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(57) Abstract: A main body housing includes a main body port. An O-ring sleeve is contained in the housing. The O-ring sleeve in-
cludes an O-ring sleeve port and O-rings mounted on either side of the O-ring sleeve port. The O-ring sleeve is not rotatable with re -
spect to the main body housing and is translatable with respect to the main body housing between an open O-ring sleeve position
and a closed O-ring sleeve position. The O-ring sleeve port aligns with the main body port when the O-ring sleeve is in the open O-
ring sleeve position and the O-ring sleeve port is sealed from the main body port by the O-rings when the O-ring sleeve is in the
closed O-ring sleeve position.
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Compression Activated Bypass Valve

Background

[0001] Bypass valves are typically used in servicing wells, such as oil and gas wells. Such valves are

typically run into wellbores assembled or connected in a tubular string and are used to selectively

discharge fluids from the interior of the tubing string into an annular space around the bypass valve. In

some appli

cations, this discharge is used to boost or assist the flow of debris in the annular space.

Brief Description of the Drawings

[0002] Figs. 1 and 2 are illustrations showing a compression activated bypass valve in a borehole.

[0003] Fig
[0004] Fig

[0005] Fig

[0006] Fig.
[0007] Fig.
[0008] Fig.
[0009] Fig.
[0010] Fig.
[0011] Fig.
[0012] Fig.
[0013] Fig.
[0014] Fig.
[0015] Fig.

[0016] Fig.

. 3 is a plan view of a compression activated bypass valve.

. 4 is a perspective view of a compression activated bypass valve.
. 5 is a cross-sectional view of a compression activated bypass valve.
6A is a perspective view of a box end assembly.

6B is a plan view of a box end assembly.

6C is a cross-sectional view of a box end assembly.

7A is a perspective view of a main body.

7B is a plan view of a main body.

7C is a cross-sectional view of a main body.

8A is a perspective view of a spool.

8B is a plan view of a spool.

9A is a perspective view of an O-ring sleeve.

9B is a plan view of an O-ring sleeve.

9C is a cross-sectional view of an O-ring sleeve.
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[0017] Fig. 10A is a perspective view of a pin end mandrel.

[0018] Fig. 10B is a plan view of a pin end mandrel.

[0019] Fig. 10C is a cross-sectional view of a pin end mandrel.

[0020] Fig. 11A is a perspective view of a chamber body.

[0021] Fig. 11B is a plan view of a chamber body.

[0022] Fig. 11C is a cross-sectional view of a chamber body.

[0023] Fig. 12A is a cross-sectional view of a main body, spool, and O-ring sleeve in a closed position.
[0024] Fig. 12B is a cross-sectional view of a main body, spool, and O-ring sleeve in an open position.

[0025] Figs. 13A-13E are cross-sectional views of a bypass valve transitioning between open and

closed states.

[0026] Fig. 14A is a plan view of a pin end mandrel, a valve plate, and a balance piston.

[0027] Fig. 14B is a cross-sectional view of a pin end mandrel and a plan view of a valve plate.
[0028] Fig. 15A is a perspective view of a valve plate.

[0029] Figs. 15B, 15C, and 15D are plan views of a valve plate.

[0030] Fig. 16A is a perspective view of a balance piston.

[0031] Figs. 16B and 16C are plan views of a balance piston.

Detailed Description

[0032] In one or more embodiments, illustrated in Fig. 1, a compression activated bypass valve (or
“bypass valve™) 100 is positioned in a borchole 105 lined with a first casing 110, forming an annulus
115 around the bypass valve 100 inside the borehole 105. In one or more embodiments, the borehole

105 penetrates a formation 120. In one or more embodiments, the bypass valve 100 is positioned near
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the top of a second casing 125. In one or more embodiments, the second casing 125 is smaller in

diameter than the first casing 110.

[0033] In Fig. 1, the bypass valve 100 is not in contact with the second casing. In Fig. 2, a landing
ring 130 of the bypass valve 100 is in contact with the second casing. In one or more embodiments,
alternate applications of a force in a “weight down” direction indicated by arrow 205 in Fig. 2 and a
force in a “lifted off” direction indicated by arrow 210 in Fig. 2, will open and close the bypass valve

100, as described below in connection with Figs. 13A-13E, thereby selectively discharging fluids.

[0034] In one or more embodiments, illustrated in Figs. 3 and 4, the bypass valve 100 has a box end

305 and a pin end 310 that allow it to be inserted into a tubular string.

[0035] In one or more embodiments, illustrated in Fig. 5, the bypass valve 100 includes a box end
assembly 505 (described in more detail in connection with Figs. 6A-6C), a main body 510 (described
in more detail in connection with Figs. 7A-7C), a spool 515 (described in more detail in connection
with Figs. 8A-8B), an O-ring sleeve 520 (described in more detail in connection with Figs. 9A-9C), a
pin end mandrel 525 (described in more detail in connection with Figs. 10A-10C), and a chamber body

530 (described in more detail in connection with Figs. 11A-11C), and a spring 535.

[0036] In one or more embodiments, illustrated in Figs. 6A-6C, the box end assembly 505 includes the
box end 305 of the bypass valve 100. In one or more embodiments, the box end assembly 505
includes a box end assembly housing 605 with a box end assembly bore 610, through which fluids,
such as drilling fluids, can flow. In one or more embodiments, the housing 605 has threads 615 by
which the box end assembly 505 and the bypass valve 100 can be coupled to a string of tubular, such
as a drill string (not shown). In one or more embodiments, the housing 605 includes a spring shoulder
620 against which the spring 535 is urged when the bypass valve 100 is assembled. In one or more
embodiments, the housing 605 includes main body engagement ring 625 that engages with the main

body 510 so that the box end assembly 505 and the main body are locked together.

[0037] In one or more embodiments, illustrated in Figs. 7A-7C, the main body 510 includes an
clongated main body housing 705. In one or more embodiments, the main body housing 705 has a
main body bore 710 running along a long dimension of the main body housing 705. In one or more

embodiments, the main body housing 705 is pierced by a set of shallow main body ports 715A-D, a set
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of mid main body ports 720A-D, and a set of deep main body ports 725A-D. In one or more
embodiments, the three sets of main body ports 715A-D, 720A-D, and 725A-D will be aligned and
misaligned with O-ring sleeve ports in the O-ring sleeve 520 (discussed below in connection with Figs.

9A-9C) as the bypass valve 100 is opened and closed.

[0038] In one or more embodiments, each of the sets of main body ports 715A-D, 720A-D, and
725A-D includes four ports. That is, in one or more embodiments, the set of shallow main body ports
715A-D includes shallow main body port 715A, shallow main body port 715B, shallow main body
port 715C, and shallow main body port 715D. In one or more embodiments, the set of mid main body
ports 720A-D includes mid main body port 720A, mid main body port 720B, mid main body port
720C, and mid main body port 720D. In one or more embodiments, the set of deep main body ports
725A-D includes deep main body port 725A, deep main body port 725B, deep main body port 725C,
and deep main body port 725D.

[0039] In one or more embodiments, the number of sets of main body ports is different than that
shown in Figs. 7A-7C. In one or more embodiments, the number of sets of main body ports is 1, 2, 4,

or some other number that is not 3.

[0040] In one or more embodiments, the sets of main body ports 715A-D, 720A-D, and 725A-D are
aligned. That is, in one or more embodiments, main body ports 715A, 720A, and 725A are arranged in
a line substantially (i.e., within 10 degrees) parallel to an axis (not shown) that runs through the center
and along the long dimension of the main body housing 705. In one or more embodiments, the sets of
main body ports 715A-D, 720A-D, and 725A-D are not aligned in this way. For example, in one or
more embodiments (not shown), main body ports 715A, 720A, and 725A are arranged along a spiral

around the main body.

[0041] In one or more embodiments, the set of shallow main body ports 715A-D (this discussion also
applies to mid main body ports 720A-D and deep main body ports 725A-D) are offset at substantially
(i.e., within 10 degrees) 90 degree intervals. That is, in one or more embodiments, shallow main body
port 715A is substantially 90 degrees offset from shallow main body port 715B, shallow main body
port 715B is substantially 90 degrees offset from shallow main body port 715C, shallow main body
port 715C is substantially 90 degrees offset from shallow main body port 715D, and shallow main
body port 715D is substantially 90 degrees offset from shallow main body port 715A. In one or more

4



10

15

20

25

WO 2016/186666 PCT/US2015/031755

embodiments, the set of shallow main body ports 715A-D are not arranged evenly around the
circumference of the main body 520 but are instead concentrated, uniformly or without uniformity, in
one sector of the circumference of the O-ring sleeve 510, where the sector is 90 degrees, 180 degrees,

or 270 degrees in extent.

[0042] In one or more embodiments, fewer than the set of shallow main body ports 715A-D (this
discussion also applies to mid main body ports 720A-D and deep main body ports 725A-D) has fewer
than four ports. That is, in one or more embodiments, only one, two, or three of the four shallow main

body ports 715A-D is provided.

[0043] In one or more embodiments, the main body 510 includes a box end engagement feature 730

that makes a secure connection with the main body engagement ring 625 of the box end assembly 505.

[0044] In one or more embodiments, the box end assembly 505 makes up to the main body 510 and
compresses the spring 535, as shown in Fig. 5, which interacts with the spool 515, as discussed in more

detail below in connection with Figs. 13A-13E.

[0045] In one or more embodiments, the main body 510 is pierced by indexing pins 735A, 735B,
735C, and 735D. In one or more embodiments, the indexing pins 735A-D secure the O-ring sleeve
520 (described below in connection with Figs. 9A-9C) to the main body 510. In one or more
embodiments, the indexing pins 735A-D index the spool 515 (described below in connection with

Figs. 8A-8B).

[0046] In one or more embodiments, fewer than four indexing pins 735A-D are provided. In one or
more embodiments, the indexing pins 735A-D are spaced evenly around the circumference of the main
body housing 705, as shown in Figs. 7A-7C. In one or more embodiments, the indexing pins are not
evenly spaced. In one or more embodiments, the indexing pins 735A-D are not spaced evenly around
the circumference of the main body 520 but are instead concentrated, uniformly or without uniformity,

in one sector, where the sector is 90 degrees, 180 degrees, or 270 degrees in extent.

[0047] In one or more embodiments, the main body 505 includes a piston section 740 that acts as a

piston as discussed below in connection with Figs. 13A-13E.
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[0048] In one or more embodiments, the main body housing 705 includes a main body housing inside
surface 745 and a main body housing outside surface 750 and the sets of main body ports 715A-D,
720A-D, and 725A-D are from the main body inside surface 745 to the main body outside surface 750.

[0049] In one or more embodiments, illustrated in Figs. 8A and 8B, the spool 515 includes an indexing
barrel 805. In one or more embodiments, the indexing barrel 805 includes an indexing slot 8§10. In
one or more embodiments, the indexing slot 810 includes a plurality of open notches 815 extending in
a notch direction, indicated by arrow 820. In one or more embodiments, the indexing slot 810 includes
a plurality of closed notches 825 interleaved with the plurality of open notches 815. In one or more
embodiments, the closed notches 825 also extend in the notch direction, indicated by arrow 820. In
one or more embodiments, the indexing slot 810 includes transition-notch direction (indicated by
arrow 830) extending transition notches 835 between the open notches 815 and the closed notches 825.
In one or more embodiments, the transition-notch direction 830 is substantially (i.c., within 10 degrees)
opposite the notch direction 820. In one or more embodiments, the open notches 815 are longer than
the closed notches 825. In one or more embodiments, “longer” means at least 1.5 times the length. In
one or more embodiments, “longer” means at least 2.0 times the length. In one or more embodiments,

“longer” means at least 2.5 times the length.

[0050] In one or more embodiments, the spool 515 includes a spring flange 840 coupled to the
indexing barrel 805. In one or more embodiments, the spool 515 includes a spring barrel 845 coupled
to the spring flange 840. In one or more embodiments, the spring 535 has a shape of a coil. In one or
more embodiments, the spring 535 encloses the spring barrel 845. In one or more embodiments, the

spring 535 is engaged with the spring flange 840.

[0051] In one or more embodiments, the indexing pins 735A-D are inserted into the indexing slot 810.
In one or more embodiments, the spool 515 is rotatable and translatable with respect to the main body
705 and the box end assembly 505. In one or more embodiments, the spool 515 is rotatable among a
plurality of open spool positions, in which the indexing pins 735A-D are slotted into the open notches
815 of the spool 515, interleaved with a plurality of closed spool positions, in which the indexing pins

735A-D are slotted into the closed notches 825 of the spool 515.



10

15

20

25

WO 2016/186666 PCT/US2015/031755

[0052] In one or more embodiments, illustrated in Figs. 9A-9C, the O-ring sleeve 520 includes an O-
ring sleeve housing 905 with an O-ring sleeve bore 910. In one or more embodiments, the O-ring

sleeve 520 includes an O-ring sleeve inside surface 915 and an O-ring sleeve outside surface 920.

[0053] In one or more embodiments, the O-ring sleeve housing 905 is pierced by a set of shallow O-
ring sleeve ports 925A-D, a set of mid O-ring sleeve ports 930A-D, and a set of deep O-ring sleeve
ports 935A-D. In one or more embodiments, the three sets of O-ring sleeve ports 925A-D, 930A-D,
and 935A-D will be aligned and misaligned with the main body ports 715A-D, 720A-D, and 725A-D
in the main body 510 (discussed above in connection with Figs. 7A-7C) as the bypass valve 100 is

opened and closed.

[0054] In one or more embodiments, each of the sets of O-ring sleeve ports 925A-D, 930A-D, and
935A-D includes four ports. That is, in one or more embodiments, the set of shallow O-ring sleeve
ports 925A-D includes shallow O-ring sleeve port 925A, shallow O-ring sleeve port 925B, shallow O-
ring sleeve port 925C, and shallow O-ring sleeve ports 925D. In one or more embodiments, the set of
mid O-ring sleeve ports 930A-D includes mid O-ring sleeve port 930A, mid O-ring sleeve port 930B,
mid O-ring sleeve port 930C, and mid O-ring sleeve port 930D. In one or more embodiments, the set
of deep O-ring sleeve ports 935A-D includes deep O-ring sleeve port 935A, deep O-ring sleeve port
935B, deep O-ring sleeve port 935C, and deep O-ring sleeve port 935D.

[0055] In one or more embodiments, the number of sets of O-ring sleeve ports is different than that
shown in Figs. 9A-9C. In one or more embodiments, the number of sets of O-ring sleeve ports is 1, 2,

4, or some other number that is not 3.

[0056] In one or more embodiments, the sets of O-ring sleeve ports 925A-D, 930A-D, and 935A-D are
aligned. That is, in one or more embodiments, O-ring sleeve ports 925A, 930A, and 935A are
arranged in a line substantially (i.c., within 10 degrees) parallel to an axis (not shown) that runs
through the center and along the long dimension of the O-ring sleeve housing 905. In one or more
embodiments, the sets of O-ring sleeve ports 925A-D, 930A-D, and 935A-D are not aligned in this
way. For example, in one or more embodiments (not shown), O-ring sleeve ports 925A, 930A, and

935A are arranged along a spiral around the O-ring sleeve housing 905.
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[0057] In one or more embodiments, the set of shallow O-ring sleeve ports 925A-D (this discussion
also applies to mid O-ring sleeve ports 930A-D and deep O-ring sleeve ports 935A-D) are offset at
substantially (i.e., within 10 degrees) 90 degree intervals. That is, in one or more embodiments,
shallow O-ring sleeve port 925A is substantially 90 degrees offset from shallow O-ring sleeve port
925B, shallow O-ring sleeve port 925B is substantially 90 degrees offset from shallow O-ring sleeve
port 925C, shallow O-ring sleeve port 925C is substantially 90 degrees offset from shallow O-ring
sleeve port 925D, and shallow O-ring sleeve ports 925D is substantially 90 degrees offset from shallow
O-ring sleeve port 925A. In one or more embodiments, the set of shallow O-ring sleeve ports 925A-D
are not arranged evenly around the circumference of the main body 520 but are instead concentrated,
uniformly or randomly, in one sector, where the sector is 90 degrees, 180 degrees, or 270 degrees in

cxtent.

[0058] In one or more embodiments, the set of shallow O-ring sleeve ports 925A-D (this discussion
applies to mid O-ring sleeve ports 930A-D and deep O-ring sleeve ports 935A-D) has fewer than four
ports. That is, in one or more embodiments, only one, two, or three of the four shallow O-ring sleeve
ports 925A-D is provided. In one or more embodiments, each of the shallow O-ring sleeve ports
925A-D, the mid O-ring sleeve ports 930A-D, and the deep O-ring sleeve ports 935A-D provide a path
from the O-ring sleeve bore 910 and the O-ring sleeve inside surface 915 to the O-ring sleeve outside
surface 920. In one or more embodiments, O-ring 940A and O-ring 940B are mounted on the O-ring
sleeve outside surface 920 on either side of the shallow O-ring sleeve ports 925A-D. In one or more
embodiments, O-ring 945A and O-ring 945B are mounted on the O-ring sleeve outside surface 920 on
cither side of the mid O-ring sleeve ports 930A-D. In one or more embodiments, O-ring 950A and O-
ring 950B are mounted on the O-ring sleeve outside surface 920 on either side of the deep O-ring
sleeve ports 935A-D. Note that for ease of presentation, the O-rings 940A, 940B, 945A, 945B, 950A,
and 950B are shown only in Fig. 9C.

[0059] In one or more embodiments, the O-ring sleeve 520 includes O-ring sleeve indexing pin slots
955A-D by which the O-ring sleeve 520 engages with the main body 515 and the spool 515. In one or
more embodiments, the indexing pins 735 pass through the main body housing 705, through the spool
indexing slot 810, and into the O-ring sleeve indexing pin slots 955A-D.

[0060] In one or more embodiments, the interaction between the indexing pins 735A-D and the O-ring

sleeve indexing pin slots 955A-D prevents the O-ring sleeve 520 from rotating with respect to the main
8
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body 515. In one or more embodiments, the interaction between the indexing pins 735A-D and the O-
ring sleeve indexing pin slots 955A-D allows the O-ring sleeve 530 to translate with respect to the
main body 515 between open O-ring sleeve positions, when the spool is in one of its open spool

positions, and a closed O-ring sleeve position, when the spool is in one of its closed spool position.

[0061] In one or more embodiments, the O-ring sleeve indexing pin slots 955A-D are oblong. In one
or more embodiments, the O-ring sleeve indexing pin slots 955A-D have a height 960 and a width 965.
In one or more embodiments, the height 960 is greater than the width. In one or more embodiments, in
this context “greater than” means at least 2 times. In one or more embodiments, in this context
“greater than” means at least 4 times. In one or more embodiments, in this context “greater than”

means at least 8 times.

[0062] In one or more embodiments, the height 960 of the O-ring sleeve indexing pin slots 955A-D is
larger than a distance 850 (see Fig. 8B) from the end of one of the open notches 815 to end of
transition notches 835, in which case the distance 850 determines the distance the O-ring sleeve 520

translates with respect to the main body 510, as described below in connection with Figs. 13A-13E.

[0063] In one or more embodiments, the width of the O-ring sleeve indexing pin slots 955A-D relative
to the width of the indexing pins 735A-D determines the amount of rotation the O-ring sleeve 520 can
have with respect to the main body 510. In one or more embodiments, the width 965 of the O-ring
sleeve indexing pin slots 955A-D is larger than the width of the indexing pins 735A-D by an amount
that is small enough that the O-ring sleeve 520 is considered to be not rotatable with respect to the
main body housing 705. In one or more embodiments, in this context “not rotatable” means less than 5
degrees of rotation are permitted. In one or more embodiments, in this context “not rotatable” means
less than 10 degrees of rotation are permitted. In one or more embodiments, in this context “not

rotatable” means less than 15 degrees of rotation are permitted.

[0064] In one or more embodiments, the width 965 of the O-ring sleeve indexing pin slots 955A-D is
substantially equal to the width of the indexing pins 735A-D. In one or more embodiments, in this
context “substantially equal” is defined to mean the width 965 of the O-ring sleeve indexing pin slots
955A-D is larger by 1 millimeter (mm) than the width of the indexing pins 735A-D. In one or more
embodiments, in this context “substantially equal” is defined to mean the width 965 of the O-ring

sleeve indexing pin slots 955A-D is larger by 5 mm than the width of the indexing pins 735A-D. In
9
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one or more embodiments, in this context “substantially equal” is defined to mean the width 965 of the
O-ring sleeve indexing pin slots 955A-D is larger by 10 mm than the width of the indexing pins
735A-D.

[0065] In one or more embodiments, a plane, represented in Fig. 9C by dashed line 970, through the
center of the O-ring sleeve indexing pin slots 955C also passes through (or, in one embodiment, within
5 mm of; in one embodiment, within 10mm of; and in one embodiment, within 20mm of) the center of
O-ring sleeve indexing pin slots 955A, the center of shallow O-ring sleeve port 925C, the center of
shallow O-ring sleeve port 925A, the center of mid O-ring sleeve port 930C, the center of mid O-ring
sleeve port 930A, the center of deep O-ring sleeve port 935C, and the center of deep O-ring sleeve port
925A.

[0066] In one or more embodiments, the O-ring sleeve 520 includes an elongated ball bearing groove

975.

[0067] In one or more embodiments, illustrated in Figs. 10A-10C, the pin end mandrel 525 includes a
pin end mandrel housing 1005 which has a pin end mandrel bore 1010 running through its long
dimension. In one or more embodiments, the pin end mandrel 525 includes an upper chamber barrel
1015, a lower chamber barrel 1020, and a lower chamber stop 1025. In one or more embodiments, the
pin end mandrel 525 includes a pin end coupling tube 1030 that provides a mechanical connection to
lower elements of the system. In one or more embodiments, the pin end mandrel 525 includes a
splined chamber coupling 1035 that couples to the chamber body 530. In one or more embodiments,
the pin end mandrel 525 includes a splined landing coupling 1040 which couples to the landing ring
130 (shown in Figs. 1 and 2). In one or more embodiments, the pin end mandrel 525 includes a
threaded pin end 1045 by which the bypass valve 100 couples to other elements in a drill string (not
shown). In one or more embodiments, the pin end mandrel 525 includes a ball bearing ring 1050 that

fits within the ball bearing groove 975 in the O-ring sleeve 520.

[0068] In one or more embodiments, illustrated in Figs. 11A-11C, the chamber body 530 includes a
chamber body housing 1105 with a chamber body bore 1110. In one or more embodiments, the
chamber body 530 includes a chamber body splined fitting 1115 that mates with the splined chamber
coupling 1035 of the pin end mandrel 525. In one or more embodiments, screws 1120 provide ports

through which a chamber within the chamber body 530 can be filled with fluid.. In one or more

10
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embodiments, the chamber body bore 1110 narrows from a cylinder inside diameter 1125 wide enough
for the piston section 740 of the main body 510 to a stopping inside diameter 1130 that is narrower

than the piston section 740 of the main body 510.

[0069] In one or more embodiments, as illustrated in Figs. 12A (which overlays the main body
illustrated in Figs. 7A-7C, the spool 515 illustrated in Figs. 8A-8B, and the O-ring sleeve 520
illustrated in Figs. 9A-9C, with labels applied to only those elements pertinent to this discussion), the
O-ring sleeve ports 925A-D, 930A-D, 935A-D are sealed from main body ports 715A-D, 720A-D,
725A-D by respective O-rings 940A-B, 945A-B, 950A-B, when the O-ring sleeve 520 is in the closed
O-ring sleeve position (i.e., when the indexing pins 735A-D are seated in the closed notches 825 of the
spool 515). In one or more embodiments, illustrated in Fig. 12B (which overlays the main body
illustrated in Figs. 7A-7C, the spool 515 illustrated in Figs. 8A-8B, and the O-ring sleeve 520
illustrated in Figs. 9A-9C, with labels applied to only those elements pertinent to this discussion), the
O-ring sleeve ports 925A-D, 930A-D, 935A-D align with respective main body ports 715A-D, 720A-
D, 725A-D when the O-ring sleeve 520 is in the open O-ring sleeve position (i.e., when the indexing

pins 735A-D are seated in the open notches 815 of the spool 515).

Opening the bypass valve

[0070] In one or more embodiments, illustrated in Figs. 13A-13E, picking up and restoring tension to
the bypass valve 100 causes the box end assembly 505, the main body 510, the indexing pins 735A-D,
and the chamber body 530 to translate relative to the O-ring sleeve 520 and to translate and rotate with

respect to the spool 515, causing the bypass valve 100 to open and close.

[0071] In one or more embodiments, illustrated in Fig. 13A, the bypass valve 100 is in the closed
position with the O-ring sleeve ports 925A-D, 930A-D, 935A-D sealed from main body ports 715A-D,
720A-D, 725A-D, as discussed in connection with Fig. 12A, and the ball bearing ring 1050 at the top
(i.e., at the lifted off direction-most 210 end) of the ball bearing groove 975.

[0072] In one or more embodiments, illustrated in Fig. 13B, force is applied to the bypass valve 100 in
the weight down direction 205, causing the box end assembly 505, the main body 510, the indexing
pins 735A-D, and the chamber body 530 to move in the weight down direction 205 relative to the

spool 515 and the O-ring sleeve 520. In one or more embodiments, this motion compresses the spring
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535. In one or more embodiments, the indexing pins 735A-D move within the indexing slot 810 of the
spool 515 until the indexing pins 735A-D are seated in respective transition slots 835. In one or more
embodiments, this motion causes the spool 515 to rotate to the position shown in Fig. 13B. In one or
more embodiments, in this position the O-ring sleeve ports 925A-D, 930A-D, 935A-D are sealed from
main body ports 715A-D, 720A-D, 725A-D. In one or more embodiments, the ball bearing ring 1050
remains at the top of the ball bearing groove 975, being held there by the spring 535.

[0073] In one or more embodiments, as illustrated in Fig. 13C, force in the lifted off direction 210 is
applied to the bypass valve 100, causing the box end assembly 505, the main body 510, the indexing
pins 735A-D, and the chamber body 530 to move in the lifted off direction 210 relative to the spool
515 and the O-ring sleeve 520. In one or more embodiments, this motion causes the spring 525 to
decompress. In one or more embodiments, the indexing pins 735A-D move within the indexing slot
810 of the spool 515, until the indexing pins 735A-D are seated in respective open notches 815. In one
or more embodiments, this motion causes the spool 515 to rotate to the position shown in Fig. 13C. In
one or more embodiments, in this position, illustrated in more detail in Fig. 12B, discussed above, the
O-ring sleeve ports 925A-D, 930A-D, 935A-D are in communication with main body ports 715A-D,
720A-D, 725A-D, allowing fluids to flow from the bore of the bypass valve 100 into the annulus 115.
In one or more embodiments, the ball bearing ring 1050 remains at the top of the ball bearing groove

975.

Closing the bypass valve

[0074] In one or more embodiments, illustrated in Fig. 13D, force is applied to the bypass valve 100 in
the weight down direction 205, causing the box end assembly 505, the main body 510, the indexing
pins 735A-D, and the chamber body 530 to move in the weight down direction 205 relative to the
spool 515 and the O-ring sleeve 520. In one or more embodiments, this motion causes the spring 535
to compress. In one or more embodiments, the indexing pins 735A-D move within the indexing slot
810 of the spool 515 until the indexing pins 735A-D are seated in respective transition slots 835. In
one or more embodiments, this motion causes the spool 515 to rotate to the position shown in Fig.
13D. In one or more embodiments, in this position the O-ring sleeve ports 925A-D, 930A-D, 935A-D
are sealed from main body ports 715A-D, 720A-D, 725A-D. In one or more embodiments, the ball
bearing ring 1050 remains at the top of the ball bearing groove 975.
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[0075] In one or more embodiments, as illustrated in Fig. 13E, force in the lifted off direction 210 is
applied to the bypass valve 100, causing the box end assembly 505, the main body 510, the indexing
pins 735A-D, and the chamber body 530 to move in the lifted off direction 210 relative to the spool
515 and the O-ring sleeve 520. In one or more embodiments, this motion causes the spring 535 to
decompress. In one or more embodiments, the indexing pins 735A-D move within the indexing slot
810 of the spool 515, until the indexing pins 735A-D are seated in respective closed notches 825. In
one or more embodiments, this motion causes the spool 515 to rotate to the position shown in Fig. 13E.
In one or more embodiments, in this position, illustrated in more detail in Fig. 12A, discussed above,
the O-ring sleeve ports 925A-D, 930A-D, 935A-D are sealed from main body ports 715A-D, 720A-D,
725A-D. In one or more embodiments, the ball bearing ring 1050 moves to the bottom of the ball
bearing groove 975 (i.e., at the weight down direction-most 205 end of the ball bearing groove 975).

[0076] In one or more embodiments, repetition of the tension and release actions described above

returns the bypass valve 100 to the condition shown in Fig. 13A.

Setting the compressive force required to activate the bypass valve

[0077] In one or more embodiments, illustrated in Figs. 13A-E and in Figs. 14A-B (note that, for
simplicity of presentation, the chamber body 530 is not shown in Fig. 14A), 15A-D, and 16A-C, the
piston section 740 of the main body 510, a valve plate 1305, a balance piston 1310, an upstream
reservoir 1315, and a downstream reservoir 1320 provide a mechanism to set the compressive force

required to activate the bypass valve 100.

[0078] In one or more embodiments, the valve plate 1305 includes two pressure relief valves 1405,
cach having a pressure relief valve inlet 1505 on an upstream side 1510 of the valve plate 1305 and a
pressure relief valve outlet 1515 on a downstream side 1520 of the valve plate. In one or more
embodiments, the pressure relief valve is actuatable to pass fluid from the pressure relief valve inlets
1505 to the pressure relief valve outlets 1515 when pressure on the upstream side 1510 of the valve
plate 1305 exceeds the pressure on the downstream side 1520 of the valve plate 1305 by a crack

pressure.

[0079] In one or more embodiments, as force is applied to the bypass valve 100 in the weight down

direction 205, pressure will build above the valve plate 1305 in the upstream reservoir 1315. In one or
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more embodiments, when the pressure above the valve plate 1305 in the upstream reservoir 1315
reaches the crack pressure, relief valves 1405 (see Fig. 14B) will open, allowing fluid to flow into the
downstream reservoir 1320 below the valve plate 1305. In one or more embodiments, the balance
piston 1310 moves downward to balance the pressure in the downstream reservoir 1320 and the
pressure in the annulus 115. In one or more embodiments, the “crack pressure” determines the
compressive force (i.e., the force required in the weight down direction 205) to activate the bypass

valve 100.

[0080] In one or more embodiments, check valves 1410 allow fluid to flow through the valve plate

1305 from the downstream reservoir 1320 into the upstream reservoir 1315.

[0081] In one or more embodiments, the check valves 1410 include check valve inlets 1525 on the
downstream side 1520 of the valve plate 1305. In one or more embodiments, the check valve 1410
includes check valve outlets 1530 on the upstream side 1510 of the valve plate 1305. In one or more
embodiments, the check valves 1410 are actuatable to pass fluid from the check valve inlets 1525 to
the check valve outlets 1530 when pressure on the downstream side 1520 of the valve plate 1305

exceeds the pressure on the upstream side 1510 of the valve plate 1305.

Ball Bearing Groove

[0082] In one or more embodiments, a first cylinder, such as the upper chamber barrel 1015 of the pin
end mandrel 525 (see Figs. 10A-C), includes a longitudinal axis 1055 (see Fig. 10C) along a
longitudinal dimension of the first cylinder. In one or more embodiments, the first cylinder includes a

ball bearing ring, such as ball bearing ring 1050.

[0083] In one or more embodiments, a second cylinder, such as O-ring sleeve 520, is slidably mounted
with respect to the first cylinder. That is, in one or more embodiments, the O-ring sleeve 520 slides
with respect to the pin end mandrel 525 when the bypass valve 100 is assembled. In one or more
embodiments, the second cylinder includes a longitudinally-elongated groove, such as ball bearing
groove 975, having a length in the direction of the longitudinal axis 1055, wherein the longitudinally-
clongated groove engages with the ball bearing ring 1050 allowing the first cylinder to translate in the
longitudinal direction with respect to the second cylinder by a length equal to the length of the

longitudinally-elongated groove.
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[0084] In one or more embodiments, the ball bearing ring 1050 includes a number of ball bearings
arranged in a groove around the pin end mandrel housing 1005. In one or more embodiments, the ball
bearings have diameters. In one or more embodiments, the diameters of the ball bearings is much less
than the length of the longitudinally-elongated groove. In one or more embodiments, the length of the
longitudinally-clongated groove is at least two times the diameter of the ball bearings. In one or more
embodiments, the length of the longitudinally-elongated groove is at least four times the diameter of
the ball bearings. In one or more embodiments, the length of the longitudinally-elongated groove is at

least eight times the diameter of the ball bearings.

Ability to reverse flow

[0085] In one or more embodiments, the bypass valve 100 provides for the flow of fluid from the bore
of the bypass valve 100 to the annulus 115 or in the opposite direction. Flow from the bore to the
annulus 115 is useful when it is desired to increase the flow of fluids at a particular depth in the
borehole 105, for example, to clean out debris that has collected. Flow from the annulus 115 to the

bore is useful to remove unwanted fluids in the bore without contaminating the borehole 105.

[0086] In one aspect, an apparatus includes a main body housing. The main body housing includes a
main body housing inside surface, a main body housing outside surface, and a main body port from the
main body housing inside surface to the main body housing outside surface. A spool is contained in
the main body housing. The spool is rotatable and translatable with respect to the main body housing
among a plurality of open spool positions interleaved with a plurality of closed spool positions. An O-
ring sleeve is contained in the housing. The O-ring sleeve includes an O-ring sleeve inside surface, an
O-ring sleeve outside surface, an O-ring sleeve port from the O-ring inside surface to the O-ring
outside surface, and O-rings mounted on the O-ring sleeve outside surface on either side of the O-ring
sleeve port. The O-ring sleeve is engaged with the indexing spool, is not rotatable with respect to the
main body housing, and is translatable with respect to the main body housing between an open O-ring
sleeve position, in which the spool is in one of the plurality of open spool positions, and a closed O-
ring sleeve position, in which the spool is in one of the plurality of closed spool positions. The O-ring
sleeve port aligns with the main body port when the O-ring sleeve is in the open O-ring sleeve position
and the O-ring sleeve port is sealed from the main body port by the O-rings when the O-ring sleeve is

in the closed O-ring sleeve position.
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[0087] Implementations may include one or more of the following. The spool may include an
indexing barrel including a spool indexing slot. The indexing slot may include a plurality of open
notches extending in an notch direction, a plurality of closed notches interleaved with the plurality of
open notches, wherein the closed notches extend in the notch direction, and transition slots between the
open notches and the closed notches, wherein the transition slots extend in a transition-slot direction
substantially opposite the notch direction. The open notches may be longer than the closed notches.
The spool may include a spring flange coupled to the indexing barrel and a spring barrel coupled to the
spring flange. The apparatus may include an oblong O-ring sleeve indexing pin slot in the O-ring
sleeve. The apparatus may include an indexing pin extending through the main body housing, through
the spool indexing slot, and into the O-ring sleeve indexing pin slot. The oblong O-ring sleeve
indexing pin slot may include a width substantially equal to a width of the indexing pin where it
extends through the O-ring sleeve indexing pin slot and a length at least twice its width. The length
may be substantially aligned with the direction which the O-ring sleeve can translate with respect to
the main body. The apparatus may include a spring contained in the housing. The spring may have a
shape of a coil. The spring may enclose the spring barrel. The spring may be engaged with the spring
flange. The apparatus may include an upstream reservoir bounded on one side by the main body
housing, a downstream reservoir, and a valve plate separating the upstream reservoir from the
downstream reservoir. The valve plate may include a pressure relief valve. The pressure relief valve
may include a pressure relief valve inlet on an upstream side of the valve plate and a pressure relief
valve outlet on a downstream side of the valve plate. The pressure relief valve may be actuatable to
pass fluid from the pressure relief valve inlet to the pressure relief valve outlet when a pressure on the
upstream side of the valve plate exceeds a pressure on the downstream side of the valve plate by a
crack pressure. The valve plate may further include a check valve including a check valve inlet on the
downstream side of the valve plate and a check valve outlet on the upstream side of the valve plate.
The check valve may be actuatable to pass fluid from the check valve inlet to the check valve outlet
when pressure on the downstream side of the valve plate exceeds the pressure on the upstream side of
the valve plate. The apparatus may further include a balance valve on a side of the downstream
reservoir opposite the valve plate. The upstream side of the valve plate may face the upstream
reservoir and the downstream side of the valve plate may face the downstream reservoir. The
apparatus may further include a second main body port from the main body housing inside surface to

the main body housing outside surface and a second O-ring sleeve port from the O-ring inside surface
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to the O-ring outside surface. The second O-ring sleeve port may align with the second main body
port when the O-ring sleeve is in the open O-ring sleeve position and the second O-ring sleeve port
may be sealed from the second main housing port by a second set of O-rings when the O-ring sleeve is

in the closed O-ring sleeve position.

[0088] In one aspect, an apparatus includes a first cylinder. The first cylinder includes a longitudinal
axis along a longitudinal dimension of the first cylinder, and a ball bearing ring. The apparatus
includes a second cylinder slidably mounted with respect to the first cylinder. The second cylinder
includes a groove around a circumference of the second cylinder. The groove has a length in the
longitudinal dimension. The groove is engaged with the ball bearing race such that the first cylinder is
rotatable with respect to the second cylinder and the first cylinder is translatable in the longitudinal

direction with respect to the second cylinder by a distance equal to the length of the groove.

[0089] Implementations may include one or more of the following. The ball bearing ring may include
a plurality of ball bearings, each ball bearing having a diameter. The length of the groove may be

more than twice the diameter of one of the plurality of ball bearings.

[0090] In one aspect, an apparatus includes a valve plate. The valve plate includes a pressure relief
valve. The pressure relief valve includes a pressure relief valve inlet on an upstream side of the valve
plate and a pressure relief valve outlet on a downstream side of the valve plate. The pressure relief
valve is actuatable to pass fluid from the pressure relief valve inlet to the pressure relief valve outlet
when pressure on the upstream side of the valve plate exceeds the pressure on the downstream side of
the plate by a crack pressure. The valve plate includes a check valve. The check valve includes a
check valve inlet on the downstream side of the valve plate and a check valve outlet on the upstream
side of the valve plate. The check valve is actuatable to pass fluid from the check valve inlet to the
check valve outlet when pressure on the second side of the valve plate exceeds the pressure on the first

side of the valve plate.

[0091] Implementations may include one or more of the following. The apparatus may further include
a piston, an upstream reservoir between the piston and the upstream side of the valve plate, a balance
piston; and a downstream reservoir between the downstream side of the valve plate and the balance
piston. A main body may be coupled to the piston. A box end assembly may be coupled to the main

body. The box end assembly may include a threaded box end.
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[0092] In one aspect, a method includes applying force in a weight down direction to a main body to
cause a spool to rotate and translate to a first intermediate position and an O-ring sleeve to translate to
a first intermediate position in which a main body port through the main body is sealed from an O-ring
sleeve port through the O-ring sleeve by O-rings on either side of the O-ring sleeve port. The method
further includes subsequently applying force in a lifted off direction to the main body to cause the
spool to rotate and translate to an open position, the O-ring sleeve to translate to an open position in

which the main body port is aligned with and communicates with the O-ring sleeve port.

[0093] Implementations may include one or more of the following. Force may be applied in the
weight down direction to the main body to cause the spool to rotate and translate to a second
intermediate position, and an O-ring sleeve to translate to a second intermediate position in which the
main body port is sealed from the O-ring sleeve port by the O-rings. Force may subsequently be
applied in the lifted off direction to the main body to cause the spool to rotate and translate to a closed
position, the O-ring sleeve to translate to a closed position in which the main body port is not aligned

with the O-ring sleeve port.

[0094] In one aspect, a method includes applying force to a piston in a compression activated bypass
valve to increase pressure in an upstream reservoir to a crack pressure, to cause a pressure relief valve
in the compression activated bypass valve to open from the upstream reservoir into a downstream
reservoir and fluid in the upstream reservoir to flow into the downstream reservoir. The method
further includes applying force to the piston to reduce pressure in the upstream reservoir to below the
pressure in the downstream reservoir, to cause a check valve in the compression activated bypass valve
to open from the downstream reservoir into the upstream reservoir and fluid in the downstream

reservoir to flow into the upstream reservoir.

[0095] Implementations may include one or more of the following. Applying force to the piston to
increase pressure in an upstream reservoir to a crack pressure to may cause a balance piston to move to
increase the size of the downstream reservoir. Applying force to the piston to reduce pressure in the
upstream reservoir to below the pressure in the downstream reservoir may cause the balance piston to

move to decrease the size of the downstream reservoir.

[0096] In one aspect, a method includes constructing a drill string and coupling a bypass valve to the

drill string. The bypass valve includes a main body housing including a main body housing inside
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surface, a main body housing outside surface, and a main body port from the main body housing inside
surface to the main body housing outside surface. The bypass valve further includes a spool contained
in the main body housing. The spool is rotatable and translatable with respect to the main body
housing among a plurality of open spool positions interleaved with a plurality of closed spool
positions. The bypass valve further includes an O-ring sleeve contained in the housing. The O-ring
sleeve includes an O-ring sleeve inside surface, an O-ring sleeve outside surface, an O-ring sleeve port
from the O-ring inside surface to the O-ring outside surface, and O-rings mounted on the O-ring sleeve
outside surface on either side of the O-ring sleeve port. The O-ring sleeve is engaged with the
indexing spool, is not rotatable with respect to the main body housing, and is translatable with respect
to the main body housing between an open O-ring sleeve position, in which the spool is in one of the
plurality of open spool positions, and a closed O-ring sleeve position, in which the spool is in one of
the plurality of closed spool positions. The O-ring sleeve port aligns with the main body port when the
O-ring sleeve is in the open O-ring sleeve position and the O-ring sleeve port is sealed from the main
body port by the O-rings when the O-ring sleeve is in the closed O-ring sleeve position. The method
further includes applying force in a weight down direction to the drill string to cause the spool to rotate
and translate to a first intermediate position, and the O-ring sleeve to translate to a first intermediate
position in which a main body port is sealed from the O-ring sleeve port through the O-ring sleeve by
the O-rings. The method further includes subsequently applying force in a lifted off direction to the
drill string to cause the spool to rotate and translate to an open position, the O-ring sleeve to translate
to an open position in which the main body port is aligned with and communicates with the O-ring

sleeve port.

[0097] Implementations may include one or more of the following. Applying force in the weight
down direction to the drill string may cause the spool to rotate and translate to a second intermediate
position, and an O-ring sleeve to translate to a second intermediate position in which the main body
port is sealed from the O-ring sleeve port by the O-rings. Subsequently applying force in the lifted off
direction to the drill string may cause the spool to rotate and translate to a closed position, the O-ring
sleeve to translate to a closed position in which the main body port is not aligned with the O-ring

sleeve port.

[0098] The word “coupled” herein means a direct connection or an indirect connection.
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[0099] The text above describes one or more specific embodiments of a broader invention. The
invention also is carried out in a variety of alternate embodiments and thus is not limited to those
described here. The foregoing description of an embodiment of the invention has been presented for
the purposes of illustration and description. It is not intended to be exhaustive or to limit the invention
to the precise form disclosed. Many modifications and variations are possible in light of the above
teaching. It is intended that the scope of the invention be limited not by this detailed description, but

rather by the claims appended hereto.
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Claims
What 1s claimed is:

1. An apparatus comprising:
a main body housing comprising:
a main body housing inside surface,
a main body housing outside surface, and
a main body port from the main body housing inside surface to the main body housing
outside surface;
a spool contained in the main body housing, wherein the spool is rotatable and translatable with
respect to the main body housing among a plurality of open spool positions interleaved
with a plurality of closed spool positions; and
an O-ring sleeve contained in the housing, the O-ring sleeve comprising:
an O-ring sleeve inside surface,
an O-ring sleeve outside surface,
an O-ring sleeve port from the O-ring inside surface to the O-ring outside surface, and
O-rings mounted on the O-ring sleeve outside surface on either side of the O-ring sleeve
port;

wherein the O-ring sleeve is engaged with the indexing spool, is not rotatable with
respect to the main body housing, and is translatable with respect to the main
body housing between an open O-ring sleeve position, in which the spool is in
one of the plurality of open spool positions, and a closed O-ring sleeve position,
in which the spool is in one of the plurality of closed spool positions,

wherein the O-ring sleeve port aligns with the main body port when the O-ring sleeve is
in the open O-ring sleeve position and the O-ring sleeve port is sealed from the
main body port by the O-rings when the O-ring sleeve is in the closed O-ring

sleeve position.
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2. The apparatus of claim 1 wherein the spool comprises:
an indexing barrel comprising a spool indexing slot, wherein the indexing slot comprises:
a plurality of open notches extending in an notch direction,
a plurality of closed notches interleaved with the plurality of open notches, wherein the
closed notches extend in the notch direction, and
transition slots between the open notches and the closed notches, wherein the transition
slots extend in a transition-slot direction substantially opposite the notch
direction;
wherein the open notches are longer than the closed notches; and
a spring flange coupled to the indexing barrel; and

a spring barrel coupled to the spring flange.

3. The apparatus of claim 2 further comprising:
an oblong O-ring sleeve indexing pin slot in the O-ring sleeve.
an indexing pin extending through the main body housing, through the spool indexing slot, and

into the O-ring sleeve indexing pin slot.

4. The apparatus of claim 3 wherein the oblong O-ring sleeve indexing pin slot comprises:
a width substantially equal to a width of the indexing pin where it extends through the O-ring
sleeve indexing pin slot; and

a length at least twice its width.

5. The apparatus of claim 4 wherein the length is substantially aligned with the direction which the O-

ring sleeve can translate with respect to the main body.

6. The apparatus of claim 2 further comprising:
a spring contained in the housing, wherein:
the spring has a shape of a coil;
the spring encloses the spring barrel; and

the spring is engaged with the spring flange.
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7. The apparatus of claim 1 further comprising:
an upstream reservoir bounded on one side by the main body housing;
a downstream reservoir; and
a valve plate separating the upstream reservoir from the downstream reservoir, the valve plate
comprising:
a pressure relief valve comprising;:
a pressure relief valve inlet on an upstream side of the valve plate,
a pressure relief valve outlet on a downstream side of the valve plate, and
wherein the pressure relief valve is actuatable to pass fluid from the pressure
relief valve inlet to the pressure relief valve outlet when a pressure on the
upstream side of the valve plate exceeds a pressure on the downstream
side of the valve plate by a crack pressure; and
a check valve comprising:
a check valve inlet on the downstream side of the valve plate,
a check valve outlet on the upstream side of the valve plate, and
wherein the check valve is actuatable to pass fluid from the check valve inlet to
the check valve outlet when pressure on the downstream side of the

valve plate exceeds the pressure on the upstream side of the valve plate.

8. The apparatus of claim 7 further comprising a balance valve on a side of the downstream reservoir

opposite the valve plate.

9. The apparatus of claim 7 wherein the upstream side of the valve plate faces the upstream reservoir

and the downstream side of the valve plate faces the downstream reservoir.

10. The apparatus of claim 1 further comprising:
a second main body port from the main body housing inside surface to the main body housing
outside surface; and
a second O-ring sleeve port from the O-ring inside surface to the O-ring outside surface;
wherein the second O-ring sleeve port aligns with the second main body port when the O-ring
sleeve is in the open O-ring sleeve position and the second O-ring sleeve port is sealed
from the second main housing port by a second set of O-rings when the O-ring sleeve is

in the closed O-ring sleeve position.
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11. An apparatus comprising:
a first cylinder comprising:

a longitudinal axis along a longitudinal dimension of the first cylinder, and

a ball bearing ring;

a second cylinder slidably mounted with respect to the first cylinder, the second cylinder
comprising:

a groove around a circumference of the second cylinder, the groove having a length in
the longitudinal dimension, wherein the groove is engaged with the ball bearing
race such that:
the first cylinder is rotatable with respect to the second cylinder; and
the first cylinder is translatable in the longitudinal direction with respect to the

second cylinder by a distance equal to the length of the groove.

12. The apparatus of claim 11 wherein the ball bearing ring comprises a plurality of ball bearings,
cach ball bearing having a diameter, and wherein the length of the groove is more than twice the

diameter of one of the plurality of ball bearings.

13. An apparatus comprising:
a valve plate comprising:
a pressure relief valve comprising;:
a pressure relief valve inlet on an upstream side of the valve plate, and
a pressure relief valve outlet on a downstream side of the valve plate,
wherein the pressure relief valve is actuatable to pass fluid from the pressure
relief valve inlet to the pressure relief valve outlet when pressure on the
upstream side of the valve plate exceeds the pressure on the downstream
side of the plate by a crack pressure; and
a check valve comprising:
a check valve inlet on the downstream side of the valve plate, and
a check valve outlet on the upstream side of the valve plate,
wherein the check valve is actuatable to pass fluid from the check valve inlet to
the check valve outlet when pressure on the second side of the valve

plate exceeds the pressure on the first side of the valve plate.
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14. The apparatus of claim 13 further comprising:
a piston;
an upstream reservoir between the piston and the upstream side of the valve plate;
a balance piston; and

a downstream reservoir between the downstream side of the valve plate and the balance piston.

15. The apparatus of claim 14 further comprising:
a main body coupled to the piston; and
a box end assembly coupled to the main body, the box end assembly comprising a threaded box

end.

16. A method comprising:
applying force in a weight down direction to a main body to cause:
a spool to rotate and translate to a first intermediate position, and
an O-ring sleeve to translate to a first intermediate position in which a main body port
through the main body is sealed from an O-ring sleeve port through the O-ring
sleeve by O-rings on either side of the O-ring sleeve port;
subsequently applying force in a lifted off direction to the main body to cause:
the spool to rotate and translate to an open position,
the O-ring sleeve to translate to an open position in which the main body port is aligned

with and communicates with the O-ring sleeve port.

17. The method of claim 16 further comprising:

applying force in the weight down direction to the main body to cause:
the spool to rotate and translate to a second intermediate position, and
an O-ring sleeve to translate to a second intermediate position in which the main body

port is sealed from the O-ring sleeve port by the O-rings;

subsequently applying force in the lifted off direction to the main body to cause:
the spool to rotate and translate to a closed position, and
the O-ring sleeve to translate to a closed position in which the main body port is not

aligned with the O-ring sleeve port.
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18. A method comprising:

applying force to a piston in a compression activated bypass valve to increase pressure in an
upstream reservoir to a crack pressure, to cause:
a pressure relief valve in the compression activated bypass valve to open from the

5 upstream reservoir into a downstream reservoir, and

fluid in the upstream reservoir to flow into the downstream reservoir;

applying force to the piston to reduce pressure in the upstream reservoir to below the pressure
in the downstream reservoir, to cause:
a check valve in the compression activated bypass valve to open from the downstream

10 reservoir into the upstream reservoir, and

fluid in the downstream reservoir to flow into the upstream reservoir.

19. The method of claim 18 wherein:
applying force to the piston to increase pressure in an upstream reservoir to a crack pressure to
further causes:
15 a balance piston to move to increase the size of the downstream reservoir; and
applying force to the piston to reduce pressure in the upstream reservoir to below the pressure
in the downstream reservoir further causes:

the balance piston to move to decrease the size of the downstream reservoir.
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20. A method comprising:
constructing a drill string;
coupling a bypass valve to the drill string, the bypass valve comprising:
a main body housing comprising;:
a main body housing inside surface,
a main body housing outside surface, and
a main body port from the main body housing inside surface to the main body
housing outside surface;
a spool contained in the main body housing, wherein the spool is rotatable and
translatable with respect to the main body housing among a plurality of open
spool positions interleaved with a plurality of closed spool positions; and
an O-ring sleeve contained in the housing, the O-ring sleeve comprising:
an O-ring sleeve inside surface,
an O-ring sleeve outside surface,
an O-ring sleeve port from the O-ring inside surface to the O-ring outside
surface, and

O-rings mounted on the O-ring sleeve outside surface on either side of the O-
ring sleeve port;

wherein the O-ring sleeve is engaged with the indexing spool, is not rotatable
with respect to the main body housing, and is translatable with respect to
the main body housing between an open O-ring sleeve position, in which
the spool is in one of the plurality of open spool positions, and a closed
O-ring sleeve position, in which the spool is in one of the plurality of
closed spool positions,

wherein the O-ring sleeve port aligns with the main body port when the O-ring sleeve is
in the open O-ring sleeve position and the O-ring sleeve port is sealed from the
main body port by the O-rings when the O-ring sleeve is in the closed O-ring
sleeve position;

applying force in a weight down direction to the drill string to cause:

the spool to rotate and translate to a first intermediate position, and
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the O-ring sleeve to translate to a first intermediate position in which a main body port
is sealed from the O-ring sleeve port through the O-ring sleeve by the O-rings;
subsequently applying force in a lifted off direction to the drill string to cause:
the spool to rotate and translate to an open position, and
5 the O-ring sleeve to translate to an open position in which the main body port is aligned

with and communicates with the O-ring sleeve port.

21. The method of claim 20 further comprising:

applying force in the weight down direction to the drill string to cause:

the spool to rotate and translate to a second intermediate position, and
10 an O-ring sleeve to translate to a second intermediate position in which the main body
port is sealed from the O-ring sleeve port by the O-rings;

subsequently applying force in the lifted off direction to the drill string to cause:
the spool to rotate and translate to a closed position,
the O-ring sleeve to translate to a closed position in which the main body port is not

15 aligned with the O-ring sleeve port.
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