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Description
Technical Field

[0001] The presentdisclosure relates to a damper unit
and to a drill string system comprising a DTH hammer.

Background

[0002] A down-the-hole (DTH) hammer drill is a bot-
tom-hole drill that combines a hitting action with the turn-
ing action of rotary drilling and is used for drilling of deep
and narrow holes in medium to extremely hard forma-
tions. The drill string may comprise a plurality of drill string
sections, formed as tubes with connectors at both ends.
The percussion mechanism, the hammer, is located di-
rectly behind (normally above) the rotating percussive
drill bit and is thereby located in the bore hole. An energy
transfer medium, such as highly pressurized air or liquid,
is transmitted through the drill string directly to the ham-
mer for driving of the same. The drive section, which ro-
tates and propels the drill string, may be located above
ground and feeding of the drill string also takes place
outside of the bore hole. Residual medium from the DTH
hammer is released in the lower part of the DTH hammer
and travels with high speed upwards between the drill
string and the wall of the drill hole, transferring drill cut-
tings from the drill hole to the surface.

[0003] Vibration and shock impulses created during
the drilling operation are transmitted to the drive section
of the boring device, through the drill string, causing a
premature deterioration of the drive section and other
parts of the drilling system. This eventually results in fail-
ure of the drilling system. In order to reduce the deterio-
rating effects of the created vibrations and shock impuls-
es, a shock absorbing mechanism, which may be insert-
ed between the drill string and the DTH hammer, is com-
monly used. Examples of such shock absorbing mech-
anisms are steel springs, rubber blocks or pneumatic or
hydraulic shock absorbers. Pneumatic and hydraulic
shock absorbers can, however, be bulky, require addi-
tional equipment and systems to properly function and
thereby be expensive.

[0004] InSU1754877,an example of a shock absorber
is shown. Vertical vibrations are damped by operation of
a resilient member, formed by resilient and rigid rings
alternately stacked on one another, and by elastic prop-
erties of liquid present in shock absorber cavities. The
shock absorber further comprises a torque transfer unit
comprising grooves filled with balls accommodated in a
sealed liquid chamber having an upper and a lower cavity
with fittings for filling the chamber with liquid.

[0005] In JP03253689 a shock absorbing mechanism
is shown that includes a displacement absorption section
for transmission of rotational force to the DTH hammer
and for absorbing displacement in an axial direction of
the DTH hammer. The shock absorbing mechanism fur-
ther includes a buffer section that buffers vibrations and
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shocks from the DTH hammer. The buffer section may
be made up of layers of rubber plates and metal spacers,
alternately stacked on each other.

[0006] The resilient rings of the resilient member
shown in SU1754877 and the rubber plates of the buffer
section shown in JP03253689 appear to be highly
stressed, being exerted to alternating tensile and com-
pressive forces during the damping of vibrations and
shocks created during the drilling operation. As a conse-
quence, the durability of the shock absorbing mecha-
nisms shown in these documents is expected to be low.

Summary

[0007] Itis a general object of the present disclosure
to provide an improved shock absorbing mechanism.
One particular object is to provide a durable shock ab-
sorbing mechanism that is subjected to low stress levels.
[0008] The invention is defined by the appended inde-
pendent claims. Embodiments are set forth in the de-
pendent claims, in the attached drawings and in the fol-
lowing description.

[0009] According to a first aspect, there is provided a
damper unit for a drill string, comprising at least one first
damping element for damping of tensional forces along
an axial direction of the damper unit, at least one second
damping element for damping of compressive forces
along the axial direction, wherein the first damping ele-
ment is separate from the second damping element.
[0010] The term "separate" indicates that the first and
second damping elements are arranged to operate inde-
pendently of each other. For example, they may be
formed of separate pieces of material, such thatthey may
be positioned in a spaced apart manner.

[0011] By a damping elementis here meant a compo-
nent which is integrated with the damper unit and en-
closed therein. Fluid, such as water or air, in one way or
another communicating with fluid in the environment on
the inside/outside of the damper unit does not constitute
a damping element or part of a damping element.
[0012] Because the first and second damping ele-
ments are separate and used for damping of different
forces, tensile and compressive forces imparted on the
damper unit respectively, the damping elements are not
subjected to alternating tension and compression. There-
by, the wear on an individual damping element is less
than if the damping element would have been subjected
to alternating compression and tension. Hence, the du-
rability of the damping elementis improved. Furthermore,
the damping elements are not subjected to any shear
stresses. Further, since the damping elements are sep-
arate it is also possible to individually adapt the damping
elements for the relevant compressive/tensile forces ex-
erted on the damper unit. Hence, at least one of the first
and second damping elements may be arranged to op-
erate substantially only in a compression mode.

[0013] This means that a damping element which op-
erates in substantially a compression mode is not sub-
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jected to any external tensional forces. Since compres-
sion strength often is greater than the tensile strength of
a material, a damper element only being exerted to com-
pressive forces results in less wear on the damping ele-
ment than if damper elements that are exerted to tension
only or to both compression and tension. Hence, the du-
rability of the damping elements is extended.

[0014] In one embodiment, at least one of the first and
second damping elements may be compressed by rigid
components of the damper unit.

[0015] This means that the damping elements not are
compressed by fluid (liquid or gas).

[0016] At least one of the first and second damping
elements may be made of a damper material such as a
rubber or rubber-like material, e.g. polyurethane.
[0017] Examples of rubber and rubber-like materials
that may be used as a damper material is natural rubber,
synthetic rubber, PU, TPE or foamed materials.

[0018] Inan alternative embodiment at least one of the
first and second damping elements may comprise a met-
al spring.

[0019] At least one of the first and second damping
elements may be arranged in a damper space, which is
defined by respective axially extreme ends of the first
and second damping element, wherein the damping
space is substantially free from other components.
[0020] This means that the damping space may not
contain for example two damper elements with a
non-damping element placed in between. Neitheris there
any liquid or gas within this damper space. Hence, the
damper space contains only the damper element, which,
in the axial direction, may be in the form of a single,
one-piece damper element. Such a damper element
may, as illustrated in Fig. 1, have one or more longitudinal
slits, allowing for mounting of the damper element.
[0021] In one embodiment, the first and second damp-
ing elements may be made of different damper materials.
[0022] The damper material of at least one of the first
and the second damping elements may in one embodi-
ment be substantially homogenous.

[0023] The first and second damping elements may
further present different lengths in an axial and/or radial
direction.

[0024] The damper unit may in one embodiment com-
prise at least one central channel, extending axially be-
tween the axially upper end and the axially lower end,
and being adapted for conducting pressurised fluid, such
as gas or liquid.

[0025] The terms "upper" and "lower" indicate the po-
sitioning of the parts when drilling a vertical hole down-
wardly, and thus the lower end may be understood as
the distal end as seen from a drive section, such as a
drilling machine, and the upper end may be understood
as the proximal end.

[0026] The central channel may, when the damper unit
is in a maximum compressed state, have a substantially
constant inner diameter along at least 75% of its axial
length, at least 85% of its axial length or at least 95% of
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its axial length.

[0027] When subjected to tensile or compressive forc-
es, a closable/expandable circumferential gap in the wall
of the central channel, defining a length of stroke of the
damper unit, is expanded or closed in the axial direction.
When in a maximum compressed state the gap may be
substantially closed.

[0028] A smallestinner diameter of the central channel
may be about 15 to 25 mm and a largest inner diameter
of the central channel may be about 40 to 50 mm.
[0029] The damper unit may have, when the damper
unit is in a maximum compressed state, a substantially
constant outer diameter along at least 75% of its axial
length, at least 85% of its axial length, at least 95% of its
axial length or at least 99% of its axial length.

[0030] When subjected to tensile or compressive forc-
es, a closable/expandable circumferential gap in the out-
er wall of the damper unit, defining a length of stroke of
the damper unit, is expanded or closed in the axial direc-
tion. When in a maximum compressed state the gap may
be substantially closed.

[0031] A smallest outer diameter of the damper unit
may be about 70 mm to 80 mm and a largest outer di-
ameter may be about 95 mm to 110 mm.

[0032] According to a second aspect there is provided
a drill string system, comprising a DTH hammer and a
damper unit arranged above the DTH hammer.

[0033] In one embodiment of the drill string system,
the DTH hammer is water driven.

Brief description of the drawings

[0034]

Fig. 1 is an exploded view of a part of a drill string
system being provided with an embodiment of a
damper unit.

Figs 2-12 are half sectional views of different em-
bodiments of a damper unit.

Fig. 13 is a schematic diagram of a drill string system.

Description of embodiments

[0035] Throughout the following description, structure
having the same function will retain the same reference
numerals.

[0036] In Fig. 1 an exploded view of a damper unit 1
for a drill string system is shown. The arrows A in the
figures point in a direction from an axially upper end to
an axially lower end of the damper unit. The axially lower
end of the drill damper unit 1 may, when used in a DTH
hammer 100 drill system, through a lower connector, be
connected to the axially upper end of the percussion
mechanism of the DTH hammer 100 (Fig. 13). The axially
upper end of the drill damper unit 1 may be connected
to a damper unit, such as drill tube 110. The lower con-
nector may alternatively be connected to an axial upper
end of another damper unit 110 or to an axially upper
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end of a drill string system part. The rotating percussive
drill bit (not shown) may be located directly below the
hammer in the axial direction, and hence both the drill bit
and the hammer are located in the bore hole during the
drilling operation.

[0037] A drive section 120 of the drilling system, which
rotates and propels the drill string 100, 1, 110, may be
located above ground 0. Feeding of the drill string, adding
more drill string system parts 110 to each other in the
axial direction also takes place outside of the bore hole.
[0038] Anenergy transfer medium such as highly pres-
surized air or liquid (e.g. water) may be transmitted from
a pump located above ground through a central channel
C in the drill string to the hammer for driving of the same.
The central channel C extends axially between the axially
upper and axially lower ends of the damper unit and the
drill string system parts. Residual medium from the DTH
hammer is released in the lower part of the DTH hammer
and travels with high speed upwards between the drill
string and the wall of the drill hole, transferring drill cut-
tings from the drill hole to the surface.

[0039] Thedamperunit1is provided with adampening
function, which dampens vibrations and shocks created
during the drilling operation. This dampening function re-
duces deteriorating effects on various parts of the drill
string system.

[0040] The damper unit 1 comprises first and second
damping elements 81, 82; 11, in Fig. 1 shown as annular
shapes. The first damping element 81, 82 is arranged for
damping of tensile forces exerted on the damper unit 1
and the second damping element 11 is arranged for
damping of compressive forces. The pushing force from
the highly pressurized medium conducted within the cen-
tral channel C of the damper unit towards the DTH ham-
mer can be higher or lower than the feed force of the drill
system. This means that the total force inside the damper
unit 1 may be tension or compression. Therefore damp-
ing effect in both axial directions is advantageous. The
damping also works when pushing/pulling the drill string
into/out of the drill hole.

[0041] Referring initially to Figs 1 and 10, there is dis-
closed an exploded view of a drill string damper unit 1,
and a half sectional view, respectively, of the same con-
ceptual damper design.

[0042] The arrow A points in the downward direction.
The unit 1 comprises a lower connector sleeve 2 having
a lower connector portion 21, which here forms a male
connector and an inner thread 22 for connection to an
outer threaded portion 61 of a main shaft 6. The main
shaft 6 further comprises an outwardly splined portion 62
for interaction with a corresponding inwardly splined por-
tion 52 of a guide sleeve 5, to enable axial movement
between the main shaft 6 and the guide sleeve 5, while
preventing rotational movement between the main shaft
6 and the guide sleeve 5.

[0043] The guide sleeve 5, is, in its turn, via an outer
thread 51 connected to an inner thread 101 of an outer
sleeve 10.
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[0044] The main shaft 6 further provides a first damper
core 63 and a first shoulder 66 for interaction with a ten-
sion damper 81, 82.

[0045] The tension damper 81, 82 may be formed of
one or more pieces, and may, as illustrated in Fig. 1, be
axially divided for facilitating mounting of the tension
damper 81, 82. A ring 71, 72 (e.g. a metal ring) may
provide a second shoulder 711 for interaction with the
tension damper 81, 82. The other axial side of the ring
71,72 may rest on a shoulder formed by the guide sleeve
5. The tension damper element does not have to be con-
stituted by two separate parts. A one-piece tension
damper element can be feasible. Such element can be
made circumferentially expansible for mounting, or non-
expansible for mounting in versions according to Figs. 4,
5and 12.

[0046] The shoulder 66 may be formed by an axially
extended portion 64 of the main sleeve 6, so as to also
provide a third shoulder 65 for interaction with a com-
pression damper 11. The compression damper 11 may
be formed of a single piece of material. However, it is
understood that the compression damper may be formed
of more pieces, which may, as with the tension damper
81, 82, be axially divided for facilitating mounting of the
compression damper 11.

[0047] A secondary shaft 13 may be arranged to pro-
vide a damper core 131 for the compression damper 11.
The secondary shaft may have a portion 132 with larger
diameter, adapted for providing a connection to an upper
connector sleeve 14. The connection to the connector
sleeve 14 may be achieved by a pin 144 type connection.
The portion 132 having larger diameter may provide a
fourth shoulder 133 for interaction with the compression
damper 11. Aring 12 may be provided in order to enlarge
or otherwise improve the shoulder’s 133 contact surface
with the compression damper 11.

[0048] The connector sleeve 14 may provide an upper
connector 141, which here has the form of a female con-
nector, where a sealing ring 143 may be provided for
sealing the channel C formed inside the unit 1. The con-
nector sleeve may further be connected to the outer
sleeve 10 by a threaded connection involving outer
threads 145 onthe connectorsleeve 14 and inner threads
102 on the outer sleeve 10.

[0049] The upper connector sleeve 14 may present an
axially extended portion 142, adapted for providing the
unit 1 with a length corresponding to other components
of the drill string system, thus facilitating its handling.
[0050] Further components, such as circlips 3 and
bearings 4, 9 may be provided, if desired.

[0051] In operation, the damper unit 1 will function as
follows.
[0052] When subjected to an axial compression force,

a lower fixed link will be provided by the lower connector
sleeve 2, and the main shaft 6. An upper fixed link will
be provided by the upper connector sleeve 14 and the
secondary shaft 13. Thus, the compression damper 11
will be subjected to a compression force between the
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shoulders 65 and 133, and the inner gap Gi and the outer
gap Go will close.

[0053] When subjected to an axial tension force, a low-
erfixed link will be provided by the lower connector sleeve
2 and the main shaft 6. An upper fixed link will be provided
by the upper connector sleeve 14 and the guide sleeve
5. Thus, the tension damper 81, 82 will be subjected to
a compression force between the shoulders 66 and 711,
and the inner gap Gi and the outer gap Go will open.
[0054] The splined portions 52, 62 will allow axial
movement between the lower link and the upper link,
while preventing relative rotational movement, thus al-
lowing the drill torque to be properly transferred.

[0055] Fig. 2 illustrates an alternative embodiment of
the damper unit 1. Here, the lower connector sleeve 2 is
formed in one piece with the main shaft. Moreover, the
lower connector portion 21 is a female connector and the
upper connector portion 141 is a male connector.
[0056] An intermediate sleeve 15 may be provided ra-
dially between the tension damper 81, 82 and the outer
sleeve 10. An axial extension sleeve 16 may be provided
between the shoulder forming portion 64 and the com-
pression damper 11. The intermediate sleeve 15 and the
axial extension sleeve 16 may be slidable relative to all
of their radially juxtaposed components.

[0057] When subjecting the unit 1 of Fig. 2 to a com-
pressive force, a lower fixed link will be formed by the
lower connector sleeve 2, and the axial extension sleeve
16, which provides a surface 65 contacting the compres-
sion damper 11. An upper fixed link will be provided by
the upper connector sleeve 14, which provides the other
surface 133. The smaller one of the inner gap Gi and the
outer gap Go will define a maximum length of stroke.
[0058] When subjecting the unit of Fig. 2 to a tensile
force, a lower fixed link will be provided solely by the
connector sleeve 2 (which is integrated with the main
shaft). An upper fixed link will be provided by the upper
connector sleeve 14, the outer sleeve 10, the guide
sleeve 5 and the steel ring 71.

[0059] AsshowninFig. 1, the upper connector sleeve
14 may be extended in the axial direction, so that the
damper unit is given the same length as other compo-
nents of the drill string. This may facilitate its handling in
the drilling equipment.

[0060] Fig. 3 illustrates another alternative embodi-
ment of a damper unit 1. The embodiment of Fig. 3 differs
from that of Fig. 2 in that the intermediate sleeve 15 has
a greater axial extension and in that the extension sleeve
16 has a smaller radial extension, such that it extends
between, and contacts, the ring 71 and the upper con-
nector sleeve 14. The intermediate sleeve 15 may be
slidable relative to all of its radially juxtaposed compo-
nents. Hence, in this embodiment, the intermediate
sleeve 15 will enclose both dampers 81, 82; 11.

[0061] When subjecting the unit of Fig. 3 to a compres-
sive force, a lower fixed link will be provided by the con-
nector sleeve 2 and the extension sleeve 16. The upper
fixed link will be provided by the upper connector sleeve
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14. When the compression takes place, the intermediate
sleeve 15 will contact the steel ring 71, 72 and thus the
tension damper 81, 82 will be entirely relieved of load.
[0062] When subjecting the unit of Fig. 3 to a tensile
force, the lower fixed link will be provided by the connec-
tor sleeve 2. The upper fixed link will be provided by the
upper connector sleeve 14, the outer sleeve 10, the guide
sleeve 5 and the steel ring 71, 72.

[0063] The radially outer surface of the extension
sleeve 16 may be in sliding contact with the radially inner
surface of the intermediate sleeve 15.

[0064] Fig. 4 illustrates yet another alternative embod-
iment, wherein the connector sleeve 2 and the main shaft
6 are formed as two separate parts, which are joined
together as described with respect to Figs 1 and 10.
Hence, an external thread 61 is of the main shaft is con-
nected to an internal thread 22 of the lower connector
sleeve 2. Moreover, the outwardly facing splines 62 are
formed in the connector sleeve 2, and not in the main
shaft 6. Moreover, the intermediate sleeve 15 has been
abolished and the extension sleeve 16 is designed as
described with respect to Fig. 2.

[0065] When subjecting the unit of Fig. 4 to a compres-
sive force, a lower fixed link will be provided by the con-
nector sleeve 2, the main shaft 6 and the extension sleeve
16. The upper fixed link will be provided by the upper
connector sleeve 14.

[0066] When subjecting the unit of Fig. 4 to a tensile
force, the lower fixed link will be provided by the connec-
tor sleeve 2 and the main shaft 6. The upper fixed link
will be provided by the upper connector sleeve 14, the
outer sleeve 10, the guide sleeve 5 and the steel ring 71,
72.

[0067] Fig. 5illustrates yet another alternative embod-
iment, which is very similar to that of Fig. 4. However, in
the embodiment of Fig. 5, the main shaft, including the
damper core 63 is formed in one piece with the lower
connector sleeve 2. The axially extended portion forming
the compression shoulder 65 is formed as a separate
piece, which is connected to the damper core 63 by a
threaded connection.

[0068] Under compression and tension, the embodi-
ment of Fig. 5 operates in the same manner as that of
Fig. 4.

[0069] Fig. 6 illustrates another alternative embodi-

ment, which is very similar to that of Fig. 10, but where
the connection between the lower connector sleeve 2
and the main shaft 6 is provided by an external thread
22 of the connector sleeve 2 and an internal thread 61
of the main shaft 6. The splines 62 are formed in one
piece with the main shaft 6.

[0070] Under compression and tension, the embodi-
ment of Fig. 6 operates in the same manner as that of
Figs 4 and 5.

[0071] Fig. 7 illustrates yet another alternative embod-
iment, which isidentical to that of Fig. 6, only the "polarity"
of the connector elements 21, 141 has been reversed.
Thus, in Fig. 7, the lower connector element 21 is a male



9 EP 2 578 795 A1 10

connector and the upper connector element 141 is a fe-
male connector.

[0072] Fig. 8 illustrates yet another alternative embod-
iment. This embodiment resembles the one in Fig. 7,
however the lower connector sleeve 2, and the main shaft
are formed in one piece. Moreover, the outer gap Go is
situated at the connector 21 and in practice, the gap Go
will occur between the damper unit 1 and the component
(not shown) to which it is connected via the lower con-
nector sleeve 2.

[0073] When subjecting the unit 1 of Fig. 8 to a com-
pressive force, a lower fixed link will be formed by the
lower connector sleeve 2 and the axial extension sleeve
16, which provides a surface 65 contacting the compres-
sion damper 11. An upper fixed link will be provided by
the upper connector sleeve 14, which provides the other
surface 133.The smaller one of the inner gap Gi and the
outer gap Go will define a maximum length of stroke.
[0074] When subjecting the unit of Fig. 8 to a tensile
force, a lower fixed link will be provided solely by the
connector sleeve 2. An upper fixed link will be provided
by the upper connector sleeve 14, the outer sleeve 10,
the guide sleeve 5 and the steel ring 71.

[0075] Fig. 9 illustrates yet another alternative embod-
iment. Here, the lower connector sleeve 2 and the main
shaft 6 are separate components, which are intercon-
nected by a threaded connection between outer threads
61 of the main shaft 6 and inner threads 22 of the lower
connector sleeve 2. This part of the main shaft 6 is de-
signed very similar to that of Figs 1 and 10.

[0076] Fig. 10 has been extensively discussed above.
[0077] Fig. 11 illustrates yet another embodiment of a
unit 1, which basically corresponds to the one illustrated
in Fig. 10, but which differs in that the main shaft 6 com-
prises a further axial extension 67 providing the damper
core for the compression damper 11. The extension 67
may extend so far as to provide a sliding contact with the
upper connector sleeve 14, such that the inner gap G1
will be provided at the upper connector sleeve 14.
[0078] In this embodiment only the lower connector
sleeve 2, the main shaft6 and the upper connector sleeve
14 define the wall of the central channel C.

[0079] Fig. 12 illustrates yet another alternative em-
bodiment. Here, the main shaft 6 forms a damper core
(at 63 and 131, respectively) for both dampers 81, 82;
11. The main shaft is connected to the lower connector
sleeve 2 via a threaded connection at 22, 61.

[0080] The upper connector sleeve 14 is connected to
the outer sleeve 10 via a threaded connection at 102,
145. There is slidable contact between the main shaft 6
and the upper connector sleeve 14.

[0081] The outer sleeve 10 is connected to the guide
sleeve 5at51, 101. There is also sliding contact between
the guide sleeve 5 and the main shaft 6.

[0082] A tensiondamper 81 is provided for being com-
pressed between a surface 53 of the guide sleeve 5 and
a surface 751 of aring 75.

[0083] A compression damper 11 is provided to be
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compressed between a surface 761 of a second ring 76
and a surface 146 of the connector sleeve 14.

[0084] The rings 75, 76 may be slidable both relative
the main shaft 6 and relative the outer sleeve 10.
[0085] Splines 62, 103 formed in the main shaft 6 and
the outer sleeve 10, respectively are arranged to interact
to preventrelative rotating motion between the main shaft
6 and the outer sleeve 10.

[0086] When subjecting the unit 1 of Fig. 12 to a com-
pressive force, a lower fixed link will be formed by the
lower connector sleeve 2, the main shaft 6 (via its shoul-
der that engages the second ring 76) and the second ring
76. An upper fixed link will be provided by the upper con-
nector sleeve 14, which provides the other surface 146.
[0087] When subjecting the unit 1 of Fig. 12 to a tensile
force, a lower fixed link will be provided by the lower con-
nector sleeve 2, the main shaft 6 (via its shoulder which
engages the first ring 75) and the first ring 75. An upper
fixed link will be provided by the upper connector sleeve
14, the outer sleeve 10 and the guide sleeve 5.

[0088] By individually varying the characteristics of the
first and second damping elements 81, 82; 11 it is pos-
sible to adapt the damping for the relevant compres-
sive/tensile forces exerted on the damper unit 1. This can
for example be done by varying the axial/radial thickness
of adamping element 81, 82; 11. A radially thinner damp-
ing element 81, 82; 11 may result in a stiffer damping
and a thicker damping element in a softer damping. In
addition, by varying the damper material of the damping
elements 81, 82; 11 itis also possible to adapt the damp-
ing characteristics of the damping elements 81, 82; 11
to the relevant forces.

[0089] Further, the length of the stroke is easily adapt-
able for the relevant forces exerted on the damper unit
1. For example in the embodiment of the damper unit 1
shown in Fig. 10, by providing a longer axially extended
portion 64, the closable/expandable axial gap Go formed
in the radially outer wall of the damper unit 1 between
the radially outer surface of the lower connector sleeve
2 and the radially outer surface of guide sleeve 5 will be
wider, and hence the stroke longer.

[0090] The threaded connections used to interconnect
some of the parts of the damper unit 1 may be replaced
with other types of detachable connections, such as snap
connections, pin connections or bayonet-type connec-
tions.

[0091] The upper and lower connectors of the damper
unit 1 may be adapted for any drill string connector sys-
tem. Hence, they may include conical threads, straight
threads, bayonet-type connections, snap connections or
pin connections.

[0092] As shown in the different embodiments, a
damper unit 1 may include several parts that are inter-
connected mechanically or include more or less
one-piece parts. Depending on the manufacturing proc-
ess, cost of material, assembly considerations, ease of
replacement in the damper unit etc. there are different
advantages associated with having many different parts
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on one hand and one-piece parts on the other.

Claims

1.

A damper unit (1) for a drill string, comprising:

at least one first damping element (81, 82) for
damping of tensional forces along an axial di-
rection of said damper unit,

at least one second damping element (11) for
damping of compressive forces along said axial
direction,

characterized in that

said first damping element (81, 82) is separate
from said second damping element (11).

The damper unit (1) according to claim 1, wherein
at least one of said first and second damping ele-
ments (81, 82; 11) is arranged to operate substan-
tially in a compression mode.

The damper unit (1) according to any one of the pre-
ceding claims, wherein at least one of said first and
second damping elements (81, 82; 11) is com-
pressed by rigid components (2, 6, 14, 16, 71) of
said damper unit (1).

The damper unit (1) according to any one of the pre-
ceding claims, wherein at least one of the first and
second damping elements (81, 82; 11) is made of a
damper material, such as a rubber or rubber-like ma-
terial, e.g. polyurethane.

The damper unit (1) according to any one of the pre-
ceding claims, at least one of the first and second
damping elements (81, 82; 11) comprises a metal
spring.

The damper unit (1) according to any one of the pre-
ceding claims, wherein at least one of said first and
said second damping elements (81, 82; 11) is ar-
ranged in a damper space, which is defined by re-
spective axially extreme ends of said damping ele-
ment (81, 82; 11), wherein said damping space is
substantially free from other components.

The damper unit (1) according to any one of the pre-
ceding claims, wherein said first and second damp-
ing elements (81, 82; 11) are made of differentdamp-
er materials.

The damper unit (1) according to any one of the pre-
ceding claims, wherein the damper material of at
least one of said first and said second damping ele-
ments (81, 82; 11) is substantially homogenous.

The damper unit (1) according to any one of the pre-
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ceding claims, wherein said first and second damp-
ing elements (81, 82; 11) present different lengths
in an axial and/or radial direction.

The damper unit (1) according to any one of the pre-
ceding claims, further comprising at least one central
channel (C), extending axially between an axially up-
per end and an axially lower end of the component,
and being adapted for conducting pressurised fluid,
such as gas or liquid.

The damper unit (1) according to claim 10, wherein
said central channel (C), when said damper unit (1)
is in a maximum compressed state, has a substan-
tially constant inner diameter along at least 75% of
its axial length, at least 85% of its axial length or at
least 95% of its axial length.

The damper unit (1) according to claim 12, wherein
a smallest inner diameter of said central channel (C)
is about 15 to 25 mm and a largest inner diameter
of said central channel is about 40 to 50 mm.

The damper unit (1) according to any one of the pre-
ceding claims, wherein the damper unit (1), when
said damper unit (1) is in a maximum compressed
state, has a substantially constant outer diameter
along at least 75% of its axial length, at least 85%
of its axial length, at least 95% of its axial length or
at least 99% of its axial length.

The damper unit (1) according to claim 13, wherein
a smallest outer diameter of said damper unit (1) is
about 70 mm to 80 mm and a largest outer diameter
is about 95 mm to 110 mm.

A drill string system, comprising:

a DTH hammer

a damper unit (1) according to any one of the
preceding claims, arranged above said DTH
hammer.

A drill string system according to claim 15, wherein
said DTH hammer is water driven.
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