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RADIAL VIBRATIONAL APPARATUS

‘I'he preseat invention relates to a vibtational and/or hammering apparatus suitable for
use downhole in 2 ddll string. -

Examples of use for such apparatus include, but are not limited to, apparatus for use
downhole eg. as hammets, as shakess, continuous fd)ing drilling, freeing drill strings that are
stuck, etc. Use downhole can be anywhere ia the string.

. The present invention recognises an adwx{tagc to be derived for dolling 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 partt thereof
synchronised to the drill string, o . ‘

The present invention envisages the positioniog of two magnetic ar.mys in any number of
configurations, using a wide vartety of magnet shapes, to provide the desired effect wheteby,
under the rorationa) inpur of the first array, the second atr;ly is caused to reciprocate axially
within the (genenally tubulat) tool housing.-

In shallow bote holes, whete there is very Jow bore hole pressure, it can be
advantageous to have the axtally moviag array contained within 2n atmospheric chamber. In very
deep bore holes, where the bore hole pressute is significant (in fact this may be many thousands
of PSI) the use of conventional dynamic seals uscd to prevent the ingress of drlling fluid (which
contains sand, rock particles, erc) into the wol and the cohscquent stalling of the axially moving
array is a significant challenge.

In our PCT/NZ2005/000329 (published as WO2006/065155) we disclose the usc of 2
shuttle carrying, at each end, magnetic arrays, each to interact out of phase with a dedicated
complemeﬁtary ma.ghetic array as the shuttle is rotated, thereby causing the vibration to be
genenzted axially relative to the shuttling of the shuttle with respect no the complementary arrays.

In our PCT/NZ2008/000217 (published as WO2009/028964) we disclose the use of
such endwise interactions of magnetic arrays in hammering apparatus of a great variety of types.

The full content of the aforementioned spedifications are hereby included by way of
refetence, '

The present invention has as one of several, oz several alternative objects, the provision
of an assembly capable of providing a shuttling outcome responsive to a telative rotational drive
reliant upon interactions of magnets arrayed about or substantially peripherally 2s pirt ofa
shafted asscmbly, ie. as if a rotor, with surrounding magncts arrayed (eg. as part of a surround

structure), ie. as if a stator.
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The present invention eavisages mixed pole magnetic atrays cach to interact with the
other as inwardly directed and outwatdly directed arrays of at least substantially concé:n(:ic moze
outvl;azd and mote inward assemblics respectively able to be munually rotated (e as if a stator
and a rotor) in a manner whete movements substantially as heecinafter described can be achieved.

It is a further or alternative object to provide apparatus of that kind where there can be
liquid content or liquid intrusion into some or at least some of the space between the magnetic
arrays of inwardly directed 20d outwardly directed arrays of at least substantially concentric mote

outward and mare inward assemblies respectively ablc to be mutvally totated {eg. one which can

. be consideted the stator and the other can be considered the rotoz, or vice versa).

Itis a fusther or alternative object to provide an assembly having a tube of 2 magnetc
field permeable material (eg. inconel, titanium) about axial cxtct;ding arrays of magnets about a
totor intended to co-act with a field of eacitcling mapnets outside of the tube and not rotating
with the rotoz (te. of a stator).

It is a further or alternative object to tely on axial dislocatidn, caused by relative rotation
of inwardly ditected and outwardly directed arrays of at least substantially concentric more
outward and more inward assemblics respectively sble to be mutually rotated, to gencrate a
vibrational output. ’

It is a further or altemative object to rely on axial dislocation, caused by relative rotation
of inwardly directed and outwardly directed arrays of at least substantially concentric more
outward and tnore inward assemblies respectively able to be murually rotated, to gencrate a
vibrational output despite a liquid being interposed berween the arrays. :

Tt is a futthet or altemative object to rely on axial dislbca!iqn., caused by telative rotation
of inwardly directed and outwardly directed arrays of at least substantially concentric more |
outward and more inward assemblies respectively able to be mutually zotated, to generatea -

' vibrational output despite a matesial of high clectrical resistivity (e.g. inconel, titanium, plastics,

carbon fibre composite, ar the like) being interposed or being interposed as 2 cover or support of
one or other or both arrays. ' )

* The present invention has as a further ot altemative object the provision of apparatus
able to provide a vibrational oﬁtput which can achieve the outputs with fewer parts than those
disclosed in the aforeméationed patent specifications. ‘ .

Tt s a further or alternative object to provide two interacting magnetic arrays of a drive
receiving and 2 vibrational output device whete inwatdly directed and outwardly directed arrays
of at [east substantially concentric more outward and more inward assemblics respectively are

ablc to be mutually rotated.
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It is 2 further or alternative object to p’rovidc two interacting magnetic arrays of a dtive
teceiving and a vibrational output device where inwardly divected and out\vard.!y directed arsays
of at least subs tantially concenmc mere outward and more inward assemblies respectively able to
mutually rotate the polarity of one or both acrays alternates (or otherwise staggers ot varies) both
circumferentially and pnmﬂel. to theu: relative rotational axis. .

It is 2 further or alternative object of the present invention to provxde at Jeast partially
ﬂmd filled vibrational apparatus able to operate downhole or elsewhere with a reduced pressure
differential between the ambient use environment and at least same zone(s) internally of the
apparatus. Such a reduced differential, for example of a downhole hammer, obviates the necd
for high pressure sealing of a moving surface. : _

It is a futther or altemative object of the present invention to provide a vibrational
appasatus able to be operated dowshole or elsewhete which has a facility whereby it can be
readily tuned for frequency in a variety of diffetent ways.

It is a further and alternative object of the present invention to provide s vibratianal
appatatus or hammeting appatatus or shaker apparatus that can opetate effectively with reduced
manufacturing tolerances. | ‘

It is a further or altemnative object of the present invention to provide vibtational
apparatus or hammering apparatus or shaker apparatus having 2 stator and rotor able to be
caused to move reciprocally one with respect to the other, the drive in at least one direction being
as a result of at least substantially concentric interacting magnetic arrays catried 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 mete means, such 2s, by way of ecxample only, 2 choice of 2 member
to provide for a strke at the end of one stroke or to provide 2 boundary for a fluid squeeze at the
end of one stroke. ‘

It is a further ot altemnative object of the present invention to provide vibtational
apparatus able © be operared downhole where there is a flowpath through a magnetic artay
carrying rotor for a fluid that can pass to 2 more downhole zone (e.g, ont of or to a downhole
tool). Itis another object optionally to have such fluid after having powered a PDM which
rotates the rotor relative o a stator fwhich caerivs an array of interacting magnoets] to czuse
shuttling as a consequence of the relative rotation, feed further downhole.

It is a further or alternative object to provide a separate flow through Bquid or fluid (c.g.
drilling mud) and to have 2 captive liquid (e.g. an oil) in 2 vibrational apparatus to resist (eg.

downhole) external pressure.
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Ttis a further or aitemaﬁvc object of the present invention to provide a vibtational
apparatus where '

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

it is the action of the stator directly or indigectly on at least one itnpact zone of the
housing, bit l.lousing, tool, tool housing or the like that generates the vibration. For example the
apparatus can be a downhole shaker or part of 2 cénﬁnuous tubing drilling system.

Itis a fucther or alternative object to rely on a rotot cartied magnetic atray to stator
carried magnetic atray interactions, Over an annular interaction zone of axial extent of the overlap
of the proximate integacting arrays, to move the stator relative to the rotor in axial directions.

It is still 2 further o alternative oi:vicct to use such interactions as herein described
and/or to ptovide internal and/or extetnal arrays, rotors, stators and/or ancillary apparatus as
herein described.

In many downhole tools used in high bore hole pressute environments, any atmospheric
chamber is where possible avoided for the pressute differential sealing challenges outlined above,
Howevet other such tools with dynamic (moving components) axe cithes;

| 1. Subjected to full bore hole pressure by the drilling fluid (mud) and are designed to
survive in this viscous - abrasive environment (e, mud lubricated bearings - or mud deven fuid
hammers) l

2. Oruse aclean fluid such as wates (or similar) confined in a cavity.

Itis a further ot alternative object to have both a fluid filled cavity, with dypamically
moving components - in a cleas and sealed environment.

It is a further or alternative object to minimisc fluid drag actoss the body of the moving
components (axially oscillating magnetic array). To addsess this abject it is desizable to;

1)  have the magnetic array designed and assembled in 2 streamlined manner (eg.

radial alighment)

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 performance of the 100l - or at worst hydraulically stall the axially oscillating magnetic
array.

Tt is a further or altemative object to provide (one or several) pressure compensating

’ pistons.
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In practise, while every effort is made to fill the magnetic array cavity 100% with clean

fluid (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 AL

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 bote hole pressure, the compensating
piston will force clean fluid into the cavities replacing the depleted air t"olume with the clean
fluid. : - '

* We thetefore propose that 2 low viscosity (substantially) non compressible fluid is used
to fill the intesnal cavities of the tool, the tesult being that while the said fivid will dectease the
perfarmance of the tool to some extent, it will all but eliminate thé high pressure differcntial
sealing challenges, and require only copventional “wiper” type seals to prevent the drilling fluid
from entering the tool

In othes less desirable methods of dealing with this issuc ate too;

- pre charge the atmosphetic chamber at surface with a pressurised gas to partially (or
totally) match the andcipated bore hole pressure,

- ot utilise a slaved magnet drive as desctibed in out PCT/NZ2011/000057.

Tt is'a further or alternative object to address the stop/statt reaction heteinafter
described.

. A development of 2 tool to this objective focuses on the input dtive - between the PDM
(ox other rotational input - such s a mechanical connection from the sutface} and the inagnetic
hammer. One of the unigue characteristics of the magnetic hammer is that it genetates a cogging
reaction within the drive mechanism- that is - theze is a tagnetically induced torque reaction
when the rotationally activated magnetic atray is t@med "away" from the rotationally constrained
magnetic array. At this point. the torque requirement can be significant. However after 2 few -
degrees of rotational movement, the rotationally driven array then aceclerates towards the next
(opposite pole) on the rotationally constrained array.

"This action generates a stop / start type reacton in the input drive (PDM - Mechanical
connecton etc) which can be unhelpful for the following xeasons;

1. Ttwomentatily stalls the rotary input, thereby negarively affecting the impact
action - thereby not allowing the haml;ac: to advance through the formation to its maximum
potential ‘

* It ay cause fatigue damage to the input drive.
“3.  Itmay cause an unwanted torsional resonance within the drive mechanism (more
fikely if driven mechsnically from the surface).

We thezzfore propose that eithet,
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1. A longitudinal mechanical flywhecl would be housed between the input drive
(PDM etc) and the magnetic hammer, ora ' _
2. magnetic flywheel housed between the input drive (PDM etc) and the magnetic

. hammer.

Either device would preferably (but not necessatily) be used in conjunction with the
magnetic hammer. Either device would preferably be housed within 2 cylindrical housing.

The mechanical flywheel, would preferably incorporate a rotating mass within said body,
preferably with an uniatetrupted fluid path (for drlling mud etc) (preferably) thtough the
fiywheel, to allow uninterrupted flow to the hammer and bit. o

The magnetic ﬂywheel could have a rotating longitudinal member with magnets
attached (etnbedded) with altemating poles, these magnets when rotated react with either;

- e fixed magnetic arrays (which cannot move either axially - or rotationally,
except when in conjunction with the outer housingj - these arrays are 180 degrees out
of phase with the magncﬁc arrays within the magnetic hamumer or,

®  react againsr mefallic ribs within the sdnounding body - thesc ribs would

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

Either type of mechanism would sexve to smooth out the cogging cffect that the
magnetic haramer generates and lessen any negative effects,

Another advantage of this tool is that the drilling fluid delivery mechanism is of 2
uniform znd non constraining nature - which Limits the pressure drop through the tool. This is
.impomnt to maximise the hydraulic fluid power availeble to the drill bit or other down hole tool
for hole cleaning ctc. | .

In an aspect the invention is a vibrational apparatus of an assembly, capable, in use,’

.of providing a vibrational out.put whether uphole or downhole, the apparatus comprising or

including first and second assemblies able to be caused to have 2 relative rotaion abour a
rotational axis (“common axis”) and as 2 consequence to assume a vibration causing
reciprocating rectilinear movement mumally between the assemblies aloxig or parallel to the
common axis able to be 6utputted;

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

and wherein it is the interactions between the magnetic 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.
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Preferably each mapnetic array is of magnets, each of which magnet disposes or presents
a single one of its poles at least substantially radially to, or towasds, the annular space.

Preferably the interactions across the longitudinally extending annular face is of individual
magnets of each array, cach preseatiog a single one of its poles, '

Preferably the interactions across the longitudinally extending annular space between
magnetic arrays is of magncts, cach having at least ode pole substantially radially ptesented to, ox
towards, the annular space to proximally interact across the annular space.

Preferably each magnéa of one pole type presenting as a single pole to proximally interact
across the annulas space is on a helical focus of such pole types of magnets in its array,

Preferably said longitudinally extending annular space includes a fluid.

Optionally the fluid is a liquid.

Preferably a fluid feed or other suitable drive to the vibrational apparatus is able to cause
the relative rotation.

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

Preferably a fluid feed to 2 PDM, tutbine or other saitable diive.rotates the innermost 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, ot otherwisc non-rotatable 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 assemblies arc enclosed in a common chamber.

Preferably said common chamber includes a hiquid. .

Optionally thete is provided 2 magnetic drag drive to one or éthcr of the assemblies, that
particular assembly being in an enclosure which also includes the othez assembly. _

Optionally said first and second assemblies are each in a separate closed chamber and one
oz both of said chambers includes a hquid. - )

Preferably thete is a flywheel including rotational drive input to one of the first and
second assemblies. _

P:efexably the flywheel is a mechanical or magnetic flywheel, 2 magnetic flywheel in the
sense that it smoothes the cogging effect thar otherwise might occur. ' :

Preferably the flywheel is between a drive and one of the first and second assemblies.

?refcxably the dave is a PDM/ turbine/meclianical or electric drive.

Preferably a liquid interposed between the assemblies assists, or will assist, in resisting
arabient downhole pressure.

Preferably the vibrational apparatus is a hbammering apparatus,
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Optionally the appatatus is used in conjunction with any one ot more of the following
downhole applications '

o shifting valves
® setting plugs
Te set;u'ng screens
» sand control in screens
] s;.cale temoval
K cementiog
® core sampling
 dilling
¢ fishing for stuck tools
¢ wite line applications
. Vibmﬁon/oscﬂ];ﬁon to the duill string md(or its attached dnll string,

In another aspect the invention is a vibrational apparatus as previously defincd when
nsed uphole of a downhole assembly.

In another aspect the invention is a vii:tational apparatus, whctile.r uphole or
downhole, to be operable as part of a drill string, which apparatus corprises or includes

an clongate casing
an outer clongate assembly substantizlly coaxially disposed within the casing and

constramed agisist rotation, bur not reciprocal longitudinal receilinear movement, with tespect to

the casing, the outer clongare asseinbly having an array of magpets coaxially of and longitudinally
of the outer elongate assembly, cacl magact 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 coaxally disposed within the outer
clongat;: assembly, the inner elongate assembly being adapted to duct a fluid longirudinally of at
least pazt of the vibragonal apparatus and providing an array of magnets coaxially of, and

longimdinally of, the inner elongare agsembly, and ar least substantially within, but spaced from,
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yer coaxially of the atray of the outer clongate assembly, the maguers of the inner elongare
assembly cach having 2 single pale, whethet of mixed or untixed poles in the artay, facing
outwardly;

whetein the inner or outer elongate assembly is rotatable under the action of a drive 0
totate telative to the othet clongate assembly thereby to cause a relative reciprocal rectilinear
movement between the inner and outer elongate assemblics as a result of multiple magnetic
interactions across the elongate annular spacing between the magoetic arrays;

and wherein relative rotation of the innet and outer clongate assemblies and the
consequential reciprocal rectilinear movement provides a vibrational output from the vibrational
appatatus; ‘ ‘
and whetein the drive derives an input from said fluid to dircedy or indirectly cause the
relative sotation of the inner and outer elongatc assemblies vet that fluid is excluded from the said
elongate annular spacing, notwithstanding such spacing may contain another fluid.

Preferably the invention is that apparatus when opemble downhole as part of the dril)
strinng, .

Prefetably each magnet of one pole type presenting as a singlc pole to proximally interact

‘across the annulat space is on a helical locus of such pole types of magnets in its array.

Preferably the reciprocal movetnent is with impacts. In another aspect the invention is a

_ vibratiopal apparatus of a downhole assembly, or suitable for a downhole assembly,

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

including first and second assemblies zble to be caused to have a telative rotation about a

J.

rotational axis (“common axis”) and as a consequence to assume 2 vibgation causing
teciprocating rectilinear movement along or patallel 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 longitudinally of the common axis;

and wherein it is the interactions between the magnetic attays scross the longitudinally
extending annular space between thetn, consequential to the relative rotaton that provides z
relative drive longitudinally of the common axis.

Preferably a fluid feed to the vibrational apparatus is able to cause the relative rotation,

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

Preferably thete is ot can be a fluid feed to a PDM, turbine of the equivalent to rotare the
innermost of the first and second assemblies is able to pass through the innermost of the fitst
and second assemblies, the outermost of the assemblies being splined to, or otherwise non-
rotatable relative to, an outer case of a drillstring of which vibmational apparcatus is patt as such as

to cause the telative totation about the common axis.
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bpﬁomﬂy said first and second asscmblies ate enclosed in a common chamber.

Preferably said common chambe includes  liquid. '

Optionally there is provided a magnetic drag drive to one or other of the ‘hsscmb]ics{ that
particular assembly being in an enclosure which also inchides the other assembly.

Optionally said first and second assemblies are each in a separate closed chamber and at
least onic and preferably both of said chaabers includes a liquid. '

Preferably there is a flywheel including rotational drive input to onc of the first and
second assemblics. ' - ' ‘

Optionally the flywheel is 2 mechanical oz magnetic flywheel, a magnetic flywheel in the
sense that it smoothes the cogging effect that otheswise might occur.

Optionally the fiywheel is between a PDM and one of the first and second assemblies.

Preferably in the apparatus a liquid interposed between the assemblies assists, or will
assist, in tesisting ambieat downhole pressure.

Optionally the vibrational apfmt;us is a hammeting apparatns.

In 2nother aspect the invention is a vibrational and/ox hammering apparatus of or
suitable for use downhole {eg. a5 patt of a drill string, etc as previously mcnﬁoncdj, said
apparatus comprising or including .

an clongate casing assembly aligned to the downhole axis,

optionally a tool at the end of the casing assembly,

a first mag;l,eric array catried to rotate when the casing assembly is rotated,

a second magnetic array carried to rotate relative to the first magnetic artay so as to
provide rclative axial reciprocal movement as a consequence of the magnetic artays interacting,

' optionally the relative movement to provide impacﬁs.at an impact zone internally of the
casing assemnbly, ‘

optionally an energy recovery spting to assist movement reversal,

. a drive from 2 pdm or other input, the drive uptionalty having one or both () a fly wheel
featurc and/or (i) magnets to act on othet magnets or at least fe&omagneﬁc materials to smooth
out any substantial Acogging affect.

In an or another aspect the invention is vibtational apparatus reliant upon relative
rotation between suppotts for interacting at least substantially concentric magnetic arrays to cause
a relative rectilinear movement zble to be outputted as 2 vibzau'&nal output {eg. a hammezing or
shaking ourput); thete being a drive to cause such relative rotadon 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 outl;ut'

Optonally one or more of the following applies
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- the environment of the magnetic asrays is 2 fluid envitonment
- the fluid environment is ported to reduce drag _
- “wiper” type seals seal between said fluid envitonient and ambient drill environment
fluid ~ '

- the drive s enhanced to include flywheel characteristics

~ the drive can be a slaved magnetic drive to allow i mput from one maguctic system to
tbat slaved thereto, but in a diffezent sealed environment, that slaved magnetic system to provide
4 mechanical rotation of one of the magnetic arrays relative to the other.

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

In an or another aspect the invention is vibrational appatatus reliant upon rclative .
rotation between supports for interacting at least substantially concentric magneéic artays, one
artay of each support, to cause a rclative rectilinear movement able to be outpuited as a
vibrational output (eg- 2 hammering or shaking output); there being a drive to cause such relative
totation and apparatus (e.g. it tmay be the dpparatus itself) to receive the kinetic energy of at least
some of the rectilinear movement and thus the vibrational output. ’

Ttt an or another aspect the invention is vibrational apparatus comprising or including .
apparatus to receive vibration (heteafier “housing assembly” irrespective of its form or function
as it can be 2 too), a bit, an anvil, 2 surround, a duill sreing ésing based assembly, a bit housing, a
tool housing, etc),

2 more outward assembly able to reciprocate with respect to at least pair of the housing

assembly to provide vibration (by impact at the end of a stroke, or each stroke, or otherwise

‘passing off at léast sotne of its kinetic enezgy) into the housing assembly,

mote inward assémbly within the housing assembly and internally of the more outward
assembly able to be driven to rotate relative to both the mote ovtward assetnbly and the housing
assembly; ‘

. wherein each of the more outward assembly and the more inward assembly has both
about the relative rotation axis and at least along yetoutwardly of that axis, an intetacting array of
magnets adapted, upon the refative rotation to interact, one acray with the other, to cause
Teciprocation.

Ophona!ly one or more of the following applies

- the environment of the magnetic artays is 2 fluid environment -

- the fluid 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 is enhanced to include flywheel charactetistics ‘

- the drive can be a slaved magnetic dtive to allow input from q-nc magnetic system to
that slaved thezeto, but in 2 different sealed environment, that slaved magnetic systém to provide
a mechanical rotation of onc of the magnetic atrays relative to the other. ‘

- out of phase magnetic interactions to those of said magnetic areaps provide [whether
magnet to magnet or magnet to fertomagnetic material} 2 smooﬂzing out of the cogging effect.
In 2n ot ancther aspect the invention is vibrational appasatus compx:iéing or including

apparatus to receive vibration (hereafter “housing assembly” itrespective of its form or function

. as it can be a dull steing casing based assembly, a bit housing, a tool housing, etc),

1 stator assembly able to reciprocate with respect to ar least part of the housing
assembly to provide vibtation (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,

2 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 assembly;

- wherein each of the stator assembly ‘and the rotor assembly has over an annular zone,
both zbout the rotor axis and at least along yet outwardly of that rotor axis, an interacting axray of
tagnets adapted, upon relative rotation of the rotor assembly and stator assembly, to interact,
one artay with the other, to cause the reciprocation. .

In an or another aspect the invention is a vibrational apparatus capsable of praviding a
vibrational output, the zpparatus comprising or including first and sccond assemblies ‘able o be
caused by 2 relative rotation 2bout a rotational axis to-assume a vibration causing reciprocating
relative axial movement able to be outputted (cg. into part of the apparatus or otherwise);

whetein said first and second assemblies each has a magnetic array set out from the

‘common axis yet around the common axis and longitudinal of the common axis;

and whesein it is the interactions between the maguetic arvays consequential to the
selative rotation that provides 2 relative drive longitudinally of the common axis.

In yei another aspect the inveation is a vibrational apparatus capable of providing a
vibrational output, the appatatus comprising ot including first and second assemblies able to be
caused [eg. preferably by a fluid feed (eg. .to 2 PDM))] to have 2 zelative rotation about a rotational
axis (“common axis”) and as a consequence to assume a vibration causing reciprocating
rectilinear movement along or parallel to the commeon axis able to be outputted;

whetein said first and second assemblies each has magnetic arrays set out from the
common 2xis yet ayound the common axis and longtudinal of the common axis;

and wherein it is the interactions between the magnetic arrays consequential to the
relative rotation that provides a relative drive Jongitudinally of the common axis.
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In another aspect the invention is a hammering assembly or dovﬁ\hplc hammering

-apparatus having a stator, a rotor and at least a part housing (ég. a housing assembly as

previously defined) for both the stator and rotor;
wherein the stetor is zeliant on ot is able
@)  to move reciprocally in the housing 20d
i) to be caused to move axially of the reciprocation axis, at least in one axial
direction, to provide a hammering ot shaking affect to or on the housing or a stmcture -
dependent ti:ete&om]; . .
'and wherein the reciprocation of the stator selative to the housing is consequential

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

" longitudinally of the relative rotation axis and encompassing the rotational axis, and being able to

meeract with the other azray to provide reciprocarion upon the telative rotation.

In another aspect the invention is vibrational appétatus reliant on a safos in the form
ofa Slecvc, surround or the equivalent of a sotor;

wherein 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 direction, to provide a hammering affect, a shaking
affect or other vibrational ountputting affect as 2 consequence of relative rotation of at least
substantially coaxial inwardly ditected magnetic array and outwardly ditected magnetic array
about their axes of the stator and rotor tespectively.

In yet another aspect the invention is a downhole hammer or shaker assembly rchiant -

for its hammering or shaking affect upon relative rotation between at least substantially coaxial

magnetfé atrays, each extending as a mutually concenttic arzay longitudinal of but sct out from
tlhc relative rotational axis, there being

()  amagnetic array of the hammer, that hammer being a stator reciprocatable within
the dzill string, and ‘

() ~ a magnerc array of a rotor within the stator, to provide a Jongitudinal drive of the
hammer. ‘ )

In another aspect the invention is vibrational apparatus of a kind able to output
vibration as a consequence of relative axial rgcipxdmtidn between 2 stator and 2 rotot, the
apparatus comprising ot including a stator splined to teciprocate within an at least partial casing
ot bousing consequential upon telative rotation berween a rotor aad the stator on a rotational |
axis at least substantially parallel to the reciprocation locus; whesein

(I) as the stator, at least thete is

(0  asurround of the rotor,
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()  stator magnets carricd directly or inditectly as part of the surround and
- atrayed both longitudiaally and circumfetentially about the rotor,
(I1)  as the rotot, at least there is

(D  adrive rotatable shafted assembly exbendmg through the zone of statot
magnets, the diive being able to cause relative rotatioz; between the rotox
and stator, and )

() rotor magnets cartied as pz.;.'t of the shafted nseﬁbly and asrayed both
longitudinally and at least substantially circomfereatially.

The inveation in another aspect is the use of a shielded or unshielded substantially
peripheral maénetic arzay of 2 rotatably mounted rofot to drive, axially of the rotational axis, a
stator having a complementary surrounding magnetic arzay thereby to provide (with or without
striking by the stator or an extension thereof) a vibrational, hammering and/or shaking output
genetally of to apparatus relative to which the roror is 10 rotate.

In another aspect thie invention is a totot and,/or a stator and/or 2pparatus to
accommodate both the rotor and stator, al) of the vibrational apparatus as herein described.

In another aspect the invention is vibtational apparatus comprising or inchiding

an outet membes ot assembly,

an intermediate member ar assembly able to reciprocate internally of and relative to the
outer member or assembly and to pass kinetic energy from its shuttling movement(s) longitudinal
of its stroke(s) into the outer member or assembly, an;i '

an inner member or assembly able to rotate on 2 rotational axis arising from its
association with the outer member or assembly and under a deive, such zota;ional axis passing
through said intermediate member or assembly;

whetein each of the intermediate and inner membex(s) and/or aésembly (assemblies)
{eg: as a stator and rotor xespectively) has substantially conceatric magpetic arrays extending
longitudinally with respect to the zomﬁond axis;

and wherein relative rotation of the arrays causes the reciprocal movement of the
intermeédiate member or assembly. telative to the inner aﬁd outer member(s) and/or assembly
(assemblies). '

In the aforementioned aspects prefetably the arrangement is such that the intexmediate
member or stator with a magnetic atray can be reciprocated in 2 direction longitudinally of a
substantially tubular interaction zone.

Preferably the intermediate member is a stator and acts s 2 hammer by suiking on 2n
itmpact zone prefesably cattied 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 i impact zone is defined by a structure able 1o be vmed in order to limit
the possible stroke in at least that i impact causmg direction.

- Preferably there is a stop plate at the other end of the stroke. Optionally one end stop
plate provided to the upward stroke can have ag inserted recoil mechanism (ie. between the
stator and that end stop plate) substantially as herein described.

) Preferably the inner member or assembly as the rotor or the assembly bem,g the rotor
carties over an annular zone longitudinally of the rotational axis of the rotor an aray of
pexmanent magnets. .

" Each of the two artays can be of the same polatity but staggered ia such a way as to
provide 2 movemeat substantially 4s hereinafter described with reference to the drawings.

In some aspccts mixed poles can be nsed.  Whatevet form or polarity arrangement
there might be within each magnetic artay and/or between the magnetic arrays, preferably the
artangement is such that there is the axial dsive refered to herein (ep. by reference to the
drawings) arising simply from the relative rotation.

A simple atrangement can be that for each array thete is an alta:natmg of polarity both
circumfesentially of and patallel to the relative rotation axis. This can provide intetsecting helical
loci of individual N pole magnets intetposed by like intetsecting helical loci of individual S j)ole
magnets. Of @me hybzid arrangements can also work as can total diffetent arxays.

As mentioned the permanent magnets utilised can be of :'my of the kinds disclosed in
the aforementioned patent specifications.

" Prefetably the totor ox inner mémber magnetic array is at least suerounded by 2 tubular
or other encasement of 2 material that does not prevent interaction between the two maénel;ic
artays. An example is 2 metal tube such as of inconel or titanium. Other examples exist
including an extensive range of non-metallic matesials as well as other alloys.

Preferably the vibrational appatatus is one having at least one of two fluid systems
adapted ' ‘

() a system to keep captive a conrained liquid (even though it may be required to .

move)e.g. slosh around and

(i) 2 system to allow a flow through liquid (eg. PDM driving liquid and/or dtﬂ]m,g mud). .

Preferably the rotor or m;tumember ar assembly is shafred and there is a passageway
through the shaft axs whereby fluid can be passed through the totor assembly (eg; in the case of
a downhole tool from ;1 PDM that might rotate the shafe directly or indirectly) and from there
down 10 and out of, 2 bit ot tool carried by a tubular casing which is the outer member ot part of
the housing assembly.

Thete ate or can be two indepeadeat fluid systetns of the present invention.
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“Thete is a fluid path of one fluid system provided through the centre of the rotor eg. of
an externally supplied fuid (eg. drilling mud as might be used to power a PDM that flows down
to the dxill bit or tool to displace the cuttings while in operation, etc).

The second fluid system provides a fluid diséiaccmcnt path for a captive oz contained
liquid (cg: a light oil or aqueous composition). This contained liquid is displaced around and

- between the maguetic acvays by the activity of the magnetic amays (eg. relative shutding and

totational movement). .
" The captive liquid may simply lubricate between the relatively rotating magnetic atrays,
ot between a cover of one atray and the other atray, or between 2 cover of each array.
Provision can be provided for a displavement 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
than gaseous 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 shiielding. Any presence of such liquid i that zone is not -
significantly deletenious to the shuttling action, Provided there is sufficient porting to allow a
sufficient stroke and an effective transfer of kinetic energy, any suitable flowpaths etc can be '
utilised. Moteover provision can be made t<; casute that thete is some lubrication between the
outer magnctic array and the shielded magnetic array of the rotor both to reduce the pressute
differential ox provide any of the advantages hereinafter described. :

Optionally one or more of the following applies

- the environment of the magnetic atrays is 2 fluid environment

- the fluid environment is ported to reduce drag

- “wiper” type seals seal between said fluid environmeat and ambient dsill envitontment
fluid , ' ‘

- the drive is enhanced to include flywheel characteristics

- the dtive can be a slaved magnetic drive to allow input from one magaetic system to
that slaved theteto, but in a different sealed envitonment, 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 [whether
tnagnet to magnet or magnet to ferromagnetic matedal] 2 smoothing out of the cogging effect.

A device of the present invention can be positioned either above - ot below the
rotational powet 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

settihg screens

sand control in screens

milling

scale removal

cementing

core sampling

drilling

ishing for stuck tools

wire ine applications :

vibration/oscillation to the dxill string and /o tools connected to the drill string.

A device of the present invention can be such that the power source has 2 dual
rotational output thereby enabling the vibxational device to be located above the rotational power
soutce and some othcx; tool (e.g. a dill bit / milling tool &c)to be located below the power
source. ' . .

" As used herein the terms “magnetic atray” or “arrays of magnets” (or vatiations of
those tetms) include any petmanent magnctic material acrayed as at least substantially discrete
magnets Ot as a line (merged or otherwise) of magneis oblique to the rotor/stator common axis.

The matetials can be selected from permanent magacts (particulasly Rare Earth type
magnets of high magnetic density,'eg. Neodymium ﬁmgnets, such as those of NdFeB, can be
stable to 190°C and Samarium Cobalt magnetic (FmCo) which can be used up to 400°C).

Other forms of magnet can be utilised including those magnets that may be developed

. in the future,

Many other array dispositions of same pole, different pole of mixed pole can be used
for one or other, or both, the stator aund the rotor. ‘

As used hereig the term “(s)” following a noun means one or both of the singular or
phura] fotms.

As used herein the term “and/or” means “and” ot “ot”. In some circumstances it can
mean both, . :

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

referred 1o ot indicated in the speciﬁ;:n.ﬁon of the application, individually or collectively, and any
ot all combinations of any two or more of said p;\tts, elements or featutes, and whete specific
integers are mentioned herein which have known equivalents in the art to which this invention
relates, such known equival&xts are deemed to be incorporated herein as if individually set forth.



10

15

20

25

30

35

. -18-

A preferred form of the present invention will now be described with reference to the
accompany drawings in which '

Figure 1 shows by reference to a downhole llammming apparatus, one example of nse
only, in section through the longitudinal common axis of relative rotation of {a) the rotor and (b)
the housiag assembly/tool housing splined stator, a shaft of the rotor can be caused to rotate
rclative to the stator and housing thereby to provide a relativity of rotation between the arrays of
magnets able to interact, and as a conseciucﬁce, cause the relative axial movement,

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

Figures 2A 10 2B respectively show, '

as if arrayed about and set down into a cylinder (and without shiekling over the A
magnets) how it is optionally oblique rows of discrete magnets that can be atranged, if wanted, in
optional sets on the rotor, and

4 sectioned half only of what is shown in Figure 24 backgrounded by a view inside of
the sectioned shuttle, showing optimal disposition of disctete magnets of the shuttle (optionally
in any.complementary or effective arrangement),

Figiues'SA to 3E show (as an explanation in two dimensions.as opposed to three
dimensions) how a carried magneﬁc array during rotation interacts with the other carried

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

. a substaniially sinusoidal movement of one atray relative to the other,

Figure 4A to 4E ia 2 manace, similar to that of Figures 34 o 3K, shows how the artays
can be modiﬁcd'in order to affect performance as herein after described, and

Figure 5 shows (as two parts) a prefesred assembly embodying features of the present
nvention. . .
In Fignres 2A to 4E a simple ciepiction is given for the different polatities. For instance
the singly cross-hatched magnets can be consideted as S poles and the doubly cross-hatched
magneés as N poles, or vice versa.

A preferzed form of the present invention is shown in Figures 1 and 5 where thereis a
housing component ot casing of a tubular kind 1 (eg. drill string type) adapted to carry the
aligned too] housing member 2 which in turn optionally can carry a tool 3. The tool showu as 3
is a bit that can be fitted in anj known mannper. _

Cartied by the outer body or housing 1 and splined relative thereto is a stator body 4.
This body 4 carries stator magnets 5 of the outer artay, .

This shuttle as a stator (ie. not intended to sotate relative to the outer member 1) can
reciprocate left and right with respect to Figute 1 thereby to itnpact on end stop member 6 with
the imPaEt face 7 of the stator shuttle 4, In the othes direction, pref;:rably there is no Impact on,
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for example, the upper end stop 8. In this respect preferably there is a recoil artestor 9 such as
disclosed in out PCY/NZ2011/000084.

1t will be appreciated that the present nvention does not need to utilise this recoil
arrestor in ordet to be operational as such the impact of the shﬁttle will be directly onto zn end
;:op that can be provided in place of the recoll artestor. In further embodiments it will be
appreciated that the impact shock provided by the shuttle. can be either just up-hole or just
downhole. : o

As canbe seen, 2 PDM (not shown) can power the upper end region (directly ot
indirectly) of the shafted rotor 10 thereby to allow fluid to enter at 11 and to pass down via the
portion 12 through the bit and out of the bitat 13. °

Provision' can be made for the rotot to be largely formed of a single material. The rotor
i;ndudcs the inner magnetic arrays shown as 14,

Preferably a tubular member of, for example, 2 magnetic field permeable material (eg.
inconel or othex) 16 is provided to ensure the integtity of the spinning magnetic array of the
rotor, 4 o
As can be seen however there can be multiple ports to sliow fluid 1o flow through
between the stator and the outes body. In this respect see the flowpath shown in Figure 14 as
17, | .

In the drawings consider the polarities as different according to the cross hatching of
the tnagnets in each of the arrays. Consider 2 magnetic flux trmspareﬁt covet of cach, one to
rotate with the inner assembly and one to rotate with the outer assembly. Consider a chamber
(c.g- angular chambes) of 2 film (annular film) of 2 liquid (eg. oil) between the covets and with
any pooled liquid at each end region being able to be moved (sloshed) [for example via a
pathway] so as not ¢ Jock up the reciprocation prior to a vibrational output.

* Also consider shrouding of the outer atray on its outside (e.g. with a magpetic field
contaioment matesial e.g. ferrous) and likewise anywhere also to prevent magnetic fluse pathways.

There is expected to be a substantial part reduction (eg. for instance in the descrbed
embodiment up to 80% reduction) required to assemble the present invention over those
hammers of our eatlitt patent specifications with an expected two part sub assembly making for
sitaple put together and break down. With less patts, the present invention will be cheaper to
manufacrure and assemble with 2 subscquen‘t increase in zeliability due to the decreased part
aumbers and sub assemblies.

Owing to the hammer section of the present invention having the ability to be flooded
with a captivie fluid such that equalized pressure is ackieved with the downhole cvironment 2t
which a preferred embodiment of the present invention will operate at, it is expected that there is
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potentially no limit to the pressure the bammer can operate at. In practice, it is envisaged that the
limiting factor at which the hammer can opetate at, will be determined by the material from
which the hammer is constructed.

Options for the interacting magnetic atrays include:

- theinteracting magnetic artays are disposed concentrically (such as for example with
inner and outer substantially cylindtical arrays) to interact over the tadial separation,
or

- - the intetacting magnetic atrays ar.e disposed on the same circle (but axially spaced)
to inrerace over the axial separation,

- the interacting magnetic arrays necd not be rotared through 360 degrees to achieve a

- shuling effect, a partial rotation is also envisaged to achieve the shuttling required,

- the same shuttling could be achicved by arranging the interacting magnetic arrays in
vatious combinations ot pattetns.

For such an inner and outer ariay interaction, the frequency and amplitude of the
sh;lttling may be alteted by any one or mote of the following [whether in combination or not (eg.
of the hammer with its magnetic array relative to the other magnetic array)):

- if magnetic atrays ate unchanged, mote input power to increase difference in relative

rotation reduces amplitude of axial relative movement in favour of an increase of .
frequency of the movements, and/or _

- if magnetic arrays increase io power, theze can be an increase in amplitude of axial
relztive movement at the same frequency of movement, and/or

- if wanting to extend axial duration of cach magnetic interaction (cg. by some
grouping of same polazity rmgnets over axially extending éones), this can be done
by increasing the amplitude of relative axial movement.

By way of cxample Figare 3A to 3E show for both the inner and outer arrays regularity
in set of the poles, the double cross hatching being, say, N and the single cross hatching being,
say, S. ]

By way of example Figures 4A to 4E, using the same dacker N/lightex § depiction,
shows paitings of NN and SS on both axrays in the axial dizection.

As a consequence of the magnct atrays being atranged radially within the harnimer section
of the present invention, the hammer is more mechanically robust and the effective diameter of
the hammer is significantly teduced. This has lead to a nutnber of advantages over out previous
hammers including: .

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

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

The apparatus can be utilized as a vibratoty device (e.g- not necessarily as a hammer on =

tool).
The appatatus can provide vibrations for 2 continuous coil type downhole of other
application. '
Additional uscs of the present invention include:-
- Freeing equipment stuck downhole,
- Driling,

- Vibration/oscillation to the drill siting or tools connected to the dnll string,
. = Seismic impact gcncranon,

- Minitnizing friction in downhole “extended reach” applications,

- Vibraring downhole cementing applications

- Gravel packing well screens due to the unique flow tb.rough design.

. When used with ot in a dsill string and/or a continuous coil the vibrational device can be
placed anywhete in the dsill string coil — with the option of muldple units beiag provided.

It will be appreciated that in manufacturing the present invention, the magnets can be set
into a cu#hirming muterial, such as a gel, within a hole drilled out in the shuttle and casiag bodjes,
thus preventing collision of the magners and to allow for subsequent replacements of magnets
due to breakage. '

The present invention can be tuned for frequency by either or a combination of the end
spaces, and/or by altering the mud delivery from the surface pumps.

Figure 5 shows a variation of the apparatus whete a casing assembly 17 (zone 18 being in
common top past of Figure 5 to bottom pm‘of Figure 5).

In this a;:xangc.mcnt there is an energy tecovery spring 19 above interacting magnetic
aerays 20 and 21, each interacting as described previously for the other embodiments.

Preferably the outer magnetic array ix 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 diilling mud up the ddll string can already"havc been used to power 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 lo&-ué. '

Other fraids (eg. low &miq pressure compensating liquid or fuid 27) can be nsed.
Bearings and/ or sptings (used to isolate the bearings from impact ot shock) shown as 29 and
28 respectively can be in a lubricating ol filled envitonment 30 bounded by pressute

compensating pistons 31.
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The apparatus bneﬂy desctibed above can be used in a nuraber of different applications -
and specifically the fo]]owmg down holc tools - but those skilled in the art will apprcaatc that the

. following examples is not an exhaustive list. -

In a fisst application, the axially recrprocaung magnetic aray may impact against the too)
body - thereby transmitting a high energy shock to drill bit. This type of itapact has been shown
to be bencficial when drlling in rock formatians, where the impact is of sufficient force to cause
the tock to fail.

The drill bit used in this type of application may be a fixed body "hammer" type bit or
preferably a hybrid drill bit NZ patent application 588092/569004 (US61/344883).

This tool would be preferably placed at the lower end of the drill string - although there
are situations where it can be used at the start of a dill si:.ing (as a top hammet applying impact
to the duill bit -via 2 length of drill string). Alternatively it could be used without a bit within the
drill string 2nd used as a shock tool (drilling jar) to assist with removing stuck pipe or casing.
‘This tool aay be used in conjunction with the previously mentioned fly wheel.

~ Another example of how this magaetic appatatus can be used is in accordance with our
wite line reuievable core sampling hammer system (see PCT/NZ2011/000056) wheteby the
hammer can be of a magnetic nature. The drill bit used in this type of application may be a fizxed
body diamond core bit or preferably a hybrid drill bit (see NZ588092/589004 as pteviou.sly
referred to). . . '

This tool is preferably used at the lower end of 2 drdll string.

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

In yet a.not.her example of how this magnetic apparatus can be used is one similar to the
ptevmusly mentioned hammering de'mce fot penetrating rock - however in this example there are
two mechanical inputs,

;I'WO drill zods (one within the other) afe rotated (preferably) independently of each other:
from a surface mounted drive apparatus. The innex rod is used to rotate the rotationally deiven
magnetic atray - causing the second axially moving magnetic array to hammer against the tool
body and del bit, the second axially oscillating magnetic aray is spachronously rotated with the
outer drill rod. The outer dill rod totation also controls the fotce applied to the delf bit and is
used to control the rotational speed of the bit, teqmred to allow the drill bit to rotate and -
bammer fresh rock.

‘The drill bit. used in this type of application may be a fixed body "hammer" type bit or
preferably a hybrid dzill bit (see NZ588092/589004 as previously zcfexred to), or any type of

comp:itiblc bit such as a roller cone bit.
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This tool is preferably used at the lower end of a drill striag.
This tool may be used in conjunction with the previously meationed fly wheel.
N.B all of the previously mentioned examples of this device have some or all of the

following atttibutes;

1.

10.

11

Prefetably used with 2 low viscosity fluid to minimise high pressurc differentiat
scé]ing issues.

Can use any magnetic atray that will induce an axial reciprocating motion, when
“excited"” by a rotating magnetic array -.indeed any shaped magnets can be used.

The tettn magnets - preferably refers to any magnets using the so called rare earth
components, but could also be super conductors.

They may use a co.tnpliabt mechanism(s) (e.g. spn'ng)‘to minimise undesirable
shock and to reusc kinetic ehetgy which may otherwise be lost.

All may / may not have the above descibed “fluid paths™ - that aliow the axially
moving magnetic arrays to oscillate through the fluid film with minicnal losses of foxce.

All rﬁny /may not use pressure compensating pistons '

All magnets held within both the rotating group of magnets and the axially ‘
teciptocating magnetic arrays are preferably "housed” within materials of high electeical
resistivity {e.g. Incohc], Monel, titanium, austenitic stainless steel, cathine fibre etc)

A suitable rotary input {e.g. PDM, drilling turbine - or an electrical, pneumatic,

hydsanlic or other) is ptovided to rotate the rotationally activated magnetic array.

All preferably have at least one of the magnetic attays synchronously rotated with
the drill stxing,

Al preferably require a splined connection (or similar) that synchronously
connects the axially reciprocating magnetic array to the oi.ttc: body (and by extension to
the drill string) and allows the reciprocating action to occur undee the inflnence from the
rotational magnetic array.

~ All of the above devices may be used with a mechanical -or magnetic fly wheel
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Claims:
1. Avibrational apparatus of an assembly, capable, in nse, of providing a vibrational
output whether uphole or downhole, the apparatus comprising or including first and second
assemblies able to be caused to have a relative rotation about a rotational axis (“common axis™)
and as a consequence to assume a vibration causing reciprocating rectilinear movement mutually
between the assemblies along or parallel to the common asds able to be outputted;

whetein said first and second assemblies each have concentric magnetic arrays set out
from the common axis yet around the common axis and longitudinally of the common axis; .

and whezein the first and second assernblies have in common between them, over at
least most of their relative rectinear movement of the overlapped magnetic arrays, a longir..udinally
extending space about the mignetic array of the innermost assexnbly and inwardly of the
magnetic array of the outer most assembly,

and wherein it is the interactions between the magnetic atrays actoss the longitudinally
extending annular space between them, consequential to the zelative rotation, that provides 2
relative drive longitudinally of the common axis to cause said vibration causing recipracating
rectilinear movement ‘ '
2 A vibrational apparatus of claim 1 wherein each magpetic array is of magnt;ts,' cach of
which magnet disposes ot presents a single one of its poles at least substantially radially to, or
towards, the annular space.
3 A vibration.al apparatus of claim 1 or 2 whezein the intetactions across the longitudinally
extending annular face is of individaal magnets of each atray, cach preseating a single onc of its
poles. ' 4 ’
4. A vibrational apparatus of claim 1 wherein the interactions across the longirudinally -
extending annular space berween magnetic attays is of magnets, each having at least one pole
substantially radially prescated to, ot towards, the annular space to proximally interact across the
annular space, _ . o
5. A vibradonal apparatus of claim 2 wherein each magnet of one pole type presenting as 2
single pole to proximally interact across the annular space is on a helical Iocu; of such pole types
of magnets in its array. ‘
6. A vibrational apparatus of claim 1 wherein said longitudinally extending znnular space
includes a fluid. :
7. A vibrational apparatus of claim 6 wherein the fluid is a liquid.
8. A vibradonal appatatus Aof_ claim 1 wherein a fluid fecd or other suitable drive to the

vibrational apparatus is 2ble to cause the relative rotation.
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9. A vibrational apparatus as claimed in claim 1 wherein said fluid feed is able to pass
through the vibrational a{;patams. )
10. A vibrational apparatus as chimed in claim 8 or 9 wherein a fluid feed to a PDM, tutbine
ot other suitable drive rotates the ingermost of the fiest and second assemblies that is able to pass
thrdugh the innetmost of the first and secand assemblies, the putetmost of the assemblies being
splined to, ot otherwise non-rotatable relative to, an outer case of 2 drill string of which
vibsational appatatus is part as such as to cause the relative sotation about the common axis,
1. A vibrational apparatus as claimed in eny one of claims 1 to SAV;’herein said first and
second assetublics ar¢ enclosed in 2 common chamber.
12 A vibrational apparatus as claimed in daim 11 wherein said common chambet includes 2
hquid.
13. A vibrational apparatus as claimed claim 11 or 12 wherein thete is provided 2 magnetic
arag drive to one or other of the assemblies, that particular assembly being in an enclosure which
also includes the other assembly.
14. A vibrational apparatus as claimed in any onc of claimns 1 to 5 wherein said first and
second assemblics ate cach in a separate closed chamber and one ot both of said chambers ‘
includes a liquid. '
15. A vibtational apparatus of claim 1 having a flywheel including rotationat drive ;npm to .
one of the first and second assemblies..
16. 'A vibrational appatatus of claim 15 whetein the flywheel is a mechanical or magnetic
fiywheel, a magnetic flywheel in the sense that it smoothes the cogging effect that otherwise
might occur . ) .
17 A vibrational apparatus of claim 16 wherein the flywheel is between a dsfve and one of
the first and second assemblies. ‘
18 A vibrational apparatus of claim 17 whete the drive is a PDM/tutbine/mechanical or
electtic drive, , ' '
19. A vibrational apparatus of claim 1 wheteis 4 liquid interposed between the assemblies
agsists, or will assist, in resisting ambient downhole pressure. A
20. A vibrational apparatus of claim 1 which is a hammering appatatus.
21. A vibrational apparacus of claim 1 which is used in conjuniction with any one or more of
the following downhale applications

 shifting valves

 serting plugs

e serting screens
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¢ sand control in screens

e milling |

» scale removsl

® cementing

* cote sampling

+ drlling

¢ fishing for stuck tools;

* wire line applications

. Vibmtioﬁ/oscillaﬁon to the dill string and/ot its attached deill string,

22, Avibrational appatatus of claim1 when used uphole of a downhole asserﬁ_bly.
23, Avibrational apparau.is, whcthet uphole or downhole, to be opetable ag part of 2
drill string, which apparatus comprises or includes

a0 elongate casing

an outer elongate assembly substantially coaxially disposed within the casing and
constrained against roration, but not reciprocal longitudinal recrilinear movement, with respect to
the casing, the outer clongate assen-.lbly having an array of magnets coaxially of and longitudinally
of the outer elongate assembly, each magnet of the array having & single pole, whethet of mixed
or unmixed poles in the astay, facing inwardly,

an inner elongate assembly ar least substantially coaxially disposed within the outer clongate
assembly, the inner elongate assembly being adapted to duct 2 fluid longitudinally of at least parct
of the vibrational apparatus and providing an array of magnets coaxially of, and longitudinally of,
the inner clongate assembly, and at least substantially within, bur spaced from, yet coaxially, of
the ateay of the outer elongate assctﬁbly, the magnets of the inner elongate assembly each having
a single pole, whethet of mixed or unimixed poles in the atray, facing outwatdly;

wherein the inper or ourer elongate assembly is roratable under the action of a drive to
rotate relative ro the other clongate asécmbly- thereby o cause a relative reciprocal reciilinear
movement between the inner and outer elongate assemblies as 2 result of multiple magnetic

interactions across the clongate and longirudinally cxtending annular spacing between the

magnetic areays;
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and whetein relative rotation of the inner and outer clongate assemblies and the

. conscquentisl reciprocal reciilinear movement provides a vibrational output from the vibrationa

apparatus;
and wherein the deive derives an input from said fluid to ditectly or indirectly cause the

telative rotation of the inner and outer clongate assemblies yet that fluid is excluded from the said
elongate annular spacing, notwithsranding such spacing may contain another fluid.

24.  Vibrational apparatus of claim 23 when operable dowahole as part of the drill string.

25. A vibradonal apparatos claim 23 or 24 wherein cach magnet of one pole type preseating
as 2 single pole to proximally intetact across the annular space is on a helical locus of such pole
types of magnets in its atray.

26.. A vibrational apparatus of claim 23 whezein the teciprocal movement is with impacts.



