(19) United States

12 Reissued Patent
Lee

(10) Patent Number:
45) Date of Reissued Patent:

USOORE47269E

US RE47,269 E
Mar. 5, 2019

(54) ACTIVATING MECHANISM FOR
CONTROLLING THE OPERATION OF A

DOWNHOLE TOOL

Schoeller-Bleckmann Oilfield
Equipment AG, Ternitz (AT)

(71) Applicant:

(72) Inventor: Paul Bernard Lee, Calgary (CA)

Schoeller-Bleckmann Oilfield
Equipment AG (AT)

(73) Assignee:

(21) 14/745,324

(22)

Appl. No.:

Filed: Jun. 19, 2015

Related U.S. Patent Documents

Reissue of:

(64) Patent No.:
Issued:
Appl. No.:
PCT Filed:
PCT No.:
§ 371 (c)(1),
(2) Date: Jun. 30, 2008
PCT Pub. No.: W02006/134446
PCT Pub. Date: Dec. 21, 2006

7,866,397

Jan. 11, 2011
11/917,621

Jun. 9, 2006
PCT/IB2006/001536

(30) Foreign Application Priority Data

0512125.6
0512391 .4
0513140.4

Jun. 15, 2005
Jun. 20, 2005
Jun. 29, 2005

(GB)
(GB)
(GB)

(51) Int. CL
E21B 34/14
E2IB 21/10

(2006.01)
(2006.01)

(Continued)

(52) U.S. CL
CPC ... E2IB 34/14 (2013.01); E21B 10/322
(2013.01); E21B 21/103 (2013.01); E2IB

23/04 (2013.01); E21IB 2034/007 (2013.01)

JC .

"—nr.—._ull i

e =adnr" --T

o

(38) Field of Classification Search
CPC ... E21B 34/14; E21B 23/04; E21B 21/103;
E21B 10/322; E21B 2034/007

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
2,633.916 A 4/1953 Baker et al.
2,638988 A * 5/1953 Wilhams ........................ 166/99
(Continued)
FOREIGN PATENT DOCUMENTS
CA 904741 A 7/1972
CA 2316 796 Al  10/1998
(Continued)

OTHER PUBLICATTONS

“Defendant’s Preliminary Invalidity Contentions and Accompany-
ing Production,” Schoeller-Bleckmann Oilfield Equipment AG et al.
v. Churchill Drilling Tools (Rentals) Lid. et al.; Civil Action No.
3:13-cv-00100, filed Dec. 27, 2013, 23 pages and Exhibit A (216

pages).
(Continued)

Primary Examiner — Catherine S Williams

(74) Attorney, Agent, or Firm — Lewis Roca Rothgerber
Christie LLP

(57) ABSTRACT
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first mode 1n which 1t allows through-tlow of drilling fluid to
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ACTIVATING MECHANISM FOR
CONTROLLING THE OPERATION OF A
DOWNHOLE TOOL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue of U.S. Pat. No. 7,866,397
issued onJan. 11, 2011, application Ser. No. 11/917,621 filed
on Jun. 30, 2008 which is a National Phase Patent Appli-

cation and claims priority to and benefit of International

Application Number PC17IB2006/001536, filed on Jun. 9,
2006, which claims priority to and benefit of GB Application
Number 0512125.6, filed on Jun. 15, 2005; GB Application
No. 0512391.4, filed Jun. 20, 2005, and GB Application No.

0513140.4, the entive disclosures of which are incovporated
herein by reference.

This invention relates to a novel activating mechanism for
controlling the operation of a downhole tool.

The use of a ball-activated mechamism to actuate a
downhole tool 1s well known 1n the exploitation of gaseous

and liquid hydrocarbon reserves, and examples include U.S.
Pat. Nos. 5,499,687 and 4,889,199, to which reference 1s
made for a fuller disclosure of this technology.

In this known technology, a large deformable (activating)
ball 1s launched down the drill string to come into engage-
ment with a ball seat of an axially shiftable sleeve, and
which then blocks flow of drilling fluid downwardly through
the sleeve (in its through-flow mode) with consequent
increase 1n pressure upstream of the ball seat. This increase
in pressure acts on the ball which then acts downwardly on
the sleeve to move it to a by-pass mode 1n which fluid flow
1s diverted laterally through one or more by-pass ports in a
surrounding main hollow body in which the sleeve 1s
mounted.

To deactivate the mechanism, a small hard ball 1s
launched down the drill string, and which blocks access to
the by-pass port and which results in a further increase in
pressure above the ball seat and which eventually becomes
suilicient to deform the large deformable ball as it 1s forced
downwardly through the ball seat. This then allows the
sleeve to return under spring or other biassing back to its
normal through-flow mode.

In one aspect the present invention has been developed
with a view to provide a novel activating mechanism (which
controls the operation of the downhole tool) which can be
activated by launching down the drill string at least one
non-deformable activator ball.

In a further aspect the invention provides a novel mecha-
nism utilising a cluster of non-deformable activator balls.

According to the mnvention there 1s provided a method of
controlling the operation of a downhole tool 1n a drill string
via an activating mechanism which 1s housed 1n a portion of
the drill string upstream of the downhole tool, in which:
(a) the activating mechanism has a first mode 1n which 1t

allows through-flow of drilling fluid to the downhole tool

and a second mode 1 which a through-tlow of fluid 1s

blocked; and
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(b) the activating mechanism has a number of through-flow
ports permitting through-flow of drilling fluid 1n said first
mode of the mechanism and which are capable of being
blocked 1n order to activate the mechanism to the second
mode:
in which a number of flow blocking activator balls are

launched down the dnll string and which each are of such a

s1ize and shape that they can block access to said, through-

flow ports 1n order to activate the mechanism to the second
mode and thereby adjust the downhole tool from one mode

ol operation to another.

A method according to the invention therefore enables the
operation of a downhole tool readily to be controlled, by
launching a number or *“cluster” of small hard activator balls
from the surface and down the drnll string 1in order that the
mouth of each port can receive a respective ball which
thereby blocks flow though the port.

In a first preferred example according to the invention, the
activating mechanism 1s operative to adjust the downhole
tool e.g. an under-reamer tool between an operative condi-
tion and an moperative condition. In the case of an under-
reamer tool, the moperative condition obtains when the
reamer blades are in a withdrawn position relative to the
body of the tool, and 1n the operative condition the reamer
blades are 1n a radially projected position relative to the axis
of the drill string so as to be engageable with the surrounding
formation.

Preferably, the activating mechanism takes the form of a
ball-activated tool, which comprises:

a hollow main body adapted for mounting 1n a drnll string
and through which fluid can flow when the tool 1s an a
de-activated mode:

a tubular collet slidably mounted 1n the main body for
movement between a retained 1nactive position and a
released position corresponding respectively to the de-acti-
vated mode of the tool and an activated mode;

a ball-receiving seat coupled with the collet and arranged
to receive an activating ball launched from the surface and
down the drill string to activate the tool;

spring means arranged 1n the main body to maintain the
collet in the retained position;

a retainer arranged 1n the main body to engage with and
to retain the tubular collet 1n the inactive position, and to
release the collet when the tool 1s activated;

an activating sleeve coupled with the collet for movement
therewith to an activating position of engagement with a
stop on the main body;

a first by-pass port provided 1n the collet and communi-
cable internally with the interior of the collet and externally
with the space defined between the outer surface of the collet
and the iner surface of the main body when the tool is
activated; and

a second by-pass port provided in the activating sleeve
and communicable externally with the space defined
between the outer surface of the sleeve and the 1inner surface
of the main body, and internally with the interior of the
sleeve, when the sleeve reaches 1ts activating position;

whereby, upon engagement of an activating ball with the
seat to activate the tool, the following sequence takes place:

a. fluid pressure builds-up upstream of the seat;

b. subsequent release of the collet by the retainer;

c. movement of the collet, the ball and the seat, and the
activating sleeve until the sleeve reaches its activating
position; and
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d. by-pass flow of fluid around the ball and valve seat via
the first and second by-pass ports so that pressurised fluid
can flow via the main body to activate the related hydrau-
lically operated device.

Conveniently, the activating sleeve 1s engageable with an
internal shoulder provided on the main body to form said
stop.

The collet may be coupled with the activating sleeve for
movement therewith via said valve seat.

Conveniently, the ball-activating tool 1s coupled with a
related hydraulically operated device, and preferably an
under reamer. The main body may therefore include a top
sub 1n which the tool 1s incorporated, and a bottom sub 1n
which the under reamer device 1s mounted.

The under reamer 1ncludes one or more cutter movably
mounted 1n the bottom sub for movement between a with-
drawn 1noperative position, and an outwardly projecting
operative position.

A flat spring arrangement may be provided to engage via
its outer side with said cutter, and on 1ts inner side 1s exposed
to fluud flow through the main body when the tool 1s
activated, such that the spring arrangement can operate to
press the cutter outwardly to the operative position.

Conveniently, the retainer and the spring means comprise
an assembly of a retainer ring, a set of spacers and spring
washers.

The retainer ring 1s therefore preferably a rigid retaining
ring, which pre-loads the spring washers and also retains the
collet. The retainer ring holds the collet 1n place, and fluid
dynamics will not aflect 1t.

The ball-activated tool may be activated by launching a
single large (non-deformable) ball down the drill string to
engage a dedicated seat for the large ball. Alternatively, the
tool may be activated by launching a cluster of small hard
(non-deformable) balls down the drill string to engage a seat
which 1s provided with a number of ports each dedicated to
be engaged by a respective one of the small balls.

The first preferred example therefore mvolves use of a
ball-activated tool which 1s caused to “pressure-up” the drill
string upstream of the seat (which 1s activated by launch of
the large ball, or the cluster of small balls), so that by-pass
flow of fluid 1s conveyed to the downhole tool via the
activating mechanism and at an increased pressure suilicient
to adjust the downhole tool from its inoperative condition to
its operative condition.

In a second preferred example according to the invention,
a ball-activated by-pass tool forms the activating mechanism
and which 1s operative 1n a {irst operating mode to allow
through-tlow passage of fluid to lubricate and cool a drilling
bit arranged downstream of the by-pass tool, and 1n a second
operating mode to allow by-pass flow of fluid into the
surrounding formation, and said tool comprising:

a tubular casing defining a through-tlow passage to allow
fluid to flow lengthwise of the tool between inlet and outlet
ends of the casing and each being communicable with the
drill string;

a transverse by-pass port 1n the wall of the casing;

a control sleeve mounted 1n the casing for axial movement
between first and second end positions corresponding to the
first and second operating modes of the tool;

means biassing the control sleeve towards the first end
position so as to block communication with the by-pass port
and allow through-tlow passage of fluid 1n the first operating
mode;

a ball-recerving seat provided 1n the tool to receive a first
deformable activating ball to be launched down the drill-
string when 1t 1s required to adjust the tool from 1ts first
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operating mode to its second operating mode, said seat being
operative when 1t receives the activating ball to move the
sleeve from 1its first end position to 1ts second end position
against the action of the biassing means, and in which the
first activating ball 1s deformable by the action of a second
de-activating ball launched down the dnll string so that the
first ball can move lengthwise of the tool and thereby allow
the sleeve to move back to 1ts first end position under the
action of the biassing means when 1t 1s required to adjust the
tool from 1ts second operating mode to its first operating
mode; and

at least one by-pass seat port provided 1n the ball-recerv-
ing seat and which 1s operative to permit limited flow of fluid
through the sleeve when the latter 1s 1n its second end
position.

The by-pass seat port therefore allows continued, but
limited flow of fluid through the sleeve when the latter has
been adjusted to its second end position corresponding to the
second operating mode of the tool (by-pass tlow of fluid).
This enables drilling fluid, usually drilling mud, to continue
to flow to the drilling bat, (despite the fact that the tool has
been activated to the by-pass mode), and therefore there 1s
continued lubrication and cooling of the drill bit so as to
prevent, or at least minimise, the risk of permanent damage
by over heating of the drilling bit 1n high temperature
applications.

Conveniently, the control sleeve has a side port which 1s
communicable with the by-pass port 1n the wall of the casing
when the tool 1s 1n 1ts second operating mode. Then, upon
launching of the second deactivating ball, 1t comes to rest 1n
a position blocking access to the side port, and thereby
interrupts further by-pass flow of fluid. The pressure there-
fore increases 1n the sleeve upstream of the ball-receiving
seat, and when a predetermined threshold pressure 1s
exceeded, the first deactivating ball 1s deformed so as to pass
downwardly through the seat. It may be arranged also that
this action 1s assisted by downward pressure of the second
deactivating ball on the first activating ball. The sleeve 1s
t
t

hus Iree to return under the action of its biassing means to
ne first end position so that the tool takes up again its first
operating mode.

Preferably, a third type of ball(s) 1s provided, to be used
(in addition to the second deactivating ball) when 1t 1s
required to revert the tool back to 1ts first operating mode
from 1ts second operating mode. Thus, 1n the second oper-
ating mode, the first deformable activating ball 1s engaged
with the ball-receiving seat and main by-pass of fluid 1s
conveyed into the surrounding formation via the by-pass
port in the wall of the casing, whereas limited flow of fluid
continues to be conveyed to the drll bit via the by-pass seat
port.

The third type of ball 1s launched from the surface and
down the dnill string, and 1t 1s of a size such that 1t can block
flow of fluid through the by-pass seat port. This enables the
pressure upstream of the ball-receiving seat to increase still
turther (in addition to the pressurisation caused by launching
of the second deactivating ball), and ensures deformation of
the first ball and subsequent movement of the control sleeve
back to its first operating position.

Conveniently, a set of circumferentially spaced seat ports
1s provided, and therefore a corresponding cluster of the
third type of balls may be provided to be launched from the
surface and to close most, 11 not all access to the seat ports.

Upon deformation of the first activating ball and 1ts
movement through the seat, this 1s then followed by the
second deactivating ball and the one or more third type of

balls.
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Conveniently, a ball catcher device may be arranged down
stream of the ball-receiving seat, to catch at least the first
(larger) deformable ball and preferably also the second
deactivating ball, which 1s preferably a hard steel ball. The
third type of ball will usually be smaller than the first and
second balls, since the seat ports which they have to close off
will usually be small in diameter, to permit required amount
of limited continued flow of fluid through the sleeve, and
therefore 1t will be acceptable for these smaller third type of
balls to be discharged through the drilling bit and 1nto the
surrounding formation which 1s being drilled. Alternatively,
the small type of third balls may return with the return flow
of the dnlling mud.

In a third preferred example according to the imnvention,
the activating mechanism (preferably ball-activated) to actu-
ate a downhole tool comprises:

a hollow main body adapted for mounting in a drll string
and through which flow of flmid to the tool can be routed;

an actuating sleeve defining a through-flow passage and
slidably mounted in the main body for movement between
positions corresponding to a through-flow mode and a
by-pass mode of the mechanism;

biassing means acting on the sleeve to urge 1t to its
position corresponding to the through-tlow mode of the
mechanism;

a seat providing access to said passage in the through-flow
mode of the mechanism; and

a deformable activator capable of being launched down
the drill string to engage the seat and thereby cause pressure
upstream of the seat to increase so that the activator moves
the sleeve to 1ts position corresponding to the by-pass mode
of the mechanism;

in which the activator and the seat are arranged to
co-operate with each other, when the activator engages the
seat, 1n such a way that restricted flow of fluid through the
sleeve 1s maintained when the mechanism 1s 1n its by-pass
mode.

Therefore, 1n the by-pass mode of the mechanism, con-
tinued though restricted tflow of fluid can be maintained to
the drilling tool to prevent 1t from overheating.

Preferably, the hollow body has at least one by-pass port
to direct tluid flow laterally of the sleeve and the body, when
the mechanism 1s 1n 1ts by-pass mode. The sleeve 1s moved
by the deformable activator so as to allow access to the
by-pass port.

However, to deactivate the mechanism, at least one hard
non-deformable activator, preferably a small hard steel ball,
1s launched down the drill string and moves to a blocking
position which blocks by-pass tlow of flmid to the by-pass
port, thereby causing increase in pressure upstream of the
seat, but generally not to a level suflicient to move the
deformable activator downwardly through the seat and
through the sleeve.

To deactivate the mechanism, a set of small non-deform-
able activators 1s preferably provided, e.g. in the form of
small hard balls, and which 1s launched down the drill string,
and the arrangement of the seat and the deformable activator
(defining limited through-flow passages for tluid when they
inter-engage) 1s such that the small activators block the
limited through-tlow passages.

The pressure upstream of the seat thus increases further,
and eventually causes downward movement (accompanied
by suflicient inward deformation of the deformable activa-
tor) through the seat and the sleeve.

The sleeve then i1s returned (under i1ts biassing) to its
position corresponding to the through-flow mode, and the
mechanism then reverts to its original mode of operation.
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Any suitable downhole tool can have its operation con-
trolled by a mechanism according to the invention, and can
be actuated and de-actuated by the mechanism 1n any
required way. By way of example only, through-flow of fluid
to the tool and via the mechanism can operate a linearly
displaceable mandrel and/or a laterally outwardly moving
actuator, which acts on the tool to control its operation.
Return movement of the mandrel or the laterally moving
actuator can then revert the tool to 1ts original mode of
operation. It should be understood that one of the modes of
the downhole tool may be an inactive mode.

Preferably, the deformable activator comprises a ball-dart
combination, in which a ball-like portion at least 1s deform-
able and 1s capable of seating on the seat, and a dart-like
portion can project downwardly through the seat. A ball-dart
combination can readily be launched down a drill string, and
with suitable weighting of the combination, the dart can pull
the ball downwardly, under gravity, and with the dart even-
tually projecting downwardly through the seat and the “ball”
engaging the seat.

To provide limited through-flow of fluid 1n the by-pass
mode, 1t 1s preferred that the activator 1s hollow and 1s
provided with an internal flow control device. This may
comprise a number of separate restricted passageways, con-
veniently formed by separate ports 1n a carrier ring.

Examples of an activating mechanism according to the
invention for controlling the operation of the downhole tool
will now be described 1n detail with reference to the accom-
panying drawings, in which:

FIG. 1 1s a detailed longitudinal sectional view of a
ball-activated tool for use 1n a drill string, 1n order to activate
a related hydraulically operated device, such as an under-
reamer, and showing the tool 1 a de-activated mode in
which fluid flow through the main body of the device 1s
permitted.

FIG. 2 1s a similar view, but showing the adjustment of the
components of the tool following launching of an activating
ball from the surface down the drill string to activate the
tool;

FIG. 3 shows, 1n the separate views, a, b, ¢, d thereot, tluid
flow relative to the tool 1n, respectively,

(1) the deactivated mode of the tool,

(2) the launching of an activating ball to 1nitiate activation
of the tool,

(3) the build-up of fluid pressure on the activating ball
alter i1t has been received by a ball seat and to pressure-up
the system, and

(4) adjustment of the components of the tool under the
action of the pressure build-up in order to activate the
hydraulically operated device;

FIG. 4 1s a longitudinal sectional view of a top sub and a
bottom sub of a drll string, in which the ball activated tool
1s mounted in the top sub, and a hydraulically activated
downbhole tool (e.g. an under-reamer) can be mounted in the
bottom sub, and the figure showing the ball activated tool 1n
1its deactivated mode;

FIG. 5, 1s similar to FIG. 4, but showing the ball activated
tool 1n 1ts activated mode, 1n which 1t can route pressurised
fluid to operate the related downhole tool (not shown 1n
detail);

FIG. 6 1s a longitudinal sectional view, to an enlarged
scale, showing the engagement of a single large deformable
ball with the ball seat of the axially shiftable sleeve shown
in FIGS. 1 to 5;

FIG. 7 1s a view, similar to FIG. 6, but showing an
alternative arrangement in which the seat incorporates inter-
nally a series of small through-flow ports, to be blocked each
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following launching of a cluster of small non-deformable
activator balls down the drill string;

FIG. 8 1s a longitudinal view of an alternative example of
a deformable activator which may be launched down the
drill string to engage a seat provided 1n the axially shiftable
sleeve;

FIG. 9 1s a view, similar to FIG. 8, showing the internal
ports of the activator of FIG. 8 blocked following launching,
of the cluster of small non-deformable activator balls down
the drill string;

FI1G. 9a 1s a view, similar to FIG. 9, showing an alternative
arrangement of deformable activator, which 1s capable of
being activated by launch of a large activator ball, and which
can subsequently be deactivated by launch of two further
large balls which block access to by-pass ports, thereby to
cause 1ncrease 1n pressure upstream of the deformable
activator, causing the latter to deform and pass downwardly
through the valve seat and deactivate the mechanism;

FIG. 9b 1s a view, similar to FIG. 9a, showing a similar
arrangement;

FIG. 10 1s a detailed longitudinal sectional view of a
turther example of a by-pass tool mechanism for use 1n
carrying out a method according to the invention;

FIG. 11 1s a horizontal cross sectional view of the part of
the tool shown 1n FIG. 10, and showing in more detail
by-pass ports provided 1n a ball-receiving seat of a control
sleeve of the tool, to permit limited continued flow of tluid
to a drilling bit downstream of the tool when the tool has
been activated to a by-pass mode;

FIG. 12 1s a view, similar to FIG. 10, showing three
different types of ball for use 1n activating and deactivating
the tool, namely a first large deformable activation ball, a
second smaller hard steel deactivation ball, and a third type
ol non-deformable (pressure-up) small ball forming a clus-
ter, all for use 1in a manner to be described in more detail
below:; and

FIG. 13 1s a view, similar to FIG. 11, showing the third
type of balls closing-off access to the by-pass seat ports
shown 1n FIG. 11, during controlled adjustment of the tool
back to its deactivated mode when normal through-flow
supply of fluid to the drilling tool 1s resumed.

Referring now to FIGS. 1 to 5 of the drawings, a first
example of an activating mechanism for carrying out a
method according to the invention 1s designated generally by
reference 10 and comprises a hollow main body 11 (forming
a “top sub”) which 1s adapted for mounting 1n a drill string
in order to activate a related hydraulically operated device
(shown in more detail in FIGS. 4 and 5). The device shown
in FIGS. 4 and 5 1s an under reamer, but it should be
understood that this 1s merely one example of a related
hydraulically operated device which can be activated by the
ball-activated tool of the invention.

The hollow main body 11 permits through flow of fluid to
take place when the tool 1s 1n a de-activated mode, as shown
in FIG. 1. A tubular collet 12 1s slidably mounted 1n the main
body 11 for movement between a retained mactive position
(as shown 1n FIG. 1), and a released position (as shown 1n
FIG. 2) corresponding respectively to the de-activated mode
of the tool and the activated mode.

A ball-receiving seat 13 1s coupled with the collet 12 and
1s arranged to receive an activating ball launched from the
surface and down the dnll string to activate the tool. A ball
14 1s shown 1n FIG. 2 1n engagement with the seat 13, and
with the tool components adjusted to a released active
position, which causes activation of the tool.

Spring means 15 1n the form of a set of spring washers 1s
arranged 1n the main body 11 and which act to maintain the
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collet 12 1n the retained position shown 1n FIG. 1. The spring
means 15 cooperate with a retainer, in the form of a ngid
retainer ring 16, and two end spacers 17, 1n order to retain
the tubular collet 12 1n the 1nactive position. However, upon
activation of the tool, as will be described in more detail
below, the collet 12 1s released by the retainer ring 16, and
against the opposition of the spring means 15, 1n order that
the collet 12 can move to a released position which 1nitiates
adjustment of the tool to the activated mode.

An activating sleeve 18 1s coupled with the collet 12 for
movement therewith to an activating position of engagement
with a stop provided on the main body, as shown 1n FIG. 2.
In the embodiment of FIG. 2, the stop 1s provided by an
internal shoulder 19 which limits the movement of the

sleeve 18 and collet 12 to the active position shown 1n FIG.
2

Although not shown 1n detail 1n FIGS. 1 and 2, a first
by-pass port 1s provided in the collet 12, and which com-
municates internally with the interior of the collet and
externally with the space defined between the outer surface
of the collet 12 and the 1mnner surface of the main body 11
when the tool 1s activated. This will be described 1n more
detail below with reference to FIG. 3.

There 1s also a second by-pass port provided in the
activating sleeve 18 (also not shown 1n FIGS. 1 and 2), and
which communicates externally with the space defined
between the outer surface of the sleeve 18 and the inner
surface of the main body 11, and internally with the mterior
of the sleeve, when the sleeve reaches 1ts activating position
shown 1 FIG. 2.

Referring now to FIG. 3, the four views a, b, ¢ and d show
successive stages of adjustment of the tool between the
deactivated mode and the fully activated mode of the tool.

In FIG. 3a, normal fluid flow down the drill string and
through the interior of the main body 11 1s permitted, and
during this time the related hydraulically operated device
(the under reamer) remains noperative.

FIG. 3b shows initiation of adjustment of the tool to 1ts
activated mode, which 1s caused by launching activating ball
14 from the surface and down the drill string, to engage seat
13.

FIG. 3¢ shows the components of the tool still in the
deactivated positions, but with the ball 14 engaged with the
seat 13, pressure builds-up upstream of the ball and pres-
sures up the system until such time as the fluid pressure force
acting on the ball 14 causes the collet 12 to be released by
the retainer ring 16, so that the assembly of components 12,
13 and 18 move as a unit to the position shown 1 FIG. 3d,
such position being defined by inter-engagement between
the outer end 20 of activating sleeve 18 with shoulder 19.

As shown 1n FIG. 3¢, the potential flow of fluid through
the system, shown by arrow 29, i1s mitially prevented by
virtue of the seating of ball 14 on the seat 13, until such time
as the pressure build-up 1s suflicient to cause the collet 12 to
be released by the retaining ring 16. FIG. 3d then shows the
flmid flow path through the system, which 1s at a higher
pressure than the through tlow 1n the deactivated mode of
FIG. 3a, and such pressure 1s suflicient to trigger operation
of the under reamer.

As can be seen 1 FIG. 3d, the flud flow eflectively
by-passes the ball 14 engaged with seat 13, by first passing
outwardly from the 1nterior of collet 12 through one or more
first by-pass ports 21 to the space 22 between the outer
surface of collet 12 and the 1nner surface of main body 11.
The by-pass flow then returns to the interior of the main
body 11 via one or more second by-pass ports 23 in the
activating sleeve 18. This resumed through-tflow of fluid, at
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enhanced pressure, and shown by arrow 24, then passes to
a hydraulically operated downhole tool (preferably an
under-reamer), arranged below the tool 10, to mitiate opera-
tion of the latter.

FIG. 4 illustrates schematically a top sub 25 1n which the
tool 10 1s mounted, and a bottom sub 26 in which a
hydraulically operated tool 27, such as an under reamer can
be mounted. FIG. 4 shows the tool i its de-activated
position, and FIG. 5 1s a similar view to FIG. 4, but showing,
the tool 10 1n 1ts activated position 1 which 1t can route
pressurised fluid to operate the tool 27 e¢.g. an under reamer.

FIG. 6 1s a longitudinal sectional view, to an enlarged
scale, showing the engagement of a large non-deformable
activation ball 14 with an internal ball receiving seat 13 of
the axially shiftable sleeve 12 which 1s described above and
shown 1n more detail in FIGS. 1 to S.

FIG. 7 shows an alternative arrangement of ball-receiving,
seat 13a, which 1s provided with an internal flow control
device comprising a set of small through-tflow ports, each of
which 1s capable of having access to it blocked following
launch of a cluster of small non-deformable activator balls
14a down the drill string.

FIGS. 8 and 9 show another example of an activator
system for activating, and deactivating, a mechanism which
controls the operation of the downhole tool. By way of
example only, 1t will be assumed that the activator system
shown 1n FIGS. 8 and 9 1s being used in relation to activation
of the mechanism and downhole tool described above with
reference to FIGS. 1 to S.

FIGS. 8 and 9 are longitudinal sectional views of a
deformable activator in the form of ball-dart combination,
which takes the place of the large non-deformable ball 14
described above. There 1s therefore shown i FIGS. 8 and 9
a deformable activator which 1s designated generally by
reference 50 having a ball-like portion 51 which engages the
seat 13, and a dart-like portion 352 projecting downwardly
therefrom. The ball-like portion 51 engages the seat 13, and
the dart-like projection 52 projects downwardly therefrom
and through the seat. The activator 50 1s hollow, defining a
limited or restricted through-flow passage, so that when the
activator engages the seat, it causes pressure upstream of the
seat to 1ncrease so that the activator moves the sleeve 12
downwardly to a position corresponding to the by-pass
mode of the mechanism.

However, the activator 50 and the seat 13 are arranged to
cooperate with each other, when the activator 530 engages the
seat, 1n such a way that restrictive flow of fluid through the
sleeve 12 1s maintained when the mechanism 1s 1n 1ts by-pass
mode.

Therefore, 1n the by-pass mode of the mechanism, con-
tinued though restricted tflow of fluid can be maintained to
the drilling tool to lubricate and prevent 1t from overheating.

The activator 50 incorporates a flow control device 53
arranged 1nternally thereol, and comprising a ring formed
with a number of ports forming separate restricted passage-
ways.

FIG. 8 shows the activator 50 before employment of any
activating and de-activating devices. When engaged with the
seat 13, lmmited through-flow of fluid 1s allowed, even
though the mechanism 1s 1n the by-pass mode. However, to
commence the deactivation of the mechanism, at least one
hard non-deformable activator 1s used, preferably a small
hard steel ball, and which 1s launched down the drill string,
and moves to a blocking position which blocks by-pass tlow
to the by-pass port. This causes increase in pressure
upstream of the seat 13, but generally not to a level suflicient
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to move the deformable activator 50 downwardly through
the seat 13 and through the sleeve 12.

To complete the deactivation of the mechanism, a set of
small non-deformable (pressure-up) actuators 1s provided,
¢.g. 1n the form of small hard balls 54 launched down the
drill string. The arrangement of the seat 13 and the deform-
able actuator 50 1s such that the balls 54 block the limited
through-tlow passages. The pressure upstream of the seat 13
therefore increases further, and eventually causes downward
movement (accompanied by suflicient inward deformation
of actuator 50) through the seat 13 and the sleeve 12.

The sleeve 12 1s then returned to 1ts position correspond-
ing to the through-flow mode, and the mechanism then
reverts to 1ts original mode of operation. In addition to the
provision of restricted passages in the flow control device
53, outlet ports 55 are provided in a nose portion of the
dart-like portion 52.

The activator 50 therefore incorporates a ball-port ring
within the dart-like portion, which allows a split flow
situation for the drilling fluid used, 1n that a main part of the
fluid passes via the by-pass port upon activation, whereas
limited tlow can be maintained via the flow control device
in the activator. When 1t 1s necessary to close the tool,
deactivation ball or balls are dropped down the drill string,
tollowed by a cluster of non-deformable pressure-up balls.
Two larger deactivation balls will plug up the main bypass
port, whereas the smaller non-deformable (pressure-up)
balls will come down 1nto the ports in the dart-like portion,
allowing the pressure above the dart to build up. Pressure
will 1increase above the small balls until such time as the
plastics material from which at least the ball-like portion of
the activator 50 1s formed can deform and allow the entire
activator to blow downwardly through the seat and the
sleeve, and be caught within a suitable “ball catcher” device
(now shown) arranged downstream thereof. The balls fall
through on top of the dart, and this operation can be repeated
when required.

The dart may also be adapted to utilise a flap of valve or
retention mechanism, to retain the small balls within the
dart.

Retferring now to FIGS. 9a and 9b, this shows further
embodiments of deformable activators 50a and 50b respec-
tively, and which are generally similar to the deformable
activator 30 described above with reference to FIGS. 8 and
9. Corresponding parts are given the same reference numer-
als.

The deformable activators 30a and 30b can be launched
down a drill string to engage the valve seat, and launch of
a large activator ball 115 can block downward flow of fluid
through the activator, and thereby pressure upstream of the
activator increases thereby shifting the mechanism axially to
an alternative mode of operation, whereby through flow of
fluid 1s blocked. Alternatively, small bleed passages may be
provided, to allow limited through flow of fluid to cool and
lubricate the drilling bit arranged downstream thereof. How-
ever, the main portion of the drilling fluid can then pass
transversely through outlet ports 112.

When 1t 1s required to revert the activating mechanism to
the deactivated mode, e.g. for normal operation of the
downhole tool, turther deactivating ball(s) 117 1s launched
down the drill string, to block access to the respective outlet
port(s) 112. This then causes the pressure upstream of the
activator 30a, 50b to increase, and the deformable portion 51
of the activator then yields under this load, thereby allowing
the enfire activator to pass downwardly through the valve
seat, and allow the mechanism to revert to i1ts deactivated
mode.
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The deformable activators 50, 50a, 50b disclosed herein
cllectively are a form of deformable dart, and having an
external resilient ring, which may be made of the same
material as the plastics material from which deformable
activator balls are usually made, so that the deformable ring
can shear under load, to allow the dart to pass downwardly
through the valve seat.

The ring therefore forms a seal on the outer circumierence
of the dart, and 1s assembled this way so as to allow for a
large area of bypass through the tool when the latter 1s 1n the
activated mode. This allows a large volume to be pumped
downwardly to the operating drill bit, as well as still a large
volume laterally through the nozzles in the side port(s) of the
tool.

Referring now to FIGS. 10 to 13, a still further example
of ball activated mechanism will now be described, for use
in carrying out a method according to the mvention. There
1s show 1n detail only part of a ball activated by-pass tool,
designated generally by reference 110, and comprises an
outer tubular casing 111 provided with at least one by-pass
port 112 1n its side wall, and an axially shiftable control
sleeve 113 provided with a ball-recerving seat 114.

The by-pass tool 110 1s insertable into a drill string, and
1s operative 1n a first operating mode to allow through tlow
passage of fluid to lubricate and cool a drilling bit provided
downstream of the by-pass tool, and 1n a second operating
mode to allow by-pass flow of fluid into the surrounding
formation. The general construction and operation of the
by-pass tool 110 may be as disclosed 1n more detail in U.S.
Pat. No. 5,499,687, and W0O01/90529, the disclosure of
which 1s incorporated herein by this reference.

The tubular casing 111 defines a through flow passage to
allow drilling fluid, usually drilling mud, to flow lengthwise
of the tool 110 between inlet and outlet ends of the casing,
and each being communicable with the drill string. The
control sleeve 113 1s mounted 1n the casing 111 for axial
movement between {irst and second end positions corre-
sponding to the first and second operating modes of the tool.
FIG. 10 shows the tool in 1ts second operating mode,
permitting by-pass flow of fluid, following activation of the
tool by launching of a first large activating ball, as described
in more detail below.

Biassing means 1s provided (not shown), preferably in the
form of a compression spring, which biasses the control
sleeve 113 towards the first end position so as to block
communication with the by-pass port 112 and allow through
flow passage of fluid in the first operating mode.

The ball-receiving seat 114 provided 1n the tool 110 can
receive a first deformable activating ball 115, launched from
the surface and down the dnll string, when it 1s required to
adjust the tool from its first operating mode to its second
operating mode. The seat 114 1s operative when 1t recerves
the activating ball 115, as shown in FIG. 10, to move the
sleeve 113 from the first end position to the second end
position and against the action of the biassing means.

In the second end position of the control sleeve 113, a side
port 116 1n the wall of the sleeve 113 communicates with the
by-pass port 112, to allow by-pass flow of flmd when
required. Only a single by-pass port 112 and side port 116
are shown, but evidently more than one port may be pro-
vided, and other means of communication may be used.

When 1t 1s required to deactivate the tool, a second
deactivating ball 117 (see FIG. 12) i1s launched down the
drill string, with the result that the first ball 115 can move
lengthwise of the tool 110, preferably to be received by a ball
catcher device (not shown), and thereby allow the sleeve to
move back to 1ts first end position under the action of the
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biassing means. Thus, the second deactivating ball 117
blocks communication to the side port 116, and therefore
interrupts by-pass flow via the by-pass port 112, and there-
fore the pressure upstream of the seat 114 increases, and
when a threshold pressure 1s exceeded, the large deformable
ball 115 deforms under the pressure load so as to move

downwardly through the ball seat 114.
The description thus far generally corresponds to that

which 1s disclosed 1n more detail in U.S. Pat. No. 5,499,687,
and W0OO01/09529. However, there now {follows detailed
description of a simple, but highly eflective additional
feature, forming a preferred embodiment of the imvention.

Thus, to provide limited, but continued flow of fluid
through the sleeve 113, when the latter has been adjusted to
its second end position corresponding to the second oper-
ating mode of the tool (by-pass tlow of fluid), an additional
by-pass arrangement 1s provided. This enables drilling fluid,
usually drilling mud, to continue to flow to the drilling bat,
and thereby continue lubrication and cooling of the drilling
bit and prevent, or at least minimise, the risk of permanent
damage by overheating to the drilling bit 1n high temperature
applications.

The additional by-pass arrangement takes the form of at
least one by-pass seat port 118 provided 1n the ball-receiving
seat 114. In the 1llustrated arrangement, a circumferentially
spaced set of arcuate slots are formed 1n the seat 114, to form
the means providing continued, but limited flow of by-pass
fluid, when the tool 1s operating in 1ts by-pass mode shown
in FIG. 10.

The subsequent launching of the deactivating ball 117 waill
still 1interrupt main by-pass flow via by-pass port 112, and
subsequent increase 1n pressure upstream of the large
deformable ball 115, and which can increase to a suflicient
extent to allow deformation of the ball 115 and downward
movement through the seat 114, to deactivate the tool,
despite the fact that some of the fluud will be flowing
downwardly through the tool, in limited manner, via the
by-pass seat ports 118.

However, to ensure that the pressure being bled-ofl via the
by-pass seat port 118 does not prevent deactivation of the
tool by launching of the second deactivating ball 117, 1t 1s
preferred to provide a third type of ball for use with the tool
110. This third type of ball 1s to be used, 1n addition to the
second deactivating ball 117, when 1t 1s required to revert the
tool 110 back to 1ts first operating mode from its second
operating mode. The third type of ball 1s a small non-
deformable ball, and preferably supplied in a cluster of balls
119, as shown 1n FIGS. 12 and 13.

The balls 119 are of such a size that, when used together
in a cluster, they can block tlow of fluid through the by-pass
ports 118, and therefore enable the pressure upstream of the
seat 114 to increase still further (1n addition to the pressuri-
sation caused by launching of the second deactivating ball
117), and thereby ensure the deformation of the first acti-
vation ball 115 and subsequent downward movement
through the seat 118 and followed by upward movement of
the control sleeve 113 under the action of its spring biassing
back to the first operating position.

In the 1llustrated embodiment, more than one of the balls
119 15 used 1n order to close off each of the by-pass seat ports
118. However, other arrangements are possible, including
single balls 119 each closing ofl a respective by-pass port,
although this 1s not shown 1n the 1llustrated embodiment.

Upon deformation of the first activating ball 115 and 1ts
movement through the seat 114, this 1s then followed by the
second deactivating ball 117 and the third type of balls 119.
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Conveniently, a ball catcher device (not shown) 1s
arranged downstream of the scat 114, to catch at least the
first (larger) ball 115, and preferably also the second deac-
tivating ball 117, which 1s a hard steel ball. The third type of
ball 119 1s smaller 1n diameter than the other balls, 1n view

of the size and shape of the by-pass ports 118, and therefore

it will be acceptable for the balls 119 to be discharged
through the drilling bit and into the surrounding formation
being drilled, or to be returned to surface with the return flow
of drilling mud.

The by-pass tool 110 as described above therefore enables
the tool to be activated by dropping the first activation ball
115, to imtiate main by-pass tlow via the by-pass port 112 1n
the casing, while still allowing a limited flow of fluid to pass
around the activation ball 115 and through the seat ports 118.
There 1s therefore a split flow situation, 1n which the main
by-pass tlow 1s conveyed via the by-pass port 112, while a
smaller proportion of the fluid passes downwardly through
the valve seat 114 via the seat ports 118.

However the provision of the seat ports 118 does mean
that some of the pressure above the seat 1s bled-off, and
therefore this reduces the pressure available to deform the
activation ball 115, after launch of the de-activating ball 117.
It 1s for this reason that the third type of balls 119 are
provided, which are able to blank-ofl at least the major part
of the access to the seat ports 118.

The typical sequence of operations therefore would be as
tollows: drop the plastics activation ball 115, to open up the
tool, and pump main by-pass fluid for as long as the operator
requires, but with split flow and some of the flow going
down through the sleeve to lubricate and cool the drilling bat,
in addition to the main by-pass flow via the circulating ports
above the ball 115.

To deactivate the tool, the steel deactivation ball 117 1s
dropped down the drill string, in the case of a single ported
tool, or two deactivation balls are dropped 1n the case of a
dual ported tool. Thereafter, the non-deformable pressure-up
balls (the third balls 119) are dropped down the drill string.
When the steel deactivation ball(s) 117 closes access to the
side port 16 above the ball 115, the system starts to pressure-
up, and further flow now only continues around the deform-
able activation ball 115, and via the seat ports 118. When the
non-deformable pressure-up third balls 119 reach the seat
114, they plug-up the seat ports 118, allowing the operator,
or allowing the system, to pressure-up to a greater extent and
thereby ensure deformation of the main activation ball 115.
Ball 115 then passes downwardly, upon deformation,
through the seat 114, and this 1s followed by the spring
biassing urging the control sleeve 113 to 1ts first end position
(sleeve closed position), and the steel deactivation ball(s)
117 can then fall downwardly through the ball seat 114,
following the deformable activation ball 115, and both of
these can be caught by a ball catcher device (not shown).
However, the smaller, non-deformable and pressure-up balls
119 are suihliciently small that they can be displaced down-
wardly through the drilling tool and through the drilling bit,
and out 1nto the surrounding formation. Alternatively, balls
119 can return to surface via the return flow of drilling mud.

The invention claimed 1s:

1. An activating mechanism for controlling the operation
of a downhole underreamer tool in a drill string and which
1s itended to be housed 1 a portion of the dnll string
upstream of the downhole underreamer tool, 1n which:

(a) the activating mechanism has a first mode 1n which 1t

allows through-tflow of drilling fluid to the downhole
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underreamer tool 1 an operative condition and a sec-
ond mode 1n which through-flow of fluid 1s blocked 1n
an 1noperative condition;

(b) the activating mechanism has a number of through-
flow ports permitting through-tflow of drilling fluid 1n
said first mode of the mechanism and which are capable
of being blocked by launching a number of flow
blocking activator balls down the drnll string and which
cach are of such size and shape that they can block
access to said through-tlow ports 1n order to activate the
mechanism to the second mode and thereby adjust the
downhole underreamer tool from one mode of opera-

tion to another; and
(¢) the 1noperative condition 1s obtained when the reamer

blades are 1n a withdrawn position relative to the body

of the tool, and in the operative condition the reamer
blades are 1n a radially projected position relative to the
ax1is of the dnll string so as to be engageable with the

surrounding formation.

[2. A mechanism taking the form of a ball-activated tool
for use 1 a dnll string in order to activate a related
hydraulically operated device and which comprises:

a hollow main body adapted for mounting 1n a drill string

and through which fluid can flow when the tool 1s a 1n
a de-activated mode;

a tubular collet slidably mounted 1n the main body for
movement between a retained inactive position and a
released position corresponding respectively to the
deactivated mode of the tool and an activated mode;

a ball-receiving seat coupled with the collet and arranged
to recerve an activating ball launched from the surface
and down the dnll string to activate the tool;

spring means arranged 1n the main body to maintain the
collet 1n the retained position;

a retainer arranged 1n the main body to engage with and
to retain the tubular collet 1n the mactive position, and
to release the collet when the tool 1s activated;

an activating sleeve coupled with the collet for movement
therewith to an activating position of engagement with
a stop on the main body;

a first by-pass port provided 1n die collet and communi-
cable internally with the interior of the collet and
externally with the space defined between the outer
surtace of the collet and the mner surface of the main
body when the tool 1s activated; and

a second by-pass port provided in the activating sleeve
and communicable externally with the space defined
between the outer surface of the sleeve and the inner
surface of the main body, and internally with the
interior of the sleeve, when the sleeve reaches 1its
activating position;

whereby, upon engagement of the activating ball with the

seat to activate the tool, the following sequence takes
place:

. flmd pressure builds-up upstream of the seat;

. subsequent release of the collet by the retainer;

c. movement of the collet, the ball and the seat, and the
activating sleeve until the sleeve reaches 1ts activating
position of engagement with stop; and

d. by-pass flow of fluid around the ball and valve seat via
the first and second by-pass ports so that pressurised
fluid can flow via the main body to activate the related
hydraulically operated device.]

[3. A mechanism according to claim 2, in which the

activating sleeve 1s engageable with a shoulder provided
internally of the main body to form said stop.]

o &
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[4. A mechanism according to claim 2, in which the collet
1s coupled with the activating sleeve for movement there-
with via said valve seat.]

[5. A mechanism according to claim 2, in which the main
body includes a top sub 1n which the tool 1s incorporated,
and a bottom sub in which a tool, is mounted.}

[6. A mechanism according to claim 2, in which the
ball-activated tool 1s capable of being activated by launching
a single large non-deformable ball down the drill string to
engage the seat dedicated to the large ball.]

[7. A mechanism according to claim 2, in which the ball
activated tool 1s capable of being activated by launching a
cluster of small hard non deformable balls down the drill
string to engage a seat which 1s provided with a number of

ports each dedicated to be engaged by a respective one of the

small balls.]

8. A ball-activated by-pass tool for use in a drilling
operation, and which 1s insertable mto a drill string and
which 1s operative 1n a first operating mode to allow
through-flow passage of fluid to lubricate and cool a drilling,
bit arranged downstream of the by-pass tool, and 1n a second
operating mode to allow by-pass tlow of fluid, and said tool
comprising;

a tubular casing defining a through-tlow passage to allow
fluid to flow lengthwise of the tool between inlet and
outlet ends of the casing and each being communicable
with the dnll string;

a transverse by-pass port 1n the wall of the casing;

a control sleeve mounted 1n the casing for axial movement
between first and second end positions corresponding
to the first and second operating modes of the tool;

means biasing the control sleeve towards the first end
position so as to block communication with the by-pass
port and allow through-tflow passage of fluid 1n the first
operating mode;

a ball-recerving seat provided 1n the tool to receive a first
deformable activating ball to be launched down the
drill-string when 1t 1s required to adjust the tool from 1ts
first operating mode to 1ts second operating mode, said
seat being operative when 1t receives the activating ball
to move the sleeve from 1its first end position to 1its
second end position against the action of the biasing
means, and 1n which the first activating ball 1s deform-
able by the action of a second de-activating ball
launched down the dnll string so that the first ball can
move lengthwise of the tool and thereby allow the
sleeve to move back to 1ts first end position under the
action of the biasing means when 1t 1s required to adjust
the tool from its second operating mode to 1ts first
operating mode; and

at least one by-pass seat port provided in the ball-receiv-
ing seal and which 1s operative to permit limited tlow
of fluid through the sleeve when the latter 1s 1n its
second end position,
wherein the control sleeve has a side port which is

communicable with the by-pass port in the wall of
the casing, when the tool is in its second operating
mode.

[9. A tool according to claim 8, in which the control sleeve
has a side port which 1s communicable with the by-pass port
in the wall of the casing, when the tool 1s 1n 1ts second
operating mode.]

10. A tool according to claim 8, including a third type of
ball for use, 1n addition to the second de-activating ball when
it 1s required to revert the tool back to its first operating mode
from 1ts second operating mode.
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11. A tool according to claim 10, in which a set of
circumierentially spaced slots are formed 1n the ball seat, to
form said seat port, and a cluster of said third type of balls
1s provided to be launched from the surface, to close-ofl at
least a major part of access to said slots.

12. A tool according to claim 8, in which a ball catcher
device 1s arranged downstream of the ball receiving seat, to
catch at least said first activation ball and optionally said
second de-activating ball.

[13. An activating mechanism for controlling the opera-
tion of a downhole tool and which comprises:

a hollow main body adapted for mounting in a drill-string,

and through which fluid to the tool can be routed;

an actuating sleeve defining a through-flow passage and

slidably mounted in the main body for movement
between positions corresponding to a through-flow
mode and a by-pass mode of the mechamism;

biasing means acting on the sleeve to urge 1t to 1ts position

corresponding to the through-tflow mode of the mecha-
nism;

a seat providing access to said passage in the through-tlow

mode of the mechanism; and

a deformable activator capable of being launched down

the drill-string to engage the seat and thereby cause
pressure upstream of the seat to increase so that the
deformable activator moves the sleeve to 1ts position
corresponding to the by-pass mode of the mechanism;
in which the deformable activator and the seat are
arranged to co-operate with each other, when the
deformable activator engages the seat, in such a way
that restricted flow of fluid through the sleeve 1s main-
tained when the mechanism 1s 1n 1ts by-pass mode;
the deformable activator being a deformable dart com-
prising;:
a dart body having a outer side surface portion with a
circumierential groove 1n the side surface portion;
an external deformable ring which 1s inwardly deform-
able, the external deformable ring being mounted in
the circumierential groove and protruding outwardly
therefrom such that the deformable ring i1s capable of

seating on said seat with at least a portion of the dart
body below the circumierential groove projecting
downwardly through the seat,

wherein the external deformable ring i1s capable of

deforming under load, thereby allowing the entire
deformable activator to pass downwardly through the
seat;

wherein the deformable ring has an outer surface, at least

a portion of which tapers downward and radially
inwardly.}

[14. A mechanism according to claim 13, in which the
hollow body has at least one by-pass port to direct fluid flow
laterally of the sleeve and the body when the mechanism 1s
in 1ts by-pass mode, and with the sleeve being moved by the
deformable actuator so as to allow access to the by-pass
port.]

[15. A mechanism according to claim 13, in which a
non-deformable activator 1s provided, which 1s capable of
being launched down the drill string and to move to a
blocking position which blocks by-pass flow of fluid, and
thereby causes increase in pressure upstream of the seat.]

16. A mechanism according to [claims 13] claim 19,
including a set of small non-deformable pressure-up activa-
tors, capable of being launched down the drill string, and the
arrangement of the seat and the deformable activator 1s such
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that [the] each pressure-up [activators are then] activator is
capable of blocking [the limited through-flow passages] ore
of the ports.

[17. A mechanism according to claims 13, in which the
deformable activator comprises a ball-dart combination, 1n
which a ball-like portion at least 1s deformable and 1s
capable of seating on said seat, and a dart-like portion 1s
capable of projecting downwardly through the seat.]

[18. A mechanism according to claim 17, in which the
deformable activator 1s hollow and 1s provided with an
internal flow control device.]

19. A mechanism according to claim [18] 39, in which the
flow control device comprises a carrier ring provided with a
number of separate ports.

20. A mechanism according to claim [13] 36, in which:

the deformable activator 1s capable of being launched
down the drill string to engage the seat, so that pressure
upstream of the seat increases and the deformable
activator moves the sleeve so that the mechanism takes
up its by-pass mode, while allowing limited flow of
fluid to the tool to be maintained in one of 1ts modes of
operation, and said mechanism also including;

a small hard ball(s) capable of being launched down the
drill string when 1t 1s required to provide by-pass tlow
of fluid; and

one or more de-activator ball(s) capable of being launched
down the dnll string to block limited flow of tluid
through the sleeve, when it 1s required to revert the tool
to another of 1ts modes, such that the pressure upstream
of the seat increases and causes downward displace-
ment, accompanied by mnmward deformation, of the
deformable activator through the seat so that the
mechanism reverts to 1ts through-tflow mode.

21. An activating mechanism for controlling the operation

of a downhole tool and which comprises:

a hollow main body adapted for mounting in a drll string
and through which fluid to the tool can be routed;

an actuating sleeve defining a through-tlow passage and
slidably mounted in the main body for movement
between positions corresponding to a through-tlow
mode and a by-pass mode with a mechanism;

biasing means acting on the sleeve to urge 1t to its position
corresponding to the through-tflow mode of the mecha-
nism;

a seat providing access to said passage 1n the through-flow
mode of the mechanism;

a deformable activator capable of being launched down
the drill string to engage the seat and thereby cause
pressure upstream of the seat to increase;

an activator ball capable of being launched down the drll
string to engage a through-tlow seat at an upstream end
of the deformable activator, thereby to increase, or still
further increase the pressure upstream of the deform-
able activator and thereby cause the sleeve to move to
its position corresponding to the by-pass mode of the
mechanism; and

at least one deactivating ball capable of being launched
down the drill string to block access to an outlet port
thereby to increase the pressure upstream of the
deformable activator until such time as the deformable
activator deforms itself to pass the entire deformable
activator downwardly through the seat to allow the
mechanism to revert to 1ts through-tlow mode,

the deformable activator being a deformable dart com-
prising.

a dart body having an outer side surface portion with
a circumferential groove in the side surface portion;
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an external deformable ving which is inwardly deform-
able, the external deformable ving being mounted in the
circumferential groove and protruding outwardly there-
from such that the deformable ving is capable of seating
on said seat with at least a portion of the dart body
below the circumferential groove projecting down-
wardly through the seat;

wherein the deformable ring has an outer surface, at least

a portion of which tapers downward and radially
inwardly.

22. An activating mechanism for controlling the operation
of a downhole tool and which comprises:

a hollow main body adapted for mounting in a drill-string

and through which fluid to the tool can be routed;

an actuating sleeve defining a through-flow passage and

slidably mounted in the main body for movement
between positions corresponding to a through-flow
mode and a by-pass mode of the mechanism;

biasing means acting on the sleeve to urge it to its position

corresponding to the through-flow mode of the mecha-
nism;

a seat providing access to said passage in the through-

flow mode of the mechanism; and

a deformable dart capable of being launched down the

drill-string to engage the seat and theveby cause pres-
sure upstream of the seat to increase so that the
deformable dart moves the sleeve to its position cor-
responding to the by-pass mode of the mechanism;

in which the deformable dart and the seat are arranged to

co-operate with each other, when the deformable dart
engages the seat, in such a way that restricted flow of
fluid through the sleeve is maintained when the mecha-
nism is in its by-pass mode; and

in which the deformable dart comprises a dart body

having a top end, a cvlindrical outer side surface, a
bottom end and a circumferential groove having an
upper annular surface and a lower annular surface;

a deformable rving capable of inward deformation

mounted in the civcumferential groove and protruding
outwardly therefrom such that the deformable ring is
capable of seating on said seat, with a portion of the
dart body being capable of projecting downwardly
through the seat, and

when the deformable dart is seated on the seat and there

is sufficient pressure upstream of the deformable dart,
the deformable ving is capable of deforming to allow
the entive deformable dart to pass downwardly through
the seat,

wherein the deformable ring has an outer surface, at least

a portion of which tapers downward and radially
inwardly.

23. A mechanism according to claim 22 in which the dart
body is solid.

24. A mechanism according to claim 23 wherein the
bottom end of the dart body has an outer surface that tapers
downward and radially inwardly.

25. A mechanism according to claim 24 wherein the
bottom end of the dart body has a rounded outer surface.

26. A mechanism according to claim 22 in which the
cvlindrical outer side surface is defined by a tubular side
wall, and the dart body comprises a flow through passage-
way extending from an inlet opening at the top end of the
dart body to an outlet opening at the bottom end of the dart
body.

27. A mechanism according to claim 26 in which the
diameter of the flow through passageway is greater than half

of the diameter of the dart body.
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28. A mechanism accovding to claim 26 in which the flow
through passageway comprises an upper portion having a
first diameter and a lower portion having a second diameter
about the same as the first diameter.

29. A mechanism according to claim 26 in which the flow
through passageway has an upper portion and a lower
portion in which the lower portion divides into multiple
separate outlet passageways, each having a diameter less
than the diameter of the upper passageway.

30. A mechanism according to claim 22, whevein the dart
body comprises at least two components including an upper
component and a lower component which are assembled
together into a unitary comnstruction.

31. A mechanism according to claim 30, wherein the
lower component comprises a tubular, generally cylindrical
outer side wall and the upper component comprises a
tubular, generally cylindrical inner side wall sized to fit
closely within the tubular, cvlindvical outer side wall of the
lower component and when assembled, at least a portion of
the inner sidewall of the upper component is located within
the outer sidewall of the lower component.

32. A mechanism according to claim 31, wherein the
upper component comprises a flange that extends vadially
outwardly from the upper end of the inner side wall of the
upper component and which flange forms the upper annular
surface of the civcumferential groove and wherein the upper
edge of the outer side wall of the tubular lower component
forms the lower amnular surface of the cirvcumferential
groove.

33. A mechanism according to claim 30 in which the
upper component comprises the upperv annular surface and
the lower component comprises the lower annular surface.

34. A mechanism according to claim 30 in which the
upper component and the lower component define an axial
position of the deformable ving with respect to the dart body.

35. An activating mechanism for controlling the operation
of a downhole tool and which comprises:

a hollow main body adapted for mounting in a drill-string

and through which fluid to the tool can be routed;

an actuating sleeve defining a through-flow passage and

slidably mounted in the main body for movement
between positions corvesponding to a through-flow
mode and a by-pass mode of the mechanism,

biasing means acting on the sleeve to urge it to its position

corresponding to the through-flow mode of the mecha-
nism;

a seat providing access to said passage in the through-

flow mode of the mechanism; and

a deformable activator capable of being launched down

the drill-string to engage the seat and thereby cause
pressure upstream of the seat to increase so that the
deformable activator moves the sleeve to its position
corresponding to the by-pass mode of the mechanism;
in which the deformable activator and the seat are
arranged to co-operate with each other, when the
deformable activator engages the seat, in such a way
that restricted flow of fluid through the sleeve is main-
tained when the mechanism is in its by-pass mode;
the deformable activator being a deformable dart com-
prising:
a dart body having an outer side surface portion with
a circumferential groove in the side surface portion;
an external deformable ving which is inwardly deform-
able, the external deformable ving being mounted in
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body below the circumferential groove projecting
downwardly through the seat;

wherein the dart body comprises at least two components
including an upper component and a lower component
which arve assembled together into a unitary constric-
tion, further comprising at least one of the following
Jeatures:

(i) the circumferential groove has an upper annular
surface and a lower annular surface whervein the upper
component comprises the upper annular surface and
the lower component comprises the lower annular
surface;

(ii) the upper component and the lower component define
an axial position of the deformable ving with vespect to
the dart body.

36. An activating mechanism for controlling the operation

of a downhole tool and which comprises:

a hollow main body adapted for mounting in a drill-string
and through which fluid to the tool can be routed;

an actuating sleeve defining a through-flow passage and
slidably mounted in the main body for movement
between positions corrvesponding to a through-flow
mode and a by-pass mode of the mechanism;

biasing means acting on the sleeve to urge it to its position
corresponding to the through-flow mode of the mecha-
nism;

a seat providing access to said passage in the through-
flow mode of the mechanism; and

a deformable activator capable of being launched down
the drill-string to engage the seat and thereby cause
pressure upstream of the seat to increase so that the
deformable activator moves the sleeve to its position
corresponding to the bypass mode of the mechanism.

in which the deformable activator and the seat are
arranged to co-operate with each other, when the
deformable activator engages the seat, in such a way
that vestricted flow of fluid through the sleeve is main-
tained when the mechanism is in its bypass mode;

the deformable activator being a deformable dart com-
prising:

a dart body having a outer side surface portion with a
circumferential groove in the side surface portion,

an external deformable ving which is inwardly deform-
able, the external deformable ving being mounted in the
circumferential groove and protruding outwardly there-
from such that the deformable ving is capable of seating
on said seat with at least a portion of the dart body
below the circumferential groove projecting down-
wardly through seat,

wherein the external deformable ving is capable of
deforming under load, theveby allowing the entire
deformable activator to pass downwardly through the
seat;

wherein the deformable ring has an outer surface, at least
a portion of which tapers downward and radially
inwardly.

37. A mechanism according to claim 36, in which the
hollow body has at least one by-pass port to direct fluid flow
laterally of the sleeve and the body when the mechanism is
in its by-pass mode, and with the sleeve being moved by the
deformable actuator so as to allow access to the by-pass
portL.

38. A mechanism according to claim 36, in which a
non-deformable activator is provided, which is capable of

the circumferential groove and protruding outwardly 65 being launched down the drill string and to move to a

therefrom such that the deformable ving is capable of
seating on said seat with at least a portion of the dart

blocking position which blocks by-pass flow of fluid, and

thereby causes increase in pressure upstream of the seat.
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39. A mechanism according to claim 36, in which the
deformable activator is hollow and is provided with an
internal flow control device.

40. A mechanism according to claim 36, in which the dart
body comprises at least two components including an upper
component and a lower component which are assembled
together into a unitary construction.

41. A mechanism according to claim 40 in which the
circumferential groove has an upper annular surface and a
lower annular surface and in which the upper component
comprises the upper annular surface and the lower compo-
nent comprises the lower annular surface.

42. A mechanism accovding to claim 40 in which the
upper component and the lower component define an axial
position of the deformable ving with respect to the dart body.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE47,269 E Page 1 of 1
APPLICATION NO. . 14/745324

DATED : March 5, 2019

INVENTOR(S) : Paul Bernard Lee

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 15, Line 53, Claim & delete “seal” and
insert -- seat --

Column 20, Line 33, Claim 36 delete “mechanism:” and
insert -- mechanism; --

Column 20, Line 41, Claim 36 delete “a outer” and

insert -- an outer --

Column 20, Line 49, Claim 36 after “through”,
insert -- the --
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