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allowing rotation of the first element relative to the second element about the longitudinal axis (9) of the drill string, and rotation

transfer means (15) for transferring rotation of the first element about the longitudinal axis to the second element. Furthermore
there I1s provided control means (28) for selectively disengaging said rotation transfer means so as to selectively allow the first

element to rotate relative to the second element by virtue of said bearing means.
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(54) Title: DOWNHOLE CLUTCH WITH FLOW PORTS

A drill string tool (1) for use in a wellbore formed in an earth formation is provided.

D L R R A R s T L LT T 1 RN PR LA ey P Ruppar S

T TEAIRAIAL I I AR AR A L A Arhaae S abhd ot o A0 2 AL rioty SRS 7 AT LD QT T TR MM 1 S € AP A AT OIS 1 o ab At 1o etaes £ e ae e e

LR L L L S T e T e e W O S N S

The tool comprises a first element (1A) connectable to an upper drill string part (3) a second
element (5) connectable to a lower drill string part (7) bearing means (11) allowing rotation
of the first element relative to the second element about the longitudinal axis (9) of the drill
string, and rotation transfer means (15) for transferring rotation of the first element about the
longitudinal axis to the second element. Furthermore there is provided control means (28) for
selectively disengaging said rotation transfer means so as to selectively allow the first element
to rotate relative to the second element by virtue of said bearing means.
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DOWNHOLE CLUTCH WITH FLOW PORTS

The'present 1nvention relates to a drill string
tool for use in a drill string eXxtending in a wellbore
formed 1n an earth formation.

Wellbores which are drilled in the earth formation
for hydrocarbon exploration and production purposes
become ever deeper and more complex in geometry as many
times curved, 1inclined or horizontal sections are
1ncluded. Such deep and complex wellbores impose
stringent requirements on the drill strings used.
However an unresolved problem is the occurrence of
large friction fcrces between the drill string and the
wellbore wall, which friction forces often hamper
adequate wellbore operations.

For example 1t frequently occurs that the lower
drill string part, generally referred to as the bottom
hole assembly (BHA), becomes stuck in the wellbore. To
release the stuck part of the drill string, a tensile-
Or compressilve force 1s applied to the upper drill
string part to free the stuck lower drill string part.
To lncrease the effect of such force, a jarring tool is
generally incorporated in the drill string at a
location above the part of the drill string which is
suspected to become stuck in the wellbore. Such jarring
tool 1includes, for example, telescoping upper and lower
parts, the upper part being connected to the upper
drill string part and the lower part being connected to
the lower drill string part. Upon applying a tensile-

Or compressive force to the upper drill string part,

the upper telescoping part is initially subjected to a

high resistance against upward or downward movement

(for example by means of a narrow flow restriction for

hydraulic oi1l) and thereafter suddenly to a low
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resistance against such movement until a stop prevents
further movement. As a result, elastic energy which has

1nitially accumulated in the upper drill string part is

suddenly released and causes an Lmpact force on the lower
drill string part.

A propblem of the conventional method of releasing a
drill string is the occurrence of large longitudinal

friction forces between the drill string and the wellbore

wall, which friction forces significantly reduce the

effective tensile- or compressive force at the stuck part

of the drill string. bspeclally in highly deviated

wellbores a large part of the tensile- or compressive
force 1is counter-acted oy longitudinal friction forces.
turthermore, the friction forces increase with lncreasing
length of the drill string, so that for deeper wellbores

1t will be more difficult to free the dril] string.

Furthermore, in wellbore drilling it is frequently
required to clean the wellbore by removing drill cuttings
from the wellbore using a stream of drilling fluid.
dowever, a significant part of the drill cuttings
scmetimes cannot be cfficiently removed.

US5-A-40632193 discloses a drill String with a down-

nole motor having a drive shaft provided with a drill

pit. A clutch is provided to engage the drive shaft to

the motor housing so that the drill bit can be rotated by
rotating the drill string. During normal drilling the

clutch is disengaged and the motor drives the drill bit.

In case the drill becomes stuck in the porehole, the

clutch is engaged so that the drill bit becomes rotatably
connected to the drill string.

It 1s an object of the present invention to provide a

drill string tool and a method for significantly reducing
the longitudinal friction forces 1mposed by the wellbore

on the drill string.

AMENDED SHEzT
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formed in an earth formation, the tool comprising a first
element connectable to an upper drill string part, a
second element connectable to a lower drill string part,

bearing means allowing rotation of the first element

relative to the second
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element about the longitudinal axis of the drill
string, rotation transfer means for transferring
rotation of the first element about the longitudinal
ax1s to the second element, and control means for
selectively disengaging said rotation transfer means so
as to selectively allow the first element to rotate
relative to the second element by virtue of said
pbearing means.

The method of operating the drill string tool
according to the invention, wherein the first element
1s connected to the upper drill string part extending
in sald wellbore and the second element is connected to
the lower drill string part extending in the wellbore,
comprises the steps of:

a) rotating the upper drill string part while the

rotation transfer means transfers the rotation of the
first element to the second element so as to rotate the
lower drill string part 1n order to drill a section of
sald wellbore;

p) 1nducing the control means to disengage the
rotation transfer means so as to allow the first
clement to rotate relative to the second element by
virtue of the bearing means; and

c) rotating the upper drill string part about its
longitudinal axis while the lower drill string part
remalins substantially stationary.

When, for example, the lower drill string part has
become stuck in the wellbore, the rotation transfer
means 1s disengaged which allows rotation of the upper
dri1ll string part in the wellbore relative to the lower
drill string part. Since the direction of the friction
forces imposed by the wellbore wall on the drill string
1s the direction of relative movement, these forces are
substantially in circumferential direction of the upper
drill string part during rotation thereof. Any

additional longitudinal friction force component which
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may arise as a result of an applied longitudinal force
to the string, has a reduced magnitude due to the
limited magnitude of the total friction force (as for

example defined in Coulomb's friction law). Thus Dby

rotating the upper drill string part while the lower
drill string part remains stationary, 1t 1s achleved
that the longitudinal friction component is signifi-
cantly reduced. In case of a stuck lower drill string
part, virtually the entire applied longitudinal force
st surface minus the weight of the string is therefore
svailable downhole for releasing the stuck lower drill
string part.

Suitably the drill string tool 1is appliled 1n case
rhe lower drill string part has become stuck in the
wellbore, wherein during step c¢) a longltudinal force
is applied to the upper drill string part so as to
release the lower drill string part from the wellbore.

The drill string tool according to the i1nvention

can also be applied for the purpose of wellbore
cleaning, wherein during or after step C) wellbore
fluid flows through the wellbore so as to clean the
wellbore from drill cuttings. By rotating the upper
drill string part the wellbore fluid which surrounds
fhe drill string is set in motion so that rock
particles, such as drill cuttings, move together with
the wellbore fluid. Thereby such rock particles can be
removed from the wellbore more efficiently, while the

drill bit at the lower end of the drill string remains

stationary.

In order to enhance the wellbore cleaning
efficiency, suitably the rotational speed of the upper

drill string part during step C) 1s selected soO as to

induce a lateral vibration of the upper drill string
part in the wellbore.
More preferably the upper drill string part 1S

induced to take a helical shape in the wellbore during
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step c¢c). This can be achieved, for example, by allowlng the

upper drill string part to buckle 1n a controlled manner.

The rotating helical upper drill string part has a pumping

effect 1n the wellbore so that wellbore fluid and particles

are pumped out of the wellbore.

An aspect of the invention provides a method of

operating a drill string tool in a wellbore formed 1in an

earth formation, the tool comprising a first element

connected to an upper drill string part, a second element

connected to a lower drill string part, bearing means

allowing rotation of the first element relative to the
second element about the longitudinal axilis of the drill

string, rotation transfer means for transferring rotation of

de

the flirst element about the longitudinal axis to the second
element, and control means for selectively disengaging said
rotation transfer means, the method comprising: a) rotating

the upper drill string part while the rotation transfer

means transfers the rotation of the first element to the

second element so as to rotate the lower drill string part

o=

1n order to drill a section of said wellbore; b) when the

lower drill string part i1s stuck in the wellbore, inducing

the control means to disengage the rotation transfer means

so as to allow the first element to rotate relative to the

g~

second element by virtue of the bearing means; c¢) rotating

the upper drill string part about its longitudinal axis

while the lower drill string part remains substantially

stationary; and d) during step c¢) applying a longitudinal

force to the upper drill string part so as to release the

lower drill string part from the wellbore.

ﬁ

Another aspect of the invention provides a method

of operating a drill string tool in a wellbore formed in an

earth formation, the tool comprising a first element
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connected to an upper drill string part, a second element

connected to a lower drill string part, bearing means

allowing rotation of the first element relative to the

second element about the longitudinal axis of the drill

string, rotation transfer means for transferring rotation of

the first element about the longitudinal axis to the second

element, and control means for selectively disengaging said

rotation transfer means, the method comprising: a) rotating

F

the upper drill string part while the rotation transfer

F

means transters the rotation of the first element to the

second element so as to rotate the lower drill string part

1n order to drill a section of said wellbore; b) when the

wellbore is to be cleaned, inducing the control means to

disengage the rotation transfer means so as to allow the

first element to rotate relative to the second element by
virtue of the bearing means; c) rotating the upper drill
string part about its longitudinal axis while the lower

drill string part remains substantially stationary; and

d) during or after step c¢) inducing wellbore fluid to flow
through the wellbore so as to clean the wellbore from drill

cuttings.

The i1invention will be described hereinafter in

P

more detail and by way of example with reference to the

accompanying drawing in which

Fig. 1 schematically shows a longitudinal cross-

section of the drill string tool according to the invention.

The drill string tool 1 shown in Fig. 1 includes a

gr—

first element in the form of mandrel 1la connected by a

connector 2 to an upper drill string part 3, and a second

F

element in the form of housing 5 connected by a connector 6

to a lower drill string part 7. The mandrel la is rotatable
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within the housing 5 around the longitudinal axis 9 of the
tool by means of bearings 11 located between the mandrel la
and the housing 5, the bearings 11 allowing no other
relative movement between the mandrel la and the housing 5.
A clutch 15 is arranged within the housing 5 via a spline

arrangement 17 which allows sliding of the clutch 15 within

the housing in longitudinal direction thereof between two

end positions. The clutch 1s at 1ts end nearest the
mandrel la provided with teeth 19 which fit into

corresponding recesses 20 provided 1n the mandrel la. A

spring 22 urges the clutch 15 to a first end position

whereby the teeth 19 are located in the recesses 20, 1n

which first end position rotational movement of the
mandrel la 1s transferred via the cooperating recesses 20

and teeth 19, and via the spline arrangement 17, to the

housing 5.

A fluid passage 24 for the flow of drilling fluid

extends longitudinally through mandrel la, clutch 15 and

housing 5. A seat 26 for an elastomeric activating
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ball 28 is arranged in the fluid passage 24 within the
clutch 15, the seat 26 and the activating ball 28 beilng
so dimensioned that the activating ‘ball 28 plugs the
fluid passage 24 within the clutch 15 when located on
the seat 26. A plurality of outlet openings 30 1s
provided in the housing o, which outlet openings 30
provide fluid communication between the interior and
rhe exterior of the housing 5. The clutch 15 closes the

outlet openings 30 when the clutch 1s 1n 1ts first end

position. The second end position of the clutch 15 1s
defined by suitable stop means (not shownj, in which
second end position the spring 22 1s more compressed
than in the first end position and the outlet openings

are not closed by the clutch 1o.

The elastomeric ball 28 1s so dimensioned that the

ball 28 is squeezed through the seat 26 and through the
fluid passage 24 in the clutch 15 upon application of a
suitable over-pressure in the fluid passage Z4 upstream
rhe ball 28. A ball receiver (not shown) which 1s
suitable to receive and retain a plurality of balls 28
is located within a space 32 in the housing 5 where the
spring 22 is located.

During normal use of the drill string tool 1 for
the purpose of releasing the lower drill string part 7/
which is stuck in a wellbore the tool 1 1is located 1n
rhe drill string above or below a jarring tool (not
shown) incorporated in the lower drill string part 7/,
but above the stuck point. The clutch 15 is urged by
spring 22 in the first end position which 1s the normal
drilling position. In this position the outlet openings
30 are closed and rotational movement of the mandrel la
is transferred by the clutch 15 to the housing O.
Drilling fluid is pumped through the fluid passage 24
to a drill bit (not shown) at the lower end of the
drill string. In order to release the stuck lower drill

string part 7 the activating ball 28 is pumped through
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the drill string to the seat 26 so as to plug the fluid

passage Z24. The fluid pressure thereby increases (due

to continued pumping), and urges the clutch 15 to its

second end position. As the clutch 15 moves to 1ts
second end position the. outlet openings 30 become
uncovered so that drilling fluid flows from the passage

24, through the openings 30, to the annular space (not

shown) between the drill string and the wellbore.

situation any longitudinal movement imposed on the
upper drill string part 3 does not lead to a
longitudinal friction force component of substantial
magnitude because the magnitude of the total friction
force 1s limited. Thus, a pulling force applied to the
upper drill string part 3 is not counter-acted py any
signiticant longitudinal friction force. As a result
substantially the whole pulling force is available to
accumulate elastic enerqy in the upper drill string
part 3. The jarring tool abruptly releases this

accumulated energy so as to create a strong impact

force which releases the lower drill string part.

After the drill string has been released from the
wellbore a selected over-pressure is applied to the
fluid in passage 24 so as to sgqueeze the ball 28 to the
space 32 where the ball 28 is received and retained by

the ball receiver. Following the arrival of the ball 28

drilling can be resumed.
During normal use of the drill string tcol 1 for

the purpose of wellbore cleaning, the activating ball
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28 is pumped through the drill string 1n order to

disengage the clutch 15 and to free the outlet openings
30, as described above. The upper drill string part 3
is then Trotated at a speed selected so as to create a
lateral vibration thereof while wellbore fluid 1s
circulated through the drill string via outlet
openings 30. The vibrating drill string enhances the
cleaning efficiency of the circulating wellbore fluid.
Instead of inducing lateral vibration of the upper
drill string part for the purpose of wellbore cleaning,

the upper drill string part can be 1induced to take a

helical shape during rotation in the wellbore. The

rotating helical upper drill string part acts as a pump

which pumps wellbore fluid and particles contalned

rherein out of the wellbore.

Tn an alternative arrangement the second element

and the jarring apparatus are 1integrally formed.

Instead of applying the activating ball arrangement
ro control the clutch as described above, engagement
and disengagement can be achieved by a "J-slot”
mechanism. In such mechanism the clutch can Dbe

controlled by lowering or raising the upper drill

string part and applying a selected amount of rotatlon
rhereto. Such "J-slot" mechanism can be applied, for
example, in a so-called fishing string, and can be
combined with a fluid pressure pulse activating
mechanism for engaging / disengaging the clutch.

Alternatively a wireless telemetry system can be
applied in combination wlth a down-hole clutch actuatorxr
ro control the clutch. For example, 1n such system a
downhole mud-pulse receiver receives a mud pulse signal
from surface, which mud pulse signal contains an
instruction to engage or to disengage the clutch. The
mud pulse signal is encoded by an electronic system
which controls a hydraulic system for engaging or

disengaging the clutch. The power required to operate
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the down-hole electronics and hydraulics systems
including the actuator can be generated from the mud

stream Dy a turbine / alternator combination commonly

used 1n Measurement While Drilling tools.
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1. A method of operating a drill string tool 1n a

wellbore formed in an earth formation, the tool comprising a

first element connected to an upper drill string part, a

5 second element connected to a lower drill string part,

bearing means allowing rotation of the first element

relative to the second element about the longitudinal axis

g

of the drill string, rotation transfer means for

transferring rotation of the first element about the
10 longitudinal axis to the second element, and control means

for selectively disengaging said rotation transfer means,

the method comprising:

a) rotating the upper drill string part while the
rotation transfer means transfers the rotation of the first
15 element to the second element so as to rotate the lower

P

drill string part in order to drill a section of said

wellbore;

b) when the lower drill string part 1s stuck in
the wellbore, inducing the control means to disengage the
20 rotation transfer means so as to allow the first element to

rotate relative to the second element by virtue of the

bearing means;

c) rotating the upper drill string part about its
longitudinal axis while the lower drill string part remains

25 substantially stationary; and

d) during step c¢) applying a longitudinal force to
the upper drill string part so as to release the lower drill

string part from the wellbore.
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2. A method of operating a drill string tool 1n a

wellbore formed in an earth formation, the tool comprising a
first element connected to an upper drill string part, a

second element connected to a lower drill string part,

bearing means allowing rotation of the first element
relative to the second element about the longitudinal axis
of the drill string, rotation transfer means for

g —

transferring rotation of the first element about the

longitudinal axls to the second element, and control means
for selectilvely disengaging sald rotation transfer means,

the method comprising:

a) rotating the upper drill string part while the

rotation transfer means transfers the rotation of the first
element to the second element so as to rotate the lower
drill string part in order to drill a section of said

wellbore;

b) when the wellbore 1s to be cleaned, inducing
the control means to disengage the rotation transfer means
so as to allow the first element to rotate relative to the

second element by virtue of the bearing means;

c) rotating the upper drill string part about its

longitudinal axis while the lower drill string part remains

substantially stationary; and

d) during or after step c) inducing wellbore fluid
to flow through the wellbore so as to clean the wellbore

from drill cuttings.

3. The method of claim 2, wherein the rotational
speed of the upper drill string part during step c) is
selected so as to induce a lateral vibration of the upper

dri1ll string part in the wellbore.
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4 . The method of

._12__

claim 2 or 3, wherein during step c)

the upper drill string part 1s induced to take a helical

shape 1n the wellbore.

5. The method of

rotation transfer means

6. The method of
control means comprises

the drill string to the

7. The method of

drill string includes a

8. The method of

F

any one of claims 1-4, wherein sald

comprises a clutch.

any one of claims 1-5, wherein said
an object which 1s movable through

tool.

any one of claims 1-6, wherein the

jarring apparatus.

claim 7, wherein the tool and the

jarring apparatus are integrally formed.

9. The method of

apparatus 1s located 1n

claim 6 or 7, whereln the jarring

the lower drill string part.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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