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(57) Abstract

A steerable drilling assembly (1) for mounting on the end of a drill string (11) serves to drill a horizontal borehole (2) in an
underground formation (3). The drilling assembly comprises a mud motor (12) and a drill bit (4) driven by said mud motor and
having an axis of rotation which forms an angle with the axis of the drilling assembly, as well as a self-propelling drive assembly

| (8) for substantially translatorily advancing the drilling assembly in the formation and exerting on the drill bit the pressure neces-

sary for the drilling, said drive assembly being provided with driven wheels (15) which are pressed against the wall of the bore-
hole by the mud pressure and are pulled free from the wall when the pressure is relieved. A swivel (6) is inserted between the drive
assembly (8) and the mud motor (5), said swivel consisting of successively - seen in the flow direction of the mud - arranged first
and second mutually rotatable swivel parts (16, 17). The swivel moreover incorporates a brake (21) to impede the rotation of the
two swivel parts with respect to each other. Furthermore, the swivel incorporates a coupling arrangement which is so adapted as
to be capable of locking the two swivel parts (16, 17) together by varying the volume flow of the mud in a predetermined manner,
determining whether the drilling assembly is to drill straight ahead or change direction.




Ky

Codes used 1o identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

M

DE
DK

Fl

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Bravil

Canada
Central African Republic
Congo
Swirzerland
C'dte d’lvoire
Camteroon
Crechoslovakia
Czech Republic
Germany
Denmark
Spain

Finland

FOR THE PURPOSES OF INFORMATION ONLY

KR
KZ
Lt

Lu
MC
MG
ML
MN

France

Gabon

United Kingdom
Guinca

Greeee

Hungary

treland

ltaly

Japan

Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Licchienstein

Sri lanka
Luxembourg
Monaco
Mudzigmcur

Mali

Mongolia

MR
MW
NL
NO
NZ
PL
PT
RO
RU
sD
SE
SK
SN
sSu
™D
TG
UA
us
VN

Mauritania

Malawi
Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovak Republic
Senegal

Sovicet Union

Chad

Togo

Ukraine

United States of America
Viet Nam

&

)

i



PCT/DK92/00341

WO 93/10326

10

15

20

25

30

35

A steerable drilling assembly for mounting on the end of a

drill string to drill a borehole in an underground

formation

The invention concerns a steerable drilling assembly for
mounting on the end of a drill string to drill e.g. a
horizontal borehole in an underground formation, said
drilling assembly comprising a mud motor and a drill bit
driven by said mud motor and having an axis of rotation
which forms an angle with the axis of the drilling
assembly, as well as a self-propelling drive assembly for
substantially translatorily advancing the drilling
assembly in the formation and exerting on the drill bit
the pressure necessary for the drilling, said drive
assembly being provided with wheels which are pressed
against the wall of the borehole by the mud pressure and
are pulled free from the wall when the pressure is

relieved.

When drilling boreholes in an underground formation it is
often necessary to change and correct the direction of
drilling. This applies e.g. when shallow oil-bearing
strata of the type which are found in the underground
below the North Sea are to be exploited. Drilling is then
performed first vertically or obliquely downwardly toward
the 0il bearing stratum, following which drilling con-
tinues in curve until the drilling assembly has reached a
horizontal position in the oil-bearing stratum, and then
the drilling direction is changed again so that drilling
continues horizontally straight ahead in the oil-bearing

stratum.

The change of direction was originally established quite
simply by pulling the entire drill string out of the

borehole and inserting a bent section of pipe with an
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angle of bend corresponding to the desired change of
direction in the string above the drilling mud motor. When
the drilling assembly had assurred the intended position
and orientation, the drill string was again pulled out of
borehole, and the bent section of pipe was replaced by a
straight one, following which the drill string was again
lowered down into the borehole and drilling continued
straight ahead. Of course, the use of this older method is

extremely labour-intensive and expensive and reduces the
achievable productiog owing to the long downtimes which
occur in connection with the change of direction. Another
drawback of this method is that it can practically just

control the inclination of the borehole.

Another more efficient method comprises permanently
providing the mud motor with one or more bent pipes in a
manner such that the axis of rotation of the drill bit
will form a small angle of a couple of degrees with the
axis of the drill string and the drilling assembly. To
reduce the friction between the borehole and the drill
string, the drill string normally rotates at a rate of
e.g. 60 rpm in the same direction as the drill bit
rotates. This causes the drill bit to describe an orbital
conical movement while rotating about its own axis, and
the two movements together result in the drilling of a
straight borehole which has a slightly greater diameter
than the drill bit. When the drilling direction is to be
changed, the rotation of the drill string is stopped when
the bend of the mud motor is in the desired angular
position, and then drilling continues in this direction.
It is hereby now possible to change the drilling direction
without pulling the drill string out of the borehole.

For the drilling direction to be determined with
certainty, modern drilling equipment is today provided
with a measuring unit, called MWD below, which is an
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abbreviation of "Measurement While Drilling". The
quantities measured by the MWD are now transmitted as
pressure pulses via the drilling mud up to the surface,
where the received signals serve to position the mud motor
bend in the desired direction by turning the drill string.
In this operation it is necessary to allow for the fact
that the drill string is twisted elastically by the
drilling moment. As will appear, the drill string does not
rotate, and this results in a reduction of the pressure on
the drill bit since the string now encounters greater

friction in the formation.

It is common to the methods described above that the
pressure on the drill bit is achieved solely by means of
the weight of the drill string, and all the methods

therefore have a limited penetration depth.

However, today there is a pronounced need for the ability
to penetrate deeper into shallow oil-bearing strata than
has been possible in the past by means of the conventional
methods. With this end in view the applicant has developed
a drilling assembly which is described in the applicant's
International Patent Application WO 90/02864, "a borehole,
as well as a method and an apparatué for forming it",

which is incorporated herein by reference.

The drilling assembly known from this patent application
comprises a self-propelling drive assembly for pulling the
drill string after it into the formation and exerting the
necessary pressure on the drill bit. Since the depth of
penetration is no longer limited by the weight of the
drill string, the drilling assembly can penetrate
considerably deeper into e.g. a horizontal oil-bearing
stratum than has been possible in the past. However, the
drive assembly travels substantially translatorily in the
borehole and thereby prevents rotation of the drill
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string. This entails that the depth of penetration is
limited by the relatively great friction between the
string and the borehole, and that the assembly cannot

change direction. If the assembly is provided with a mud
it will constantly drill in a curve determined

drill

motor bend,
by the angle of bend.

The object of thé invention is to provide a drilling
assembly of type mentioned in the opening paragraph which
can be directionally steered by turning the drill string,
and which moreover permits the drill string to rotate

during drilling both straight ahead and during change of

direction.

This is achieved by means of the novel and unique features
of the invention according to which a swivel is inserted

between the drive assembly and the mud motor, said swivel
consisting of successively - seen in the flow direction of
the mud - arranged first and second mutually rotatable
swivel parts, then being incorporated in the swivel a
brake to impede the rotation of the two swivel parts with
respect to each other, and a coupling arrangement adapted
such as to be capable of locking the two swivel parts
together by varying the volume flow of the mud in a
predetermined manner. The brake causes the drill bit to
describe a conical orbital movement in the same manner as
takes place in conventional drilling assemblies when the
drill string rotates, but the orbital movement takes place
in an opposite direction to the direction of rotation of
the drill bit itself. When the drill mud flow is relieved,
the two swivel parts are locked together, and the driving
wheels of the drive assembly are pulled free of the wall
of the borehole. The drill bit can now be adjusted in the
desired angular position by turning the drill string, and
then drilling continues in this direction as long as the

swivel is kept locked.



PCT/DK92/00341

WO 93/10326

10

15

20

25

30

35

In an advantageous embodiment the coupling arrangement may
comprise a coupling, e.g. a claw coupling, which has a
flow opening for the passage of the mud stream and
consists of a first coupling part which is fixed against
rotation, but is axially slidable and is spring loaded
against the direction of the mud flow in the first swivel
part, and a second coupling which is firmly mounted in the
second swivel part. The coupling arrangement may moreover
comprise a guide ring arranged freely rotatably between
the first coupling part and the first swivel part, said
guide ring being axially retained by the first swivel part
and being provided with a plurality of guideways equi-
distantly spaced along the periphery. Finally, in this
embodiment at least one outwardly extending guide pin
engaging the guideways may be provided in the first
coupling part, said guideways being so adapted that the
guide ring, when the volume flow of the mud is varied in a
predetermined manner, can be turned to positions in which
the guideways in cooperation with guide pin allow and does
not allow, respectively, the first coupling part to engage
the second one. The coupling can be connected and dis-
connected in this manner merely by varying the volume flow
of the drilling mud. The coupling arrangement can thus be
operated safely and effectively from the surface by means
of simple regulation of the mud pump, which is usually a

piston pump.

It is extremely important that the complete coupling
arrangement always works in a reliable and safe manner.
Once the drilling assembly has penetrated often many
kilometers into an underground formation, it will involve
considerable costs if it becomes necessary to pull the
drill string and the drilling assembly up to repair the
coupling arrangement. A particularly exposed part of this
is the guide ring, which must necessarily also have a

relatively complicated structure. To impart the required
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operational reliability to the guide ring, it may be so
adapted that it comprises upper and lower ring parts,. seen
in a vertical position of the drilling assembly with the

drill bit lowermost - which are firmly interconnected, and

that the upper ring part is provided with a plurality of

downwardly facing, equidistantly spaced teeth, and the
lower ring part with a corresponding number of upwardly

directed teeth, each guide way comprising an upper

inclined face on one of the upper teeth to turn the guide

ring upon engagement with the guide pin when the first

coupling part is displaced oppositely to the direction of

coupling, an oppositely directed lower inclined face on
the opposed lower tooth to turn the guide ring in the same
direction as the upper inclined face upon engagement with
the guide pin when the first coupling part is displaced in
the engagement direction, a substantially horizontal stop
face extending from the lower boundary of the lower
inclined face to prevent, upon engagement with the guide
pin, the first coupling part from engaging the second one,
and a slot extending vertically downwardly from the stop
face side directed oppositely to the lower inclined face,
said slot having a width at least corresponding to the
diameter of the pin and such a vertical extent as to allow
the first coupling part to engage the second one when the
guide pin slides in the slot. The mud flow can be stopped
and initiated again to the full extent by means of this
embodiment, without the coupling engaging and locking the
swivel. This takes place e.g. each time the drill string
is increased by a new drill pipe. However, in this
connection it may also be desirable to change the
direction of drilling. In that case, the mud flow is first
increased to full volume, and then the volume flow is
partly relieved so that one of the vertical slots is
turned inwardly below the guide pin. When the mud flow is
then again increased to full volume, the guide pin will be

pushed down in the slot, and the coupling engages and
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locks the swivel. In another embodiment of the guide ring
only every other stop face is interrupted by a vertically
extending slot. In this case the coupling always engages

every other time the mud flow is stopped and is initiated

again.

For the first coupling part to be pushed into engagement
with the second one effectively and safely, the flow
opening of the first coupling part may comprise a
constriction which is formed by a flow body arranged
coaxially in the first swivel part and having a front
thinner part and a rear thicker part - seen in the flow
direction of the mud - and by a constriction ring arranged
in the flow opening, said constriction ring having a
smaller diameter than the rest of the flow opening and
being so positioned axially in it that the constriction
ring is present around the thinner part of the flow body
at a predetermined distance from its thicker part when
the coupling is disengaged and close to or around the
thicker part of the flow body when the coupling is
engaged. In the latter case a particularly great pressure
drop occurs in the narrow gap between the constriction
ring and the thicker part of the flow body, and this
pressure drop keeps the coupling safely engaged and can be

read at the surface as an indication of the engagement

having taken place.

Like more recent conventional drilling assemblies the
drilling assembly of the invention may be provided with a
measuring unit (MWD) with instruments for measuring e.g.
the inclination and azimuth of the drilling assembly as
well as the direction of the gravitation field with
respect to the drilling assembly and the magnetic field in
the drilling zone. This measuring unit is then inserted
between the drive assembly and the swivel and is in
reality the part of the drilling assembly which is
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oriented by turning of the drill string from the surface
in connection with the change of direction. For the swivel
then to be locked distinctly and thereby the final
drilling direction to be determined, the coupling is so
adapted that its two parts can only engage each other in a
specific angular position. This may take place e.g. in
that the coupling is a claw coupling with just one claw on

each coupling part.

The brake to impede the mutual rotation of two swivel
parts may be of any expedient type, e.g. a friction brake,
the braking effect being achieved by means of pure surface
friction. However, greater reliability and adjustability
are achieved when using a hydraulic pump and a hydraulic
circuit having one or more throttle valves. Owing to the
limited space available in the drilling assembly it will
in particular be advantageous to use the pump assembly
described in the applicant's DK Patent Application 2926/90
"A motor or pump assembly", which is incorporated herein

by reference.

By inserting between the drill string and the drive
assembly a second swivel consisting of a first swivel part
and a second swivel part the drill string can be rotated
during straight drilling as well as curve drilling, there-
by reducing the friction between the drill string and the
wall of the borehole cbnsiderably and diminishing the risk

of the drill string getting jammed.

In an advantageous embodiment the second swivel may have
incorporated in it a coupling, e.g. a claw coupling, which
has a flow opening for the passage for the mud flow and
consists of a first coupling part firmly arranged in the
first swivel part, and a second coupling part which,
spring loaded against the direction of the mud flow, is

arranged axially slidably and fixed against rotation in
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the second swivel part. This entails that the two parts of
the swivel can always rotate freely with respect to each
other when the mud flow is running, and that the swivel is
locked so that the drill string can turn the drilling
assembly when the mud flow is interrupted. To ensure this
function effectively, the flow opening of the second
coupling part may accommodate a constriction ring having a

smaller inside diameter than the rest of the flow opening.

The invention will be explained more fully be the
following description of the embodiments, which just serve

as examples with reference to the drawing, in which

fig. la-c shows a preferred embodiment of a drilling
assembly according to the invention in three typical
situations during drilling of a horizontal borehole,

fig. 2 is an enlarged view, wherein part of the outermost
jacket is removed, of a mud motor pipe bend with a drill
bit associated with the drilling assembly shown in fig.

la-c,

fig. 3 shows a fragment of an axial section through a
lower swivel, seen in the vertical position of the
drilling assembly, for the drilling assembly of the

invention in a free position,
fig. 4 shows the same, but in a locked position,

fig. 5 is an enlarged axial section through a fragment of
the uppermost portion of the lower swivel shown in figs. 3

and 4, seen in the horizontal position of the drilling

assembly,

fig. 6 is an enlarged perspective view of an axial section

through a first embodiment of a guide ring for the lower
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swivel shown in figs. 3 and 4,

fig. 7a-d show a development of the guide ring shown in
fig. 6 in four successive guide positions which do not

result in locking of the swivel,

fig. 8a-d shows the same, but in four other successive

guide positions which result in locking of the swivel,

fig. 9a-d shows a development of a second embodiment of a
guide ring for the lower swivel shown in figs. 3 and 4 in

four successive guide positions which lock the swivel

every second time,

fig. 10 is a diagram showing how the pump pressure at the

surface varies in dependence on the time in different

state of operation,

fig. 11 is a diagram showing how the volume flow of the
drilling mud varies in dependence on the time in various

states of operation,

fig. 12 is an axial section through a first embodiment of

an upper swivel seen in the vertical position of the

drilling assembly,

fig. 13 is an axial section through a second embodiment of
an upper swivel seen the vertical position of the drilling
assembly and having a coupling which is shown in a

disengaged state, and

fig. 14 shows the same, but with a engaged coupling.

Fig. la-c shows a preferred embodiment of a drilling
assembly, which is generally designated 1 and is shown in
three different typical situations during drilling of a
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horizontal borehole 2 in an underground formation 3. The
drilling assembly is composed of a plurality of elements,
which, seen in succession from the right, are a drill bit
4, a mud motor pipe bend 5, a lower swivel 6, a measuring
unit 7, a drive assembly 8, an upper swivel 9, and a
connecting pipe 10 which is connected the drill string 11;
when the parts are designated here and below on the basis
of their spatial orientation, this is to be taken to mean
that this applies when the drilling assembly is present in

a vertical position with the drill bit lowermost.

Fig. 2 is a schematic, enlarged view of the mud motor pipe
bend 5 with the drill bit 4. As shown, a mud motor 12 is
arranged in the bend 5, driving via a cardan shaft 13 the
drill bit 4 whose axis forms an angle a with the axis of
the mud motor or the drilling assembly. Exteriorly, the
bend 5 is provided with two stabilizer rings 14 to support
the bend against the wall of the borehole. The mud motor
pipe bend 5 with a drill bit 4 shown in fig. 2 is of a
conventional type and may be of any expedient structure,
but there must always be a small angle a« of e.g. a couple
of degrees between the axes of the bend 5 and the drill
bit 4. In conventional drilling assemblies the rotation of
the drill string during drilling will hereby cause the
axis of the drill bit to orbit along a conical surface
while the drill bit rotates about its own axis. The drill
bit will hereby drill a rectilinear borehole with a
diameter which is slightly greater than the diameter of
the drill bit. When the drilling direction is to be
changed using a conventional drilling assembly, the
rotation of the drill string is stopped in the desired
angular position, following which drilling continues along

a curve until the drill string is rotated again.

In the above-mentioned case the pressure on the drill bit
is provided by the weight of the drill string. This
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restricts the depth of penetration in particular in
horizontal drillings where the weight of the drill string
acts transversely and merely contributes to increasing the
friction against the wall of the borehole. To remedy this
drawback, the drilling assembly shown in fig. la-c
comprises the drive assembly 8, which may e.g. be of the
type described in the applicant's International Patent
Application WO 90/02864. This drive assembly is provided
with driven wheels 15 which are directly or indirectly
pressed against the wall of the borehole by the drilling
mud pressure and are retracted when this pressure is
relieved. The drilling assembly receives from this
assembly a direct traction force to pull the drill string
11 after it into the borehole and to exert the necessary
pressure on the drill bit 4. The previous radius of action
for drilling of horizontal boreholes can hereby be
extended considerably, thereby making it technically and
economically possible to intensively exploit even shallow
oil-bearing strata of the type which are found in the

underground below the North Sea.

The wheels 15 of the drive assembly 8 are positioned such
that they travel substantially translatorily on the wall
of the borehole 2. The drive device 8 itself therefore
prevents the drill string rotation from being transmitted
to the drill bit and thus from serving to steer the
drilling assembly. However, this steerring now takes place
by means of the lower swivel 6, which contains a brake to
impede the mutual rotation of the swivel parts, and a
coupling arrangement for locking the two swivel parts
together. This device will be described more fully below.
The upper swivel 9, whose structure will likewise be
described more fully below, simultaneously allows the
drill string to rotate as usual during drilling to reduce
the friction between the drill string and the wall of the

borehole.

~
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Figs. 3 and 4 are enlarged, fragmentary axial sections
through the lower swivel 6. The swivel substantially
consists of a first swivel part 16 and a second swivel
part 17. The first swivel part 16 upwardly has a conical
sleeve for screwing the spindle onto a complementary
nipple 19 (not shown) on the measuring unit 7.
Correspondingly, the second swivel part 17 downwardly has
a conical nipple 19 (not shown) for screwing the spindle
onto a complementary sleeve (not shown) on the pipe bend
5. The two swivel parts are rotatably journalled in each
other by means of roller bearings 19 and 20. A brake is
interposed between the two swivel parts, said brake
consisting in the shown case of a plurality of the pump
devices which are described the applicant's previously
mentioned DK Patent Application 2926/90. With respect to
their efficiency these pump devices have very small
mounting dimensions and therefore lend themselves
extremely well for incorporation in the narrow gap between
the two swivel parts. The structure of the pump devices
will not be described more fully here, reference being
made to the applicant's above-mentioned Danish patent
application. When the two swivel parts rotate with respect
to each other, the pump devices 21 generate an oil
pressure in a hydraulic circuit, which is just shown by
way of suggestion in the figure. The hydraulic circuit
moreover includes at least one throttle valve (not shown)
which can be adapted or adjusted so that the desired
braking effect is achieved. When the drill bit rotates
about its own axis at e.g. 100-200 rpm, the axis of the
drill bit will describe an orbital conical movement in the
opposite direction to the rotation of the drill bit about
its own axis when the trottle valve is suitably adjusted.
This orbital movement can e.g. take place at about 25 rpm.
As will be seen, by means of this device the drilling
assembly of the invention can drill a straight borehole in

a formation in the same manner as conventional drilling
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assemblies, in which it is the rotation of the drill
string which is transmitted directly to the orbital
movement of the drill bit. The only difference is that the
drill bit and the orbital movement in conventional
assemblies normally have the same direction of rotation,

while the opposite is always the case in the drilling

assembly of the invention.

The lower swivel 6 moreover comprises a coupling arrange-
ment for locking the swivel when the drilling direction is
to be changed. This arrangement substantially consists of
a first coupling part 22 which, with a multi-spline 24, is
arranged fixed against rotation, but axially slidable in
the first swivel part 16, and a second coupling part 23
which is firmly mounted in the second swivel part 17. In
the shown case the two coupling parts 22, 23 form a claw
coupling with just one claw on each of the two coupling
parts, which when connected will always lock the two
swivel parts in one and the same mutual angular position.
The coupling parts 22, 23 are provided with a flow opening
25 for the passage of the mud flow. As will be seen best
from fig. 5, a constriction ring 26 is arranged upwardly
in this flow opening 25 around an elongate flow body 27,
which is firmly connected to the first swivel part 16 by

means of a transom or a Cross member 30.

When the mud pump at the surface works, a flow of mud is
conveyed through the entire drill string and the drilling
assembly out to the drill bit. Because of the constriction
formed by the constriction ring 26 and the flow body 28, a
pressure difference occurs at this point, said pressure
difference trying to displace the first coupling part 22
in the same direction as the flow of the mud, i.e. in the
direction of engagement. In the opposite direction the
first coupling part 22 is affected by a plurality of
compression springs 31. The pressure difference in the mud
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flow above the constriction in the flow opening and the
oppositely directed pressure force from the compression
springs 31 enable the operator to displace the first
coupling part to and fro in the first swivel part merely
by varying the volume of the mud flow. This can take place
in a simple manner by varying the number of revolutions of
the mud pump, or, if several pumps are provided, by

operating a larger or smaller number of these.

A guide ring 32, which is rotatably arranged between the
first coupling part 22 and the first swivel part 16 and
axially retained by said swivel part, serves to choose
whether axial displacement of the first coupling part is
to cause engagement with the second coupling part or not.
With this end in view the first coupling part has at least
one guide pin 33 extending radially into a plurality of
guideways, which are equidistantly spaced along the

periphery of the guide ring.

The structure of the guide ring appears more fully from
fig. 6, which is an enlarged perspective view of an axial
section through the guide ring, which consists of an upper
and a lower ring part 34, 35 firmly interconnected by
means of an outer spacer ring 36 and a plurality of pins
or screws 37. The upper ring part 34 is provided with a
plurality of upper, equidistantly spaced teeth 38, and the
lower ring part 35 is provided with a corresponding number
of lower teeth 39. Each of the upper teeth 38 is formed
with an upper inclined face 40, and each of the lower
teeth 39 is formed with an oppositely directed lower
inclined face 41, as well as a horizontal stop face 42.
Further, a vertical slot 43 is provided between adjacent
lower teeth 39. Each of these slots has a width which is
at least just as great as the diameter of the guide pin
33. In fig. 6 the guide pin 33 is shown in so0lid line in

its position in the bottom of one of the slots 43 and in
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dotted line positioned on one of the stop faces 42.

7a-d shows schematically how the guide ring shown in

Fig.
which always follows

fig. 6 cooperates with the guide pin,
the axial displacements of the coupling part and therefore
represents the relative position of the first coupling

part in fig. 7a-d. In fig. 7a the mud flow is interrupted.
each time a new drill pipe is to be

This takes place e.g.
string. The first coupling part and

inserted in the drill
thereby the guide pin are pushed up into the uppermost
position in which the guide pin is now present in the gap
between two of the teeth 38 in the upper part 34 of the
guide ring. When the mud flow is initiated again with full
volume, the first coupling part and thereby the guide pin
are pushed downwardly by the pressure difference above the
constriction in the flow opening of the first coupling
part, the guide pin sliding along the lower inclined face
41 and thereby turning the guide ring to the left in the
direction of the arrow until the guide pin is stopped by
the stop face 42. In this position the two coupling parts
22, 23 are not capable of engaging with each other, as
shown in fig. 3. The two swivel parts 16, 17 can therefore
rotate freely with respect to each other, and drilling
will therefore continue straight ahead in the manner
previously described, in which the drill bit describes a
conical orbital movement in the opposite direction to the
rotation of the drill bit about its own axis. When the mud
flow is stopped again, the first coupling part is again
pushed upwardly by the compression springs 31 and thereby,
when engaging one of the upper inclined faces 40, turns
the guide ring an additional step to the left in the
direction of the arrow until the guide pin is again
present in one of the gaps between two of the upper teeth.
This situation is shown in fig. 7c, which quite
corresponds to fig. 7a except that the guide ring has now

been turned a whole tooth forward in the direction of the
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arrow. When the mud flow is initiated again, the process
described above will therefore be repeated, the guide pin
being again stopped by one of the stop faces such that the
coupling is not connected, and the swivel is not locked.
The mud pump can be stopped and initiated again in this
manner as often as desired, e.g. in connection with the
extension of the drill string without at any time imple-
menting a procedure which aims at changing the drilling

direction.

Such a change of direction can take place only when the
two coupling parts are engaged with each other, and the
swivel is therefore locked, as shown fig. 4. In this case
the guide ring functions in the manner shown in fig. 8a-d.
In fig. 8a the mud flow is stopped and the guide pin is
present, like in fig. 7a, in a gap between two of the
teeth in the upper part of the guide ring. When the mud
flow is then initiated again to the full extent, the guide
pin, when engaged with the lower inclined face, will
therefore turn the guide ring to the same position as
shown in fig. 7b, in which the guide pin rests against a
stop face 42. In this position the coupling is not
engaged, and the two swivel parts can rotate with respect

. to each other. For the coupling to be engaged now, the

volume flow of the mud is reduced so that the pressure
difference above the constriction in the flow opening of
the coupling part is correspondingly reduced so much as to
enable the compression springs 31 to push the first
coupling part and thereby the guide pin partly back
against the pressure of the mud flow, viz. to the position
shown in fig. 8c in which the guide pin has turned the
guide ring precisely so much that a vertically extending
slot 43 is present opposite the guide pin. As shown in
fig. 8d, the guide pin will therefore slide downwardly in
this slot without meeting any obstacle when the mud flow
is again initiated to the full extent. Therefore, as shown
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in fig. 4, the two coupling parts are fully engaged and
thereby lock the swivel. In case of further drilling, the
drilling will then change direction, as described before

with reference to fig. 1lb and fig. lc.

Fig. 9a-d schematically shows how a second embodiment of a
guide ring according to the invention operates. This guide
ring is constructed in the same manner as the guide ring
described aboVe, but every second one of the vertical
slots 43 is omitted. When this guide ring type is used in
the drilling assembly, there are only two states for the
mud flow, viz. either full stop or full volume flow. Each
time the mud flow is stopped, the first coupling part will
therefore always be pushed right back to its upper posi-
tion. This position is shown fig. 9a. When the mud flow is
initiated again, the guide pin will therefore rest against
the under lying stop face, as shown in fig. 9b. The
coupling is not engaged, and the two swivel parts can
rotate with respect to each other. When the mud flow is
stopped again, the guide ring is turned forwardly to the
position shown in fig. 9c, in which a vertical slot is now
present below the guide ring, which will therefore slide
down in this slot, as shown in fig. 94, when the mud flow
is again initiated to the full extent. The coupling is now
engaged and the swivel locked, following which drilling
continues in a new direction. As appears, engagement
consistently takes place in this manner every second time

the mud flow is stopped and initiated again.

It is important that the operator can satisfy himself from
the surface that the coupling engagement has taken place,
and that the drilling assembly now changes direction as
intended. This is possible merely by reading the size of
the mud pressure, as will be explained more fully below
with reference to figs. 10 and 11, which show diagrams of

the pressure and volume flow, respectively, of the
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drilling mud. The curves show when the mud pump operates,
and the space between the curves when the pump is stopped.
The first of these curves in each diagram illustrates the
sequence of the steerring shown in fig. 8a-d. The engage-
ment illustrated in fig. 8 takes place at the pressure px
in fig. 10 and the volume flow vx in fig. 1ll1. As shown in
fig. 4, the constriction ring 26 has now been pushed to
the thicker part 29 of the flow body 28, thereby providing
a noticeable increase in the flow resistance. Since the
mud pump is a piston pump and the volume flow is therefore
constant, the increased flow resistance will cause a
considerable increase aAp in the mud pressure. When this
pressure increase takes place in connection with the
steerring process shown in fig. 8a-d, this is a sure sign
to the operator that the coupling is now engaged.

As previously mentioned, a measuring unit 7 of a con-
ventional type is inserted between the lower swivel 6 and
the drive assembly 8. This measuring unit serves to mea-
sure the inclination and azimuth of the drilling assembly
as well as the direction of the gravitation field with
respect to the drilling assembly and the magnetic field in
the drilling zone. The measurements are transmitted in the
form of pressure pulses up through the o0il flow to the
surface, where they are converted in a computer into
electrical signals indicating the instantaneous position
and place of the measuring unit with great accuracy. If it
is decided now that the drilling assembly is to change
direction, the measuring unit is turned by means of the
drill string in one of the ways described more fully
below. The first swivel part 16 is firmly connected with
the measuring unit 7, and since the coupling can only be
engaged and the swivel be locked in one specific mutual
angular position, the angular position of the mud motor
pipe bend 5 and the drill bit 4 will therefore always be

determined distinctly by the angular position of the
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measuring unit when changing direction.

If the drill string is firmly connected with the drive
assembly 8, the measuring unit can be turned directly to
the desired angular position by means of the drill string
when the mud flow is stopped and the wheels of the drive
assembly are hereby pulled clear of the wall of the bore-
hole. However, this method is not particularly expedient,
because the drill string cannot rotate in normal opera-
tion. This is unfortunate in particular in horizontal
boreholes where debris from the drilling site tends to
settle below the drill string, thereby increasing the
friction between the drill string and the wall of the
borehole, and involving a risk of the drill string getting

jammed.

For the drill string to be able to rotate also when a
translatorily travelling drive assembly is used for
propelling the drilling assembly, a swivel 9 of the type
shown in fig. 12 may be inserted between the drive
assembly and the drill string. This swivel consists of a
first swivel part 44 which is firmly connected with the
drill string, and a second swivel part 45 which is firmly
connected with the drive assembly 8. The two swivel parts
are freely rotatably interconnected by means of roller
bearings 46 and 47. Thus, the swivel cannot be locked, and
the angular position of the measuring unit cannot there-
fore be changed by means of the drill string. However, the
operator can check the angular position of the measuring
unit from the surface and lock the swivel between the
measuring unit and the drill bit when he finds that the
measuring unit has assumed the desired angular position.
However, this methpd is somewhat cumbersome, and the
change of direction cannot be controlled completely

accurately.
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In the preferred embodiment of the drilling assembly of
the invention shown in fig. la-c the swivel 9, a fragment
of which is shown on an enlarged scale in an axial section
in figs. 13 and 14, contains a claw coupling which serves
to lock the swivel when the mud flow is stopped. This
swivel consists of a first swivel part 48 and a second
swivel part 49, which are freely rotatably interconnected
via roller bearings 50. The coupling consists of a first
coupling part 51 which is firmly arranged in the first
swivel part 48, and a second coupling part 52 which is
arranged fixed against rotation, but axially slidably in
the second swivel part 49 by means of a multi-spline 53.
The coupling includes a flow opening 54 for the passage of
the mud flow, and a constriction ring 55 is provided in
the flow opening 54 of the second coupling part 52.
Further, a plurality of compression springs 56 is provided
between the second swivel part 49 and the second coupling
part 52, said compression springs serving to push the
second coupling part 52 into engagement with the first
coupling part 51 when the mud flow is stopped. In normal
operation where the mud flows through the flow opening 54,
a pressure difference will occur at the constriction ring
55, and this pressure difference overcomes the spring
force from the compression springs 56 and thereby keeps
the coupling open, so that the first swivel part 48 and
thereby the drill string can rotate freely with respect to
the second swivel part 49, which is firmly connected with

the drive assembly.

When in this case the drilling direction is to be changed,
the mud flow is stopped, the second coupling part 52 being
thereby pressed into engagement with the first coupling
part 51 by the spring force of the compression springs 56.
The swivel 9 is now locked and forms a firm connection
between the drill string 11 and the drive assembly, whose
wheels have simultaneously been pulled clear of the wall
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of the borehole. The measuring unit 6 can now be turned to
the desired angular position with great accuracy, which
indicates the direction in which drilling is now to be
continued. When the mud flow is initiated again the wheels
of the drive assembly are pressed against the wall of the
borehole. At the same time the drill bit begins to rotate
about its own axis and to orbit about the axis of the
drilling assembly, until the coupling in the swivel 6
locks the swivel distinctly and thereby the drill bit with
respect to the drive assembly in the correct angular
position of drill bit. The drilling assembly then
continues drilling along the intended curve. In contrast
to the conventional drilling assembly which does not allow
the drill string to rotate under a change of direction
with the consequent drawbacks by way of increased friction
and risk of the drill string getting jammed in the
borehole, the drill string can now advantageously also
rotate during a change of direction using the drilling
assembly of the invention, because the coupling 51, 52 of
the swivel 9 opens immediately when the mud flow is
initiated, so that the two parts of the swivel can rotate

freely with respect to each other.



WO 93/10326

10

15

20

25

30

35

PCT/DK92/00341

- 23 -

Patent Cladims:

1. A steerable drilling assembly (1) for mounting on the
end of a drill string (11) to drill e.g. a horizontal
borehole (2) in an underground formation (3), said
drilling assembly comprising a mud motor (12) and a drill
bit (4) driven by the mud motor and having an axis of
rotation which forms an angle with the axis of the
drilling assembly, as well as a self-propelling drive
assembly (8) for substantially translatorily advancing the
drilling assembly (1) in the formation (3) and exerting on
the drill bit (4) the pressure necessary for the drilling,
said drive assembly (8) being provided with wheels (15)
which are pressed against the wall of the borehole by the
mud pressure and are pulled free from the wall when the
pressure is relieved, c harac terized in that a
swivel (6) is inserted between the drive assembly (8) and
the mud motor (12), said swivel consisting of successively
- seen in the flow direction of the mud - arranged first
and second mutually rotatable swivel parts (16, 17),

there being incorporated in the swivel (6) a brake (21) to
impede the rotation of the two swivel parts (16, 17) with
respect to each other, as well as a coupling arrangement
so adapted as to be capable of locking the two swivel
parts by varying the volume flow of the mud in a pre-

determined manner.

2. A drilling assembly according to claim 1,
characterized in that the coupling arrange-
ment comprises a coupling (22, 23), e.g. a claw coupling,
which has a flow opening (25) for the passage of the mud
flow and consists of a first coupling part (22) which is
fixed against rotation, but axially slidable and is spring
loaded against the direction of the mud flow in the first

swivel part (16), and a second coupling part (23) which is
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firmly mounted in the second swivel part (17); and that
the coupling arrangement moreover comprises a guide ring
(32) arranged freely rotatably between the first coupling
part (22) and the first swivel part (16), said guide ring
being axially retained by the first swivel part (16) and
being provided with a plurality of equidistantly spaced
guideways along the periphery; as well as at least one
outwardly extending guide pin (33) which is firmly
arranged in the first coupling part (22) and engages the
guide ways, said guide ways being so adapted that the
guide ring (32), by varying the volume flow of the mud in
a predetermined manner, can be turned by the guide pin
(33) to positions in which the guideways in cooperation
with a guide pin (33) allow and do not allow, respective-
ly, the first coupling part (22) to engage the second one.

3. A drilling assembly according to claim 1 or 2,
characterized in that the guide ring
comprises an upper and a lower ring part (34, 35) - seen
in a vertical position of the drilling assembly with the
drill bit (4) lowermost - which are firmly connected with
each other, and that the upper ring part (34) is provided
with a plurality of equidistantly spaced, downwardly
directed teeth (38) and the lower ring part with a corre-
sponding number of upwardly directed teeth (39), each
guideway comprising an upper inclined face (40) on one of
the upper teeth (38) for turning the guide ring (32), upon
engagement with the guide pin (33), when the first
coupling part (22) is displaced oppositely to the engage-
ment direction, an oppositely directed lower inclined face
(41) on the opposed lower tooth (39) for turning the guide
ring (32), upon engagement with the guide pin (33), in the
same direction as the upper inclined face (40) when the
first coupling part (22) is displaced in the engagement
direction, a substantially horizontal stop face (42)
extending from the lower boundary of the lower inclined
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face (41) for preventing, upon engagement with the guide
pin (33) the first coupling part (22) from engaging the
second one (23), and a slot (43) extending vertically
downwardly from the side of the stop face (42) directed
oppositely to the lower inclined face (41), said slot (43)
having a width at least corresponding to the diameter of
the pin (33) and such a great vertical extent as to allow
the first coupling part (22) to engage the second one (23)
when the guide pin (33) slides in the slot (43).

4. A drilling assembly according to claim 3,
characterized in that only every second stop

face (42) is interrupted by a vertically extending slot.

5. A drilling assembly according to one or more of claims
1-4, characterized in that the flow opening

(25) in the first coupling part (22) has a constriction.

6 A drilling assembly according to claim 5,
characterized in that the constriction in the
flow opening (25) of the first coupling part (22) is
formed by a flow body (27) coaxially arranged in the first
swivel part (16) and comprising a front thinner part (28)
and a rear thicker part (29) - seen in the flow direction
of the mud - as well as by a constriction ring (26)
arranged in the flow opening (25), said constriction ring
having a smaller diameter than the rest of the flow open-
ing and being axially positioned in it so that the
constriction ring (26) is present around the thinner part
(28) of the flow body (27) at a predetermined distance
from its thicker part (29) when the coupling (22, 23) is
disengaged, and close to or around the thicker part (29)

of the flow body when the coupling part (22, 23) is

engaged.



PCT/DK92/00341

WO 93/10326

10

15

20

25

30

35

- 26 -

7. A drilling assembly according to one or more of claims

1-6, characterized in that a measuring unit

(7), in MWD, is inserted between the drive assembly (8)
and the swivel (9), said measuring unit having instruments
for measuring e.g. the inclination and azimuth of the
drilling assembly (1) as well as the direction of the
gravitation field with respect to the drilling assembly
and the magnetic field in the drilling zone.

8. A drilling assembly according to one or more of claims
1-7, characterize d in that the coupling is
adapted such that its two parts (22, 23) can engage with
each other in one and just one relative angular position.

9. A drilling assembly according to claim 8,
characterized in that the coupling is a claw

coupling with just one claw on each coupling part.

10. A drilling assembly according to one or more of

claims 1-9, chacterized in that the brake (21)

to inhibit the mutual rotation of the two swivel parts
(22, 23) consists of at least one hydraulic pump and one
hydraulic circuit having at least one throttle valve.

11. A drilling assembly accordiﬁg to one or more of
claims 1-10, characterize d in that a second
swivel (9) is inserted between the drill string (11) and
the drive assembly (8), said swivel consisting of
successively arranged first and second mutually rotatably

swivel parts (48, 49) seen in the flow direction of the

mud.

12. A drilling assembly according to claim 11,

characterized in that the second swivel (9)

incorporates a coupling, e.g. a claw coupling, which has a
flow opening (54) for the passage of the mud flow and
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consists of a first coupling part (51) firmly arranged in
the first swivel part (48) and a second coupling part (52)
which, spring loaded against the direction of the mud
flow, is arranged axially slidably and fixed against

rotation in the second swivel part (49).

13. A drilling assembly according to claim 11 or 12,
characterized in that the flow opening (54)
of the second coupling part accommodates a constriction

ring (55) having a smaller inside diameter than the rest

of the flow opening.
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