, wobei das Hammer-
element (22a) und das Ambosselement (26a) unter
der Radiallagergehauseeinheit (6) positioniert sind.

Vorrichtung gemaf Anspruch 1 oder 2, wobei der
Arbeitsstrang (100) aus einem réhrenférmigen Bohr-
strang und einem Rohrwendelstrang ausgewahlt ist.

Vorrichtung geman einem der Anspriiche 1 bis 3,
wobei das Ambosselement (26a) eine Steuerkurve-
noberflache (28a) mit einem schragen Teil (50) und
einem aufrechten Teil (52) enthalt.

Vorrichtung geman einem der Anspriiche 1 bis 4,
wobei das Hammerelement (22a) eine Steuerkurve-
noberfliche (24a) mit einem schragen Teil (54) und
einem aufrechten Teil (56) enthalt.

Ein Verfahren zum Bohren eines Bohrlochs (106)
mit einem Arbeitsstrang (100), beinhaltend die fol-
genden Schritte:

a) Bereitstellen einer Untertagevorrichtung (2),
wobei die Untertagevorrichtung (2) mit dem Ar-
beitsstrang (100) innerhalb des Bohrlochs (106)
und mit einem MeilRelelement (102) verbunden
ist, wobei die Untertagevorrichtung (2) Folgen-
des beinhaltet: eine Kraftspindel (4), die be-
triebsfahig mit einem Motormittel (MM) und mit
einer Antriebswelle (30a) verbunden ist; ein Am-
bosselement (26a) mit einer Steuerkurvenober-
flache (28a), das betriebsfahig auf dem MeiRel-
element (102) gebildet ist, wobei das Amboss-
element (26a) betriebsfahig mit der Kraftspindel
(4) und mit der Antriebswelle (30a) verbunden
ist; eine Radiallagergehauseeinheit (6), die be-
triebsfahig mit dem Arbeitsstrang (100) verbun-
denist, wobeidie Radiallagergehduseeinheit (6)
um die Kraftspindel (4) und die Antriebswelle
(30a) angeordnet ist und ein oberes Ende und
ein unteres Ende aufweist; einen Federschuh
(40a), der als eine rohrenférmige Verlangerung
der Radiallagergehauseeinheit (6) konfiguriert
ist, wobeider Federschuh (40a) um die Antriebs-
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welle (30a) angeordnetist und einen oberen Ab-
schnitt und einen unteren Abschnitt aufweist,
wobei der obere Abschnitt des Federschuhs
(40a) betriebsfahig und direkt an dem unteren
Ende der Radiallagergehduseeinheit (6) ange-
bracht ist; einen Federabstandshalter (42a), der
um den unteren Abschnitt des Federschuhs
(40a) angeordnet ist, eine Feder (36), die um
den unteren Abschnitt des Federschuhs (40a)
angeordnetistund ein erstes Ende und ein zwei-
tes Ende aufweist, wobei das erste Ende der
Feder (36) an den Federabstandshalter (42a)
anstoRt; ein Hammerelement (22a) mit einer
Steuerkurvenoberfliche (24a), das verschieb-
bar zwischen dem Ambosselement (26a) und
dem Federschuh (40a) positioniert ist, wobei
das Hammerelement (22a) an das zweite Ende
der Feder (36) anstoRt;

b) Absenken des Arbeitsstrangs (100) in das
Bohrloch (106);

c) In-Kontakt-Bringen des Meillelelements
(102) mit einer Lagerstattenkontaktflache (108);
d) In-Eingriff-Bringen eines distalen Endes der
Antriebswelle (30a) mit einer Oberflache des
MeiRelelements (102); und

e) In-Eingriff-Bringen der Steuerkurvenoberfla-
che (28a) des Ambosselements (26a) mit der
Steuerkurvenoberfliche (24a) des Hammerele-
ments (22a), sodass das Hammerelement (22a)
eine StoRkraft auf das Ambosselement (26a)
auslbt, die in Form einer dynamischen Meif3el-
elementbelastung auf das Meil3elelement (102)
Ubertragen wird.

Verfahren gemald Anspruch 6, wobei der Arbeits-
strang (100) eine statische Last produziert, die in
Form einer statischen MeilRelelementbelastung auf
das Meil3elelement (102) Gbertragen wird, wobei die
statische MeiRRelelementbelastung und die dynami-
sche MeiRelelementbelastung eine maximale Kraft
auf das MeilRelelement darstellen.

Verfahren gemafl Anspruch 7, wobei die statische
MeiRelelementbelastung im Wesentlichen ohne
Ubertragung durch das Hammer- und das Amboss-
element (22a, 26a) auf das Meillelelement (102)
Ubertragen wird.

Verfahren geman Anspruch 7 oder 8, wobei die dy-
namische Meil3elelementbelastung eine oszillieren-
de Stol¥kraft ist, die im Wesentlichen unabhangig
von der statischen MeifRelelementbelastung erzeugt
wird.

Verfahren gemaf einem der Anspriiche 6 bis 9, fer-
ner beinhaltend den Schritt des Veranlassens des
Motormittels (MM), die Kraftspindel (4) und die An-
triebswelle (30a) zu drehen, um gleichzeitig das Mei-
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1.

12.

13.

Relelement (102) drehend anzutreiben und das
Hammerelement (22a) axial anzutreiben.

Verfahren gemal} einem der Anspriiche 6 bis 10,
wobei zwischen der Radiallagergehauseeinheit (6)
und der Kraftspindel (4) und der Antriebswelle (30a),
die das MeilRelelement (102) drehend antreiben und
das Hammerelement (22a) axial antreiben, keine re-
lative axiale Bewegung stattfindet.

Verfahren gemal Anspruch 6, wobei das Amboss-
element (26a) ein Bit-Box-Zwischenstlick (34a) ist,
das betriebsfahig mit dem MeiRRelelement (102) ver-
bunden ist.

Verfahren gemaf Anspruch 6, wobei, wenn die Steu-
erkurvenoberflache (24a) des Hammerelements
(22a) und die Steuerkurvenoberflache (28a) des
Ambosselements (26a) ineinandergreifen und das
Hammerelement (22a) relativ zu dem Ambossele-
ment (26a) axial verschoben wird, die Feder (36) pe-
riodisch zusammengedriickt und entspannt wird,
wodurch das Hammerelement (22a) zu dem Ambos-
selement (26a) hin periodisch beschleunigt wird,
was wiederum eine zusatzliche StoRkraft erzeugt.

Revendications

Un appareil de fond (2) raccordé a une colonne de
travail (100) au sein d’'un puits de forage (106), la
colonne de travail (100) étant raccordée a un élé-
ment formant trépan (102) avec un moyen formant
moteur (MM) comprenant :

un mandrin a force motrice (4) raccordé de fagon
opérationnelle au moyen formant moteur (MM)
et a un arbre d’entrainement (30a) ;

un élément formant enclume (26a) formé de fa-
con opérationnelle sur I'élément formant trépan
(102), I'élément formant enclume (26a) étant
raccordé de fagon opérationnelle au mandrin a
force motrice (4) et a l'arbre d’entrainement
(30a) ;

un blocformantlogementde palier radial (6) rac-
cordé de fagon opérationnelle a la colonne de
travail (100), le bloc formant logement de palier
radial (6) étant disposé autour du mandrin a for-
ce motrice (4) et de l'arbre d’entrainement
(30a) ; et présentant une extrémité supérieure
et une extrémité inférieure ;

un étrier de ressort (40a) configuré comme une
extension tubulaire du bloc formantlogementde
palier radial (6), I'étrier de ressort (40a) étant
disposé autour de I'arbre d’entrainement (30a)
et présentant une section supérieure et une sec-
tion inférieure, la section supérieure de I'étrier
de ressort (40a) étant attachée de fagon opéra-
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tionnelle et

directe a I'extrémité inférieure du bloc formant
logement de palier radial (6) ; un espaceur de
ressort (42a) disposé autour de la section infé-
rieure de I'étrier de ressort (40a) ;

un ressort (36) disposé autour de la section in-
férieure de I'étrier de ressort (40a) et présentant
une premiere extrémité et une deuxiéme extré-
mité, la premiere extrémité du ressort (36) étant
en aboutement contre I'espaceur de ressort
(42a) ; et

un élément formant marteau (22a) positionné
de fagon a pouvoir coulisser entre I'élément for-
mant enclume (26a) et I'étrier de ressort (40a),
I'élément formant marteau (22a) étant en
aboutement contre la deuxiéme extrémité du
ressort (36).

L’appareil de larevendication 1 dans lequel I'élément
formant marteau (22a) et I'élément formant enclume
(26a) sont positionnés en-dessous du bloc formant
logement de palier radial (6).

L’appareil de la revendication 1 ou de la revendica-
tion 2 dans lequel la colonne de travail (100) est sé-
lectionnée parmi une colonne de forage formant tu-
bulaire et une colonne formant tube spiralé.

L’appareil de n’importe lesquelles des revendica-
tions 1 a 3 dans lequel I'élément formant enclume
(26a) contient une face de came radiale (28a) pré-
sentant une portion inclinée (50) et une portion qui
se tient droite (52).

L’appareil de n’importe lesquelles des revendica-
tions 1 a 4 dans lequel I'élément formant marteau
(22a) contient une face de came radiale (24a) pré-
sentant une portion inclinée (54) et une portion qui
se tient droite (56).

Un procédé pour le forage d’un puits de forage (106)
avec une colonne de travail (100), comprenant les
étapes consistant :

a) a fournir un appareil de fond (2), I'appareil de
fond (2) étant raccordé a la colonne de travail
(100) au sein du puits de forage (106) et a un
élément formant trépan (102), 'appareil de fond
(2) comprenant : un mandrin a force motrice (4)
raccordé de fagcon opérationnelle & un moyen
formant moteur (MM) et a un arbre d’entraine-
ment (30a) ; un élément formant enclume (26a)
avec une surface de came radiale (28a) formé
de fagon opérationnelle sur I'élément formant
trépan (102), I'’élément formant enclume (26a)
étant raccordé de fagon opérationnelle au man-
drin a force motrice (4) et a I'arbre d’entraine-
ment (30a) ; un bloc formant logement de palier
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radial (6) raccordé de fagon opérationnelle a la
colonne de travail (100), le bloc formant loge-
ment de palier radial (6) étant disposé autour du
mandrin a force motrice (4) et de I'arbre d’en-
trainement (30a) ; et présentant une extrémité
supérieure et une extrémité inférieure ; un étrier
de ressort (40a) configuré comme une exten-
sion tubulaire du bloc formantlogementde palier
radial (6), I'étrier de ressort (40a) étant disposé
autour de l'arbre d’entrainement (30a) et pré-
sentant une section supérieure et une section
inférieure, la section supérieure de I'étrier de
ressort (40a) étant attachée de fagon opération-
nelle et directe a I'extrémité inférieure du bloc
formant logement de palier radial (6) ; un espa-
ceur de ressort (42a) disposé autour de la sec-
tion inférieure de I'étrier de ressort (40a), un res-
sort (36) étant disposé autour de la section in-
férieure de I'étrier de ressort (40a) et présentant
une premiére extrémité et une deuxieme extré-
mité, la premiere extrémité du ressort (36) étant
en aboutement contre I'espaceur de ressort
(42a) ; un élément formant marteau (22a) avec
une surface de came radiale (24a) positionné
de fagon a pouvoir coulisser entre I'élément for-
mant enclume (26a) et I'étrier de ressort (40a),
I'élément formant marteau (22a) étant en
aboutement contre la deuxiéme extrémité du
ressort (36) ;

b) a abaisser la colonne de travail (100) dans le
puits de forage (106) ;

c) a mettre I'élément formant trépan (102) en
contact avec une interface de réservoir (108) ;
d) a mettre une extrémité distale de I'arbre d’en-
trainement (30a) en prise avec une surface de
I’élément formant trépan (102) ; et

e) a mettre la surface de came radiale (28a) de
I’élément formant enclume (26a) en prise avec
la surface de came radiale (24a) de I'élément
formant marteau (22a) de sorte que I'élément
formant marteau (22a) confére une force de
choc sur I'élément formant enclume (26a) qui
est transmise a I'élément formant trépan (102)
sous la forme d’'un poids dynamique sur I'élé-
ment formant trépan.

Le procédé de la revendication 6 dans lequel la co-
lonne de travail (100) produit une charge statique
qui est transmise a I'élément formant trépan (102)
sous la forme d’'un poids statique sur I'élément for-
mant trépan, le poids statique sur I'élément formant
trépan et le poids dynamique sur I'élément formant
trépan représentant une force maximale sur I'élé-
ment formant trépan.

Le procédé de larevendication 7 danslequel le poids
statique sur I'’élément formant trépan est transmis a
I'élément formant trépan (102) substantiellement
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sans transmission a travers les éléments formant
marteau et enclume (22a, 26a).

Le procédé des revendications 7 ou 8 dans lequel
le poids dynamique sur I'élément formant trépan est
une force de choc oscillante générée de fagon subs-
tantiellement indépendante du poids statique sur
I'élément formant trépan.

Le procédé de n'importe lesquelles des revendica-
tions 6 a 9 comprenant en sus I'étape consistant a
amener le moyen formant moteur (MM) a faire tour-
ner le mandrin a force motrice (4) et I'arbre d’entrai-
nement (30a) pour, simultanément, entrainer rotati-
vement I'élément formant trépan (102) et entrainer
axialement I'élément formant marteau (22a).

Le procédé de n'importe lesquelles des revendica-
tions 6 a 10 dans lequel il ne s’opére aucun dépla-
cement axial relatif entre le bloc formant logement
de palier radial (6) et le mandrin a force motrice (4)
et 'arbre d’entrainement (30a) qui entrainent rotati-
vement I'’élément formant trépan (102) et axialement
I'élément formant marteau (22a).

Le procédé de la revendication 6 dans lequel I'élé-
ment formant enclume (26a) est un raccord de boite
de trépan (bit box) (34a) raccordé de fagon opéra-
tionnelle a I'élément formant trépan (102).

Le procédé de larevendication 6 dans lequel lorsque
la surface de came radiale (24a) de I'élément for-
mant marteau (22a) et la surface de came radiale
(28a)de I'élément formantenclume (26a) sont mises
en prise, etquel’élémentformant marteau (22a) cou-
lisse axialementrelativemental'’élémentformanten-
clume (26a), le ressort (36) sera périodiquement
comprimé et relaché accélérant de ce fait périodi-
quement I'élément formant marteau (22a) en direc-
tion de I'élément formant enclume (26a) ce qui gé-
nére a son tour une force de choc supplémentaire.

10

15

20

25

30

35

40

45

50

55

16



EP 2 831 361 B1

IR
////////////////////////////

R TOITTITTT 7 777
< I O _\

ot Nopy //omww.o@N 071/ ///Iooﬁ

///////////////d////////////////////FAAAAAAAJ

00 \\\\\\\\\\

SOOIV ///////////E l/v

\ N

10



EP 2 831 361 B1

€ Old

omm,./ omN// byc oog
O SNONONNONSNONONON N ONONONNONON N NNN N NN
: \\ 7177 X7 Ty \NNN\
J
ovm\ bLE //owm Dgc bZc

oz

¢ Old

7 LLLLL : ,
SRR TN S NNNSSSNSY

NN NN NN NN NN NN NN NN NN NN N NN N\
o NN\

ovm\\\ ////omm //(omw

0} 4

1"



EP 2 831 361 B1

¥ 'Old

,\\\\\

‘....] N2 222D SNSS I~

l 'A"u’"‘ WL L LLLLLL

— L

@\\ //o*l //omh DNN\ //OQN

bg |

\QQN

/////////////////////////{444414\ L L L L L L L L L L L

L L7 L L

T2

AN

1

ANNNNNNNNNNNANNNSSNNNNNNY

L 77 7T 7 XLl L L

N

\;

12



EP 2 831 361 B1

q/&
/

9 Old

N\NNNNN

7

992~ @m%wm /
AL v e NN\

A

ﬂN\\\\\\\\\\\\\\\\\\\\\\\\

L LLL L

NN

L

S

NN\ 7

nwm

QQN\\ QNM\

G Old

n@N

277777777

\\\\\\,ﬂ%/////@

\\\\\\\\\\\\\\\\\\\\\\\\

77

Q%M

KKK \\\\\\\\\\\\\\\\

—q0¢

SN

Yy.vw,w*////v&%

——dqcc

an\now\\

Q%N

QmN



EP 2 831 361 B1

FIG. 8

FIG. 7A

mﬂw/ﬁ“ﬁ/ﬂ/\y\%\\.; :

U\ —

FIG. 7B

FIG. 9

14



Dynamic WOB Static WOB

Sum WOB

EP 2 831 361 B1

Time

Time

15

FIG. 10A

FIG. 10B

FIG. 10C



EP 2 831 361 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 2613917 A [0004] » US 6761231 B1[0006]
* US 2002185312 A1 [0005] * US 2634951 A [0007]

16



	bibliography
	description
	claims
	drawings
	cited references

