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FIGURE 1

(57) Abstract: A vibrational apparatus for a downhole assembly comprising first and second assemblies, each of the said assem-
blies having magnetic arrays around a common axis, wherein a tluid feed or other suitable drive causses a relative rotation be-
tween the assemblies, which relative rotation generates a vibration resulting in interactions between the magnetic arrays, thereby
causing a reciprocating rectilinear movement of the assemblies along or parallel to the common axis.
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RADIAL VIBRATIONAL APPARATUS

The present invention relates to a vibrational and/or hammering apparatus suitable
for use downhole in a drill string.

Examples of use for such apparatus include, but are not limited to, apparatus for use
downhole eg. as hammers, as shakers, continuous tubing drilling, freeing drill strings that
are stuck, etc. Usc downhole can be anywhere n the string.

The present invention recognises an advantage to be derived for drilling in having a
vibrational -or hammering action positioned as part of the drill string (anywhere in the drill
string —top end, middle, bottom end, etc — including combinations) and to have part thereof
synchronised to the drill string.

The present invention envisages the positioning of two magnetic arrays in any
number of configurations, using a wide variety of magnet shapes, to provide the desired
effect whereby, under the rotational input of the first array, the second array is caused to
reciprocate axially within the (generally tubular) tool housing.

[n shallow bore holes, where there is very low bore hole pressure, 1t can be
advantageous to have the axially moving array contained within an atmospheric chamber.
In very deep bore holes, where the bore hole pressure is significant (in fact this may be
many thousands of PS]) the use of conventional dynamic seals used to prevent the ingress of
drilling fluid (which contains sand, rock particles, etc) into the tool and the consequent
stalling of the axially moving array is a significant challenge.

In our PCT/NZ2005/000329 (published as W02006/065155) we disclose the use of
a shuttle carrying, at cach end, magnetic arrays, each to interact out ot phase with a
dedicated complementary magnetic array as the shuttle is rotated, thereby causing the
vibration to be generated axially relative to the shuttling of the shuttle with respect to the
complementary arrays.

[n our PCT/NZ2008/000217 (published as W0O2009/028964) we disclose the use of

such endwise interactions of magnetic arrays in hammering apparatus of a great variety of

types.

The present invention has as one of several, or several alternative objects, the
provision of an assembly capable of providing a shuttling outcome responsive to a relative
rotational drive reliant upon interactions of magnets arrayed about or substantially
peripherally as part of a shafted assembly, ic. as if a rotor, with surrounding magnets

arrayed (eg. as part of a surround structure), ie. as if a stator.
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The present invention env:sages mixed pole magnetic atrays each to mteract with the

other as inwardly directed and outwardly ditrected atrays of at least substantially conccntnc more

'outwa.td and mote inwatd assemblies respectively able to be mutually rotated (cg. as if a stator

and a rotot) in a manner where movements substantially as hcreinafter described can be achieved.
It 1s a further ot alternative object to provide apparatus of that kind where there can be

liquid content or liquid mntrusion into some or at least some of the space between the magnetic

arrays of inwardly directed and outwardly directed arrays of at least substantially concentric more

outward and mote ihward assemblies tespectively able to be mutually rotated (e.g. one which can

. be consideted the stator and the other can be considered the rotor, ot vice versa).

It 1s a further or alternative object 1o provide an &ssembly having a tube of 2 magnetic
field permeable material (eg inconel, atanium) about axial extending arrays of magnets about a
rotor intended to co-act with a field of encircling magnets outside of the tube and not rotanng
with the rotor (ic. of a stator).

It ts 2 further or alternative object to rely on axial dislocation, caused by telative rotation

of inwardly ditected and outwardly directed arrays of at leaqt substantally concentic more

outwatd and more inward assemblics respectively able to be mutuaﬂy totated, to generate a -

* vibrational output.

It 1s a further or altemative object to rely on axial dislocation, caused by relative rotation
of inwardly directed and outwardly directed artays of at least substantially concentric more
outward and more inward assemblies téspcctively able to be inumally rotated, té generate a
vibrational output despite a hquid being mterposed berween the arrays.

Itisa furthez ot alternative object to rely on axial dislocation, caused by relative roration
of m\vardh directed and outwardly directed arrays of at least substannallv concentric more

outward and more inward assemblies respectively able to be mutually rotated, to generate a

 vibrational output despite a material of high electrical tesistivity (e.g. inconel, titanium, plastics,

carbon fibre composite, or the like) being interposed or being interposed as a caver or sui)port of
one¢ or other 0t‘both arrays.

The present mvention has as a further or altetnative object the provision ot apparatus
able to provide a vibrational oﬁtput which can achieve the outpﬁts with fewer parts than those
disclosed in the aforcméntioned patent specifications.

It 1s a further or alternative abject to provide two interacting magnetic atrays of a drive
receiving and a vibration al output device where inwardly directed and outwardly directed arrays

of at Jeast substantially concentric more outward and mote inwatd assemblies respectively are

able to be mutually rotated.

AMENDED SHEET
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It is a further or alternative object to provide two interacting magnetic arrays of a drive

tcceiving and a vibrational output device where nwardly directed and outwardly directed arrays

- of at least substantially concentric more outward and more inward assemblies respectively able to

mutuaily rotate the polarity of one or both arrays alternates (or otherwise staggers or vaties) both

“crcumferentially and parallel to their relative rotational axis.

. Itisa further or alretnatwe object of the present mvenuOn to prowde at least partially

ﬂmd filled vibrational apparatus able to operate downhole or elsewhere with a reduced pressure

differential between the ambient use eavironment and at least some zone(s) internally of the

apparatus. Such a reduced differential, for example of a downhole hammer, obviates the need
for high pressure sealing of a moving surface.

[t 1s a futther or altemative object of the present invention to provide a vibrational

apparatus able to be operated downhole or elsewhére which has a facility whercby 1t can be

‘readily tuned for frequency m a varety of different ways.

[t 15 a further and alternative object of the present invention to provide a vibrational
apparatus ot hammering appatatus ot shaket appatatus that can operate effectively with reduced
manufacturing tolerances. .

It is a further or altemative object of the present invention to provide vibratioﬁal_
apparatus or hammering apparatus ot shaker apparatus having a stator and rotor able to be
causcd to move n.c.tptocall}' one with respect to the other, the drive i at least one direction be.tng
a5 a result of at least substantially concentric interacting magnetic arrays carried by each
outwardly of the common longitudinal axis [which is the rotational axis of the rotor relative to
the stator (or vice versa)l. Such an object is preferably also to allow provision for tuning of the
vibrational output by one or more means, such as, by way of example only, 2 choice of a membcr
to provide for a strike at the end of one stroke or to provide a boundary for a flud squeeze at the

end of one suoke
It is a further or alternative objéct of the present invention to ptovide vibrational

apparatus able to be operated downhole where there 1s-a ﬂdﬁ.*p ath ti'ltbllgh a magnetic array
carrying rotor for a fluid that can pass to a more downhole zone (e.g. out of or to a downhole
tool). Itis another ob]ect optionally to have such fluid after havmg powered a PDM which
rotates the rotor relatve 1o 2 stator [which catries an array of interacting maguets] to cause -
shuttling as a consequence of the relative rotation, feed further downhole. .

* ltis a further of alternattve object to provide a separate flow through liquid or fluid (c
drilling mud) and to have a captive hquld (e.g. anoil) mn 2 vxbrauona.l apparatus to resist (eg.

~ downhole) external pressure.

AMENDED SHEET
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[t 15 a further or altematve object of the present ixwention to provide a vibrational
apparatus where

a stator (with 2 magnetic array) is the “shuttle” relative to both (1) a housing, a bit
housing, 2 tool, a tool housing, or the like and (2) a rotor (with a magnetic array), and

1t 1s the action of the stator directly or indirectly on at least one impact zone of the
housing, bit housing, tool, tool housing or the like that generates the vibration. For example thc
apparatus can be a downhole shaker or part of a continuous tubing drilling 5)stcm

Itis a f_uxth er ot altemgtwe object to rcly onl a rotor catrled magnetic atrray to' stator
cm:n'gd magnetic array interactions, ovet an annular interaction zone of axial extent of the overlap
of the proximate interacting arrays, to move the stator relative to the rotor in axial directions.

It 1s still a fm-thez or alternative ob]cct to use such intetactions as herein described
and/or to provide internal and/ or extemnal atrays, rotors, stators and / or anallary apparatus as
heretn described.

In many downhole tools used in high bore hole ptessute environments, any an'nosphedé
chamber is where possible avoided for the pressure differential sealing challenges outlined above.
However other such tools with dynamic (moving componcats) are cither;

1. Subjected to full bore hole pressure by the drilling fluid (mud) and are designed to
survive in this Viscoué - abrasive environment (eg. mud lubricated bearings - or mud driven fluid
hamimers)

2. Or use a clean fluid such as water (ot similar) confined in a cavity.

It is a further ot alternative object to have both a fluid filled cavity, with dynamically
moving components - in a clean and sealed environment.

It is 2 further or alternative object to minimise fluid drag across the body of the moving
components (axially oscillating magnetic array). To address this object 1t 1s desirable to;

1) have the magnetic array designed and assembled in a streamlined manner (eg.

radial alignment)

2)  have porting provided to allow the axially oscillating magnetic array to move
through the fluid column with minimal drag. '

We believe that without such features it is likely that the‘tesistance would dramatically
reduce the petfonnance of the tool - or at worst hydraulically stall the axially oscillating magnenc
areay. |

It 1s a further or altemnative object to provide (one or several) pressure compensating

- piStons.

AMENDED SHEET
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In practise, while every eftort is made to fill the magnetic array cavity 100% with clean
flud (with no air entrapped within the tool), to an extent this is an impossible task and pressure
compensating pistons within the tool housing can address any inadequacy in the fill.

In practise any air that is entrained within the tool will be subjected to the borchole

- pressure. As the air bubbles (essentially) collapse under the bore hole pressure, the compensating

pisto.n will force clean fluid into the cavities replacing the depleted air volume with the clean
fluid. , . |

We therefore propose that a low viscosity (substantially) non compressible fhuid is used
to fill the intemal cavities of 'thc tool, the tesult betng that while the said fluid will dectease the
performance of the tool to some extent, it will all but eliminate the high pressure differmtiﬁl
sealing challenges, and require only conventional “wiper” type seals to prevent the drilling fluid
from entering the ool . | |

In other less destrable methods of dealing with this issue are too;

- pre charge the atmospheric chamber at surface with a pressurised gas to parﬁa.lly (or
totally) match the anticipated bore hole pressure. |

- or utibse a slaved magnet dtive as described in our PCT/NZ2011/000057.

It 1s a further or alternative object to address the stop/start reaction heteinafter

described.

A development of a tool to this objective focuses on the nput drive - between the PDM
(ot other rotational input - such as'a mechanical connection from the suzface) and the magnetic
hammer. One of the unique characteristics of the magnetic hammér ls that 5t generates a cogging
reaction within the dtive mechanism- that is - there is a magnetically induced torque reaction
when the rotationally activated magnetic atray is tarned "away" from the rotationally constrained
magnetic array. At this point the torque requirement can be significant. However after a few
degrees of rotational movement, the rotationally driven array then accelerates towards the next
(opposite pole) on che rotationally constrained array.

T'his action generates a stop / start type reaction in the put drive (PDM - Mechanical
connection etc) which can be unhelpful for the following reasons;

1. ‘ It momentarily stalls the rotaty input, thereby negatively affecting the impact
action - thereby not allowing the hammer to advance through the formation to its maximum
potental |

2. It may cause fatipue 'damage to fhe mnput drive.

5. ltmay cause an unwanted torsional resoﬁance within the drive mechanism (more
likely if driven mechanically from the surfacc).

We therefore propose that either,

AMENDED SHEET
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1. A longltudma.l mechanical flywheel would be housed between thc input drive
(PDM etc) and the magnetic hmnmer or a |
2. magnetic flywheel housed between the input dmrc (PDM etc) and the magnetic

hammer.

Either device would preferably (but not necessarily) be used in conjunction with the
magnetic hammer. Either device would prefetably be housed within a cvlindrical housing.

The mechanical flywheel, would preferably incorporate a rotating mass within said body,
preferably with an uninterrupted fluid path (for drilling mud ’etc') (preferably) through the
tlywheel, to allow.uninterrupted flow to the hammer and bat.

The magnetic flywheel could have a rotating longitudinal mernber with magnets

attached (embedded) with alternating poles, these magnets when rotated react with either;

& fixed magnetic arrays (which cannot move either axially - or rotationally,
except when in conjunction with the outer housing) - these afrays are 180 degrees out
of phase with the magnetic arrays within the magnetic hammer or,

® react against merallic ribs within the surtounding body - these ribs would

provide some magnetic attraction while the cut-outs in between would not.

Either type of mechanism would serve to smooth out the coggmg ctfcct that the

magnet.lc hammcr gencrates and lessen any negatlvc cffects.

Another advantage of this tool is that the drilling flirid delivery mechanism is of a
uniform and non constraining nature - which limits the pressure drop through the tool. This is

'nnportant to maximise the hydraulic fluid power available to the dn].l bit or other down hole tool

for hole cleaning etc.

In an aspect the invention is a vibrational apparatus of an assembly, capable, in use,
of ptovxdmg a vibrational output whether uphole or downhole, the apparatus oompnsmg or
mclud;ng first and sccond assemblies able to be caused to have 2 relative rotation about 2
rotational axis (“common axis”) and as a consequence to assume a vibration causing
reciprocating rectilinear movement mutually between the assemblies alorig or parallel to the
common axis able to be outputted;

wherein said fitst and second assemblies each have concentric magnetic atrays set out
from the common axis yet around the common.axis and longitudinally of the common axis;

~ and wherein it is the interactions between the magnetc arrays across the longitudinally
extending annular space between them, consequential to the relative rotation, that provides a

relative drive longitudinally of the common axis to cause said vibration causing reciprocating

rectilinear movement.

AMENDED SHEET
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Preferably each magnetic atray 1s of magnets, each of which magnet disposes or presents
a single one of its poles at least substantially radially to, or towards, the annular space.

Preferably the interactions across the longitudinally extendmg annular face 1s of individual

| .magnets of each array, cach presenting a single one of its polés.

Preferably the interactions actoss the longiradinally extending annular space between
tnagnetic arrays 1s of magnets, each having at least one pole suBStanrially radially prescnted to, or
towards, the annular space to proximally intcract across the annular space.

Preferably each magnet of one pole type ptesentmg as a single pole to proxmally interact

across the annular space is on a helical locus of such pole types of magnets in its array:
Preferably satd longltudmal.ly extending annular space includes a fluid.
Optionally the ﬂmd is a liquud.

Preferably a fluid feed ot other suitable dnve to the vibrational apparatus is able to cause
the rclatlvc rotation. |

Preferably said fluid feed is able to pass through the vibrational appazatus.

Preferably a fluid feed to a PDM, turbine or other suitable drive rotates the mnermost of

~ the first and second assemblies that is able to pass through the innermost of the first and second

assemblies, the outermost of the assemblies being splined to, or otherwise non-totatable relative
to, an outer case of a drill string of which vibrational appararus is part as such as to cause the
relative rotation about the common axis.

Preferably said first and second assemblics arc enclosed in a common chamber.

. Preferably said common chamber includes a liquid.

Optionally there is provided a magnetic drag drive to one or other of the assernbhcs that
particular assembly being in an enclosure which also includes the other assembly.

Optionally said first and second assemblies are each in a separate closed chamber and one

ot both of said chambers includes a -liquid. |
Preferably there is a flywheel including totauonal dnve 1 mput to one of thc first and

second assemblies.

Preferably the flywheel is 2 mechanical or magnetlc ﬂy\vhccl, a magnetic ﬂywheel in the

- “sense that it smoothes the cogging effect that othermse might occur.

Preferably the flywheel is between a dnve and one of the first and second assemblies.
Prefcrablv the dave is a PDM / turbmc/ mechanical or electric drive.

Preferably a liquid interposed between the assemblies assists, or will assist, in resisting

amabient downhole pressure.

Preferably the vibrational apparatus is a hammeting apparatus.

AMENDED SHEET
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Optionally the apparatus 1s used in conjunction with any one ot more of the folloiving
downhole applications |

e shifung valves
® setting plugs
* setting screens
@ sand control in screens
° l:nilﬁng
® scale removal

* cementing

¢ core sampling

* dnlling

o fishing for' stuck tools

¢ wire line applications

¢ Vibration/ oscillation to the drill string and/ or its attnched dnlil stt'mg.

In another aspect the inventon s a vibrational apparatus as previously defined When
used uphole of a downhole assembly ”

In anothr.,r aspect the invention is a vibrational apparatus, Whether uphole or
downhole, to be operable as part of a drill string, which apparatus comapriscs or includes

an eiongate casing

an outcr elongate assembly substantially coaxially disposed 'Mthm the casing and
constramed agam,st rotaton, bur not xec1procal longirudinal rectilinear movement, with respect to
the casing, the outer clongate assembly having an array of magnets coaxially of and longitudiaally
of the outer elongate assenibly, cach magnet of the array having a single pole, whether of mixed
or unmixed poles in the array, facing mwatdly,

an inner elongate assembly at loast substantially coaxially disposed within the outer
clongate asscmbly, the mner elongate assembly being adapted to duct a fluid longitudinally of at

least part of the vibragonal apparatus and providing an array of magncts coaxially of, and

longiiudinally of, the mner elongarte assembly, and at least substantially within, but spaced from,

AMENDED SHEET
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yet coaxially of the array of the outer clongate assembly, the magnets of the inner elongate
assembly each having 2 single pole, whethet of mixed or unmixed poles in the array, facing
outwardly;

wherein the inner or outer elongate aéﬁcmbly is rotatable under the action of a drive to
totate relative to the other clongate assembly thereby to cause a relafive reciprocal rectilinear
movement between the inner and ourer elongate assemblics as a result of multiple magneric
interactions.across the elongate :mnﬂar spacing between the magnetic arrays;

and wherein relative rotation of the inner and outcr clongate assemblies énd the .
consequential teciprocal rectilinear movement provides a vibrational output from the vibrational
apparatus; . |

- and whetein the drive derives an mput from said fhud to directly or indirectly cause the

relative rotation of the inner and outer elongatc assemblies vet that fluid is excluded from the said
elongate annular spacing, notwithstanding such spacing mav contain anutﬁvr’ thod.

Preferably the mvention is that apparatus when operable downbole as part of the dnll
Javiilg

Prefetably each magnet of one pole type presenﬁng as a singlc pole to proximally interact
across the annular space is on a helical locus of such pole types of magnets in its array.

Preferably the reciprocal movement is with impacts. In another aspect the invendon is a

vibtational apparatus of a downhole assembly, ot suitable for a downhole assembly,

- capable, in use, of providing a vibrational output downhole, the apparatus comprising or

includiag first and second assemblies able to be caused to have a relative rotation about a
rotational axis (“cotmmon axis”) and as a comsequence to assume a vibration causing
reciprocating rectilinear movement along ot patallel to the common axis able to be outputted;
wherein said first and second assemblies each has magnetic atrays set out from the
common axis yet atound the common axis and longitudinally of the common axis;
and wherein 1t s the interactions between the magnetic arrays across the longjtudinally

extending annular space between them, consequential to the relative rotation that provides a

relative drive longitudinally of the common axis.

Preferably a fhud feed to the vibratonal apparatus is able to cause the relative rotation.
Preferably said fhud €eed 1s able to pass through the vibrational apparatus.
Preferably there is ot can be a fluid feed to a PDM, turbine or the equivalent to rotate the

innermost of the first and second assemblies is able to pass through the innermost of the first

and second assemblies, the outermost of the assemblies beng splined to, or otherwise non-

rotatable relative to, an outer case of a drillstring of which vibrational apparatus is patt as such as

to cause the relatve rotation about the common axis.
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Optionally said ﬁ.tst and second assemblies are enclosed in a common chamber.
Preferably said common chambet includes a liquad.
Optionally there is provided a magnetic drag drive to one or other of the assemblies, that
particular assembly being in an enclosute which also includcs the other assembly.
5 Optionally said first and second assemblies are each in a separate closed chamber and at
least one and preferably both of said chambers includes 2 liquid. |

Prefer_ablf there is a flywheel including rotational drive input to onc of the first and

second assemblics.

~ Optionally the ﬂywbcel 1S 3 mechamcal or magnetic flywheel, a magnetic flywheel in the
10 scnsc that it smoothes the cogging effect that otherwise might occur.
| Opnonall} the flywheel is between a PDM and one of the first and second assemblies.

Preferably in the apparatus a liquid mte.tposed between the asscmbhes assists, or will

assist, in resisting ambient downhole pressure.

Optionally the vibrational apparatus is 2 hammering apparatus.

15 In anothex aspect the inventon is a v:bratnonal and/ox hammering apparatus of or
suitable for use downhole [eg. as part of a drill .«.tnng, etc as previously mentioned], said
appamtus comprising or including

an elongate casing assembly aligned to the downhole axis,
optionally 2 tool at the end of the casing assembly,
20  a first magnetic array carried to rotate when the casing assembly is rotatcd,
a second magnetc array carried to rotate relative to the first magnetic array so as to
provide rclative axial réciprocal movement as a consequence of the magnetic arrays interacting, -
' optionaliy the relative movement to provide impacts at an impact zone internally of the
c:ising assembly,
25 - optionally an energy recovery spring to assist ‘mov.etncnt reversal,
 a drive from a pdm or other input, the drive 0pﬁonally having one or both (1) 2 fly wheel

fcaturc and/or (i) magnets to act on other magnets or at least feromagnetic materials to smooth

out any substantial cogping affect.
In an or another aspect the invention is vibrational apparatus reliant upon relative
30  rotation between supports for interacting at least substantially concentric magnetic arzays to cause
a relative rectilinear movement able to be outputted as a vibrational output (eg. a hammering or
shaking output); there being a drive to cause such relative rotation and apparatus (e.g. it may be

~ the apparatus itself) to receive the kinetic energy of at least some of the rectilinear movement and

thus the vibrational output.

35 Optionally one or more of the following applies
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- the environment of the magnetic arrays is a fluid environment
- the fluid environment is ported to reduce drag

- “wiper” type seals seal between said fluid environment and ambient drill environment
tluid

- the drive 1s enhanced to include flywheel characteristics

- the drive can be a slaved magnetic drive to allow input from one magnetic system to
that slaved thereto, but in a different sealed environment, that slaved magnetic system io provide
a mechanical rotation of one of the magnetic arrays relative to the other.

- out of phase magnetic interactions to those of said lﬁagnen'c atrays provide [whether
magnet to magnet or magnet to ferromagnetic matenial] a smoothing out of the cogging effect.

In an or another aspect the invention is vibrational apparatus reliant upon rclative
rotation between supports for interacting at least substantially concentric magnetic arrays, one
array of each support, to cause a relative rectilinear movement able to be outputted as a
vibrational outpm-(cg.- a hammering or shaking output); thete being a drive to cause such relative
rotation and appararus (¢.g. it may be the apparatus itself) to receive the kmetic energy of at least
some of the rectilinear nbvement and thus the vibrational output.

In an or another aspect the invention is vibrational appatatus comprising or including
apparatus to receive vibration (heteafter “housing assembly” i;res[;cctivc of its form or function
as it can be a tool, a bit, anf anvil, a surround, a drill string casing based assembly, a bit housing, a -
todl housing, etc),

a more outward assembly able to reciprocate with respect to at least part of the housing
aésembly to provide vibration (by tmpact at the end of a stroke, or cach stroke, or otherwise
passing off at least some of its kinetic enetgy) mnto the housiﬂg assembly,

~ mote inward assembly within the housing assembly and mnternally of the more outward

assembly able to be driven to rotate rclative to both the more outward assembly and the housing

assembly;

wherein each of thc more outward assembly 2nd the more inward assemBly has both

“about the relative rotation axis and at least along yet outwardly of that axis, an interacting array of

magnets adapted, upon the relative rotation to interact, one array with the other, to cause
reciprocation. ' | .

Optionally onc or more of the following applies

- the environment of the magnetic arrays is 2 fluid environment

- the flud environment is ported to reduce drag

- “wiper” type seals seal between said fluid environment and ambient drill environment
fluid
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- the drive 1s enhanced to include flywheel characteristics

~ - the dtive can be a slaved magnetic drive to allow input from onc magnctic system to
that slaved thereto, but 1n a different sealed cnvironm::nt, that slaved magnetic system to provide
2 mechanical rotation of onc of the magnetic artays relative to the other.

- out of phase magnetic interactions to those of said.magneﬁc afrays provide [whether
magnet to magnet or magnet to fexromagnetic matetal] a sﬁloorhj.ng out of the cogying effect.

In an ot another aspect the invention 1s vibrati(;nal apparatus compnsing or including
apparatus to receive vibration (hereafter “housing .assem.bly” irrespective of its form or function
as it can be a dill string casing based assembly, a bit housing, a tool housing, etc),

4 stator assembly able to reciprocate with respect to ar least part of the housing
assembly to provide vibration '(by impact at the end of a stroke, or each stroke, or otherwise
passing off at least some of its kinetic energy) into the housing assembly,

a rotor assembly within the housing assembly and internally of the stator assembly able
to be driven to rotate relative 'to both the stator assembly and the housing assemnbly;

wherein each of the stato‘t assembly and the rotor assembly has over an annular zone,
both about the rotor axis and at least along yet outwardly of that rotor axis, an intcracting array of -

magnets adapted, upon relative rotation of the rotor assembly and stator assembly, to interact,

‘one array with the other, to cause the reciprocation.

In an or another aspect the invention 1s a vibrational apparatus capable of providing a
vibrational output, the spparatus comptising or including first and sccond asscmblics able to be
caused by a relative rotation about a rotational ax1s to assume a vibration causing reciprocating,
relative axial movement able to be outputted (eg. into patt of the apparatus or otherwise);

whetein said first and second assemblies each has a magnetic array set out from the
common axis yet atound the common axis and longitudinal of the common axis; o

and wherein it is the interactions between the maguetic arrays consequendal to the
telative rotation that provides 2 relative drive longitudinally of the common axis. ‘

In yet another aspect the invention 15 a vibrational apparatus capable of providing a
vibrational output, the apparatus comprising ot including first and second assemblies able' to be
caused {eg. preferably by a fluid feed (eg. to a PDM)) to have a relative rotation about a rotational
axis (“common axis”) and as a consequence to assume a vibration causing reciprocating
rectilinear movement along or parallel to the common axis able to be outputted;

wherein said first and second assemblies each has magnetic arrays set out from the
common axis yet around the common axis and long’iudinal of the common axis;

and wherem it is the interactions between the magnetic atrays consequential to the

relative rotation that provides a relative drive longitudinally of the common axis.
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In another aspect the invention is a hammering assembly or downhole hammering

apparatus having a stator, a rotor and at least 2 patt housing (ég. a housing assembly as

previously defined) for both the stator and rotor;
‘'whetein the stator is teliant on ot 1s able
1) tomove redprocaﬂj: in the housing and
(1)  to be caused to move axially of the rectprocation axis, at least i one axial

direction, to provide a hammering or shaking affect to ot on the housing [or a structurc

- dependent therefrom]:;

and wherein the rec:iprocation of the stator relative to the housing 1S consequential

“upon relative rotation of the rotor and stator relative rotation axis, each having its array both

longitudinally of the relative rotation axis and encompassing the rotational axis, and being able to
interact with the other atray to provide reciprocation upon the relative rotation.
. In another aspect the invention is vibrational apparatus reliant on 2 seator in the form
of a sleeve, sufron.ﬁ:ud or the equivalent of a rotor;
wherem the stator is able to move reciprocally and is able to be caused to move axially

of the reciprocation axis, at least in one axial ditection, to provide a hammering affect, a shaking

-affect or other vibrational outputting affect as a consequence of telative rotation of at least

substantally coaxial inwardly ditected magnetic array and outwardly ditected magnetic array
about their axes of the stator and rotos respectively.

In yet another aspect the invention is a downhole hammet ot shaker assembly rchant
for 1ts hammenng or shaking affect upon relative rotation between at least substmfiaﬂj’ coaxial

magnetic atrays, each extending as a mutually concentric array longitudinal of but set out from

~ the relattve rotational axis, there being

()  a magnedc array of the hammer, that hammer being a stator teciprocatable within

thc dull string, and |

(1) 2 magnedc array of a rotor withio the stator, to provide a longitudinal dtive of the
hammer. | -

In another aspect the invention is vibrational hppatatus of a kind able to output
vibration as a consequence of relative axial reciprocation between a stator and a rotor, . the
apparatus compmsing or including a stator splined to reciprocate within an at least partial casing
ot housing conseciuenﬁal upon relative rotation between 2 rotor and the stator on a rotational
axis at least substantially parallel to the reciprocation locus; wherein

(I)  as the stator, at least there is

(a)  a surround of the rotot,
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(b) stator magnets dﬁed directly or inducectly as part of the surround and
- arrayed both longitudinally and circumfetrcntially about the rotoz,
(II) as the rotor, at least there is
() 2 drive rotatable shafted assembly exténding through the zone of stator
magnets, the dove bemsg able to cause relative rotation between the rotor
" and stator, and |
() rotor magnets éanied as part of the shafted assembly and arrayed both
longitudinally and at least substantially circumferentially.

The invention in anothet aspect is the use of a shiclded or unsﬁielded substaptially
petipheral magnetic array of a rotatably mounted rotor to drive, axially of the rotational a#is, 2
stator having a complementary surrounding m'agnctic- array thereby to provide (with or without
stnkmg by the statot or an extension thereof) a vibrational, hammenng and/ ot sha.k!ng output

gcncrallv Or to apparatu.s relative to whlch the rotor 1S L0 rotate.

In another aspect the invention is a rotor and/or a stator and/or apparatus to
accommodate both the rotor and stamt, all ot the vibrational apparatus as herein described.

In anothet.aspect; the invention is vibtational apparatus comprising or including

an outer member ot assembly, |

an intermediate inel_nbcr or assembly able to reciprocate meernally of and relative to the

outer member or assembly and to pass kinetic energy from its shuttling moverhent(s) longitudinal

- of its stroke(s) into the outer member or assembly, and

an inner member or assembly able to rotate on a rotational agis arising from its

association with the outer member or assembly and under a drive, such rotational axis passing

‘through said intertnediate member or assembly;

wherein each of the intermediate and inner member(s) and/ot assembly (asscmblies)
(eg. as a stator and rotor respectively) has substantially concentric magnetic arxays extending
longitudinally with respect to the rotational axis; . .

and whetein relative rotation of the arrays causes the reciprocal movement of the
intermediate member or assembly relative to the inner and outer member(s) and/or assembly
(assemblies).

In the aforementioned aspects preferably the amngémé:nt 1s such that the intcrmea.iate
member or stator with a magnetic array can be reciprocated in a direction longitudinally of a -
substantally tubular interactioﬁ Zone.

Preferably the intermediate member is a stator and acts as 2 hammer by striking on an
impact zone preferably catried by the outet member or assembly or the housing. Could be vice

versa - (stator could be caused to rotate and rotor caused to shuttle).
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Preferably the impact zone is defined by a structure able to be varied in order to limit
the possible stroke in at least that i nnpacz causmg direction.

Preterably there 15 a stop plate at the other end of the stroke. Opuonally one end stop
plate provided to the upward stroke can have an mserted recoll mechanism (le. between the
stator and that end stop plate) substantially as herein described.

Preferably the inner member or assembly as the rotor or the assembly being the rotor
cartics ovet an annular zone longitudinally of the rotational axis of the rotor an array of
permanent magnets. .

Each of the two artays can be of the same polarity but staggered in such a way as to
provide 2 movement substantially as hereinafter described with reference to the drawings.

In some aspects mixed poles can be used. Whatever form or polanty arrangement
there might be within each magnetic array and/or between the magnetic arrays, preferably the
arrangement is such that there is the axial drive referred to herein (eg. by reference to the
drawings) arising simply from the relative rotation. ‘ o

A simple atrangement can be that for each array there 1s an alternating of polarity both
circumferentially of and parallel to the relative rotation axis. ‘This can provide intetsecting helical

loci of individua] N pole magnets wnterposed by like intersecting helical loci of individual S f)ole

magnets. Of course hybrid arrangements can also work as can total different artays.

As mentioned the permanent magnets utilised can be of any of the kinds disclosed in
the aforementioned patent specifications. R '
| Preferab ly the rotor o tnner mcnﬁbct magnetic array is at least surrounded by a tubular
or other encasement of a material that does not prevent interaction between the two magnetic
artays. An example is a metal tube such as of inconel or titanfum. Other examples exist
including an extensive range of non-metallic matetials as well as other alloys.

Prgfc;ably the vibrational appatatus is one havmg at least one of two fhud systcmé
adapte&

(1) a system to keep captive a contauned llqmd (even though it may be required tb '
move)e.g. slosh around and | |

(11) a system to allow a flow through hquid (eg. PDM driving liquid and/or drilling mud). |

Preferably the totor ot intier member ur assembly is shafted and there is a passageway
through the shaft axis whereby fluid can be passed through the rotor assémbly (eg. in the case of
a downhole tool from a PDM that might rotate the shaft divectly or indirectly) and from there
down to and out of, a bit or tool carried by a tubular casing which is the outer member or part-of
the housing assembly.

There are or can be two independent fluid systems of the present invention.
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There 1s a flwd path of one fluid system provided through the centre of the rotor eg. of

an externally supplied fluid (eg. drling mud as might be used to power a PDM that flows down

to the dnll bit or tool to displace the cuttings while in operation, etc).
The second flud system provides a fhud disﬁlac cment path for a captive or contamed

liquid (eg; a light o1l or aqueous composition). This contained liquid is displaced around and

* between the magnetic arrays by the actvity of the magnetic arrays (eg. relative shuttling and

rotattional movement).

The captive liquid may simply lubrit:afe between the relatively rotating magnetic arfays, L
ot between a covet of one atray and the other array, or between a cover of each array.

Provision can be provided for a displacement pathway to keep the captive liquid from
locking the relative axial movements. .

Persons skilled in the art will appreciate how an environment loaded with a liquid rather
thzm g'aseous' content enables less challenge to any sealing that may be wanted for the mechanism.
The magnetic interaction is outwardly and inwardly through a longitudinally extending annular
zone protected by non-magnenc shielding. Any presence c.;f such hquad 10 that zone is not
significantly deleterious to the shuttling action. Provided there is sufficient poxﬁng to allow a
sufficient stroke and an effecave transfer of kinetic energy, any suitable flowpaths etc can be
utihsed. Moreovet provision can be made té cnsure éha.t there is some labrication between the
outer magnetic array and the shielded magnetic array of the rotor both to redﬁce the pressute
dufferenual or provide any of the advantages hereinafter described.

Optionally one or more of the following applies

- the environment of the magneric an:ra?s 15 a thud environment

- the fluid environment is ported to reduce drag

- “wiper” type seals seal between said fluid environment and ambient drill environtent
fuid

- the duve 1s enhanced to include flywheel charactetistics

- the drive can be a slaved magnetc dnve to allow input from one magmnetic system to
that slaved thereto, but in a different sealed environment, that slaved magnetic system to provide
2 mechanical rotation of one of the magnetic arrays relative to the other.

- out of phase magnetic interactions to those of said magnetic arrays provide [Whethér
magnet to magnet or magnet to ferromagnetic matenal] a smoothing out of thé cogeing effect.

A device of the present invention can be positioned either above.- or below the
rotational power source.

A device of the present invention can be used (but is not limited to) in conjunction

with the following down hole applications;
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shifting valves

setting plugs

seiﬁng screens

sand control in screens

miling

scale removal

cementing

core sampling

dnlling

fishing for stuck tools

wire line applications

vibration/oscillation to the drill string and/or tools connected to the drill string,

A device of the present invention can be such that the péwer source has a dual
rotational output thereby enabling the vibrational device to be located above the rotational power
source and some other tool (¢.g. a drill bit / milkng tool etc)to be located below the power
source. . B

As used herein the terms “magnetic atray” ot “arrays of magnets” (or vatiations of
those terms) tnclude any permanent magnetic material acrayed as at least substantially discrete
magnets ot as a line (metrged or otherwise) of magnets obligue to the rotor/stator common’ aﬁs.

The matenals can be selected from pen:rnanenf mngnéts (particularly Rare Earth type
magneﬁ of high magnetic density, eg. Neodymium magnets, such as those of NdFeB, can be
stable to 190°C and Samarium Cobalt magnetic (FmCo) which can be used up to 400°C).

chex forms of magﬁct can be utilised including those magnets that may be developed
in the future.

| Many other array dispositions of same pole, different pole ot mixed po[c can be used
for one or other, or.both, the stator and the rotor.

As used hcrean the term “(s)” following a noun means one or both of the singular or
plural forms.

As used herein the term “and/or” means “and” or “or”. In some circumstances it can
raean both. |

This invention may also be said broadly to consist in the parts, elements and features

referred to or mndicated in the specification of the application, individually or collectively, and any

ot all combinations of any two or more of said parts, elements or features, and where specific
integers are mentioned hetein which have known equivalents in the art to which this invention

relates, such known equivalents are deemed to be incorporated herein as if individually set forth.
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A preferred form of the present invention will now be described with reference to the

" accompany drawings m which

Figure 1 shows by reference to a downhole hammering apparatus, one example of use

only, 1n section through the longitudinal common axis of relative rotation of (a) the rotor and (b)

the housing assetnbly/ tool housing splined stator, a shaft of the rotor can be caused to rotate
relative to the stator and housing thereby to provide a relativity of rotation between the arrays of
magnets able to interact, and as a conséqucnce, cause the relative axial movement,

Figure 1A shows a flow path over greater detail of région ‘B’ of Figure \1,

Figures 2A to 2B respectively show,

as if arrayed about and set down into a cylinder (and without shickling over the
magnets) how it is op ﬁona]]y oblique rows of discrete magnets that can be atranged, if wanted, in
opﬁonal sets on the rotor, and | "

| 4 sectioned half oniy of what is shown in Figure 2A backgrounded by a view inside of

the sectioned shuttle, showmng optimal disposition of discrete magnets of the shuttle (optionally
In any complementary or effective arrangement), | |

Figures 3A to 3E show (as an 'exp‘ianation 1n two dimansions..as opposed to three
dimensions) how a cartied magneﬁc arraj during rotation interacts with the other carried

magnetic array thereby, when notonally flattencd down to two dimensions as shown, it assumes

. a substantially sinusoidal movement of one array relative to the other,

Figure 4A to 4E in a manncr, simtlar to that of Figures 3A to 3E, shows how thc arrays
can be modified in order to affect performance as herein after desctibed, and

Figure 5 shows (as two patts) a preferred assembly embodying features of the present
invention. '

In Figures 2A to 4E a simple depiction is given for the diffetent polanities. For mstance

the singly cross-hatched magnets can be considered as S poles and the doubly cross-hatched

magnets as N poles, or vice versa.

A preferted form of the present invention is shown in Figures 1 and 5 where there is a
housing component or casing of a tubular kind 1 {eg. drill string type) adapted to carry the ‘
aligned tool housing member 2 which in turn optionally can carry a tool 3. The tool shown as 3
15 a bit that can be fitted in any known manner. '

Catried by the outer body or housing 1 and ‘splined relative thereto 1s a stator body 4.
This body 4 catries stator magnets 5 of the outer arzay. -

"This shuttle as a stator (ie. not intended to rotate relative to the outer member 1) can
reciprocate left and right with respect to Figute 1 thereby to impact on end stop member 6 with

the impact face 7 of the stator shuttle 4. In the other direction, preferably there is no impact on,
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for example, the upper enid stop 8. In this respect preferably there is a recoil arrestor 9 such as
disclosed in out PCT / NZ2011/000084.

It will be appreciated that the present invention does not need to utilise this recoil
arrestor in order to be operational as such the irnpad of thc shuttle will be directly onto an end
stop that can be provided in place of the recoil arzestor. In further embodmments 1t will be
appreciated ghat the impact shock providéd by the shuttle can be either just up-hole or just
downhole. | |
| As can -be seen, 2 PDM (not shown) can power the upper end region (ditectly ot
indirectly) of the shafted rotor 10 thereby to allow fluid to enter at 11 and ta pass down via the
portion 12 through the bit and out of the bit at 13,

Provision can be made for the rotot to be largely formed of a singlc material. The rotor
includes the iner magnetic a'rmys shown as 14. -

Preferably a tubular member of, for example, 2 magnetic field permeable material (eg. |
inconel or othér) 16 1s provided to ensure the integrity of the spinning magnetic array of the
rotot. | .

- As can be seen however there can be multiple ports to allow fluid to flow through
between the stator and the outer body. In this tespect see the flowpath shown in Figure 1A as
17. |

In the drawings consider the polarities as different according to the cross hatching of

the magnets in each of the arrays. Consider a magnetic flux transparent cover of cach, one to
rotate with the inner assembly and one to rotate with the outer assembiy. Coﬁsider a chainbet
(c.g. annular chambcr) or a film (annular film) of a bquid (e.g. oil) between the covers and with
any pooled iquid at each end region being able to be moved (sloshed) [for example via a
pathway] so as not to lock up the reciprocation prior to a vibrational output.

Also consider shrouding of the outer array on its outside (e.g. with a magnetic field
containment material e.g. ferrous) and likewise anywhere also to prevent magnetic flux pathways.

There 1s expected to be a substantial part reduction (eg. for instance in the desceibed
embodiment up to 80% reduction) required to assemble the present invention over those
hammers of our earlicr patent specifications with an expected two part sub assembly making for
sunple put togethet and break down.. With less parts, the present invention will be cheaper to

manufacture and assemble with a subsequent increase in reliability due to the decreased part

numbers and sub asscrﬁblies.

‘Owing to the hammer section of the pr.ésent invention having the ability to be flooded

with a captive fluid such that equalized pressure is achieved with the downhole environment at

- which a preferred embodiment of the present invention will operate at, it is expected that there is

AMENDED SHEET
[PEA/AU

PCT/NZ2011/000123
Recetved 29/11/2011

— T p—




10

15

20

25

35

CA 02803288 2012-12-19

PCT/NZ2011/000123

* Received 29/11/2011
-20 -

potentially no limit to the pressure the hammer can operate at. In practice, 1t 1s envisaged that the
Limiting factor at which the hammer can operate at, will be detemuned by the matenal from

- which the hammet is constructed.

Options for the interacting magnetic atrays include:

- the interacting magnetic arrays are disposed concentrically (such as for example with
inner and outer substantially cylindrical arrays) to interact over the radial separation,
of | '

- the"intetacting magnetic atrays ate disposed on the same circle (but axially spaced)
to initeract ovet the axial separaton, ‘

- the interacting magnetic arrays need not be rotated through 360 degrecs to achieve a

shutiling effect, 2 partial rotation is also envisaged to achieve the shuttling required,

- ‘the same shuttling could be achieved by an:angmg the mtexactmg magnetm arrays In

various combmatnons ot patterns.

For such an inner and outer army interaction, the fréqucncy' and amplitude of the
shuttling may be altered by any one or mote of the following [whether m combmnation or not (eg.
of the hammer with its magnenc array relative to the othet magnetic array)}:

- 1f magnetic arrays are unchanged, mote input power to increase difference in relative
totation reduces aﬁaplimde of axial relative movetnent in favour of an increase of
frequency of the movements, and/or ‘

- if magnetic arrays increase in power, there can be an increase in afnplitudc of axial
relatnve movement at the same frequency of mpvement, and/ot

- 1f wanting to extend axial duration of each magnpetic interaction (eg. by some
‘grouping‘ of same polarity 1nagnéts over axnlly extending zom;s)', this can be done
by increasing the amplitude of relative axial movement.

By way of cxample Figure 3A to 3E show for both the inner and outer arm.ys regulanity
in set of the poles, the double cross hatchmg bemg, say, N and the single cross hatching being,

- §ay, o.

By way of example Figures 4A to 4E, using the same datker N/ lighter S depiction,
shows pairings of NN and SS on both arrays in the axial direction.

Asa consequence of the magnct arrays being arranged radially within the hammer section

~ of the present invention, the hammer is more mechanically robust and the effective diameter of

the hammer is significandy reduced. This has lead to a2 number of advantages ovet out previous

" hammers including:

- a smallcr hammer with the equivalent power output through an increase in power

density pet linear meter for any fixed cross section, and
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- the tolerance from manufacturing has been sighiﬁcandy reduced.

The apparatus can be utilized as a vibratoty device (e.g. not necessaﬁiy as 2 hammer on a
tool).

The apparatus can -provide vibrations for a continuous coil type downhole or other
apphcation. | .

Additional uscs of the present invention include:- -

- Freeing equipment stuck doﬁrn]';ole,

- Drling,

- Vibration/oscillation to the dridl string or tools connected to the drill string,

- Seismic 1mpact generation, | |

- Minimizing friction in downhole “extended reach” applications,

- Vibraung dovwnhole cementng applicatidns -

- Gravel packing well screens due to the urnuque flow through design.

When used with ot in a dril_l string and/ot a continuous coil the vibrational device czg.n be
placed anywhetc in the drill string coil — with the option of multiple units being provided.

It will be appreciated that in manufacturing the pfesent invéntion, the magnets. can be set
mnto a cushioning material, such as a gel, within a hole drilled out in the shuttle an‘d,casing bodies,
thus preventing collision of the magnets and to allow for subsequent replacements of magncts

due to breakage.

The ptesent invention can be tuned for frequency by etthet or a COtﬁBinadon of the end
spaces, and/oz by altcﬁng the mud deli_very from the surface pumps.
Figure 5 shows a variation.of the apparatus whetc a casing assembly 17 (zone 18-being in
common top part of Figure 5 to bottom part of Figure 3). | '

In this a.rrangcmcnt there is an energy recovety spring 19 above interacting magnetic
arrays 20 and 21, each intcta_cting.ag desctibed pteviously for the other embodiments.

Preferably the outer magnetic array is an assembly 22 keyed to the casing assembly yet
able to oscillate (eg. about 16mm) to provide an affect at the impact zone 23,

The tool 24 can be any tool preferably fed by drilling mud via the central conduit 25.
Such drilling mud up the drill stting can already have been used to powér a pdm.

The magnetic array interactions ate in a low drag liquid to better cnable sealing. Fluid

‘ports 26 can allow that liquid to slosh sufficicatly so as to preveat lock-up.

Other fluids (eg. low viscosity pressure compensating fiquid or fluid 27) can be used.
Bearings and/ or springs (used to isolate the bearings from impact ot shock) shown as 29 and

28 respectively can be in a lubricating oil filled envitonment 30 bounded by pressure

compensating pisténs 31.
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The apparatus bri&ﬂy desctibed above can be used in a aumber of different applications -
and specifically the following down holc tools - but those skilled in the art will apprediate that the
following examples 1s not an exhaustive list.

5 In a first application, the axially reciprocating magnetic array may impact against the tool

~ body - thereby transmitting a high energy shock to drill bit. This typé of impact has been shown

- to be beneficial when drilling 1 rock fortnations, where the ihlpact 1s of sufficient force to cause
the rock to fail. |

The drill bit used in this type of application may be a fixed body "hammer" type bit or

10 ‘preferably a hybrid drill bit NZ patent application 588092/ 582004 (1556 1/ 344883).
. This tool would be preferably placed at the lower end of the dnll strng - although there
| :ﬁe situations where it can be used at the start of a drill string (as a top hammet applying impact
to the dxill bit -via a length of drill string). Alternatively it could be used without a bit within the
drill stnng and used as a shock tool (dulling jar) to assist with removing stuck pipe'or casing.
15 This tool may be used in conjunction with the previously meationed ﬂy wheel.

Another example of how this magnetic apparatus can be used is in accordance with our
wite line retnievable core sampling };ammer system (see PCT/NZ2011/000056) wheteby the .
hammer can be of a magnetic natute. The drill bit used in this type of application may be a fixed
body diamond core bit or preferably a hybtid drill bit (see NZ588092/589004 as previoﬁsly

20 referred to). | '

. This tool is preferably used at the lower end of a drill stnng |

This tool may be used in conjunction with the previously mentioned fly wheel.

In yet another example of how this magnetic apparatus can be used is one similar to the
previously mentioned hammering device for penetrating rock - however in this example there are

25  two mechanical inputs. ' | ’ .

Two drill rods (one within ‘the other) are rotated (prefergbly) independently of each other
from a 5urfac,c mounted drive apparatus. The mner rod 1s used to rotate the rotationally driven
magnetic array - causing the second axially moving magnetic array to hammer against the tool
body and drill bit, the second axially oscillating magnetic array is synchronously rotated with the

350 outer dnll rod. The outer drill rod rotation also controls the force apphied to the dull bit and is .
used to control the rotational speed of the bit, required to allow the drill bit to rotate and
hammer fresh rock. | |
| The drill bit used in this type of application. may be a fixed body r"luaﬁmer" type bit ot
preferably a hybrid drill bit (see N2588092/ 589004 as previously fcfcued to), or any type of

35  compatible bit such as a toller cone bit.
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This tool is preferably used at the lower énd of a diill string.
This tool may be used in conjunction with the previously mentioned fly wheel.

N.B all of the previously menttoned examples of this device have some ot all of the

following attributes;
1. Preferably used with a low viscosity fluid to minimise high pxcssﬁ:c diffcrential
sealing issues. |
2. - Can use any magnetic array that will induce an axial reciprocating motion, when -
"excited" by a rotating magnetic array - indeed any shaped magnets can be used.
3. Thetemn magnets - preferably refets to any magnets usmg the so callcd rare earth

10.

11.

components, but could also be super conductots.

They may use a comphant mechanism(s) (e.g. spting) to minimise undesirable
shock and to reusc kinetic cnetgy which may otherwisc be lost.

~ All may / may not have the above described .“ﬁuid paths” - that allow the axially

moving magn.etic arrays to oscillate through the fluid film with minimal losses of force.

All may /may not use pressure compensating pistons o

All magnets held within both the fotating group of magnets and the axially
reciptocating magnetic arrays are preferably "housed" within materials of high electrical
resistivity (e.g. Inconel, Monel, titanium, austenitic stainless steel, carbine fibre etc)

A suitable rotary mput (e.g. PDM, drilling turbine - or an clectrical, pneumatlc

hydtauhc or othcet) is ptovided to rotate the rotationally acuvated magunetic array.
All preferably have at least one of the magnetic attays synchronously rotated with
the dridl string. ' | | -
All preferably require a splined connection (or similar) th ar. synchronously
connects the axially reciprocating magnetic array to the outcr body (and by extension to
the dull string) and allows the zeciprocating action to occur under the inﬂuéﬁce from the
rotational magnetic array.

All of the above devices may be used with 2 mechanical -or magnpetic fly wheel.
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Claims:

1. A vibrational apparatus, whether uphole or downhole, to be operable as part of

a drill string, which apparatus comprises or includes

an elongate casing

an outer elongate assembly substantially coaxially disposed within the casing
and constrained against rotation, but not reciprocal longitudinal rectilinear movement,

with respect to the casing, the outer elongate assembly having an array of magnets

coaxially of and longitudinally of the outer elongate assembly, each magnet of the
array having a single pole, whether of mixed or unmixed poles in the array, facing
inwardly,

an inner elongate assembly at least substantially coaxially disposed within the
outer elongate assembly, the inner elongate assembly being adapted to duct a fluid
longitudinally of at least part of the vibrational apparatus and providing an array of
magnets coaxially of, and longitudinally of, the inner elongate assembly, and at least
substantially within, but spaced from, yet coaxially, of the array of the outer elongate
assembly, the magnets of the inner clongate assembly each having a single pole,
whether of mixed or unmixed poles in the array, facing outwardly;

wherein the inner or outer elongate assembly 1s rotatable under the action of a
drive to rotate relative to the other elongate assembly thereby to cause a relative
reciprocal rectilinear movement between the inner and outer elongate assemblies as a
result of multiple magnetic interactions across the elongate and longitudinally
extending annular spacing between the magnetic arrays;

and wherein relative rotation of the inner and outer elongate assemblies and
the consequential reciprocal rectilinear movement provides a vibrational output from
the vibrational apparatus;

and wherein the drive derives an input from said fluid to directly or indirectly
cause the relative rotation of the inner and outer elongate assemblies yet that tluid 1s
excluded from the said elongate annular spacing, notwithstanding such spacing may

contain another fluid.
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2. Vibrational apparatus of claim 1 when operable downhole as part of the drill
string.
3. A vibrational apparatus as claimed in claim 1 or claim 2 wherein each magnet

of one pole type presenting as a single pole to proximally interact across the annular

space is on a helical locus of such pole types of magnets 1n its array.

1. A vibrational apparatus of claim 1 wherein the reciprocal movement is with
impacts.
. The vibrational apparatus as claimed in claim 1 wherein said fluid is able to

pass through the vibrational apparatus.

6. The vibrational apparatus as claimed in claim 5 1n combination with a drill
string, wherein a fluid feed to a PDM, turbine or other suitable drive rotates the inner
elongate assembly, the outer elongate assembly being splined to, or otherwise non-
rotatable relative to, an outer case of the drill string such as to cause the relative

rotation.

7. The vibrational apparatus as claimed in any one of claims 1 to 6 wherein said

inner and outer elongate assemblies are enclosed 1n a common chamber.

8. The vibrational apparatus as claimed in claim 7 wherein satd common

chamber includes a liguid.

9 The vibrational apparatus of claim 1 having a flywheel including rotational

drive input to one of the inner and outer elongate assemblies.

10.  The vibrational apparatus of claim 9 wherein the flywheel is a mechanical or

magnetic flywheel, a magnetic flywheel in the sense that 1t smoothes the cogging

effect that otherwise might occur.

CA 2803288 2017-08-02
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11.  The vibrational apparatus of claim 10 wherein the flywheel is between the

drive and one of the inner and outer elongate assembilies.

12.  The vibrational apparatus of claim 11 where the drive 1s a

PDM/turbine/mechanical or electric drive.

13.  The vibrational apparatus of claim 1 wherein a liquid interposed between the

assemblies assists, or will assist, in resisting ambient downhole pressure.

14.  The vibrational apparatus of claim 1 which 1s a hammering apparatus.

15.  The vibrational apparatus of claim 1 which 1s used in conjunction with any

one or more of the following downhole applications

¢ shifting valves

. setting plugs

‘ setting screens sand control in screens
. milling

. scale removal

¢ cementing

. core sampling

. drilling

. fishing for stuck tools

- wire line applications

¢ Vibration/oscillation to the drill string and/or its attached drill string.

CA 2803288 2017-08-02
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