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(57) Abstract: Various implementations described herein are directed to a vibration tool, e.g., for use in drilling. In one implementa-
tion, the vibration tool may include a housing having a bore extending therethrough. The vibration tool may also include a piston
subassembly positioned inside the bore, where the piston subassembly is configured to oscillate when fluid flow inside the piston
subassembly exceeds a predetermined flow rate. The vibration tool may further include a valve mechanism positioned around the
piston subassembly, where the valve mechanism is configured to restrict fluid to flow inside the piston subassembly when the valve
mechanism is in a closed state and configured to allow the fluid to flow from the piston subassembly to the bore when the valve
mechanism is in an open state.
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VIBRATION TOOL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit to and priority of U.S. Provisional Patent
Application No. 61/898,097, filed October 31, 2013, and U.S. Non Provisional Patent
Application No. 14/497,413, filed September 26, 2014, both of which are hereby

incorporated by reference in their entireties.

FIELD OF THE INVENTION
[0002] Aspects of the disclosure relate to drilling of geological stratum. More

specifically, aspects of the disclosure relate to a vibration tool and methods of use of
the vibration tool.

BACKGROUND INFORMATION

[0003] To prepare a well for production of hydrocarbons, various operations may be

performed, including drilling and completion operations. In drilling a well, a drill bit may
be carried on an end portion of a drill pipe. In one scenario, deviated or extended reach
wells may be drilled to facilitate the recovery of hydrocarbons. Specifically, extended
reach wells may be used to increase a recovery rate of hydrocarbons while limiting
operational costs.

[0004] During well drilling operations, a friction of a drill string against a wellbore may
be generated. In particular, horizontal sections of the wellbore may produce higher
friction than vertical or directional sections of the wellbore. If a frictional force reaches a
certain level, then the drill string may go into compression and ultimately buckle. Once
buckling occurs, then the drill string may not be able to advance farther in the wellbore.
Such a stage may be referred to as drill string lockup. The amount of drill string lockup
may limit a depth at which a drilling tool or fluid can be delivered into the wellbore,
thereby limiting a reach of the well drilling operations.
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[0005] Furthermore, with the increase in friction, a weight transfer to a drill bit may not
be immediately realized, rates of penetration may decline, the drill string and bit wear
may be amplified, and productivity may be reduced. Accordingly, various drilling tools
may be used to attenuate the friction, such as those which induce a vibration,

hammering effect, or reciprocation in the drill string.
SUMMARY

[0006] Described herein are implementations of various technologies for a vibration
tool. In one implementation, the vibration tool may include a housing having a bore
extending therethrough. The vibration tool may also include a piston subassembly
positioned inside the bore, where the piston subassembly is arranged to oscillate when
fluid flow inside the piston subassembly exceeds a predetermined flow rate. The
vibration tool may further include a valve mechanism positioned at least partially around
the piston subassembly, where the valve mechanism is arranged to restrict fluid to flow
inside the piston subassembly when the valve mechanism is in a closed state and to
allow the fluid to flow from the piston subassembly to the bore when the valve

mechanism is in an open state.

[0007] In another implementation, a latching valve subassembly for use in a tool may
include a valve sleeve movably disposed at least partially over a cylindrical body, where
the valve sleeve includes one or more communication ports that are aligned with one or
more ports of the cylindrical body when the valve sleeve is in a first state. The latching
valve subassembly may also include one or more latching mechanisms coupled to the
valve sleeve. The latching mechanisms may protrude from an inner diameter of the
valve sleeve. The latching mechanisms may be arranged to engage with one or more
first latch stops disposed on the cylindrical body when the valve sleeve is in the first
state and may also be arranged to engage with one or more second latch stops

disposed on the cylindrical body when the valve sleeve is in a second state.
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[0008] In yet another implementation, an impact mitigation subassembly for use in a
tool may include an impact cap arranged to couple to an end portion of a moving body.
The impact mitigation subassembly may also include one or more springs disposed on
an inside base of the impact cap, where the springs are arranged to allow displacement

of the moving body within the impact cap when movement of the impact cap is arrested.

[0009] The above referenced summary section is provided to introduce a selection of
concepts in a simplified form that are further described below in the detailed description
section. The summary is not intended to be used to limit the scope of the claimed
subject matter. Furthermore, the claimed subject matter is not limited to

implementations that solve disadvantages noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Implementations of various techniques will hereafter be described with
reference to the accompanying drawings. It should be understood, however, that the
accompanying drawings illustrate various implementations described herein and are not

meant to limit the scope of various techniques described herein.

[0011] Figure 1 illustrates a cross-sectional view of a vibration tool in accordance with

implementations of various techniques disclosed herein.

[0012] Figures 2 and 3 illustrate a cross-sectional view of the vibration tool in a “start”

position in accordance with implementations of various techniques disclosed herein.

[0013] Figures 4-15 illustrate a cross-sectional view of the vibration tool in accordance

with implementations of various techniques disclosed herein.

[0014] Figures 16 and 17 illustrate a cross-sectional view of the vibration tool in the
“start” position in accordance with implementations of various techniques disclosed

herein.
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[0015] Figure 18 illustrates a cross-sectional view of a vibration tool in accordance with

implementations of various techniques disclosed herein.

[0016] Figure 19 illustrates a side view of a sleeve of the latching valve subassembly in

accordance with implementations of various techniques disclosed herein.

[0017] Figure 20 illustrates a top view of latching mechanisms of the latching valve
subassembly in accordance with implementations of various techniques disclosed

herein.

[0018] Figures 21 and 22 illustrate a cross-sectional view of the latching valve
subassembly in accordance with implementations of various techniques disclosed

herein.

[0019] Figure 23 illustrates a cross-sectional view of the vibration tool in a “start”

position in accordance with implementations of various techniques disclosed herein.

[0020] Figures 24-28 illustrate a cross-sectional view of the vibration tool in

accordance with implementations of various techniques disclosed herein.

[0021] Figure 29 illustrates a cross-sectional view of the vibration tool in the “start”

position in accordance with implementations of various techniques disclosed herein.

[0022] Figure 30 illustrates a cross-sectional view of an impact mitigation subassembly

in accordance with implementations of various techniques disclosed herein.

[0023] Figure 31 illustrates a side view of the moving body in accordance with

implementations of various techniques disclosed herein.

[0024] Figure 32 illustrates a side view of an impact mitigation subassembly in

accordance with implementations of various techniques disclosed herein.

DETAILED DESCRIPTION
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[0025] The discussion below is directed to certain specific implementations. It is to be
understood that the discussion below is for the purpose of enabling a person with
ordinary skill in the art to make and use any subject matter defined now or later by the

patent “claims” found in any issued patent herein.

[0026] It is specifically intended that the claims not be limited to the implementations
and illustrations contained herein, but include modified forms of those implementations
including portions of the implementations and combinations of elements of different

implementations as come within the scope of the following claims.

[0027] Reference will now be made in detail to various implementations, examples of
which are illustrated in the accompanying drawings and figures. In the following
detailed description, numerous specific details are set forth in order to provide a
thorough understanding of the present disclosure. However, it will be apparent to one
of ordinary skill in the art that the present disclosure may be practiced without these
specific details. In other instances, well-known methods, procedures, components,
apparatuses and systems have not been described in detail so as not to obscure
aspects of the embodiments.

[0028] It will also be understood that, although the terms first, second, etc. may be
used herein to describe various elements, these elements should not be limited by
these terms. These terms are used to distinguish one element from another. For
example, a first object could be termed a second object, and, similarly, a second object
could be termed a first object, without departing from the scope of the claims. The first
object and the second object are both objects, respectively, but they are not to be

considered the same object.

[0029] The terminology used in the description of the present disclosure herein is for
the purpose of describing particular implementations and is not intended to be limiting
of the present disclosure. As used in the description of the present disclosure and the

appended claims, the singular forms “a,” “an” and “the” are intended to include the
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plural forms as well, unless the context clearly indicates otherwise. It will also be
understood that the term "and/or" as used herein refers to and encompasses one or
more possible combinations of one or more of the associated listed items. It will be
further understood that the terms "includes" and/or "including,” when used in this
specification, specify the presence of stated features, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other
features, operations, elements, components and/or groups thereof.

[0030] As used herein, the terms "up" and "down"; "upper" and "lower"; "upwardly" and
downwardly"; "below" and "above"; and other similar terms indicating relative positions
above or below a given point or element may be used in connection with some
implementations of various technologies described herein. However, when applied to
equipment and methods for use in wells or boreholes that are deviated or horizontal, or
when applied to equipment and methods that when arranged in a well or borehole are
in a deviated or horizontal orientation, such terms may refer to a left to right, right to left,
or other relationships as appropriate.

[0031] Various implementations will now be described in more detail with reference to
Figures 1-32.

VIBRATION TOOL

Valve Mechanism with Face Seal

[0032] Figure 1 illustrates a cross-sectional view of a vibration tool 100 in accordance
with implementations of various techniques described herein.  One or more
components of the vibration tool 100 may be composed of steel, tungsten carbide, or
any other implementation known to those skilled in the art.

[0033] In one implementation, the vibration tool 100 may include a housing 102 having
an upper sub 104, a central sub 106, and a lower sub 108. The upper sub 104 may be

coupled to the central sub 106, and the central sub 106 may be coupled to the lower

6
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sub 108 through the use of threads, bolts, welds, or any other attachment feature
known to those skilled in the art. The housing 102 may be oriented such that the upper
sub 104 may engage with uphole members of a drill string (not shown), and the lower
sub 108 may engage with downhole members of the drill string.

[0034] The vibration tool 100 may also include a piston subassembly 110 disposed
within a housing bore 103 of the housing 102. The piston subassembly 110 may
include a piston 112 having a piston bore 114, where an uphole end portion of the
piston bore 114 may receive a fluid flow from a bore of the upper sub 104. A downhole
end portion of the piston bore 114 may be arranged as a nozzle 116, where the nozzle
116 may allow fluid to exit from the piston bore 114. The piston 112 may also include
one or more bypass ports 118 disposed proximate to the downhole end portion of the
piston bore 114, where the bypass ports may provide one or more channels for the fluid
to flow from the piston bore 114 to the housing bore 103, as described in more detail

below.

[0035] The piston subassembly 110 may also include a valve stopper 120, which may
be coupled to and/or disposed around the piston 112. The valve stopper 120 may be
coupled to the piston 112 through the use of threads, bolts, welds, or any other
attachment feature known to those skilled in the art. In one implementation, the valve
stopper 120 may be configured to slide onto an outer diameter of the piston 112,
beginning at a downhole end portion of the piston 112, until an uphole end portion of
the valve stopper 120 abuts a shoulder along the outer diameter of the piston 112.

[0036] In one implementation, the piston subassembly 110 may further include a lower
impact cap 122, which may be coupled to and/or disposed around the piston 112. The
lower impact cap 122 may be coupled to the piston 112 through the use of threads,
bolts, welds, or any other attachment feature known to those skilled in the art. The
piston subassembly 110 may be oriented such that the valve stopper 120 is positioned
uphole relative to the lower impact cap 122. In particular, once coupled to the piston
112, the lower impact cap 122 may abut against the valve stopper 120 so that

7
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movement of the valve stopper 120 relative to the piston 112 may be arrested. In one
implementation, the piston 112, the valve stopper 120, and/or the lower impact cap 122
may be configured to move in conjunction with one another. In another implementation,
the lower impact cap 122 may be coupled to a downhole end portion of the piston
subassembly 110.

[0037] The piston subassembly 110 may be configured so that fluid may flow from the
nozzle 116 to a bore of the lower impact cap 122, and then flow from the bore of the
lower impact cap 122 to the bore of the lower sub 108. The lower impact cap 122 may
function as a weight whose impact with the housing 102 may create vibrations

throughout a drilling tool, as described in more detail below.

[0038] The vibration tool 100 may also include a retainer cap 124 within the housing
bore 103, where the retainer cap 124 may be coupled to an inner diameter of the
housing 102 through the use of threads, bolts, welds, or any other attachment feature
known to those skilled in the art. In one implementation, the retainer cap 124 may be
coupled to an inner diameter of the upper sub 104. In another implementation, the
retainer cap 124 may be threaded in an uphole direction 101 until its uphole end portion
abuts a shoulder of the inner diameter of the upper sub 104. The retainer cap 124 may
also be disposed around the piston 112, such that the piston 112 may be allowed to
move in a longitudinal direction within the retainer cap 124. In one implementation, the
retainer cap 124 may include one or more static seals and/or dynamic seals to prevent
fluid flow from passing axially through the housing bore 103.

[0039] The vibration tool 100 may also include a puller cover 126 within the housing
bore 103, where the puller cover 126 may be disposed around the piston 112. In one
implementation, the puller cover 126 may include a head section 127 having a greater
outer diameter than the rest of the puller cover 126. The head section 127 may be
oriented such that its uphole end portion may abut a downhole end portion of the
retainer cap 124. In addition, at least a portion of the downhole end portion of the head
section 127 may be seated against a shoulder formed by an uphole end portion of the

8
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central sub 106. In such an implementation, the retainer cap 124 and the puller cover
126 may be coupled or affixed such that neither component may move with respect to
the housing 102. In particular, the puller cover 126 may be coupled or affixed such that
the retainer cap 124 and the puller cover 126 may be prevented from rotating.

[0040] The vibration tool 100 may also include an upper spring 130 extending in the
uphole direction 101 from the retainer cap 124. The upper spring 130 may also be
coupled to the piston 112. The upper spring 130 may be a coiled spring, a Belleville
washer spring, or any other biasing mechanism known to those skilled in the art. In one
implementation, the piston 112 may include a head section 132 having a greater outer
diameter than the rest of the piston 112. In such an implementation, the upper spring
130 may be coupled to a downhole end portion of the head section 132.

[0041] The upper spring 130 may bias the piston subassembly 110 in the uphole
direction 101 such that the vibration tool 100 is in a “start” position. In this position, the
piston subassembly 110, and the piston 112 in particular, may be seated against an
upper shoulder 134, which may be located within the bore of the upper sub 104. In
particular, when the piston subassembly 110 is in the “start” position, an uphole side of
the head section 132 may be seated against the upper shoulder 134. In one
implementation, a preload bias may be applied to the upper spring 130 when a retainer
cap 124 is coupled to the housing 102. As an example, the preload bias may be about
600 pound force (Ibf).

[0042] The vibration tool 100 may also include a moving valve mechanism 140, where
the moving valve mechanism 140 may be movably disposed around the piston 112. In
one implementation, the moving valve mechanism 140 may be a sleeve which may be
moved in a longitudinal direction with respect to the piston 112. A valve spring 142 may
be coupled to an uphole end portion of the moving valve mechanism 140 and to a
downhole end portion of the puller cover 127. The valve spring 142 may be a coiled
spring, a Belleville washer spring, or any other biasing mechanism known to those
skilled in the art.
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[0043] When the vibration tool 100 is in its “start” position, the valve spring 142 may
bias the moving valve mechanism 140 in a downhole direction 105. In this position, the
valve spring 142 may bias the moving valve mechanism 140 into contact with the valve
stopper 120, such that a face seal may be created where the downhole end portion 145
of the moving valve mechanism 140 meets the uphole end portion 146 of the valve
stopper 120. In one implementation, a metal-to-metal face seal may be formed where
the moving valve mechanism 140 meets the valve stopper 120. In other
implementations, a rubber-to-rubber face seal or a rubber-to-metal seal may be formed
where the moving valve mechanism 140 meets the valve stopper 120.

[0044] When the face seal is created, the bypass ports 118 of the piston 112 may be
covered, causing fluid from the piston bore 114 to flow primarily through the nozzle 116,
rather than into the housing bore 103 via the bypass ports 118. In this position, the
moving valve mechanism 140 may be said to be in its “closed” state. In one
implementation, the valve spring 142 may be in compression when the vibration tool
100 is in its “start” position. In this position, the valve spring 142 may apply about 80-
100 Ibf to the moving valve mechanism 140.

[0045] Once the face seal is broken, the moving valve mechanism 140 may be
positioned such that it may not cover the bypass ports 118, allowing fluid to flow into the
housing bore 103 from the piston bore 114. In such an implementation, the moving
valve mechanism 140 may be said to be in its “open” state, as described in more detail
below. One or more static seals and one or more dynamic seals may be disposed

within the moving valve mechanism 140.

[0046] The moving valve mechanism 140 may also include a lower head section 147
and an upper head section 148, where the head sections may have a greater outer
diameter than the rest of the moving valve mechanism 140. The moving valve
mechanism 140 may be oriented so that the lower head section 147 may be positioned
downhole with respect to the upper head section 148. When the vibration tool 100 is in
its “start” position, an uphole end portion of the lower head section 147 may be seated

10
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against one or more pins 150 protruding from the inner diameter of the housing 102. In
one implementation, the pins 150 may have a flat face which may interact with the head
sections of the moving valve mechanism 140, as described in more detail below. In
another implementation, the vibration tool 100 may use four pins protruding from an
inner diameter of the central sub 106.

[0047] The vibration tool 100 may also include a bottom impact surface 160 and/or a
top impact surface 164. The bottom impact surface 160 may be coupled to a lower
shoulder of the housing 102. In particular, the bottom impact surface 160 may be
coupled to a lower shoulder 162 of the lower sub 108. Similarly, the top impact surface
164 may be coupled to an upper shoulder of the housing 102, such as an upper
shoulder 134 of the top sub 104. The bottom impact surface 160 and/or the top impact
surface 164 may be designed to receive an impact from a moving body, such as the
piston subassembly 110, while limiting damage to the housing 102. In other
implementations, the lower shoulder 162 and/or the upper shoulder 134 may be
designed to receive an impact from the moving body without the use of the impact
surfaces. The bottom impact surface 160 and/or the top impact surface 164 may be
composed of a less expensive material than other components of the vibration tool 100.
In one implementation, when the vibration tool 100 is at its “start” position, the lower
impact cap 122 may be positioned at a specified distance away from the bottom impact
surface 160.

Valve Mechanism with Face Seal in Operation

[0048] An operation of the vibration tool 100 will now be described with respect to

Figures 2-17 in accordance with one or more implementations described herein.

[0049] Figures 2 and 3 illustrate a cross-sectional view of the vibration tool 100 in a
“start” position in accordance with implementations of various techniques described
herein. Figure 3, in particular, illustrates a close-up view of the vibration tool 100. As
illustrated in Figure 2, initially, the upper spring 130 may bias the piston subassembly

11
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110 into its “start” position, i.e., into contact with the upper shoulder 134 and/or the top

impact surface 164.

[0050] The upper spring 130 may be in compression when biasing the piston
subassembly 110. Additionally, the valve spring 142 may bias the moving valve
mechanism 140 into contact with the valve stopper 120, such that a face seal may be

formed and the moving valve mechanism 140 may be in its “closed” state.

[0051] When the vibration tool 100 is in the “start” position, a fluid flow may pass from
the bore of the upper sub 104 and through the piston bore 114, the nozzle 116, the
bore of the lower impact cap 122, and the bore of the lower sub 108. In one
implementation, the fluid flow may have a flow rate less than a predetermined threshold
flow rate. The fluid flow may include a flow of drilling fluid, drilling mud, or any other
implementation known to those skilled in the art. With the flow rate less than the
predetermined threshold flow rate, the vibration tool 100 remains at its “start” position.
In this position, the moving valve mechanism 140 may remain in its “closed” state with
the face seal intact, allowing fluid to flow through to the bore of the lower sub 108 via
the nozzle 116. Further, at the “start” position, the fluid flow may be forced to exit the
piston bore 114 solely through the nozzle 116, causing fluid pressure to build within the

vibration tool 100.

[0052] At some point, the fluid flow rate may reach an amount that is greater than or
equal to the predetermined threshold flow rate. When the flow rate is greater than or
equal to the predetermined threshold flow rate, a fluid pressure differential across the
piston subassembly 110 may increase. Specifically, a fluid pressure may increase
across the piston 112, and within the piston bore 114 in particular, which may lead to an
increase in a pressure force acting on an uphole end portion of the piston 112. As a
result of this pressure force, a force of the upper spring 130 may be overcome, thereby

causing the piston subassembly 110 to move in a downhole direction 105.

12
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[0053] In one implementation, the predetermined threshold flow rate may be defined
as a flow rate needed to move the piston subassembly 110 in the downhole direction
105. In another implementation, the predetermined threshold flow rate may be at least
partly based on the static seals and/or the dynamic seals disposed in the retainer cap
124.

[0054] Figures 4 and 5 illustrate a cross-sectional view of the vibration tool 100 in
accordance with implementations of various techniques described herein. Figure 5, in
particular, illustrates a close-up view of the vibration tool 100. As shown in Figure 4, as
a result of the flow rate being greater than or equal to the predetermined threshold flow
rate, the piston subassembly 110 may move away from the “start” position in a
downhole direction 105 due to a momentum of the fluid flow and the pressure force
acting on the piston subassembly 110, overcoming the upper spring 130. In one
implementation, as the piston subassembly 110 moves in the downhole direction 105,
the upper spring 130 may remain in compression with the piston 112. In one
implementation, the piston 112, the valve stopper 120, and/or the lower impact cap 122
may move in the downhole direction 105 together. In a further implementation, once in
motion, a momentum of the lower impact cap 122 may also help to move the piston

subassembly 110 in the downhole direction 105.

[0055] The moving valve mechanism 140 may move with the piston subassembly
110, and maintain its face seal, due to a pressure force from the fluid flow acting on an
area of the moving valve mechanism 140. Specifically, the pressure force may act on a
downhole portion of the moving valve mechanism 140, proximate to where the moving
valve mechanism 140 abuts against the valve stopper 120. In such an implementation,
the pressure force acting on this downhole portion may cause the moving valve
mechanism 140 to maintain its face seal and move in the downhole direction 105 with
the valve stopper 120. In addition, this pressure force may be greater than a force of
the valve spring 142. In one implementation, after movement of the moving valve
mechanism 140 in the downhole direction 105, the valve spring 142 may move into

tension with the moving valve mechanism 140. However, as shown in Figures 4 and 5,
13
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despite the bias of the valve spring 142, the moving valve mechanism 140 may
maintain its face seal with the valve stopper 120, moving in conjunction with the piston
subassembly 110. In one implementation, the pressure force may be about 500 to
about 1,500 Ibf, and the force of the valve spring 142 may be about 100 Ibf.

[0056] As the moving valve mechanism 140 travels in the downhole direction 105, its
lower head section 147 may no longer abut the pins 150. The moving valve
mechanism 140 may move a sufficient distance such that a downhole end portion of its
upper head section 148 may come into contact with the pins 150, as shown in Figures 4
and 5. Upon coming into contact with the pins 150 with its upper head section 148,
further downhole movement of the moving valve mechanism 140 may be arrested. In
such an implementation, as illustrated from Figure 4, the piston subassembly 110 may
still be positioned at a distance apart from the bottom impact surface 160 and/or the
lower shoulder 162 when the pins 150 come into contact with the upper head section
148.

[0057] Figures 6 and 7 illustrate a cross-sectional view of the vibration tool 100 in
accordance with implementations of various techniques described herein. Figure 7, in
particular, illustrates a close-up view of the vibration tool 100. As shown in Figure 7,
further downhole movement of the moving valve mechanism 140 may be arrested by
the pins 150. However, the pressure force acting on the piston subassembly 110 may
continue to move the piston subassembly 110 in the downhole direction 105. In turn,
the piston subassembly 110 may separate from the moving valve mechanism 140,
breaking the face seal where the downhole end portion 145 of the moving valve
mechanism 140 meets the uphole end portion 146 of the valve stopper 120. Once the
face seal has opened, the moving valve mechanism 140 may be said to be in its “open”

state.

[0058] As shown in Figure 6, the piston subassembly 110 may move in the downhole
direction 105 until impacting the bottom impact surface 160 and/or the lower shoulder
162, where a downhole end portion of the lower impact cap 122 may be seated against
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the bottom impact surface 160 and/or the lower shoulder 162. Upon impact, vibrations
may be created throughout the housing 102, which may be imparted to the vibration
tool 100 and to a drill string (not shown).

[0059] Once the face seal has opened, the fluid flow may travel from the piston bore
114 and through the bypass ports 118, reaching the housing bore 103. As the fluid flow
passes through the housing bore 103, the fluid pressure across the piston subassembly
110 may then decrease. In one implementation, the fluid pressure may decrease from
about 500 pounds per square inch (psi) to about 40 psi. In another implementation, the
initial separation between the moving valve mechanism 140 and the valve stopper 120,

which causes the fluid pressure to decrease, may be about 0.1 inches.

[0060] Figures 8 and 9 illustrate a cross-sectional view of the vibration tool 100 in
accordance with implementations of various techniques described herein. Figure 9, in
particular, illustrates a close-up view of the vibration tool 100. As the fluid flow passes
into the housing bore 103 via the bypass ports 118, the pressure force of the fluid flow

acting on the moving valve mechanism 140 may decrease.

[0061] In turn, the force of the valve spring 142 may overcome this pressure force
acting on the moving valve mechanism 140, thereby biasing the moving valve
mechanism 140 in the uphole direction 101. In one implementation, as shown in Figure
9, the moving valve mechanism 140 may move in the uphole direction 101 while the
lower impact cap 122 of the piston subassembly 110 largely maintains its position
against the bottom impact surface 160 and/or the lower shoulder 162.

[0062] In another implementation, as the valve spring 142 biases the moving valve
mechanism 140 in the uphole direction 101, the downhole end portion of the upper
head section 148 may separate from the pins 150. In a further implementation, the
valve spring 142 may bias the moving valve mechanism 140 such that the moving valve
mechanism 140 is “fully open,” i.e., at a maximum distance from the valve stopper 120.
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When the moving valve mechanism 140 is at such a distance, the fluid may flow
through the bypass ports 118 with the least obstruction.

[0063] In one implementation, the valve spring 142 may bias the moving valve
mechanism 140 in the uphole direction 101 until its lower head section 147 comes into
contact with a port shoulder 170 of the piston 112. In such an implementation, a
downhole shoulder 172 of the lower head section 147 may be seated against the port
shoulder 170, which may be located proximate to the bypass ports 118. Once seated
against the port shoulder 170, movement of the moving valve mechanism 140 may be
arrested until the piston subassembly 110 begins to move. In particular, the valve
spring 142 may continue to bias the moving valve mechanism 140 in the uphole
direction 101, but the uphole movement of the moving valve mechanism 140 may be
restricted by the port shoulder 170. As such, the moving valve mechanism 140 may
move in the uphole direction 101 as far as may be allowed by the positioning of the
piston subassembly 110. In one implementation, uphole movement of the piston
subassembly 110 may be slower than that of the moving valve mechanism 140.

[0064] With the moving valve mechanism 140 “fully open,” the fluid pressure across
the piston 112 may decrease, which may lead to a decrease in the pressure force
acting on the uphole end portion of the piston 112. As a result, the force of the upper
spring 130 may begin to bias the piston subassembly 110 in the uphole direction 101.

[0065] Figures 10 and 11 illustrate a cross-sectional view of the vibration tool 100 in
accordance with implementations of various techniques described herein. Figure 11, in
particular, illustrates a close-up view of the vibration tool 100. As illustrated, the upper
spring 130 may overcome the pressure force acting on the uphole end portion of the
piston 112 and move the piston subassembly 110 in the uphole direction 101. As
shown, the lower impact cap 122 may no longer be seated against the bottom impact

surface 160 and/or the lower shoulder 162.
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[0066] The moving valve mechanism 140 may remain seated against the port shoulder
170 as the moving valve mechanism 140 travels in the uphole direction 101. In one
implementation, and as illustrated in Figures 10 and 11, the valve spring 142 may
eventually reach a neutral state as the moving valve mechanism 140 travels in the
uphole direction 101. In such a state, the valve spring 142 may be neither compressed
nor in tension, and the moving valve mechanism 140 may not be biased in any
direction. However, while the moving valve mechanism 140 may not be biased to move
in any direction, the piston subassembly 110 may continue to travel in the uphole

direction 101.

[0067] Figures 12 and 13 illustrate a cross-sectional view of the vibration tool 100 in
accordance with implementations of various techniques described herein. Figure 13, in
particular, illustrates a close-up view of the vibration tool 100. As illustrated, the upper
spring 130 may continue to bias the piston subassembly 110 in the uphole direction
101.

[0068] As the piston subassembly 110 moves, the distance between the valve stopper
120 and the moving valve mechanism 140 may begin to decrease. As the distance
decreases, pressure from the fluid flowing through the bypass ports 118 may begin to
exert a force on the downhole end portion of the moving valve mechanism 140. In
particular, the force may begin to bias the moving valve mechanism 140 in the
downhole direction 105. In addition, the moving valve mechanism 140 may compress
the valve spring 142, causing the valve spring 142 to exert a force in the downhole

direction 105 towards the valve stopper 120.

[0069] Figures 14 and 15 illustrate a cross-sectional view of the vibration tool 100 in
accordance with implementations of various techniques described herein. Figure 15, in
particular, illustrates a close-up view of the vibration tool 100. As illustrated, the upper
spring 130 may continue to bias the piston subassembly 110 in the uphole direction
101. In turn, the pressure force of the fluid flowing through the bypass ports 118 may
continue to bias the moving valve mechanism 140 in the downhole direction 105, while
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the valve spring 142 may continue to exert a bias on the moving valve mechanism 140

in the downhole direction 105.

[0070] As the piston subassembly 110 and the moving valve mechanism 140 travel in
the uphole direction 101, the distance between the two components continues to
decrease until the face seal is formed again between the valve stopper 120 and the
moving valve mechanism 140. In particular, the valve spring 142 may bias the moving
valve mechanism 140 into contact with the valve stopper 120, such that the face seal
may be formed and the moving valve mechanism 140 may be in its “closed” state, as

shown in Figures 16 and 17.

[0071] In one implementation, and as illustrated in Figures 14 and 15, the lower head
section 147 of the moving valve mechanism 140 may come into contact with the pins
150 before the face seal may be re-created. In another implementation, the face seal
may be re-created before the lower head section 147 may come into contact with the

pins 150.

[0072] Figures 16 and 17 illustrate a cross-sectional view of the vibration tool 100 in
the “start” position in accordance with implementations of various techniques described
herein. Figure 17, in particular, illustrates a close-up view of the vibration tool 100. As
illustrated, the upper spring 130 may bias the piston subassembly 110 back to its “start”
position, i.e., into contact with the upper shoulder 134 and/or the top impact surface
164. In one implementation, upon impact with the upper shoulder 134 and/or the top
impact surface 164, vibrations may be created throughout the housing 102, which may
be imparted to the vibration tool 100 and to a drill string (not shown). In addition, the

moving valve mechanism 140 may be in its “closed” state.

[0073] With the vibration tool 100 in the “start” position, the fluid flow may again pass
from the bore of the upper sub 104 and through the piston bore 114, the nozzle 1186,
the bore of the lower impact cap 122, and the bore of the lower sub 108. If the fluid
flow rate remains greater than or equal to the predetermined threshold flow rate, then
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the fluid pressure may again increase across the piston 112, leading to an increase in
the pressure force acting on the uphole end portion of the piston 112. The vibration tool
may then again operate as described with respect to Figures 2-17.

[0074] In operating as described above, the vibration tool 100 may cause the piston
subassembly 110 to oscillate in the uphole direction 101 and the downhole direction
105, causing repeated impacts against the housing 102 and/or the impact surfaces. As
a result, the vibration tool 100 may produce vibrations which may be imparted to the
drill string (not shown). In one implementation, the vibration tool 100 may perform one

cycle as described with respect to Figures 2-17 at a rate of about ten times per second.

Latching Valve Subassembly

[0075] Figure 18 illustrates a cross-sectional view of a vibration tool 200 in accordance
with implementations of various techniques described herein.  One or more
components of the vibration tool 200 may be composed of steel, tungsten carbide, or

any other implementation known to those skilled in the art.

[0076] In one implementation, the vibration tool 200 may include a housing 202 having
a housing bore 203 and composed of an upper sub 204 and a lower sub 208. The
upper sub 204 may be coupled to the lower sub 208 through the use of threads, bolts,
welds, or any other attachment feature known to those skilled in the art. The housing
202 may be oriented such that the upper sub 204 may engage with uphole members of
a drill string (not shown), and the lower sub 208 may engage with downhole members
of the drill string.

[0077] The vibration tool 200 may include a piston subassembly 210 composed of a
piston 212 having a piston bore 214, a nozzle 216, and one or more bypass ports 218.
The piston subassembly 210 may further include a lower impact cap 222, where the
lower impact cap 222 may be coupled to and/or disposed around the piston 212. The

piston subassembly 210 may be similar to the piston subassembly 110.
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[0078] The vibration tool 200 may also include a retainer cap 224, which may be
coupled to an inner diameter of the housing 202 through the use of threads, bolts,
welds, or any other attachment feature known to those skilled in the art. The retainer
cap 224 may also include an upper spring 230 extending in the uphole direction 201
from the retainer cap 224. The upper spring 230 may also be coupled to the piston
212. The retainer cap 224 and the upper spring 230 may be similar to the retainer cap

124 and the upper spring 130, respectively.

[0079] The vibration tool 200 may also include a latching valve subassembly 240,
which may be movably disposed around the piston 212. The latching valve
subassembly 240 may be coupled to a valve spring 242, which may be coupled to an
uphole end portion of the lower impact cap 222 and to a downhole end portion of the

latching valve subassembly 240.

[0080] In one implementation, the latching valve subassembly 240 may include a
sleeve 243 which may be moveable in a longitudinal direction with respect to the piston
212. One or more latching mechanisms 245 (Figures 20 to 22) may be attached or
coupled to the sleeve 243, where the latching mechanisms 245 may be configured to
couple to the piston 212. In one implementation, the latching valve subassembly 240
may include one or more static seals and/or dynamic seals attached to the sleeve 243,
where the seals may be configured inhibit a fluid flow between the piston 212 and the

housing bore 203 and/or centralize the latching valve subassembly 240.

[0081] In one implementation, the latching mechanisms 245 may engage with one or
more first latch stops 280 on an outer diameter of the piston 212, such that the sleeve
243 may cover the bypass ports 218. When the sleeve 243 covers the bypass ports
218, fluid from the piston bore 214 may flow primarily through the nozzle 216 rather
than into the housing bore 203 via the bypass ports 218. In such an implementation,
the latching valve subassembly 240 may be said to be in its “closed” state. The
latching mechanisms 245 may also engage with one or more second latch stops 282 on

the outer diameter of the piston 212, such that the bypass ports 218 may be uncovered,
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allowing fluid to flow into the housing bore 203 from the piston bore 214. In such an
implementation, the latching valve subassembly 240 may be said to be in its “open”
state. The latching valve subassembly is described in more detail with respect to
Figures 19-22.

[0082] Figure 19 illustrates a side view of the sleeve 243 of the latching valve
subassembly 240 in accordance with implementations of various techniques described
herein. As illustrated, the sleeve 243 may be cylindrical in shape and configured to
move in a longitudinal direction along an outer diameter of the piston 212. The sleeve
243 may include one or more latch holes 244 configured to engage with one or more

latching mechanisms 245 shown in Figure 20.

[0083] Figure 20 illustrates a top view of the latching mechanisms 245 of the latching
valve subassembly 240 in accordance with implementations of various techniques
described herein. As illustrated in Figure 20, the latching mechanisms 245 may each
include a bar 290 attached to a raised pocket 291, inside of which may include a ball
292. The ball 292 may be designed to roll and/or be displaced inside of the pocket 291.
When coupled to the sleeve 243, each pocket 291 may be disposed through the latch
hole 244, such that the ball 292 may protrude from the inner diameter of the sleeve
243. The bar 290 may be attached to the sleeve 243 via screws or any other fastening
means known to those skilled in the art. In one implementation, the sleeve 243 may
also include one or more balance ports for balancing pressure across the latching
mechanisms 245.

[0084] The sleeve 243 may also include one or more communication ports 246, which
may allow the fluid flow to pass to the housing bore 203. In particular, when the
latching valve subassembly 240 is in the “open” state, the communication ports 246
may align with the bypass ports 218 to allow fluid to flow into the housing bore 203 from
the piston bore 214. When the latching valve subassembly 240 is in the “closed” state,
the communication ports 246 and the bypass ports 218 may be misaligned, thereby
creating a seal between the piston 212 and the sleeve 243 and blocking the fluid flow
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from passing through the bypass ports 218. In some implementations, the piston 212
may include bypass ports 218 circumferentially positioned at a plurality of longitudinal
positions, while the sleeve 243 may also include communication ports 246
circumferentially positioned at a plurality of longitudinal positions.

[0085] In one implementation, the number of communication ports 246 may be equal
to the number of bypass ports 218. In another implementation, the number of
communication ports 246 may be different than the number of bypass ports 218. For
example, the piston 212 may include four bypass ports 218 circumferentially spaced at
each longitudinal position, while the sleeve 243 may include five communication ports
246 circumferentially spaced at each longitudinal position. In such an implementation,
when the latching valve subassembly 240 is in the “open” state, the differing number of
communication ports 246 and bypass ports 218 may align to create a sufficient opening
area for the fluid flow to pass to the housing bore 203, regardless of a relative angular

position of the sleeve 243 to the piston 212.

[0086] Figures 21 and 22 illustrate a cross-sectional view of the latching valve
subassembly 240 in accordance with implementations of various techniques described
herein. As shown in Figures 21 and 22, the sleeve 243 may be disposed around the
piston 212, where latching mechanisms 245 of the sleeve 243 may engage an outer
diameter of the piston 212. In particular, the ball 292 may protrude from the inner
diameter of the sleeve 243 and interact with the piston 212.

[0087] Figure 21 illustrates the latching valve subassembly 240 in its “closed” state. In
particular, the bypass ports 218 and the communication ports 246 may be misaligned.
In the “closed” state, the latching mechanisms 245, e.g., the ball 292, may engage with
the first latch stops 280 of the outer diameter of the piston 212. The first latch stops
280 may be indentations of a specified distance in the outer diameter of the piston 212.
While engaged with the first latch stops 280, the latching valve subassembly 240 may
be allowed to move in a longitudinal direction for the specified distance.
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[0088] In one implementation, a first latch stop 280 may be positioned downhole from
a second latch stop 282. An uphole end portion of the first latch stop 280 may be
bounded by a bumper 281, and a downhole end portion of the first latch stop 280 may
be bounded by the outer diameter of the piston 212. The bumper 281 may be a portion
of the piston 212 having an outer diameter that is less than the rest of the piston 212.
In particular, the bumper 281 may be configured to allow the ball 292 to traverse the
piston 212 and into the second latch stop 282, as described below.

[0089] Figure 22 illustrates the latching valve subassembly 240 in its “open” state. In
particular, the bypass ports 218 and the communication ports 246 may be aligned with
one another. In the “open” state, the latching mechanisms 245, e.g., the ball 292, may
engage with the second latch stops 282 of the outer diameter of the piston 212. The
second latch stops 282 may be similar to the first latch stops 280. A downhole end
portion of the second latch stop 282 may be bounded by the bumper 281, and an
uphole end portion of the second latch stop 282 may be bounded by the outer diameter
of the piston 212.

[0090] In one implementation, for the ball 292 to travel between a first latch stop 280
and a second latch stop 282 and to overcome the bumper 281, a minimum force may
be applied to the latching valve subassembly 240. In such an implementation, the
predetermined force may move the latching valve subassembly 240 between the
“closed” and “open” positions. The minimum force used to overcome the bumper 281
may be based on a size of the latching mechanisms 245.

[0091] Returning to Figure 18, the upper spring 230 may bias the piston subassembly
210 in the uphole direction 201 such that the vibration tool 200 is in a “start” position. In
such a “start” position, the piston subassembly 210, and the piston 212 in particular,
may be seated against an upper shoulder 234 of the upper sub 204.

[0092] In addition, at the “start” position, the latching valve subassembly 240 may have

its uphole end portion seated against a downhole end portion of the retainer cap 224.
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The valve spring 242 may help to bias the latching valve subassembly 240 against the
retainer cap 224. In such an implementation, the latching valve subassembly 240 may

be in its “closed” state.

[0093] Similar to vibration tool 100, the vibration tool 200 may also include a bottom
impact surface 260 and/or a top impact surface 264. In one implementation, when the
vibration tool 200 is at its “start” position, the lower impact cap 222 may be positioned at
a specified distance away from the bottom impact surface 260.

Latching Valve Subassembly in Operation

[0094] An operation of the vibration tool 200 will now be described with respect to

Figures 23-29 in accordance with one or more implementations described herein.

[0095] Figure 23 illustrates a cross-sectional view of the vibration tool 200 in a “start
position in accordance with implementations of various techniques described herein.
Initially, the upper spring 230 may bias the piston subassembly 210 into its “start”
position, i.e., into contact with the upper shoulder 234. The upper spring 230 may be in
compression when biasing the piston subassembly 210. In one implementation, a top

impact surface 264 may be coupled to the upper shoulder 234.

[0096] When the vibration tool 200 is in the “start” position, a fluid flow may pass from
the bore of the upper sub 204 and through the piston bore 214, the nozzle 216, the
bore of the lower impact cap 222, and the bore of the lower sub 208. In one
implementation, the fluid flow may have a flow rate less than a predetermined threshold
flow rate. With the flow rate less than the predetermined threshold flow rate, the
vibration tool 200 remains at its “start” position. In its “start” position, the latching valve
subassembly 240 may remain in its “closed” state with the seal between the piston 212
and the sleeve 243 intact, allowing fluid to flow through to the bore of the lower sub 208

via the nozzle 216.
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[0097] At some point, the fluid flow rate may reach an amount that is greater than or
equal to the predetermined threshold flow rate. As the vibration tool 200 is in its “start”
position and the latching valve subassembly 240 is in its “closed” state, the fluid flow
may be forced to exit the piston bore 214 solely through the nozzle 216, causing fluid
pressure to build within the vibration tool 200. Similar to vibration tool 100, an increase
in a pressure force may act on an uphole end portion of the piston 212, overcoming a
force of the upper spring 230, and causing the piston subassembly 210 to move in a

downhole direction 205.

[0098] Figure 24 illustrates a cross-sectional view of the vibration tool 200 in
accordance with implementations of various techniques described herein. As a result
of the flow rate being greater than or equal to the predetermined threshold flow rate, the
piston subassembly 210 may move away from the “start” position in a downhole
direction 205 due to a momentum of the fluid flow and the pressure force acting on the

uphole end portion of the piston 212.

[0099] Since the latching valve subassembly 240 is engaged with the outer diameter of
the piston 212 via the latching mechanisms 245, the latching valve subassembly 240
may move with the piston subassembly 210. As the latching valve subassembly 240
travels in the downhole direction 205, a portion of its sleeve 243 may come into contact
with one or more pins 250. The pins 250 may be similar to the pins 150. Upon coming
into contact with the pins 250, further downhole movement of the latching valve
subassembly 240 may be arrested. In such an implementation, the piston subassembly
210 may still be positioned at a distance apart from the bottom impact surface 260
and/or the lower shoulder 262. In one implementation, the pins 250 may be disposed
inside a pathway located in the sleeve 243, where the pins 250 may travel along the
pathway as the latching valve subassembly 240 moves in the uphole direction 201 or

the downhole direction 205.

[0100] Figure 25 illustrates a cross-sectional view of the vibration tool 200 in
accordance with implementations of various techniques described herein. As shown in
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Figure 25, further downhole movement of the latching valve subassembly 240 may be
arrested by the pins 250. However, the pressure force acting on the piston
subassembly 210 may continue to move the piston subassembly 210 in the downhole
direction 205. In turn, the arrested latching valve subassembly 240 may begin to move
from its “closed” state to its “open” state. Particularly, as the piston subassembly 210
moves in the downhole direction 205, the balls 292 may be forced to travel from the first
latch stops 280 to the second latch stops 282.

[0101] As shown in Figure 25, the piston subassembly 210 may move in the downhole
direction 205 until impacting the bottom impact surface 260 and/or the lower shoulder
262, where a downhole end portion of the lower impact cap 222 may be seated against
the bottom impact surface 260 and/or the lower shoulder 262. Upon impact, vibrations
may be created throughout the housing 202, which may be imparted to the vibration
tool 200 and to a drill string (not shown).

[0102] Figure 26 illustrates a cross-sectional view of the vibration tool 200 in
accordance with implementations of various techniques described herein. As
illustrated, the latching valve subassembly 240 may be in its “open” state. Particularly,
the balls 292 may have traversed in the uphole direction 201 along the piston 212,
traveling from the first latch stops 280 to the second latch stops 282. In one
implementation, a bias of the valve spring 242, acting on the latching valve
subassembly 240, may help to move the balls 292 to the second latch stops 282 in the
uphole direction 201.

[0103] Accordingly, the communication ports 246 and the bypass ports 218 may be
aligned, allowing the fluid flow to travel from the piston bore 214 and through the
bypass ports 218, reaching the housing bore 203. As the fluid flow passes into the
housing bore 203, the fluid pressure across the piston subassembly 210 may then
decrease. As a result, the force of the upper spring 230 may begin to bias the piston
subassembly 210 in the uphole direction 201.

26



WO 2015/065755 PCT/US2014/061475

[0104] Figure 27 illustrates a cross-sectional view of the vibration tool 200 in
accordance with implementations of various techniques described herein. As
illustrated, the upper spring 230 may overcome the pressure force acting on the uphole
end portion of the piston 212 and move the piston subassembly 210 in the uphole
direction 201. As shown, the lower impact cap 222 may no longer be seated against
the bottom impact surface 260 and/or the lower shoulder 262. In addition, due to its
engagement with the second latch stops 282, the latching valve subassembly 240 may
travel in the uphole direction 201 in conjunction with the piston subassembly 210 while

remaining in its “open” state.

[0105] As the latching valve subassembly 240 moves in the uphole direction 201, it
may eventually have its uphole end portion again seated against a downhole end
portion of the retainer cap 224. The valve spring 242 may again help to bias the
latching valve subassembly 240 against the retainer cap 224. Once seated against the
retainer cap 224, further uphole movement by the latching valve subassembly 240 may
be arrested.

[0106] Figure 28 illustrates a cross-sectional view of the vibration tool 200 in
accordance with implementations of various techniques described herein. As
illustrated, the upper spring 230 may continue to bias the piston subassembly 210 in
the uphole direction 201.

[0107] As the piston subassembly 210 moves while the latching valve subassembly
240 may be arrested against the retainer cap 224, the latching valve subassembly 240
may be forced to move from its “open” state to its “closed” state, as illustrated in Figure
28. Particularly, since the piston subassembly 210 may continue to move in the uphole
direction 201, the balls 292 may begin to traverse in the downhole direction 205 relative
to the piston 212, traveling from the second latch stops 282 to the first latch stops 280.

[0108] Figure 29 illustrates a cross-sectional view of the vibration tool 200 in the “start”

position in accordance with implementations of various techniques described herein.
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As illustrated, the upper spring 230 may bias the piston subassembly 210 back to its
“start” position, ie., into contact with the upper shoulder 234 and/or the top impact
surface 264. In one implementation, upon impact with the upper shoulder 234 and/or
the top impact surface 264, vibrations may be created throughout the housing 202,
which may be imparted to the vibration tool 200 and to a drill string (not shown).

[0109] Additionally, the latching valve subassembly 240 may be in its “closed” state.
Particularly, since the piston subassembly 210 may continue to move in the uphole
direction 201, the balls 292 may have traversed in the downhole direction 205 relative
to the piston 212, traveling from the second latch stops 282 to the first latch stops 280.

[0110] With the vibration tool 200 in the “start” position, the fluid flow may again pass
from the bore of the upper sub 204 and through the piston bore 214, the nozzle 216,
the bore of the lower impact cap 222, and the bore of the lower sub 208. |If the fluid
flow rate remains greater than or equal to the predetermined threshold flow rate, then
the fluid pressure may again increase across the piston 212, leading to an increase in
the pressure force acting on the uphole end portion of the piston 212. The vibration tool
may then again operate as described with respect to Figures 23-29.

[0111] In operating as described above, the vibration tool 200 may cause the piston
subassembly 210 to oscillate in the uphole direction 201 and the downhole direction
205, producing vibrations similar to those produced by the vibration tool 100.

Impact Mitigation Subassembly

[0112] Figure 30 illustrates a cross-sectional view of an impact mitigation subassembly
300 in accordance with implementations of various techniques described herein. The
impact mitigation subassembly 300 may include an impact cap 302 and one or more
springs 304 disposed within the impact cap 302. In one implementation, the
components of the impact mitigation subassembly 300 may be composed of steel or

any other implementation known to those skilled in the art.
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[0113] In one implementation, the impact cap 302 may be a hollow cap configured to
attach to a downhole end portion of a moving body 400, such as the pistons 112 or 212
and/or the lower impact caps 122 or 222. An uphole opening 310 of the impact cap 302
may be used for insertion of the moving body 400, as described in more detail below.
Once inserted, the moving body 400 may be seated against or may compress the

springs 304 within the impact cap 302.

[0114] The springs 304 may be disposed on an inside base 312 of the impact cap 302,
where the springs 304 may be separated by one or more spacers 306. The springs
304 may include a coiled spring, a Belleville washer spring, or any other biasing
mechanism known to those skilled in the art. An anti-erosion sleeve 308 may cover the
inner diameters of the springs 304 and/or the spacers 306, and may align with a bore of
the moving body 400. The anti-erosion sleeve 308 may allow for fluid to flow from the
bore of the moving body 400 and through a downhole opening 314 of the impact cap
302 while protecting the spacers and/or the springs 304.

[0115] Attaching the impact mitigation subassembly 300 to the moving body 400 is
described in more detail with respect to Figures 31 and 32. Figure 31 illustrates a side
view of the moving body 400 in accordance with implementations of various techniques
described herein. As shown in Figure 31, a downhole end portion of the moving body
400 may have one or more locking wings 402 which radially protrude from the moving
body 400. In between the locking wings 402 are one or more locking slots 404, formed
by the spaces between the locking wings 402. The locking wings 402 and/or the
locking slots 404 may be of same size and/or shape. A locking gap 406 may be
defined by a space along the moving body 400 and may be uphole relative to the

locking wings 402.

[0116] Figure 32 illustrates a side view of an impact mitigation subassembly 300 in
accordance with implementations of various techniques described herein. In particular,
the uphole opening 310 of the impact cap 302 may include one or more key slots 352
and one or more key wings 354. The key wings 354 may radially protrude from an
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inner diameter of the uphole opening 310. The key slots 352 may be formed by the

spaces between the key wings 354 along the inner diameter of the uphole opening 310.

[0117] When coupling the impact mitigation subassembly 300 to the moving body 400,
the key wings 354 may align with the locking slots 404 and the key slots 352 may align
with the locking wings 402. In particular, the key wings 354 may be inserted into the

locking slots 404 and the locking wings may be inserted into the key slots 352.

[0118] The locking gap 406 may have a longitudinal length that is approximately equal
to the longitudinal length of the key wings 354. Accordingly, the moving body 400 may
be inserted into the impact cap 302 until the key wings 354 occupy the space formed by
the locking gap 406. The impact cap 302 may then be rotated so that the key wings
354 are aligned uphole relative to the locking wings 402. Anti-rotation screws may be
fastened into screw holes 316 on the impact cap 302 to fasten the impact mitigation
subassembly 300 to the moving body 400. In other implementations, other fastening
means may be used to couple the impact mitigation subassembly 300 to the moving
body 400.

[0119] In one implementation, the moving body 400 may compress the springs 304
when inserted into the impact cap 302. In such an implementation, the springs 304

may provide a predetermined load in the impact mitigation subassembly 300.

[0120] In operation, when the impact mitigation subassembly 300 impacts another
object, the impact cap 302 may contact the other object’s surface first. In particular, a
bottom surface 320 may strike the other object’s surface upon initial impact. The
moving body 400 may continue to move within the impact cap 302, compressing the
springs 304. The energy of the moving body may be stored in the springs 304,
facilitating rebounding of the impact mitigation subassembly 300. In one
implementation, an amount of impact produced by the impact mitigation subassembly

300 may increase with a higher predetermined load.
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[0121] The impact cap 302 may be constructed of steel or any other implementation
known to those skilled in the art. In one implementation, a mass of the impact cap 302
may be low enough to reduce impact force and impact-induced stress on impact
surfaces, thereby mitigating deformation on the impact surfaces.

[0122] In sum, various implementations described above with respect to Figures 1-32
may allow for the cyclical increase and decrease in fluid pressure across an piston
subassembly of a vibration tool. The cyclical increase and decrease in fluid pressure
may cause the piston subassembly to repeatedly strike a housing of the vibration tool,
producing vibrations throughout the tool. The vibrations may oscillate the drill string, or
other coupled object, and reduce friction. In another implementation, the vibration tool
may generate a water hammering effect, such that the vibrations may travel up and
down the drill string or other coupled object. In turn, the axial vibration may oscillate the
drill string, or other coupled object, and reduce friction.

[0123] While the foregoing is directed to implementations of various techniques
described herein, other and further implementations may be devised without departing
from the basic scope thereof. Although the subject matter has been described in
language specific to structural features and/or methodological acts, it is to be
understood that the subject matter defined in the appended claims is not limited to the
specific features or acts described above. Rather, the specific features and acts
described above are disclosed as example forms of implementing the claims.
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CLAIMS

What Is Claimed lIs:

1. A vibration tool, comprising:

a housing having a bore extending therethrough;

a piston subassembly positioned inside the bore, the piston subassembly
configured to oscillate when fluid flow inside the piston subassembly exceeds a
predetermined flow rate; and

a valve mechanism positioned at least partially around the piston subassembly,
wherein the valve mechanism is configured to restrict fluid to flow inside the piston
subassembly when the valve mechanism is in a closed state and configured to allow
the fluid to flow from the piston subassembly to the bore when the valve mechanism is

in an open state.

2. The vibration tool of claim 1, further comprising an upper spring disposed outside
of the piston subassembly and configured to bias the piston subassembly in an uphole
direction and into a start position.

3. The vibration tool of claim 2, wherein, when the valve mechanism is in the closed
state, the piston subassembly is configured to move in a downhole direction away from
the start position in response to fluid pressure.

4. The vibration tool of claim 1, wherein the valve mechanism is configured to be in
the closed state when the valve mechanism forms a face seal with a valve stopper of
the piston subassembly.

5. The vibration tool of claim 4, further comprising a valve spring disposed inside
the bore and configured to bias the valve mechanism into the valve stopper to form the
face seal.

32



WO 2015/065755 PCT/US2014/061475

6. The vibration tool of claim 4, wherein, when the valve mechanism is in the closed
state, the valve mechanism is configured to move in a downhole direction in conjunction

with the piston subassembly based on fluid pressure while maintaining the face seal.

7. The vibration tool of claim 4, wherein the piston subassembly is configured to
move in a downhole direction relative to the valve mechanism after downhole
movement of the valve mechanism is arrested, thereby breaking the face seal and
transitioning the valve mechanism to the open state.

8. The vibration tool of claim 7, wherein, once the valve mechanism is in the open
state, the piston subassembly and the valve mechanism are configured to move in an

uphole direction and again form the face seal.

9. The vibration tool of claim 1, further comprising one or more pins configured to
arrest a downhole movement of the valve mechanism, and wherein the valve
mechanism is configured to transition from the closed state to the open state once the

one or more pins arrest the downhole movement.

10.  The vibration tool of claim 1, wherein a pressure force acting on the piston
subassembly decreases after the valve mechanism transitions to the open state.

11.  The vibration tool of claim 1, wherein the piston subassembly impacts the
housing while oscillating thereby creating vibrations.

12.  The vibration tool of claim 1, wherein the valve mechanism comprises:

a valve sleeve movably disposed relative to the piston subassembly, wherein the
valve sleeve comprises one or more communication ports that are aligned with one or
more bypass ports on the piston subassembly when the valve sleeve is in the open
state;
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one or more latching mechanisms coupled to the valve sleeve, wherein the
latching mechanisms are configured to engage with one or more first latch stops
disposed on the piston subassembly when the valve sleeve is in the closed state, and
wherein the latching mechanisms are configured to engage with one or more second
latch stops disposed on the piston subassembly when the valve sleeve is in the open

state.

13.  The vibration tool of claim 12, wherein the latching mechanisms move between
the first latch stops and the second latch stops after downhole movement of the valve

mechanism is arrested.

14.  The vibration tool of claim 12, wherein the piston subassembly comprises a
bumper disposed between a respective first latch stop and a respective second latch

stop.

15.  Alatching valve subassembly for use in a tool, comprising:

a valve sleeve movably disposed at least partially over a cylindrical body, the
valve sleeve having one or more communication ports that are aligned with one or more
ports of the cylindrical body when the valve sleeve is in a first state; and

one or more latching mechanisms coupled to the valve sleeve, the latching
mechanisms protruding from an inner diameter of the valve sleeve, and wherein the
latching mechanisms are configured to engage with one or more first latch stops
disposed on the cylindrical body when the valve sleeve is in the first state, and wherein
the latching mechanisms are configured to engage with one or more second latch stops
disposed on the cylindrical body when the valve sleeve is in a second state.

16.  The latching valve subassembly of claim 15, wherein the ports are misaligned
with the communication ports when the valve sleeve is in the second state.
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17.  The latching valve subassembly of claim 15, wherein each latching mechanism
comprises:

a bar coupled to an outer diameter of the sleeve; and

a pocket coupled to the bar and having a ball disposed within, the ball protruding

from an inner diameter of the sleeve.

18.  The latching valve subassembly of claim 15, wherein the valve sleeve is allowed
a specified range of movement along the cylindrical body when engaged with either
latch stop.

19.  Animpact mitigation subassembly for use in a tool, comprising:

an impact cap configured to couple to an end portion of a moving body; and

one or more springs disposed on an inside base of the impact cap, the springs
being configured to allow displacement of the moving body within the impact cap when
movement of the impact cap is arrested.

20. The impact mitigation subassembly of claim 19, wherein the moving body is

inserted into the impact cap in a manner that produces a predetermined load in the
springs.
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