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A downhole tool includes a pressure activated flow switch for selectively actuating and deactuating a device, such as a reaming
block. The flow switch Is deployed external to the flow bore and includes a flow piston configured to reciprocate between axially
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opposed open and closed positions such that the device Is actuated when the flow piston Is In the open position and deactuated

when the flow piston Is In the closed position. The flow piston Is configured to translate from the closed position to the open position
when a differential pressure exceeds a predetermined threshold. The flow piston may be further configured to remain in the open

position at differential pressures less than the threshold.
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(54) Title: PRESSURE ACTIVATED FLOW SWITCH FOR A DOWNHOLE TOOL

(57) Abstract: A downhole tool includes a pressure activated flow switch
for selectively actuating and deactuating a device, such as a reaming block.
The flow switch is deployed external to the flow bore and includes a flow

piston configured to reciprocate between axially opposed open and closed

positions such that the device is actuated when the flow piston is in the open
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position and deactuated when the flow piston is in the closed position. The
flow piston 1s configured to translate from the closed position to the open
position when a differential pressure exceeds a predetermined threshold. The
flow piston may be turther configured to remain m the open position at dit-
ferential pressures less than the threshold.
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PRESSURE ACTIVATED FLOW SWITCH FOR A DOWRNRBOLE TOOL
BACKGROUND

{0001 Downbhole drilling operations conmunonly reguire a downhole tool (o be actuated
after the tool has been deployed in the borehole. For example, underreamers are
commoniy tripped into the borehole in a collapsed state {(i.e., with the cutting structures
retracied into the underreamer tool body). At some desired depth {or location), the
underreamer 18 actuated such that the cuiting struciures expand radially outward from the
tool body thereby engaging the borehole wall. Hydraulic actuation mechanisms are well
known in oilfield services operations and are commoniy employed, and even desirable, in
such gperations.

(BB82]  For example, one well-known hydraslic actuation methodology involves
wireline retrieval of a plug {or “dart”) through the interior of the dnll siring to create
differential pressure {0 actuate an underreamer.  Upon completion of the reaming
operation, the underreamer may be deactuated by redeployving the dart. While
commercially serviceable, such wireline actuation and deactuation mechanisins are both
expensive and time-consuming in that they reguire concurrent use of wireline or shick line
assemblies,

{86883] Another commonly used hydraulic actuation methodology makes use of shear
pins designed (o shear at or above a specific differential pressure {or in a predetermined
range of pressures). Ball drop mechanisms are also known i the art, in which a ball i
dropped down through the drill string t0 a ball seat. Engagement of the ball with the seat
typically causes an increase in differential pressure which in turn actuates the downhole
tool. The tool may be deactuated by increasing the pressure beyond a predetermined
threshold such that the ball 15 urged through the seat. While such shear pin and ball drop

mechanisms are also commercially serviceable, they are generally one-time or one-cycie
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mechamisms and do not typically allow for repeated actuation and deactuation of a
downhole tool. Moreover, ball drop mechanisms generally require that the drill string
have an unobsiructed through bore extending from the surface to the ball seat. As such,
ball drop mechanisms are not typically suitable for near bit tool deployments {e.g., tool
deployments that are below measurement while drilling “MWD” and logging while
drifling “LWD” tools).

{B084] There remains a need in the art for a hydraulic actuation assembly that enables a
downhole tool, such as an underreamer or a stabilizer, {0 be actuated and deactuated
substantially any number of times during a drilling operation without breaking the tool
string and/or tripping the tool out of the borehole.

SUMMARY

{H005] A downhole ol including a pressure activated flow switch is disclosed. Qne or
more disciosed tool embodiments include a block assembly {e.g., a reaming block)
deployed in an axial recess of a tool body. The block assembly is configured to translate
between radially retracied and radially extended positions in response to differential
pressure.  The flow switch 1s deployed external (o the flow bore in an annular region
petween the tool body and a tool mandrel, The flow switch includes a flow piston
configured to reciprocate between axially opposed open and closed positions in the
annular region such that the block assembly is radially extended when the flow piston is
int the open position and radially retracted when the flow piston is in the closed position.
The flow piston is configured o translate from the closed position to the open position
when a differential pressure between the flow bore of the downhole ool and a chamber of
the downhole ool exceeds a predetermined threshold. The flow piston may be further

configured {0 remain 1o the open position at differential pressures less than the threshold.
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(R008]  The disclosed embodiments may provide one or more technical advantages. For
exampie, in the disclosed embodiments the flow switch is deploved entirely external to
the central flow bore of the downhole tool. Such deployment tends to advantageously
preserve the cross sectional area of the flow bore thereby providing no obsiruction o
driiiing fluid flowing towards the dall bit, This acts to minimize both the pressure drop

through the tool and erosion of internal tool components during use. Moreover, exiernal

deployment of the flow swiich enables the downhole tool to be deploved low in the BHA
{e.g., 1ust above the driii bit).

(00671 The disclosed embodiments further enable a downhole ool to be selectively and
repeatediy actuated and deactuated substantially any number of times without breaking
the drill string and/or or tripping the tool out of the borehole. The disclosed embodiments
turther obviate the need for physical actuation and deactuation {e.g., including the use of
darts, ball drops, and the like).

O088]  One or more embodiments of the invention may further make use of upper and
lower thresholds thereby enabling the downhole tool to remaimn either actuated or
deactuated over a wide range of operating pressures.  This feature of the disclosed
ermbodiments may enhance operational certainty as it fends o eliminaie inadvertent
actuation and deactuation.

{880%] This summary is provided to introduce a selection of concepts that are further
described below in the detailed description. This summary is not intended to identify key
or essential features of the claimed subject matter, nor is it intended to be used a5 an aid

i lmiting the scope of the claimed subject matier.
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BRIEF DESCRIPTION OF THE DRAWINGS

{OG18] For a more complete understanding of the disclosed subiect matter, and
advantages thereoi, reference 18 now made to the following descriptions taken in
conjunction with the accompanying drawings, in which:
(603R] HIGURE | depicts one example of how a downhole tool employing a pressure
aclivated flow switch may be utilized in a conventional drilling rig.
(B012] FIGURES 2A and 2B {collectively FIGURE 2} depict longitudinal cross
sectional views of a disclosed underreamer in retracted (FIGURE ZA) and extended
(FIGURE 2B} configurations.
{0813} FIGURES 3A and 3B (collectively FIGURE 3) depict detailed views of a flow
switch embodiment of the underreamer shown on FIGURES 2A and 28, respectively.
{0014] FIGURE 4 depicts a plot of the flow piston axial position as a function of the
differential pressure in the underreamer embodiment shown on FIGURE 2,

DETAILED DESCRIPTION
{8815 FIGURE 1 depicts one example of an offshore drilling dssembly, generally
dencted 10, on which a downhole tool employing a disclosed pressure activated flow
swiich may be used. A semisubmersible drilling platform 12 is positioned over an ¢il or
gas formation disposed below the sea floor 16, A subsea conduit 18 extends from deck
20 of platform 12 to 3 wellhead installation 22. The platform may mnclude a derrick and a
hoisting apparatus for raising and lowernng the drll string 30, which, as shown, extends
into borehole 40 and includes dnll bit 32 and an actuatable downhole tool such as
underreamer {00 deploved above the bit 32, The dnll string 30 may optionally further
include substantially any number of other downhole tools including, for example,

measurement while dnithing (MW} or logging while drilling (LWD) tools, stabilizers, a
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drifling jar, a rotary steerable tool, andior a downhole drilling motor. The underreamer
30 may be deployed at substantially any location along the string, for example, just
above the bit 32 or further uphole above various MWD and LWD tools.

(U016} During a typical drilling operation, drilling fluid (commonly referred o as
“mud” in the art} 1s pumped downward through the drill string 30 and the botiom hole
assermbly (BHA) where it emerges at or near the drill bit 32 at the bottom of the borehole
40. The mud serves several purposes, for example, including cooling and lubricating the
drill bit, clearing cuttings away from the drill bit and transporting them to the surface, and
stabilizing and sealing the formation(s) through which the borehole 40 traverses. The
discharged mud, along with the borehole cuttings and sometimes other borehole fluids,
then flow upwards through the borehole annulus 42 (the space between the drill string 30
and the borehole wall) to the surface. In the disclosed exemplary embodiments, the
downhole tool uses ditferential pressure, e.g., between an internal flow channel and the
annulus, to selectively actuate and deactuate certain tool functionality (e.g., the radial
extension of a cutiing structure or a stabilizer blade outward from a tool body).

(B017] It will be understood by those of ordinary skill in the art that the deployment
itustrated on FIGURE 1 15 merely an example. It will be further undersiood that the
discliosed embodiments are not limited to use with a semisubmersible platform as
iHustrated on FIGURE 1. The disclosed embodiments are egually well suited for use with
any kind of subterranean dnltling operation, etther offshore or onshore.

[B018] FIGURES 2A and 2B depict longiiudinal cross sectional views of an
underreamer 100 including a pressure activated flow switch 200. In FIGURE 2A the
underreamer 100 15 depicted in a collapsed configuration in which the reaming block 150

1s fully retracted into the tool body 110, In FIGURE 2B the underreamer 100 is depicted
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in an expanded configuration in which the reaming block 130 s fully extended radially
ogutward from the tool body 110, The reaming block 150 is deployed in a corresponding
axial recess 115 in the tool body 110 and 15 disposed to reciprocate between the radially
retracted and radially extended positions depicted on FIGURES 2A and 2B. While
underreamer U0 18 described with respect t0 a single reaming block 150, it will be
understood that the disclosed ermbodiments are not limited 1 regard to the number of
reaming blocks. Embodiments of underreamer 100 may include substantially any number
of reaming blocks {e.g., three).

(G018} In one or more of the disclosed embodiments, the reaming block 150 includes a
plurality of splines {not shown; on the lateral sides thereof. The splines are sized and
shaped to engage corresponding splines (not shown} on the {ateral tool body sides of the
recess 115, Interconnection between these sets of splines may advantageously increase
the surface area of contact between the reaming block 150 and the tool body 118 thereby
providing a robust structure suitable for downhole operations {e.g2., downhole reaming or
stabilizing operations). The splines are angled such that they are non-paratlel with respect
to a longitudinal axis 102 of the underreamer 100, Thus, relative axial motion between
the reaming block 150 and the (ool body 110 causes a corresponding radial extension or
retraction of the reamung block 150, In the depicied embodiment the spiines are angled
such that the reammng vlock 150 15 radially extended via uphole axial motion thereof with
respect 1o the tool body 110, although the disclosed embodiments are not imited in
regard {0 the spline configuration. Commonly assigned U.S. Patent 6,732,817, which s
incorporated by reference in Hs entirety herein, discloses suitable reaming block

configurations.
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{00281  'The radially facing outer surface {also referred to 10 the arnt as the gauge surface)
of the reaming block 150 may optionslly be fitted with various cuiting elements.
Substantially any cutiing eclements suitable for downhole reaming operations may be
utilized, for example, including polycerystatline diamond cuiter (PDC) inserts, thermally
stabilized polycrystalling (TSP} inseris, diamond inserts, boron nitride inseris, abrasive
materials, and the like. The reaming block 150 may alternatively or additionally include
various wear protection measures deployed therson, for example, including the use of
wear buttons, hardfacing maitenals, or vanious other wear resistant coatings. The reaming
block 150 may also include wear resistant stabilizer pads. It will be understood that the
disclosed embodiments are not limited to any particular cutting element configuration or
WEAr profeclion measures.

(0821  Extension and retraction of the reaming block 150 is now described in more
detail. in the depicied embodiment, the reaming block 150 s deployed axially between
spring biasing 130 and hydraulic actuation 140 mechanisms that are in tum deployed in
the tool body 110, An internal mandrel 120 is deployed in the 0ol body 110 internal o
the spring biasing mechanism 130 and the reaming block 150, The mandrel 120 includes
a central through bore 122 that provides a channel for the flow of drifling {fluid through
the tool 100, The depicted spring biasing mechamsm 130 includes a compression spring
132 deployed about the mandrel 120 in a spring retainer 133 and axially between an
apper cap 135 and a stop ning 137, The upper cap 1s rigidly connected with the tool body
10 such that the compression spring 132 is configured o bias the reaming block 130 in
the downhole direction. The spring bias also urges the reaming block 150 radially inward

{(due to the configuration of the angled spline described above).
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(0022)  'The hydraulic actuation mechamsm 140 s configured to urge the reaming block
150 1n the uphole direction against the spring bias when a differential pressure between a
chamber of tool 100 and the bore 122 of tool 100 {.e., pressure from the flow bore 122) i
greater than a predetermined threshold, The depicted embodiment includes an axial
piston 142 sealingly engaged with an inner surface 111 of the tool body 110 and an outer
surface 123 of the mandrel 120, Dnfferential pressure acts on an axial face 143 of the
piston 142 when flow switch 200 is open thereby urging the piston 142 in the uphole
direction. The pision engages drive ring 145 and retainer 146 which in tum engages the
reaming block 1530 such that transiation of the piston 142 causes a corresponding
transiation and exiension of the reaming block 150, as best shown in Figure 28.

{0023] A tlow swiich embodiment 200 is now described in more detail with respect t©
FIGURES 3A and 3B, Flow switch 200 includes a flow piston 210 deployed in an
annular chamber 220 located between a lower mandrel 123 at the inner diameter and axial
piston 42 and lower cap 144 at the outer diameter. The flow piston 210 is sealingly
engaged with an outer surface of the lower mandrel 125 via at least a first {inner) sealing
memberfelement, e.g., a seal, 215 and an inner surface of the lower cap 144 via at least a
seeond (outer) sealing memberfelement, e.g., a seal, 217 and thus divides the annular
chamber nto first and second upper and lower chambers 222 and 224. The flow piston
210 1s arranged and designed {0 reciprocate axially between first and second closed and
open positions. Lower chamber 224 15 vented at 229 through the tool body 110 to the
borehole annulus 42 (FIGURE 1} to provide pressure equalization between the {ower
chamber 224 and the borehole annulus 42 (FIGURE 1), Substantially any suitable vent,

jet or port may be ulilized.
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B824] A compression spring 226 is deployed in the lower chamber 224 between an end
cap 228 and a shoulder portion 212 of the flow piston 210, The spring 226 is configured
to bias the flow piston 210 in the uphole direction towards the first position such that
sleeve 231 engages seat 232 thereby creating a solid contact seal 230. The solid contact
seat 230 closes a flow channel 234 (FIGURE 3B) between a central flow bore 126 of the
tower mandrel 123 and the upper chamber 222, In the depicted embodiment, a retaining
ring 230 secures the sleeve 231 to an uphole end of the flow piston 210, While the
disclosed embodiments are not limited in this regard, the sleeve 231 and seat 232 may be
fabricated from a hard, wear resistant material such as tungsten carbide 10 prevent wear
and/or erosion thereof during service.

(B025]  Flow switch 200 is configored to open flow channel 234 (FIGURE 3B) when a
differential pressure between bore 126 and chamber 224 exceeds a predetermined upper
threshold {e.g., via increased flow rate through bore 126). At least one radial port 128
{four in the depicted embodiment) in lower mandrel 125 provides fluid communication
between the bore 126 and the flow piston 210, When the flow piston is in the closed
positton (FLGURE 34), bore 126 1s in fluid communication with seal 215 {(near face 214)
and solid contact seal 230. The solid contact seal 230 has a diameter that is shightly larger
than the diameter of seal 215, Owing to the difference in seal area between solid contact
seal 230 and seal 215 (such seal area between solid contact seal 230 and seal 215 being
defined as the mmner seal area), a differential pressure between bore 126 and lower
chamber 224 provides a force that acts on the inner seal area o oppose the bias of spring
226, The flow piston 210 remains in the closed position until the differential pressure
exceeds the predetermined upper threshold at which point the fluid force begins o

overcome the spring force. The predetermined upper threshold is influenced by the
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configuration of spring 226 and the difference in seal area between the solid contact seal
230 and seal 215, This difference in seal area is about one sguare inch in the depicted
embodiment.
{O826] When the differential pressure between bore 126 and chamber 224 exceeds the
predetermined upper threshold, the flow piston 210 begins to move in the downhole
direction against the bias of the spring 226 and towards the second position. Movement
of the flow pision 210 breaks the solid contact seal 230 and thereby begins (o open flow
channel 234, which allows drilling fiuid to enter upper chamber 222 and act on face 216
of flow piston 210 and face 237 of retaining ring 236, High pressure dritling fluid in
upper chamber 222 easily overcomes the biasing force of spring 226 {due to the fhad
acting on the full annular seal area of the flow piston — ie., the annularfupper chamber
222 area between seals 213 and 217). The flow piston 210 thus moves rapidly to the open
position until it abuts end cap 228 as depicted at 229 in FIGURE 3B.
10827 Movement of the flow piston 210 1o the open position provides full fluid
communication between central bore 226 and upper chamber 222, As described above
with respect to FIGURE 2, fluid communication between central bore 126 and upper
chamber 222 also enables the drilling fluid to act on piston 142, which causes the reaming
plock 154 to transiate axially uphole and radially outward against the spring bias. In the
depicted embodiment, drilling fluid is also routed to fluid jets 165 where it is vented from
the tool so as to lubricate and cool the reaming block during a reaming operation.
{0828} FIGURE 4 depicts a plot of the axial position of the flow piston 210 versus
ditterential pressure between bore 126 and lower chamber 224 (ie., the effect of fluid
flow rate through bore 126} for the flow switch depicted on FIGURES 3A and 3B. Acsthe

flow rate increases at 252, the flow piston 210 (FIGURE 3A) remains in the first closed
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position under the bias of spring 226 with sleeve 230 engaging seat 232, When the
difterential pressure reaches the upper threshold, the flow piston 210 (FIGURE 3B)
transiates 254 in the downhole direction to the second open position where it contacts the
end cap 228 as described above. The pressure may be increased above the upper
threshold without further transiating the flow piston 210 as indicated at 256, Since the
annuiar seal area (i.e., opper chamber 222 between seals 218, 217) of the flow piston 210
is greater than the difference in seal area between the solid contact seal 230 and seal 215
{1.€., inner seal area), the flow piston 210 remains in the open position when the pressure
15 lowered below the upper threshold at 258, When the pressure reaches a lower
thresniold the flow piston translates 259 i the downhole direction to the closed position
suci that the sleeve 230 engages seat 232,

{0028 It will be understood that the upper threshold s related (o the configuration of
spring 2426 {e.g., the spring force) and the difference in seal area between the solid contact
seal 230 and seal 213, while the lower threshold is related to the configuration of spring
226 and the annular seal area of the flow piston 210, In the depicted embodiment, the
difference in seal area between the solid contact seal 230 and seal 2135 is about one square
imen while the anmular seal area of the flow piston 210 s about 14 square inches, therehy
resuliing m an upper threshold o lower threshold ratio of about 14, While the disclosed
cmbodiments are of course not limied in this regard, it may be advantageous in certain
appiications {o configure the downhole tool such that it has an upper threshold to lower
threshold ratio in the range from about 5 0 about 25, Katios greater than about 5 tend (©

advantageously provide a wide differential pressure {or bore flow rate} window in which

the flow switch 200 (Figore 3B) remains open as indicated at 238 in FIGURE 4.

Moreover, these ratios tend to provide a strong hydraulic force to the flow piston 210
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ensuring that i remains open during reaning operations at pressures above the lower
threshold. Katios less than about 25 enable the difference in seal ares between the solid
contact seal 230 and seal 215 to remain sufficiently large for actuation of the flow piston
210 trom the closed position (0 the open position.

{0038 With reference again 1o FIGURES 34 and 3B, the disclosed embodiments of
pressure activaled flow switch 200 are advantageously deploved external o the central
flow bore 126. No component of the flow switch 200 is deploved in the central flow bore
126, In the depicted embodiments, the flow switch 200, including the flow pision 210,
the compression spring 226, the ring member 230, and the seat member 232 are deployed
it the annular region 220 between the tool body 110 and the lower mandrel 125. The
disclosed flow switch configuration thus advantageously preserves the cross sectional
area of the tlow bore thereby providing no obstruction {or diameter shrinkage) for drilling
fluid flowing towards the drifi bit,

{0831  While one or more embodiments of the pressure activated flow switch are
described with respect to underreamer embodiments depicted on FIGURES 2 and 3, ut
will be under that the disclosure 1s not so limited. The disclosed pressure activated flow
switch may be utilized fo actuate substantially any downhole ool for which repeated
hydrautic actuation and deactuation may be advantageous. Such tools may include, for
exarmple, hydraulically actuated stabilizers, expanding milling and pipe cutting tools,
packers, impact tools, and the like.

100321 Although one or more pressure activated flow switch embodiments and their
advantageous deployment in downhole drilling tools have been disclosed, it should be

understood to those of ordinary skill in the art that various changes, substitutions, and
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aliernations can be made herein without departing from the spirit and scope of the

mvention as defined by the appended claims.
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CLAIMS

What 1s claimed 1s:

i A downhole tool comprising:

a substaniially tubular downhole tool body including an axial recess;

a block assembly deployed in the axial recess and configured to translate between
radgially retracted and radially extended positions;

a mandrel deployed in the downhole tool body, the mandrel including a flow bore;
angd

a tlow swiich deployed in an annular region between an outer surface of the
rmandrel and an inner surface of the tool body, the flow switch incloding a flow piston
configured 1o reciprocate between axially opposed open and closed positions in the
annular region,

wherein the block assembly is radially extended when the flow piston is in the

open posttion and radially retracted when the flow piston is in the closed position.

2. The downhole tool of claim 1, wherein the flow piston is configured to
transiate from the closed position to the open posiiion when a differential pressure

petween the flow bore and the annular region exceeds a predetermined threshold.

3. The downhole ool of any one of claims { or 2, wherein:
the tlow piston is configured to translate from the closed position to the open
position when a differential pressure between the flow bore and the annular region

exceeds an upper threshold; and



CA 02860652 2014-07-04

WO 2013/103907 PCT/US2013/020403

13

the flow piston is configured to transiate from the open position to the closed

position when the differential pressure drops below a lower threshold.

4. ‘the downhole tool of claim 3, wherein the upper threshold is in a range

from about 5 0 about 25 times greater than the lower threshold.

3. The downhole tool of any one of claims 1-4, wherein a ring member
deployed on the flow piston contacts a seat member deployved on the mandrel thereby
forming a solid contact seal and closing a flow channel between the flow bore and the

annular region when the tlow piston is in the closed position.

8. The downhole tool of any one of claims 1-3, wherein the flow swiich
further comprises a spring member configured to bias the flow piston towards the closed

pOSHion.

7. The downhole tool of claam 8, wherein:

the flow piston has first and second sealing elements;

a difference between an area of the solid contact seal and an area of the first
sealing ciement defines an inner seal area; and

the flow piston is sized and shaped so that differential pressure acting across the
imner seal area generates a first force opposed (o said spring bias when the flow switch 1s

it the closed position.
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5. The downhole tool of claim 7, wherein:
the first and second scaling clements together define an annular seal area of the
fiow piston; and
the flow pision s sized and shaped so that differential pressure actling across the
annular seal area of the flow piston generates a second force opposed to said spring bias

when the sohid contact seal 1s broken.

3. The downhole tool of claim &, wherein the anmular seal area of the flow

piston is about 3 to about 25 times greater than the inner seal area.

i3,  The downhole tool of any one of claims 1-9, wherein no component of the

tlow switch is deploved m the flow bore.

i1, A downhole reaming tool comprising;

a substantially tubular downhole tool body including an axial recess;

a mandrel deployed in the downhole tool body, the mandrel including a flow bore;

a reaming block deploved in the axial recess and configured to translate between
radiaily retracted and radially extended positions;

a spring deployed in the tool body, the spring disposed to bias the reaming block
i & first axial direction, said spring bias further biasing the reaming block radially inward
towards the radially retracied position;

a reaming block piston deploved in the tool body, the reaming block piston
disposed to urge the reaming block in a second axial direction against the spring bias, the

reaming block piston being responsive to a differential pressure;
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a flow swiich deploved in an annular region between an outer surface of the
mandrel and an inner swrface of the tool body, the flow switch including a flow piston
responsive to another differential pressure and configured 1o reciprocate between axially
opposed open and closed positions in the annular region, the flow swiich providing fluid
communication between the flow bore and the annular region when the flow piston is in
the open position such that the reaming block is radially extended when the flow piston is

in the open position and radially retracted when the flow piston is in the closed position.

12,  The downhole reaming tool of claim 11, wherein:

the flow pision is configured to transiate from the closed position 1o the open
position when the another differential pressure exceeds an upper threshold; and

the flow piston is configured {o translate from the open position to the closed

position when the another differential pressure decreases below a lower threshold.

13, The downhole tool of any one of claims 11 or 12, wherein:

a ring mernber deployed on the flow piston contacis a seat member deployed on
the mandrel thereby forming a solid contact seal and closing a flow channel between the
tiow bore and the annular region when the flow piston is in the closed position; and

the flow swiich further comprises a spring member configured o bias the flow

piston towards the closed position.
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i4. The downhole ool of claim |3, wheremn;
the flow piston comprises first and second sealing elements;
g difference beitween an area of the solid contact seal and an area of the {irst
seating element defines an inner seal area; and
the tlow piston is sized and shaped so that the another differential pressure acting

across the inner seal area generates a first force gpposed to said spring bias when the flow

switch 1s in the closed position.

i5. The downhole ool of claim 14, wheremn:

the first and second sealing clements together define an annular seal area of the
fiow piston; and

the flow piston 18 sized and shaped so that differential pressure acting across the
annuiar seal area of the flow piston generates a second force opposed (o said spring bias

when the solid contact seal is broken.

i6. A tlow switch for diverting fluids from a flow bore of a downhole tool, the
flow bore including a port providing fluid communication between the flow bore and a
device (0 be activated, the flow swiich comprising:

a flow piston deploved external to the flow bore and in fluid communication with
the port, the flow piston configured to reciprocate between axially opposed open and
ctosed positions, the flow piston hydraulically isolating the flow bore from the device

when in the closed position;
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the flow piston including first and second sealing eclements, the first sealing
element sized and shaped to convert a differential pressure between the flow bore and an
annuiar chamber to a first foree urging the flow piston towards the open position; and
a spring member deployed external (o the flow bore, the spring member disposed
to bias the flow piston towards the closed position,
wherein ihe tlow piston 18 configured to translate from the closed position to the

open position when the differential pressure exceeds a predetermined upper threshold.

17, The flow switch of clatm 16, wherein the flow piston 18 further configured
to transiate from the open position to the closed position when the differential pressure

drops below a lower threshold.

18, The flow swiich of any one of claims 16 or 17, wherein the upper

threshold 18 tn a range {rom about 3 o about 23 times greater than the lower threshold.

19, The tlow switch tool of any one of claims 16-18, wherein a ring member
deployed on the flow pision contacts a seat member thereby forming a solid contact seal
and closing a flow channel between the flow bore and the device when the flow piston is

it the closed position.

pil) The flow switch of claim 19, wherein a difference between an area of the
sofid contact seal and an area of the first sealing element defines an inner seal area and

ditferential pressure acting on the inner seal area generates the first force.
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21, The flow switch of any one of claims 19-20, wherein the first and second
sealing clements together define an annular seal area of the flow piston and the flow
piston s sized and shaped so that differential pressure acting across the annular seal area
of the tlow piston generates a second force urging the flow piston towards the open

position after the solid contact seal is broken.

22, The flow swiitch of claim 21, wheremn the annular seal area of the flow

pision 1s about 3 to about 23 times greater than the {irst seal area.
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