-1- VI BRATI ONAL APPARATUS The present invention relates to vibrational
apparatus. The present invention relates to vibrational apparatus capabl e of
providing a 5 vibrational output for any one of a diverse range of purposes
(e.g. whether for the purpose of vibrating a drill string, a hopper, a
powder feed line, a conveyor, or the |like). Many vibrational apparatus rely
upon the rotation of an eccentric. Qhérs rely on pneumatics and/or
hydraulics in order to reciprocate a piston which provides a direct output
of the vibrational output. VWBRAFTIONALWPRPARADESer, whil st di scl osed for
many end uses, have a 10 downside in that where the device to which the

out put piston is attached has itself stalled there is a difficulty in

ensuring a re AR Mntioh rdldes o viraloneNpbai@ttisput as a consequence of the
piston itself refusing to nove relative to its cylinder or the equivalent.
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I rrespective of the apparatus to be vibrated (7.e. et her apparatus in the
form of &heredis ialdiffistlty moenouring 4 meinweeaicefment of thly vibiatistal ionipubas a@njequence

recogni se an alternative npde of shuttle reciprocati.on to that disclosed in
the af or gfrtgﬁﬂstﬂ’?éﬁe BEBsIRg PoApoEglativedp dts Fgmtﬂgﬁ&etgﬁﬁﬂ}v #& 25 not requiring

a fluid in vayiiR0Raae WhilstdiaIRe for mbbly RAY SsdlehBkl diRchsiie i€ &t Pheni de
magnetic interacti ons at each end of a guided shuttle that, as_.a result of
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the overall geonetry of the instruction, Coupled to that there is the fact
of the commencement point of view and/or tuning point of view (irrespective of how the apparatus

20  is mounted). Can be derived from a shuttle without a direct output to the apparatus to be
vibrated.

Irrespective of the apparatus to be vibrated (i.e. whether apparatus in the form of a
drill string or attachment for a drill string or not), we recognise an alternative mode of shuttle
reciprocation to that disclosed in the aforementioned specifications. This is preferably one

25  notrequiring a fluid in variable geometry chambers.

We have determined we can provide magnetic interactions at each end of a guided
shuttle that, as a result of a rotational drive provided to the reciprocal shuttle, drives such a
shuttle back and forth thereby greatly simplifying operation.

Determined that by providing spaced magnets of a similar polar form and providing

30 complementary magnets that alternate as to polarity at each end, it is possible by shuitle

rotation to cause reciprocation without any striking of solid surface against solid surface. The

tunting of the device relies on the inherent properties of the magnets involved, the nature of

their arrays and the overall geometry of the instruction. Coupled to that there is the fact of the
weight of the shuttle itself and the speed of its rotation.



wei ght of the shuttle itself and the speed of its rotation. -2- W believe
t hat pernmanent magnets can be utilised in such an arrangenent effectively to
allow a rotated shuttle to be tuned as far as its vibrational output is
concerned. The timng of transition-a3- each end fromsane pole to sanme pole
to sanme pole to simlar pole interactions is such as to avoid inpact yet
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degrees PPEABA i n novement non destructively of the support or frane
yet whi ch nongishigdréfofe 16 Qe bspebtd bf suchRBRSHuktidrOsotthé blebdif invafticDis ldirkoted 0 dri | |
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desirable irrespective of the form of the vibrational head:

20 o an ability to drill to greater depth

. an advantage in drill withdrawal
) an advantage in drilling restarts
. an advantage with vibrational drilling.
The present invention also or alterately sees an advantage in a manoeuvrable support
25  of or frame to compliantly support a vibrational head. It is to the vibrational head to which
lengths of the drill string are added. The compliant mounting or support advantageously
allows the vibrational head degrees of freedom in movement non destructively of the support
or frame yet which nonetheless confers (a) a benefit to drilling, an ability to drill to greater
depth, a benefit in the situations of commencement, restart and/or withdrawal and/or (b) a
30  benefit in apparatus longevity and/or simplicity over otherwise suspended vibrational heads
and any attached or to be attached drill string.
It is to this therefore that the present invention is directed to at least provide the
public with the useful choice.



It is to this therefore that the present invention is directed to at

| east prqvide the public wth the useful choice. 3  The present

i n#ention consists in vibratitonal ~apparatus capabl e of providing a back
and forth vibrational output, said apparatus conprising or including a
shuttle having first and second ends, .@.first conplenentary structure
associating with the first end of said shuttle, and 5 a second

conpl ement ary- Skt GHULE {ARSAG @hbffinNiblobial HERARE GREE bt pakia T |

“wherein there is a‘ne rive or nmechanr drives to'ro ‘the
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magnets carried a@ﬂut{l@ﬁavﬁ%‘ﬂr&'a@dﬁ&o gafl end and magnets carried by each
conpl ementary structure has the elpf ect, such that under the effect of
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fromthe first conplenentary structure, wherein the output of the
'vibration is frathesie thre i5iavaschanisel dsiyp Ar mephanica! drives ghiotats e ghitls about
struct ur es ;2p6k HRbaiaiEChdplenchiPsilteyrghut tl e itself and is a back and
forth 15 output ‘axially of, or parallel to, said axis. Preferably said.
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ot her agout sai.d axis. Preferably the drive type for the shuttle in each
of its 'dir BEFRERS i s the sanme but out of phase, although, in sone less
preferred forns tgf firkhead proveeavayifiowahd second camplyinentsry arrucang e int ten2e can be
used. PreferabJy.the shuttli Ls wi t.hout sqglid to solid high inpact: or
i npact conf%‘f‘q%dﬂogﬁeﬁwgg&'ﬁn&qﬁeeﬁ@i%@%’%&l %)ug@ﬁ,t is fromone of the
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shuttl e about at 1 part of the s le axis or |ocus, 1d magnetic
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subj ecting the shuttle to shu _ )
phase, although, in some less preferred forms of the present invention, a hybrid arrangement

20 canbeused _ |
Preferably the shuttling is without solid to solid high impact or impadt contact,

Preferably the vibrational output is from one of the complementary structures,
~ The present invention also consists in vibrational apparatus capable of prbviding
a back and forth vibrational output, said apparatus comprising or including
25 _ a shuttle able to shuttle reproducibly on a shuttle axis of locus (“axis”) between first
and second complementary structures, . 7 o
| a mechanical drive to rotate the shuttle about at least part of the shuttle axis di- locus,
" and - : . |
magrictic interacting regions on each of at least one completnentary structure and the
30 shuiile whereby rotation of the shutile has the effect of subjecting the shuttle to shuttle
- inducing forces being alternately attractive and repulsive forces between the or a
_ corﬁplcmentary structure and the shuttle, |



I nducing forces being alternately attractive and repul sive forces between
the or a conplenmentary structure and the shuttle, -4- and wherein the

out put of the vibration is from-one er other, or both, of said conpl ement ary
structures and not directly fromthe shuttle itself and is a back and forth
output axially of, or parallel to, said axis. The present invention also
consists in vibrational apparatus capable4of providing 5 a back and forth
vi brational output, said apparatus conprising, or including a shuttle
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provi de 15 al tg{enat ively for each pairing attractive or repul sive forces as

the shuttle r3¥ % and wherein the phasing between the pairings is, or can
be, such that the smtﬁahkaldne@mmm&memmm&tﬁsmutetakisng axis as a

consequence of the net er, ns |l e by virtue
of |tg rotation, ﬁ%? ) E"m""‘{;ﬁ"e n\%&iﬁ g?w E}“Ch é) J}@}? BWF'(L)LH%“(?? %srﬂher, or
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shuttle i-tsel f and | Scofld g#c % ﬁ‘lah&/trmards%h:

|rst and secon

said axis, Preferagl sal nentar struc ures are
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Optionally, but not preferab sald shuttle co-acts at st at one end
with its contidesfuHicpipnd rqomplonrertary ostaehuse have oEREtS 258S HIPEHPIA o aPIPYee |

by squeezijpg ﬁtefﬂaﬁ%@jyforﬁhﬁ?ﬂﬁdﬂi‘&h%&%ﬁlsﬁ@ﬁr&?as@ﬁeéhﬁ&l@r&ﬁgﬁ One or bOth
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and wherein the vibrational output is from one or other, or both of. said
20 complementary structures and not directly ﬁ'om the shuttle itself and is a back and forth

output axially of, o parailel to, said axis,

‘ Preferably said first and second aomplmnentary structures are fixed rclatwe to each
other insofar as distance is concemned, ,
Preferably the shuttling is without solid to solid high impact or iapact contact.

25 | Optionally, but not preferably, said shuttie co-acts at least at one end with its
complementary structure so as to provide a cushioning affect, e.g. by squeezing a fluid.
Altcmativeljr that can be at both ends. One or both ends of the shuttle (despite any guiding

* contact it may already have) can be adapted to contact part of the complementary structure
only at the end of its shuttling travel or to contact some niaterial intetposed between that end
30 of the shuttle and the complementary structure,
Preferably the vibrational gutput is from one of the complcmmtary structures,
In still another aspect the invention consists in vibrational apparatus adapted to
provide, and capable of providing a back and forth vibrational output, said apparatus
comprising or including an assembly having a shuttle capable of shuttling between



Preferably the vibrational output is firmone of the conplenentary
structures. In still another aspect the invention consists in vibrational
apparatus adapted to provide, and capable of, providing a back and forth
vi brational output, said apparatus conprising or including an assenbly
having a shuttle capable of shuttling %etmeen r -5- conpl enentary
structures, at |east one of which conplenentary structures provi des the
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magneti cal I'y e present invention is directed to alternative
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al so consists in a vibrational hea for [1Tin hat nc udes -

vi br at | Bhaldeleteppusr tat the shustling mouerng of fhe shstﬂmbgbveﬁb shugling, digits f(prgferablyi ng

appar at us %&}gal deipahi ng or conpliant support for a vibrational head
of the present |nvent|on attached to or .attachable to a drill string

that the presenfhq BUFEwY ilBiatos 1 diwetpddp eltrmatias yehrgpons! 1!%§?""8n@ ﬂ"@%ﬁrre or
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both) Iimt he shuttle stroke conpliant restriction on
novenent of@%ﬁwgf’@‘{“ nal apparatus relative to its support conpliant
beari ngtsof the Migham:mi aﬁdmmmnaMmmnaﬂppdtﬂwwthhtmmdmlMMd -
drill strin a_dr r.ot h strin ndent |,y _of
novement .of® s ?{Jo ‘{ag $$ ?02@: e"B 'HmﬁfapB%#" g}ﬁﬁﬂgl @f' %ﬁ

Vi brati onaleomphaﬂaﬁupportafot apvibvdhohglpbeaduqumktpm&nendﬂeyhdm attackgd go tdre

vi brati onal,yjgaic b BRI nA MGhkert HeediBYSAUkAR. 1 5 @ drilling apparatus

co rrp rising
Preferably at least one, some or all of the following is included;

20 compliant restriction on one (or both) limit(s) of a or the shuttle stroke
. cémpliant restriction on movement of the vibrational apparatus relative to its support
. compiiant bcaring of the weight of the vibrational apparatus and.any connected drill
string ' :
«  a drive to rotate the drill siing independently of movemmt of rotation or lack of
25 ~ rotation of part or all of the vibrational apparatus
*  atop hat type support assembly to dangle the vibrational head.
In another aspect the invention is a drilling apparatus comprising
a vibrational head of the present invention attached to or aftachable to a drill sking,
asupport,and
30 at least one reconfigurable (e.g. compliant) fluid reservoir (e.g. a oomplian.t gas bag) to
carry yet constrain the vibrational head to the support, .
wherein the interaction of the vibrational head, the support an& the .at least one
reconfigurable fluid reservoir has the ¢ffect of carrying the weight of the attached or the to be



a vibrati.onal head of the present invention attached to or attachable to
adrill string, a support, dnd 30 at |east one reconfigurable (e.g.
conpliant) fluid reservoir, (e.g. a conpliant gas bag) to carry yet
constrain the vibrational head to the-gupport, wherein the interaction of
the vibrational head, the support and the.at |east one reeonfigurabie
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e to be -6- attached dr, ri owi ng sqne freedom of novenen
of the vi brt%‘E’PW&Pﬁﬂﬂgkﬂﬂ&dwﬁwﬂ‘?ﬁéﬁwﬂwﬁ SPEE Bt | ongi t udi nal'ly and
| ateral |y of t hprefétablylthedé dre MJeagttvs resétvsifser ably there are-at | east two
reservoirs, - Prefera the flujd in at | east ope reservoir is a gas (e.g.
air). 5 Pr efera%le@”gl%"ee'g‘g‘!m&mf“?;ﬁ?desﬁ?vg‘l"é"raaﬂﬁf{}‘gs@seraI or all, of the
reservoisrs i s aPigfmablyaglcast Bicohripadirybly feRersllop pibIof the SesarvbirsdsegasBagef er abl y

nost of the \_/ib‘|;a{.iﬂ%{1ya€#l heﬁgv( en the drill axis is vertical) is bel ow
& b
ere ¥

the reservoi r(srf.er ei‘ongi tudi ng support allows a greater
freedom of novePrefetablyhracst bhithe vibiutibad &ead| (whetpthe kitill laxis isnettioal ¢elsadew ibey ad;
Prefer abl'yrés%g;?‘@) ctirve of how the shuttle is caused nmagnetically to
shuttle thefe 1s™ (a) preferably a vibrational outtake not directly from
the shuttle, (bfrefetablysthe langitudingcuppodicaliows a(griater Hfeedoimubf ineveprent thambiey

| Mpi ngeRy al,8aG R%Ppgoéhéncgss&y&lge on a conpliant 15 structure (d) a or

each conpliant structur y be a gas bag (e) the conpliant.structure(s)
preferably can Prefehlyiigespedivesfdon theshutilois sfuseomagseticalieto shisptictheraisi at i on of
a fluid-or gas gupplaetéholy & BSraMordal kNSt difakts @Jﬁ | froma conpliant
structure but i@lvi gé‘aa co’r’rpl_i r<':1'nt 20 s'?)ra{uétur)xe ‘ggb’e'?%dgwéhuttle may or may
not rotate on i®} sthesketlarerigrocatsef erably the vibrational out take from

the vibrational (tcﬁea%é'Eﬂu&letﬂ@feﬂﬁle npidsl MOcakl® oMd 3f Ats bR tal ShtnphilRM 2
non rotating but- vibrating conponent directly of indirectly into a
rotatabl®e and rot atSFFFé“‘Eonponent (e.g. connectable to or formng part of

the drill string). 2%rbdhnailRsystradpémby bdgakBayention is a drilling
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o by = variation of a fluid or gas supply _
H the vibrational outtake is not from a compliant structure but is via a compliant
20 . structure 7 V '
(g)  the shuttle may or may not rotate on its stroke axis. |
Preferably the vibrat.ional butta_kc from the vibrational head into the drill string i via a
transition from a non rotating but vibraﬁné component directly or indirectly into a rotatable
and rotating component (e.g. cormectable to or forming part of tﬁe drill string). |
25 In another aspect the invention is a drilling apparatus comprising
a vibrational head of the pr&éent invention attached to or attachable to a drill stting,-
‘a Support, '
" at least one'gas bag interposed between part(s) of the vibrational head and the support,
as a first interaction, to carty the weight of the vibrational head and the or any attached drill
30  string, and ' ‘ |
at least one gas bag interposed between the support and part(s) of the vibrational head,
as a second interaction, to constrain the vibrational head relative to the support whereby said
first interaction is not totally lost during any part of the vibrational cycle of the vibrational
“head.



a support, at |east one gas bag interposed between part(s) of the

vi brational head and the support, : as a first interaction, to carry the
‘wei ght of the vibrational head and the or any attached drill 30 string,
and at | east one gas bag interposed bettween the support and part(s) of
t.he vi brational head, as a second interaction, to constrain the
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support and at |east one air bag is interposed above the part(s) and
bel ow one OPRSPRHEPHME: and at | east one air bag is interposed bel ow t he
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provi de freedonEiefrapgsnshics fuches forpmoxide freadomy pf monement obihe vibratiogdhhead o of

- to be carr iagdlitelcartied & tol B cdrddadrill QrifgOrefatice RUMP Qudpomteiet @ik, Grespb@BRABSI Ve
to weight onal head rel ative

, to. bias to dat um copdi tion of the vibrafi
to the supﬂ"(‘ﬁgg'f’%q\asé?lﬁfiﬁw 5’8?*3@%‘{’?“%%&1“%??1%“?9%5%9 appar at us
conprising 10 dnuhdthertabpearthe lemtiomit & arlling apparams ednipisiagbl e to a drill
et i ned or 1o 5 BREER wanaushR S B clan sPippahEyeael 46d e
proj ect i on(&draltyoofcté langina!ﬁn’al exds tlefimad ov rply defined, dydhaddll atring emsér omre | ower
surface, a ar.t A i I st one gas bag
to act bet \Rgogér%ﬁ?%sg t%éegiﬁgaégdétégglﬁ@cg@%aas@ﬁ%agﬁ °§g%"e"%} s‘élilljlr%_fﬁce, and 15 at
| east ‘one gas besyppwt fune fouthowibratiosbhetd,ane and sai d at | east one | ower

surface. Prefegpah L pr.atd ‘ |sSRRphP :
conpliant (e. g'Jti’ééés%gggﬁggg%g&%%w?ﬁ%%@%ﬁ&gﬁ%@h en%&}ga%génqghut tle
stroke'lSand a c®igstioaneasas i acluavepnye Bima 4nd spif Ridyast qpsdevrer Fgfees ¢ he

vibrational heaglefetsbB!the +ibiafiordl EedPRRprovRfon bbB TS 2 Biplist Q@%)gamg ldr tbe
upper surface(s), and the, | ower surface(s) are nearer the fop than 20 the

bott om of ke NiiaR porash At 2 shwitlesirornasd & sprmeliant (fep B, RAGL T aHe fike) o
drilling appapmigesheeidtiond Read iBeFidi Adupsitedr tAead attached to or

atiachabl e 10 o bl s kMo SHRRSLL sERSWICELD (Lol LRI ona
' 20  the bottom of the vibratiopal head,
In another aspect the invention is a drilling apparatus comprising
a vibrational hiead attached to or attachable to a drill string,
a support, and ' : ‘
wherein (1) the vibrational head has a shuttle compliantly restricted in its stroke at
25 least in part by compliant means, and (LI} the vibrational head is-compliantly supported by the
upport | : . _
and wherein the Suppm"t via the compliantly supported vibrational head is adapted to
carry the weight of the attached or the to be attached drill string yet allow some ﬁ'eedom of
movement of the vibrational head relative to the support both longitudinally and laterally of
30 thedrill stringaxis, o -
Preferably there are at least two reservoirs of a fluid to provide a compliant support of
the vibrational head. "
Preferably the fluid in at least one reservoir is a gas (e.g. ait).
Preferably at least one, and preferably several or all, of the reservoirs is a gas bag.



25 least in part by conpliant neans, and (11) the vibrational head is
conpliantly, supported by the support, and wherein the support via the
conpkiantly supported vibrational head is adapted to carry the wei ght of

the attached or the to be attached drill string yet allow sone freedom of
mopverment of the vibrational head relative to the support both |ongitudinally
and laterally of 30 the drill string axis. Preferably.there are at |east

two reservoirs of F%gérJbeU %gu?.%&g‘?\élﬁ%% a conpliant support of the vibrational

head. Preferably : "ER&t one reservoir is a gas (e.g. air).
Preferably at | eaﬁtefmhbw, mash of precfitgativpbhl jheab{rdwem the glrilizixis is wértical)ds bedgetheoi rs i s
a gas bag. g-,.8 W?]ably the support is a frame. Preferably npst of the

vi brational hea en the drill axis is vertical) is bel ow.the

reservoir(s). PrePmifebly theiengitading supporh allowgposeater frgedem of mgveraant thap theedom of

movenment  than,thes Iﬁ,,ﬂmﬁ&m ?g,gt but -not necessarily so. Preferably the
“conpl i ant restrlctlono the shuftle is reservoir of a fluid at an end of

the shuttle when Brefezably the porpyliapt %&W@R%qulﬁﬂ’éﬁlﬁt‘%%m%%‘é’éﬁta Ruidetisnwahel on i s

a-drilling aggagﬁmg@hgpmqlhﬁﬂ@gsﬁow brational head attached to or attachable
toadrill. strin head having a rotatabl%_ 10 driven shuttle that

rotates about is ?‘F‘Wh‘k‘?gwﬁﬁﬁn}sﬁtdé%t@p AL COMBIESEG on with di fferent
magnetic effects B%iﬁbﬁﬁlh&dhﬂaoﬁm&b}ﬁﬂchablb%Ndrbrsﬁidgpmahedd%ﬁhléamhbﬁel ng

fromthe shut elts |an r efer.

| east . one“bas Fé{‘?ﬁ&t&t&s %Wééhmﬁ 51“’(‘%)“ efaﬁg ‘"‘g}?'lfgtéf‘ d and

t he support), m@etﬂ: etﬂadftsmmhsgttsrbasﬁmm thdﬂbm@nﬂwutphmohmmlﬁ'omfhﬂshmlwitshif ati onal
15 head and the or an attached drill -stri ng, and conpliant neans, as a
second interacti oK %‘F ’eferably to constrain the vibrational head relative

to the support)’ \Mamnpiiayt seaiiefg prsferablyaticast orieqas bag u(hprpﬂeébabbep)pm(aloftﬁut ally

| ost during agy.q '{““Os"dttﬁ%“ég&{)ncl ] emt&}l& ﬁtQt:m-Pm Weldhtds it

Preferably the VI I onal s a sh econpllantly restrlcted as

to strokels Mﬂmc&mmﬁg@ﬂ@si}sm&m vi br atlonal head is (are)

i nterposed bet e fordyf AntGREnd) 04 4 QndGRBSL @&&r&fﬂ&b&ﬁﬂmhwr&oﬁﬂmrt and
cP bove t part(s) . (e as one option of

at | east one ajr i's | nterpose
sai d conpli arfé! a%éﬁﬂ?‘-’%ﬁ?ﬂ”’o‘@l‘%ﬁhyéﬁé ﬂf?bﬁ?ﬁ"‘éﬁ“ﬁf (prrigatily) noptetally lﬂﬁb‘i“&‘f‘ﬁ aMyag

part of the vibrational cycle of the vibrational head.
Preferably the vibrationa! head includes a shuttle compliantly restricted as to stroke.

20 Preferably part(s) of the vibrational head is (are) interposed between top and bottom
constraints provided by said support and at least one air .bag' is interposed above the part(s)
(e.g. as one option of said compliﬁnt means) and below one constraint and at least one air bag
is iﬁterposed below the pari(s) and above the: other constraint.

Prefefably most of the vibrational head is below said pari(s), _

25 Other dptions exist for the compliant means including a spring, a compressible fiuid in
a variable volume reservoir, an inoompljémsibie or bompmssible fluid, or both, in. a bag,
bellows, or any such variable geometry contMent, resilient or otherwise,

The arrangement is such as to provide freedoms of movement of the vibrational head
and its catried or to _ be camied drill string relative to the support yet able, responsive to

30  weight, to bias to a datum éondition of the vibrational head relative to the support.

In another aspect the invention is a drilling apparatus comprising
a vibrational head of the present invention attached to or attachable to a drill string, the
vibrational head having laterally of the longitudinal axis defined or to be defined by the dri!



I's interposed bel ow the part(s) and above the other constraint.
Preferably nost of the vibrational head is bel ow said part(s), 25 O her
options exist for the conpliant means including a spring, a conpressible
fluid in a variable volune reservoir, an inconpressible or conpressible
fluid, or both, in. a bag, bellows, gr any such vari-abl e geonetry
contai nnment, resilient or otherw se. "1he arrangenent -is such as to
provi de freedons of novenent of the vibrational head and its carried or
to-be car FiBg opg o1 morg PRUSFHONE) tadpRine af lpast joe dpnetBirtacs and afdeagt one dawesnsi ve
to 30 weirghé, to bias to a datumcondition of the vibrational head
relative to the support. in another aspect the inventionis a drilling
appar at us conpf 8 %Pﬁﬁ%ﬁ%ﬂJﬁﬂﬂﬂ“ d- of the present invention :

attached t o oratfhaitand gl beg th Actdebiobd the Finid dAd said Meeastonb Gpel fupRbe, A
having | ateral ly of the Iongi udi nal axis gef,%ng%ac’)r ,Eo be defined by
the drpll striﬂﬁéf‘StSH“egaBPaﬁ?B @thﬁﬁ’”(?f"e‘? a0¢ sqiQat gRpE Yag loyeer § one upper
surface and' aind viepéin dieevilratunnl hesdiiids aakill sainguptptionkl drive e of sactds éts

vi brational head, at .betgst one gas bag to act between the frane and said
at .| east 8?{15“‘?3‘;9 YragfipfdB8 and 5 at |east one gasbag to act between
the frame and laak pasitulbrn ptefimred dbodimestuof theepresanid investivei prefelably the

vi brational head a dr.i string rotational drive to or adjacent. its
connect i oAPFGIE Y ‘83’.3”??“”2{'1?4‘}#5?"?‘*6’*@‘ b%ﬂ%%lgﬁl arly preferred enbodi ment of
t he priésent i nweibtational peadfleviaplayshuttie yetap pibrationad oidake inbt directiy dlomdihe | | i ng
appar at us Cu?th:”i sing 10 a vibrational head having a shuttle yet a

vi brational otittake not directly fromthe shuttle, a nanoeuvrable
support from vihingtpendreble/suppert from awhidhethel vibsstionalitad ds mounteshiol domplidntly

vi brate uqﬁ%e&lla&tﬁgg&{a{bm”haﬂe’shuttle, a bearing supported fromthe

vi brational -outtake fromthe vibrational head; and a drill 15 string

connect or car r4egringsupppsted fram;thrgibrationglrogiaks fram the Yipratiensl haed asd ppnll st ri ng

conneqgior sk ednBidibrlRtedbihd bdrhg)t €racts in use magnetically at each of
its ends as It rotates, under , _a drive of the shuttle thereby to

" reci procat e urfd@iatigna drive ithe drill siringfoptesieti ons. Preferably.the rotary
drive to the. adrbih tflshi@intPRRAE bR magheticdBR: dach bEXJ MdSadif ABERERE ON 20

pneurmat | o5 SRYRL I B (R o sRmRape SR LSRR HESRPER bl o dr ) ve | s o
a belt abl e toprpfeulydes GtaryOdrive Yo the. giils stHsgdonmectdisi fivgn e flexible transmission
20 from a motor engine or other power source, (e.g. combustive, hydraulic, pneumatic, electric,.
ot the like). , ' _
Pref'erably the flexible drive is of a belt able to provide a rotary transmission having

some capability of reducing transmission of shock fiom the driil smzlg connector to the -
support yet able to allow vibratio:;al movement of the drill string commector through the
25 bearing from the outtake. o 3
The present invention also consists in vibrational appamin; capable of providing a
vibrational output, said apbaratus comprising or including
a shuttie able to shuttle reproducibly on a shuttle axis or locus between first and
_second complementary structures,
30 a drive to rotate the shuttle about at least part of the shuttlt_a axis or locos, and
| 1magnetic interacting reg-iOns on each of at least one complementary structure and the
shuttle whereby rotation of the shuttle has the effect of subjecting the shuttle to shuitle
inducing forces being alternately atiractive and repulsive forces between the or o
complemcntary structure and the shuttle,



sonme capability of reducing transm ssion of shock fromthe drill string
connector tqQ the support yet able to allow vibrational novenent of the
drill*string connector through the 25 bearing fromthe outtake.. The
present invention also consists in vibrational apparatus capable of
providing a vibrational output, said appgrat us conprising or including a
shuttle able to shuttle reproducibly on a’shuttle axis or |ocus between

first and second ¢ ene r t uL.e 30.a drive to r te the, shuttle
about at | east parﬁ“aor@&?ﬁgr}éﬁﬁg?%e‘;ﬁ% sv'bé%"f‘d?;@’," 3'??d°rrr%tg?fét8 % gc’tﬁhf’gﬁ"é‘iti ng
‘T egi ons on eacimpbimentany] sttagtrenand notdigebttyrfiend the yhugtlerisdf ure and the shuttl e,
whereby rotation o ﬁn e r 1 he. Of . hecting the shuttle to
shuttle inducing %orcgﬁ%%&%@rohgl?%ﬁggﬁwgﬁs?“\L/é{eadgﬁd repul sive forces
bet ween the o a complintrestriction ph gner(uchoth) duwit(sllof avr thelstmitié siokey P, - 10- and

wherein the oytput, of. | ' 1S, [ Lone gr.ot her of said
compl enent ar y* st r e et Restbith 3h bRk ot SRR 2o Errale I oo
Preferably ate| easbmplist baadngofthe aveightadf theheibrbiidnklosppargtus endi ang lcombected drill
conpl i ant r-estricts' on on one (or both) limt(s) of a or the shuttle stroke 5
conpliant restrict on novenent of the vibrational apparatus relative to
its support eonpla &ive tbestste i drfll ttting indepgidenyf of mevenieht off totatiad oaplabhit us
and any connected drjll - stri [l o rotate the drill string.
i ndependent |y of vtéOr?eorgf’arE)#raﬁ%{"%‘?rgﬁﬂ%@l&gﬁmﬁ)f rotation of part or all of
t he vi brattbonel appey it type &Pporbassamblsia tlartgieyhe dhptmelheassenbl y t o dangl e the
vi brational head. fhe 3 0L L:Q0. | ' irat i I ‘
appar at s capabl e "OF PR ftich B BhHAD R GRT Blyplted unkbif ol bidifle |
conpri si ng or vibrationaliontpus, sgifl epretatis comprisingloeingbdng a defined shuttle axis and
moveabl e back and farhb QRaid Gaoul R Ybfdef s Saxisahd IndledbYLodc® ahd it onl e
T
shuttle about its shuttle axis, a first conplenentary structure towards
whi ch and awashutlegriswhi ch, and vice versa, the shuttle noves,.a second

conpl eMeNYary St r YehE B row@ RKOHoMis Shoufiist Ovar ds whi ch, and vi ce

versa, the shuttle noves, the shuttle bei.ng between said compl enentary .
structures . & first complementary structure towards %hich and away from whichr,rpmdevice Versa?/

the shuttle moves, ,
a seeond complementary structure away from which and towards which, and vice
verss, the shuttle moves, the shuttle being between said complementary structures,
20 wherein proximal regions of cach pairing of first complementary structure/shuttle and
shuttleysecond complementary structure have magnetic areas operable to provide alternatively
for each pairing attractive or repulsive. forces as the shuttle rotates, S
and wherein the phasing between the pairings is, or cen be, such that the shuttle
reciprocates on its shuttling axis as a consequence of the magnetic fnteractions that act on the
25  shuttle by virtue of its rotétion, _
and wherein the vibrational output is from one or other, or boih,- of said
complementary structures and not directly from the shuttle itself.
| Preferably at least one, some or all of the following is included,;
= compliant restriction on one (or both) limit(s) of a or the shuttle stroke
30 e« compliant restriction on movement of the vibrational apparatus relative to its support'
v compliant bearing of the weight of the vibrational apparatus and any connected drill string
- @ drivé to rotate the drill string independently of movement of rotation or lack of rotation
of part or gll of the vibrational apparatus ‘
» atop hat type suppott assembly to dangle the vibrational head.



20 wherein proxi mal regions of each pairing of first conplenentary
structurel shuttle and shuttle/second conplenentary structure have
magneti c areas operable to provide alternatively for each pairing
attractive or repulsive. forces as the shuttle rotates, and wherein the
phasi ng between the pairings is, or cgn be, such that the shuttle

reci procates on its shuttling axis as a consequence of the magnetic

i nteractions tBgferBf! skt ifd s&'énégwém ol & gtt;ﬁ@aefﬁﬂeaseﬁt%% , and

wherein the vibratidnal output is or both sai d
conpl ementogiew/ingafir gt digtrace isqueemSe directly fromthe shuttle itself.

Preferably- at Pﬁt%ﬁub!y@ﬂ@shuﬁﬁx@”@sﬁthoﬁddoh&fo sblfthi g inp0bi ighphd coritdzt, Uded;
conpl i ant of a or the shuttle

rest i on,on one.(q
stroke 30 T m&oﬁhesw'rc&mg ﬁveaﬁ%%waﬁ%m Mﬂﬂ apPRYaLys; wipnted to
'aﬁpar atgu S. pmhwet RivE ciijable 6F pmgidﬁfgt a vﬂﬁamdnunaitpbeamd ﬂl@pﬁﬁitust hﬂnpmi'ngmr of
t he vi brat,i paratys, and an onn rove to
rotate thémgi%ﬂgl Fﬁe'rl?b Hmeﬁo%ﬂ (/gﬁﬂétm‘g %‘?ﬁﬁ“ﬁ%‘“ﬁ'}m?ack of
rotation sﬁﬂ‘wttnw;nbl & 1eistd amlalof@hcf:]hm;ﬂmtenm scrmhl wmmdh mﬂms:xbmmhﬂpuﬂpatt thbyped
support asse t.0,. da t r,at i .ona ea era sai
PR e SRR el e b R F A den Rt arivy' ol ThE BBl ba S
ot her i nsdiiezs aramaghetit tterastions beMweﬁmmthtmEslmﬁhraad)thy o'bm,ﬂcmmm btiuatgres S '

Wi thoufy s uchd fs? iRfdlabbnl’ Gty 'éa&a% mlemb J@ﬁ%fm&ﬁ@ %&? ;baﬁ%ée Cffa{ﬁgt her

aspect the T'nventiron consi'sts in appar a

provi de amdﬂpia‘pm strfotagesarelatiticre ﬂ& Shtltm aktéronting mamep*atesulean (ﬂmeaapwﬂmat us
CONPri Si NGy Qhmer: BELLGRG. an assenbly having a shuttle capabl e of
shuttling between conpl ementary structures, at |east one of whi ch
conpl ement ary %‘Fﬁ?@%ﬂ#bﬁ%%ﬂ?f@%@%@ﬂ%’éﬁ&l“dwt put, the

ar rangenent. i FRAEAGRCHRFbd) it of {1 hitmdgiiRghani cal drive’ to

rotate the shuttle and there are magnétic interactions between the
rotatillg Shuemphiangrestricton @m¢m9ﬁtbwbrstmnei@pmw relativede ihsvuppast

interacti qnso.,w%mfe §HR B Mbaaanu%ars &H%}&ﬁn&&ﬁ%ﬂ{‘&nﬂé the

conpl ementary Strictures reI a ive to th al'ternating maghetic
results im tadsivgfriofaty the drilhprgindependentyof momerent of roftier asrags| rcﬁﬂtloneast

one, SOMe oOr ajfpaRbr 1N HeidrBWhi Gppasatisncl uded; conpliant restriction on
one (or. both) Ilmt(s) of a or the shuttle stroke 15 conpli ant

restricti @n 2P W Bwaawmpogpssemehly (pidnals the yibmetepsiherdit us relative to its
suppordp conpl Pﬁf&abbﬂﬂéxhiﬁeﬁﬁmt&ﬁ&oﬂ@drgma ehltbPperbRithdgagtall appar at us

o oo eCh b ok s b o kSl e O b b
deleterious to ‘the shuttling movement of the shuttle between shuttling limits (preferably
maguetically defined):

Optionally there is no reliance upon the provision of an extemally pressurised fluid as
25 & means of empowerment of shuttle movement by- being introducéd 80 as to pressurise
' wiﬂmu\". further event between a-compleméntary structure and said shutde,
As uséd herein “shuttle” has the broadest meanings with respect to what. moves and
what docs not, etc. Preferably it is a shuttle to move rectilinearly.
As used herein the term “and/or” means “and” or “or”, or, where the context allows,
30 both, | |
As used hereln the term “comprises” or “comptising” can mean “includes” or
“including.. ' ' |
. As used herein the term “(s)” following 2 noun can mean both the singular and plural
versions of that noun.



of part or all of the vibrational apparatus a top hat type support assenbly
to dangle the vibrational head; 20 Preferably the nagnetic interactions are
as a result of permanent nagnets. Preferably the drive of the shuttle is a
belt or other peripheral drive of the shuttle not deleterious to the
shuttling novenent of the shuttle betMﬁgn shuttling limts (preferably
magnetically defined)'. Optionally théet® is no reliance upon the provision
of an externally pressurised fluid as 25 a neans of enpowernent of shuttle
nmovenment by befrysed herebf(D8 doliwving a neunrangefay fodke singularawphirds t her event

bet ween a conpl enentary. structure and said shuttle. As used herein
"shuttle" hasPrefredfoumieaf theprasentgavention wikk spede deseritied twithmsferencariel thenhat

does not C. P t.1S a shuttle to nove rectilinearly. As used
ac Bt GHAYL 1 Which®,

herei n the nmeans "and" or "or", or, where the context all ows,

30 both. As usgd herein the tenp. "conprd ses" or "conpr.ising’, can .yean
"incl udes" or ﬁl’gf'ﬁecﬁdﬁiana"ag%g‘%%gd“ﬁ‘grg e eﬁggtugl"m'q‘?é‘?"ac? Pﬁ“ﬁw‘?ﬁ‘??}"‘noun
can npanfmeﬂnﬁdaﬁﬁ@i,ngul ar and plural versions of that noun. -12- As used

herein "(s)" following a noun can refer to the singular or plural. Preferred
forms of the pFigUEnE 1§ ARy diggrap pf appatstuscinpccerdance dvifl the preseat RNy t he

acconpany rw&' ' | [ | ' HPIPSE £ stk ﬁg : erred
appar at uéhwnggcor anyﬁwﬂyﬁ%@%ﬂ&%gﬁbﬁsﬁgﬁ{i on, fiFle%ure %{“392‘% an
di agr am dtie shpitlaaad showing motoo ddvescenmdcted bytheltplogsietetthe shutthd,i on showi ng a

frame having fixed gonpl.enentary nenbers at che.en a shuttl.ing guide
for the. shat t Fissts S RIRUSHRTERY vV P Yie bafifter B is B { oMy itate (e
shut fibe, bEivget theFixed complemenitanivaébery ebshetving with 1Rt &id ‘0 HEirdulitstaabaidft | € in
a clockw se_sense 10 between the fixed cor{pl enentary rrerrber% nd _show ng

P

with "R remplonsgad gitpaction resresvely Betwepind eRmaplerRenizry coripparat pih wd el y

bet wveen eGRER MR Nd GRTBARE BimpRReARS AlHbdr!Bcpfht 1Red WePRetReaut tl e

and the other conplenentary menber  such that there is a net shuttling
t hrust ornthrustendhe shtrttle in thetafrowad dgewtiondi r ect i on, Figure 4 shows the

ever sal o By d SR e o keI in ol g Bt Hhd HEE Roet el T s

of the fiixgeversal of the attractive “A” and repulsive “R” forces between the pairings of the fixed

RO

complementary component and the shuttle, the shuttle having shuitled in the arrowed
direction,

Figure 5 is a diagram of, for example, the second complementary component,

Figure 6 is a diagram of each end of the shuttle although it is not necessary for the

20  polarity of each end of the shuttle to be the same as the other although this is most preferred,

Figure 7 is a similar view to that of Figure 5 but of the first complementary
component (e.g. that from which there can be the output) showing in an outer phase condition
relative to the component of Figure 5, the sweep arrow in Figure 5 showing how provision
can be made under the action of a ram or other external force of rotating one component so as

25  to detune or tune the apparatus as may be required from time to time for service access or for
control of amplitude and frequency,

Figure 8 shows a drilling head in accordance with the present invention suspended
so as to carry a vibrating head in accordance with the present invention, the vibrating
apparatus itself being shown in partial section, |

30 Figure 9 shows a suitable assembly procedure for retaining magnets to the shuttle
reliant upon a frustoconnical form of the magnets held to the shuttle by a fixed plate,

Figure 10 is a different embodiment to that of Figure 10 showing how a machined or
moulded frustconnical or other shaped magnet support can be fixed into the shutile in a

manner less likely to be subjected to disruption from the shuttling vibration,



conpl ementary conponent and the shuttle, the shuttle having shuttled in the
arrowed direction, Figure 5 is a diagramof, for exanple, the second

conpl ementary conponent, Figure 6 is a diagram of each end of the shuttle

al though it is not necessary for the 20 polarity of each end of the shuttle
to be the sanme as the other although t{gs is nost preferred, Figure 7 is a
simlar viewto that of Figure 5 but dot’the first conplementary conponent

(e.g. that fromwhich there can be the output) showing in an outer phase
condi tion reIEigumelltshovvhpmmoﬁppm&nedmaghvdma@@humassm@ép asdrow i n Figure

5 show ng how L at.her

ext er nal forceﬁr %P‘”Sg"ghgg orrggrﬁﬂéisn%gégﬁt 88fﬁlﬁ§5§&%ﬁ§tf
appar at ushesshuttiny be required fromtinme to tine for serV| ce access or for
control of anp |tude and fr quen shows ,a drilli ead in

accor dance wi t HY PREC %%"éﬁ’c éﬁ%/ﬁe’af'f} g’&?ﬁéﬁ’&é’ﬂese%tdn‘éeém% 'Q?f?fgrea%wr ating

head kn %ﬁﬁ%ﬁﬂg%ﬁatm laPpariis BRI attith30 b AN stringq 3vi brating apparat us
itself being shown i r% ggrtl al secti gn 30 Fi gSreEQ shows a suitable assenbly

procedure for Fls appiatus haysesver meounted @rferebly conepliantly &upmid@) has end

F our o 10%e008y 15 bP S el Ser Bl et potbi el o i 18 2B 28 A Bt
et i e s, it o
di srupti &’ﬁ g“f GiFMPRIS ]sghu!trB‘F a]ﬁ‘t}'Hg/llq rBpYes pack i@F ! ghsh withen g‘]ﬁ gl rouggds o

pref Qbre%rd%ﬁ%ﬂdﬁ%ﬂl#ﬁﬁaﬂéﬁééﬂéhﬁuﬁfgsﬁm&wQ«Fyi’dﬁx 13 12 shows matched (two
in this Case but coul'd be three or nore) belt drlve the shuttle. By

way of an exaninatigrsengsrvdictlior o opthe ﬁmﬁkw@eﬁra@tsewa PWK@nﬂt@n anberp of &f er ence
toa_ 5 dph gfemt%ﬁtfﬂynh& & bP LRk %gsaap&\%ga&o% %eﬁ\ ﬁx&eaﬁtr?ocpls{oﬁ & gflfgg% string

13. The app owsoever nount (pre conpltTantFy sus has
end memnbestioniibp aradl. JIﬁlstthﬁashuBthhgﬂmtlauhparmhtmmbmmSady means and 18 and 20

whi ch act as nd co a neans e conpl enentary neans are
held in a fixe t?‘é? ’Eefl%%@ nﬁ?’ﬁ‘i{?ﬁo\‘i”é’ﬁﬁ%‘ﬂ?l @f The shuttle 17 noves back
and figrward wi {ih) npfifeugysi cal bounds 10 provided and ideally has a | esser
shuttling distance to avoid inpacting. It matters not whether or not the
shuttle itsel f(14btBotary jeingfgveppligyt hin a bore of a conplenmentary end or

vi ce versa. NO{ Sflloﬁﬁd¢15t ecmatter if there is no piston in cylinder

relationship a is the shuttling that is inportant howsoever caused.
(16) Adjacent member

(17) Shuttle
20 (18) Adjacent member
(19) Tierods
(20) End plate
The purpose of the shuttle 17 is to transfer energy onto the adjacent members 16 and

18 in a reciprocal motion. This transfer of energy can be achieved, as in the past, by the

25  injection of oil between the shuttle and its adjacent members with the appropriate timing to
cause the shuttle to move in a reciprocal motion, thus to cause the drill string to move in a
linear motion in parallel with the shuttle motion thus transferring the energy down the drill
string to the bit in the most efficient manner. With the present invention however we prefer
the magnetic interaction approach to be described hereafter.

30 The shuttle mass is the key to the transfer of the energy to the adjacent members.
The change in direction of travel imparts the energy to the adjacent members. The more mass
the shuttle has the greater the energy required to achieve this change in direction and is

directly linked to the horse power required. The relationship between the mass of the shuitle



Wth reference to Figure 1 the followng is depicted. 15 (13) Drill string
(14) Rotary joint/drive pulley (15) End plate (16) Adjacent nenber (17)
Shuttle 20 (18) Adjacent nenber (19) Tie rods (20) End plate The purpose of
the shuttle 17 is to transfer energy onto the adjacent nenbers 16 and 18 in
a reciprocal notion. This transfer of gergy can be achieved, as in the
past, by the 25 injection of oil betweén the shuttle and its adjacent
menbers with the appropriate timng to cause the shuttle to nove in a

reci procandntbeiteial masssof thec duld estiing baing | vibreied; has t bspansidared and; pized

not i on i”apﬁ%?ﬁ{tlel! with the shuttle notion thus transferring the energy down
the drill ""string to the bit in the nost efficient manner. Wth the present

i nventi on howeThe shuitlepactipbe has theadvantppe tof oeven being dn a situatiop b beihg stallskby

descri be ereafteys. The,.shut t | | S - he t o,t.he ansfer of the
enor gy ¢ Jotkite G griing ot g A5 3tk o e TR Baled T Syt b G BT o i £ <
t he erger gyl stririgh® afteihaeatithateidyeedittedhe nore mass the shuttle has the
greater the energy required to achieve this change in direction and is

directly |inkedhq gnd platepgnd de sedsel! 9. 20 are the link Beteen dhg wiacantonerabergand t he

mass of t i rod s %ﬂm f the drill string being

vi brat ed %gﬁ}%&%gﬁeclgn&?lm eregd&{a}n tg?%le appgr?opri ately. The shuttle action
hasbt hg adva?ﬂh%ehlgﬂe lritfapxeferaiﬂjr m@piprnchs@dsdbﬁ magn'eliln nmefanﬁeiEngs ef [ﬁlblshuttlbéhavd ocki ng
or bindin the dri st.ring in e dri ole.. The shuttle. ca i ver
Pul | poveseepimpee Y refeHhbik e S Maghl phed b A e it By o' e
pl at ep) andlutle @7 kagsotitédit vidhld piiles fekpnbivilto ddpicemanethbtes #6o ﬁ@@rﬁfiﬂ!’mﬁﬁﬁw and
these transfer the reciprocating energy tqQ the drill string. The shuttle is

pr ef er abl § Shekch Pinp dhat pulsy caneg e shettieeirsciprere  Jhis will ndeserikedrheyeatter
el ECtr0”%ﬁﬁ%a?ﬁdﬁiar@&él%ﬁﬁét%%é’ém&%ﬁe&%ﬁﬁuf@g@@'7.5 fitted in such an

arrangenment that when the 10 shuttle 17°was rotated it would pul se
responsi ve to Hopadsofitheiondgoing aaldoo other driwgs vanttie usaggnet s i n such a way t hat

woul d cause theg,shuttle to reciprocate. This will be described hereafter
wi th particul a?h? %’fag}pé?‘?cai’qeoﬁ%%egc %”ﬁllh%m%f Figures 2 to 7.
15 (1}  The shuttle preferably never needs to touch the adjacent members in a physical

sense as this could damage the magnets and the drill string joints together with
the together with the associated down hole equipment.

(2) The movement of the shuttle preferably is never dependent on the drill string
or attached equipment, being free to move in relation to the movement of the

20 shuttle.

(3) The shuttle action preferably drives the drill string in both directions i.e. in and
out and in doing so allows drill bit rotation to move with very little drag on the
drill bit carbides. This action allows for back reaming of holes.

Other drill action involving a drifter do not power the drill string out of the hole

25  while drilling the hole “IN”, They rely on the bounce of the drill string.

A drifter hits steel on steel and in doing so causes a destructive shock wave through

the drill string.

N.B. A drifter is the name given to a conventional hydraulic rock drill.

A preferred form of the invention with its magnetic drive will now be described.

30 Figure 2 shows the shuttle 1 on a fixed guide shaft 2 supported by the frame 3 which
carries the fixed first and second complementary striictures 4 and 5 respectively.

The power output of the vibration can be from 6 or indeed the end 7 or any other take

off linked to the frame 3.



Hybrids of the foregoing and/or other drives can be used. The exanples
above all have a common thene. 15 (1) The shuttle preferably never needs to
touch the adjacent nenbers in a physical sense as this could damage the

magnets and the drill string joints together with the together with the
associ ated down hol e equi pnent. (2) Thia5 novenent of the shuttle preferably
is never dependent on the drill string~”or attached equi pnent, being free to

nove in relation to the novenent of the 20 shuttle. (3) The shuttle action

preferably driMetors Rereferably drive belfs idnadapier teirpiaterthe shutile d. yet prowide fos@t and
i n doi “guﬁﬂeéhlngg@ W#AJ Révendefit @ﬁtihQ @hﬁt@e o G‘ro%és%o"a“s‘ 1y h#\ﬁa?}éoﬁlggﬁﬁ%nﬁgr the

drill bit car s action al reamngo
drill acbﬁ'mhwihmhcglwmgewﬂiclvfbmtxond@uttdteqbéy\%orwhé drill string out of the

hole 25 whil dr|I i Y. t he .bounce of the drill
String. A drifh 4 e RGeS0 T T TR ety Of BB ar P | v
ShOCkSWa‘ﬁﬁgﬁdﬁﬁé% thetéf&cﬂrmelbrsltehlziyagg%g&m% irihditfive 0B povid tAAGE fbvan to a
conventignal hydraulic rock drill. A preferred formof the invention with

i ts nmagndfst complepentary |Strm§web150 ddB dhe paRngementshommehoweygn fherq A asweand e 1 on

a fixed r i g7 ke + ed
first ang ség%lﬁlg o%c%ﬁggﬁﬁwﬁﬁr gsﬁzﬁg%nd&@ ?glspg%“'glf\l/le y. B@ﬁé %ower
out put oflegi¢ted mietwme'nmd d%hnslnmlé t Dpueterairdy hasdbesbmem)lmtyi af7each emhsucbthmgr t ake
of f Ilnkedt I\{gors8 ref.erahly dri.ve.bel s 9 d ted to
rotate tfe? g 1%?3? IBFW%I%’ B 18,2 AL RePUEVE AUGH ATRIPE FOm nt of

t he gbput tpias agndi ‘Tpll.sttp@IaﬁﬁieéiBetﬁrSeriime RN 02 ahd ehestrst ddm;mgnerﬁrjr eﬁhctmiau@h gi ves
rise tot e Vi brat|onal outtake at 6, 7 or via 3. Figure 3 and 4

r ef er enc &{l¥. 3tdby Ve TBRe, dhers BracRIUST md;;ﬁmlpys”@rﬁ%vm@ﬁw&ehmeﬁéhe %%gnet s
shows the, %t? el secdritfec el%éﬁéh t&ly SHAGH"D . aﬁrﬂ\.‘}ﬁ'rﬁorb&ﬁi life ﬁfﬂe"l@tepthe Sitel ake

off froma I rst conpl ntary structure 10. In the arrangenent “shown
however Blltlmtlen,ias dapls‘edomﬂlgumo‘l’;wmmﬂairxy this rapsi altemnatifig ofitRhamslifA’ofo ‘Wiase so
far as the o m._nus'’ concerned. The
shuttle %‘r“éﬁg §e‘feﬁs§l ’glahgamﬁ Fﬁc 0&95 %%@ﬁmtﬁas such that, in a
condiiti on as smcmm«el forrd gﬂthe pi!eseﬁthﬁmmbﬁ ;&oﬂabn Iiﬁﬁiaﬂéwh&eﬁy)ﬂﬁelml’ bﬁﬂ' ¢y from
al i gnnment  of 10 pol arities ]ﬁ}t ween t shut 2 and the

h
first coﬁbqsemwggwg t e éma?elemﬁws% ctipes cap; hgpvarie @% 18y
"plus” agghwibyYefereRb kd AekvbafarfoW iGSespbit olPﬂgﬁ?eef‘. TS o4 drld@r the action of a

ram or other means (not shown) such that during operation the phasing can be moved away

from the 180° out of phase situation, or from some other situations, to one that may provide a
20  better tuned frequency of shuttling and amplitude of shuttling on the shuttle axis.
The outtake of vibration is preferably as shown in Figures 3 and 4 via the first
complementary structure 10,
Even in variations of the invention where there is not the double ended magnetic
interaction described with reference to Figures 3 fo 7, there can nonetheless be a shuttling
25  effect provided there is an adequate means of return of the shuitle alternatively provided.
Examples of such provision have been given previously.
Also within the scope of the present invention is the use of the magnetic interactions
at or not at the end of the assembly from which the vibrational outlook is taken.
It is believed however, that the interactions of the magnet carrying shuttle with a
30 complementary structure will be such as to provide desirable vibrational output useful in
drilling and other vibrational tools. It is seen that the arrangement of the present invention is
an alternative to, or can be ancillary to other inputs for the end use purposes, arrangements
disclosed in our PCT applications PCT/NZ2004/000128 and PCT/NZ2005/000047.



12 and the second conplenentary structure 11. A short nonent in tinme |ater
the opposite situation, as depicted in Figure 4, exists and it is this
rapid alternating of "R' and "A" to "A" and "R' that |eads to the reversal
in shuttle direction as the shuttle rotates. 15 In sone fornms of the present
I nvention, provision is nmade whereby AP > 180 out of phase situation shown
for the conplenentary structures 10 and I 1 can be varied and this is shown
by reference to a sweep . arrow in respect of Figure 5. This can be ggger t he

action of a riapierblioind AremennReptfBREns RdRRTCWROhR et darth rnedppeps chiedn t he
phasi ng RE dERN§ e BV R¥odyhh @ nid3Betd BciPH thede SINERBS bdd'Bd itPle t18d°COM Sone

ot her situations, fo one that may provide a 20 better tuned frequency of

shut t | i ngndSathagingl Cohattanaghetith(imCo) mdpickrean e useduaptio 408C).s. The outt ake of

vibration is ferably haown i n_Fi [ |

conpl enent arythtg rué?urseoﬁgl.]a Vert ﬁev t{ri#écfi%%c\:rgtﬁﬂog tﬁ??\é ’?lﬁ%%%t %%S%%rbg t here
i 'S no§ theelipedieteniitge, M@gnthlliC speaking havtved eldaCmafirt: aveiconti®aindicarde t o
Figures 3 to 7, there can,nonFt_heI ess be shuttling 25 eff%lclt prqvi ded
there i sPURIY R tha ROIRREdew P1 Sigs anchibsmeehio RAYIde pEapESlschical MPYSaR Bvi ded.

Exanpl esfifonis! it fe8 Vibtat® Bnd 18 ¥Ebi B8 S adliets BnifdileildS| Y- Al SO wi thin the scope
of the present 1 nvention is the'use of the nagnetic interactions at or not

at the end of It iscenaisegedishat retetienalvipecds fon thevshbitlgtli con aprycignibesiatly.s Armeen. |t
i's belieyed however .t he i ' . r.L Vi ttle
wth e ool S oneh Ahigrs 1608 RERF WLRH3: Slichiof, VA lebR ek Uep0eD M) ¢

Vi br a0 i opelideut nifficiestethtdw of thedshuttlel tigkwmds ahd dorwardsrtatprovidé atweerttswhilet i s
seen that_the arrangepent, of the present jnventi s a Lternative to, or
can be aW@FﬁuP‘éﬁfufF&l%oEE‘éﬂt‘l r?"rgﬁ%?fg“f orp QOQ%S@E-?' B@L‘ﬁd’é@rsf’e Hbt??ﬁ?ﬁt s

di scl osegydorpRYEqUBtet i@ RiprbSAeRNS0BET/ NZ2004/ 000128 and PCT/ NZ2005/ 000047.
-16- Preferably %sed are pernmanent magnets (particularly Rare Earth type

magnets of hi4hdiffergneembodionst foym ef the piewsal iventiomyilkmow beidhscaibed Byse of
NdFeB, c e 0o 180C and Samarium Cobalt magnetic (FmCo) which can
be used ﬁeger?%e%g%“& her forns of magnet can be utilised including those
magnéfs that hieyighe § & mheinchiopedluid (gd3k bhgiteroup. (26e venetingy bapeak vibgativawever ,
el ectro magnets ar antra-i ndi cat ed rel.y. fromthe point of view of size
and the FREBENSCPEY o Pelae adige S Manrble Sl hend drm wsembly s showR-o 1Pt does
vibrate aRenbl§ pscthddRGhe &l REAME (3G with\the £HINE 6 Hoatlih tHeBrBTHOISHERS ofiating
rotational speéds for the shuttle 1 can vary significantly. A nmere exanple
of one. SWENdIeSY af theeist o6l eIt Bt isonty deing: s used by TR (aed

dep! Ot Sl 10 BroRlaR e ofes Sl b BleBin it Phtle 37101 BUNELFHB A OHEY (45).57¢

f orwar ds rovi de
20  This assembly also provides the insulation between the moving mass of the drill string (29)

and shuttle assembly and the drill rig structure or support/frame (28).
Those two functions are preferred and can prove to be critical in the operation of the
head.
End plates 27 and 26 (“complementary structures™) are to provide output to the drill
25  string 23 via shaft 29 and its extension 25. A rotation bearing assembly 24 as a transition
allows rotation to the drill string 29. Above the bearing assembly 24 the vibrational outtake is
independent of drill siring rotation i.e. 25 need not rotate. The rotary input to the drill string
spindle below 24 is preferably provided by a wide tooth belt assembly 43 driven by a fixed
motor 44. The distance between the drives is such the movement of the drill string and the
" 30 associated vibration is dissipated by the belt drive and therefore is not transmitted to the drill
structure. The belt drive is also such as ndt to fail owing to the vibration.
Preferably the drive of the shuttle rotation is an electric, pneumatic or hydraulic motor
(42) driven flexible drive. Preferably several drive belts 31 are used. Such belts preferably

can accommodate the amplitudes of movement required.



vi brational output. Usual ranges can be from 1000 to 2000RPM but can be

hi gher or |lower. 2000RPM equates to approximately 130Hz. A different

enbodi ment form of the present invention will now be described by reference
to Figure 8. 15 In Figure 8 a main air or fluid (gas) bag group (25)
co-acting between vibration apparat Uﬁﬂpart 28 being a fixed or manoeuvrabl e
drill head frame assenbly as shown. Thi‘'s assenbly provides the drill string

(23) with the ability to float in the drill hole while operating regardless
of the wei ghtlnether develfarms thet shpklg car be impalled ¢meotateraliontos yagegbgivg stawkpy ai r

val ves ( : : oM . [ ' fixture 32
ol o bet esBniE RN WP Bk Tl BEGASHE AR dFeil of barid dsp
i nsul ati on beAsveras ttheviboationg appastusfis tdreemed,|it cat bé segn (t(RA)an endcplatb@Ft | e

nbl ad the drildl ri t t/f T t
et s o an iy o maghet 43 16, et it o6 R BOMReRb T st iilend SEERGHIIR of ¢ he
head. 5 Engb, pSitiRely 4 e%gg)laﬁ@ 26 'ha BRHEIRALMAY 4 B he ME hrvdye' doadd With ﬁle%ﬁzicﬁi

output to the drill string 23 via shaft 29 and its extension 2
r ot at i onmpgsts Ypcheldiodheshpitlest fhe otherephsition allows rotation to the drill

string 29. Ab t ' ?i&ltsy t ' t ﬁ.@#ﬁc'
| ndependent o‘?y%i[ﬁtféfsegtﬁr%?ér%& rt?)?%tg on 3|8.2é1.d %?I#elggﬁ] ndggﬂ ‘?églfagi;yfa. ehrﬁ%atlary
i nput t oort shepealr fotrhs sdpablegf beipg heldebyretentiorRplates 3prad 87 abthe mainbodiedf iy a wi de

toot h bel t ﬁ enbly 43 driven by a fixed notor 44. The di stance between the
drives iﬂ‘“_g *the novenent of the drill string and the 30 associated
vibragion is Thas sdapasiRetidhodyiReioRbly idlin¥E with etrdlest BhghelsS3I NG a ﬁfsapglm tted
to the drill structure. The belt drive is also_such as nit to fail owing to

t he vi brghichgre forkss wagnstiallyravitated, aboyt the meagastin kiniag Bétod ) sspondspolhokethect ri ¢,
pneumnat i ﬁaﬁﬁ hydraulic nmotor (42) driven flexible drive. Preferably several
drive belts g'l are used. Such belts preferably can accomodate the

anpl i t udes ofPrefevabiwethe arreupeinestis as peviously desveibedi r if vteerd randifiicnbly sivingttbe can

be inpel)ed to.rotate reliant on van I n tryck hy.a.fluid air,
wat er " or e frueitk & Bepfigioc i iRt b a7 of U5 st et ot bEhfIdindy " s
far a5 t6&Rionhlby, 2hthertbn BRPRtALbEert s GROWE i) Gigurei 4 whate hgereRes1 idaimply end
plate 27 carries an_ array of ma to coact, with an_array of nagnets

56" at ¢ Nl e dhcoand, pins s bedy &7 o sy Pale| 4 Wik e 9P e ds RSSO 1 o
hatt | o o e SRS B e uRPRRL HERD, siEmALERY o« dhen R, P2 PR 035" ¢
shown asaqhies ¢hreadaing plrpose foc thermagets S@rbyshraping radinky atcdatel the pikindeidpgéhel d by
retenti ocr)lftg‘l5 gﬁu%?e.% and 37 to the main body of the
20 Whilst preferably the rﬁagnets are exposed at the end of each shuttle, in some
instances there can be a protective covering provided that does not interfere with the
effectiveness of the magnetic interaction. Likewise for the fixed magnets 40 and 41 of the
end plates 27 and 26 respectively. These can be retained similarly to the shuttle or simple
adhesion may suffice.
25 It is envisaged that end plate 27 is able to be rotated (e.g. by 45°C) so that when
desired the shuttle 30 can be kept at a stable condition between the end plates 27 and 26
irrespective of whether being rotated or not. To achieve this the out of phase arrangement
previously described in some detail is used so that there is some balancing of the forces. Just
what, if any, rotation of the plate 27 is required depends on the set out of the arrays and the
30 magnetic inclusions in the interacting surfaces.
The magnetic support of tHe shuitle on a guiding axis is preferred but in other
alternative forms some air or other support can be provided. This is to avoid any unnecessary
heat build up which may degrade the performance of the permanent magnets. Systems in

accordance with the present invention that have been provided with a lubricated bearing have



shuttle 30. 10 That main shuttle body preferably is lined with permanent
magnets 35 of a first pole which are to be magnetically |evitated about the
magnetic lining 34 of a second pole of the shaft 29. Preferably the
arrangenment is as previously described. If there is a difficulty owng to
the intensity of the reciprocation to retain plates 36 and 37 to the main
body of the shuttle 30, 15 optlonallfﬁ Tather than the arrangement as shown
in figure 9 where nagnets 51 are sinply held to the end of the main body 47
by an enigngsddo gendatamome hest iubaich systamsyongipless aan be operatediifithereioradling or t he

ik th

sare. pur o iBcaphor B URialie YornBefR e suck s hof B ffbdlhen RNV 1

body 46 thefde@h@eﬁhnpélﬁhleeso?ﬂae\ﬂmhaienpmamsabl y the magnets are exposed at the
d of h ttl t.h b tect

o ovi ded t hat AHBEEvHs 1 7 BB Oh AR IHPA 3 Bt ey nes BroRh hAAPRIGRR  | c

i nt erﬁ“in%the'—drh?%ﬁ@ tﬁtﬂrpréﬂﬁm@e%ﬁdslﬁ@g&%ﬁhf}oasa@m 4d aCHroép@@c ofe:f‘godl’ihét es 27

and 26 respectively. These can be retained simlar huttle or

Slol e | Gpews o flus fanibe ir, PBAV ¢.6 war) oragndnctaccs lbiioopt Buid el abi o
to be ro so that when desired the shuttle 30 can be kept
at a stagﬁég u&? ?Fg%¥g§?w%én the end plates 27 and 26 irrespective of

whet her bei ngWithttht atangemeaatof Figureschicel if for sxdnlyde, i sh)ftthoisdsﬁn tongand e ment
previously de pr'b d,in some detai] is .used th t t her bal anci ng
b Lo { B B Shyle SiovEme g T DA P Spmimepsnding o Sndly BifdoR od
depeqgls %e&é‘?&m‘ﬂﬁmﬁdtm@éleh@&rﬁgfsrﬁx@eﬁﬂ%&%ﬂm %@nﬁﬁrﬂ@ﬁ& tlearklekyisi ons in the
i nteracting Surfaces. The nagnetic support of uttle on a QU|d|ng axi s
i s preferred Pefergbly atchieling Gequepsiapt ﬁremf (breferaldphebayer20oeyclysseto sepP8Pt can
be provi r y

degr ade ‘?’ﬁg‘fsﬁg‘? s lﬁ%tﬁ% a?e}i%t;gt g%rnggéﬁi?&%gg%‘e &%%ﬂﬂ Orrgdlégs‘éyz}lggo?s nce
wi t h t hebpgaremtdd usinge#i® nmpndticdhtelnatienss ém Fignees 2ded relidrh oa shuttle ratatioadfbear i ng
have - 18- te&ﬂg&g&? generate sonme heat but such systens nonet hel ess can be
oper at ed about 's cooling of any lubricant or the operating paraneters
are ssuch as to not generate tenperatures above the degrade tenperatures of
t he permanent magnets. Al so provided is the prospect of a fluid pathway 53

t hat extends through the apparatus 5 into the drill string thus providing a
flushing capability as well as a prospect of a cooling function. Such a
fluid can be air, aliquid (e.g. water) or can include a lubricant fluid

typically




(e.g. a slurry) used in drilling. Wth the arrangenent of Figures 8 to
12, if for exanple, the shuttle is 1.5mlong and the anplitude of

shuttle novenent is fromO.1lmmto 15mm (depending on shuttle rotation
10 speeds, shuttle mass, magnetic arrays, nagnetic strengths, geonetry
and cl earances). Preferably a cyclingidrequency of from (preferably)

above 20 cycle/sec to say, 200 cycles/sec are contenplated in steady
state congifihgRe dhgmuency 200 cycl es/sec can easily be generated

.using 4/8 magnetF'c I nteractions as in Figures 2 to_ 7 reliant on shuttle
rotation df apBhrationdeppayptas sapapjepf VE"’&W apaclsand forth vibragipel gutput,

appar at us s Rspatafis @dmpHsRY bflinBidiag back and forth vibrational output,
sai d appar at us comcrl SI ng. or j ncl udi ng a shuttle having first and second

ends, 5 a first*BEHp oA epndEad§y e associating with the first end
01;] sai g SQUUlj&.f;:ﬁ&dmﬂqﬁﬁmylﬁr@mﬁﬂwﬁmwmméﬁrmwbﬂmﬁﬂﬂe&i\d gg_ with

t he second end of sai ut ere rive.or
nechani cal dri \fégcof‘gweﬁa@ %démg‘ﬁﬁtafsf’@ghé‘ﬁ tﬁ’%“’aqﬂm;%’?’%?ﬁgég}ﬁhl ®sai d

conpl enent ary smieueih uhaeis aambhmiimtﬁlva ormeghedisal ddves techtdtythé mttlehbitt | e at
each end and.. n r 10 conpl ementary structure has the
effect suh™h %h?%dé “@h’gg%'%e ‘rotation caused interactions,: the
first end rmvesmdwﬂy:rdu magrblsemed:hmtﬂe shuttielabemenersirapd stagnetstcanied hyehchi n

LU, 108 NS RGEROe? IR e P A 5 U 1 URLCOPRBIEK Ghdliol U e

and wherein e Vi atl on fom one or
of said mmttemﬁmzfmtegtmmawasfrmdwsmud meliwmmhed,smmm e

itself an 4 BaGke @'!f[,,ye of, or parallel to,
sai d axi sq'elf m%ppara ﬁ%ﬂ%?%ﬁm ﬁ1§té\/a\)r‘$%r eln Sard fi rst and second
conpl ement ary nAueherein dhe piputiqfitay vivetian s, Gom pne 5 PthshrRErbotn SE8E as

di stance 'c%ﬂ%&%ﬁ%@ud&h‘és :ﬂﬂtnof airahiy Fnd Bk ILUNEided MAGH 2 ALINRKI ARRUL
sai d axis. arat us&aﬁ claiml or 2 wherein the conpl enentary

structlére§“'a1’fé’x YPQ%"(P clfo, s3B 8k att on which-the shuttle is guided. 4.
Vi brational appcqrpa;ws oeambllenmfeupmwﬁﬁt B cddd smplattedtsry tshruotirdy ki onal

Shuttl o « SPPURRETble o e re %os%”@hﬁe%ﬁgmmiga*t“‘?ﬂ%f'ai%sﬁ#irst

and secondthemlspﬁtemiﬂmnar y structures,

3. Apparatus of claim 1 or 2 wherein the complementary structures are carried by a
20  shaft on which the shuttle is gnided.

4, Vibrational apparatus capable of providing a back and forth vibrational output,
said apparatus comprising or including ' '
a shuttle able to shuttle reproducibly on a shuttle axis or locus (“axis™) between first
and second complementary structures, '
25 a mechanical drive to rotate the shuttle abous at least part of the shuttle axis or locus,
and ' . _ _

-magnetic iuteracting regions on eaéh of at least one complemeﬁtary structure and the
shuttle whereby rotation of the shuttle has the efféct of subjecting the shuttle to shuttle
inducing forces being alternately attractive and repulsive forces between the or 2

30 complementary structure and the shuttle,
and wherein the output of the vibration is from one or other, or both, of said
complementary structures and not directly from the shuttle itself and is a back and forth
output axially of, or parallel to, said axis. '



“struct ur epredsuthelshuttigmeves, Hlus shinide benahstiveen

25 a nechanical drive to rotate the shuttle about at |east part of the
shuttle,axis or locus, and magnetic interacting regions on each of at
l‘east- one conpl enentary structure and the shuttle whereby rotation of
the shuttle has the effect of subjecting the shuttle to shuttle

i nduci ng forces being alternately attzgctive and repul sive forces
between the or a - 30 conplenentary structure and the shuttle, and

wher ei n t Be outGiiaichalappardtis kalabRIbf pfovidiid KR afd fart\Ibrational BRfpls, Of
said conpl gmsnt ary StI‘IJCt ures.,and not directly fromthe shuttle itself

and is a BHEEPPAENSCHPRTHINESLIAYE i al |y of, or parallel to, said axis.
-20- 5. Vi br at isodhaiie apmabiabbont £ agmbd shufk aRis axd fiongbie bascandatoth bothie h

vi brati onalléwgqlﬁxput, sai d apparatus conprising or including a shuttle
rot at abl e %a defined shuttle axis and noveabl e back and fbrth on
the shuttl e. axdmachimical drive kedtaeeathe sttty shotitsrshitith exig, he shuttl e about its
shuttle axis,

adfirs | enentary structureg rds e d_away
from whi ch, and tc%&e‘g‘?q : Sty 03%‘6#?‘@'%“\1}@5%9% (‘:”(%16 ’%ﬂgnv%ggne tary

st ruct ur e tiasbytitlé movesvhi ch and t owar ds which, and vice versa, the

hut't | L1 i . | , |

10 wher el pr o faerEhplsfenty WuARs STR] ol iR (VRE, Gl 3ho M ©°
_ hpige ¢ mﬂg complmaRigrysmderesr e have

magnetyoC ar eas \Rela Bhaidd? r8fidh¥ 108 Sach Paifk BPE&Y@&xﬂpchﬁQﬁMggﬁqﬁnﬂﬁhﬁtﬂ@g,

attractive or repulsive n%%rces as tche shuttl e rotates, wherein the
phasi ng bendvsbyitle/sreondartaniementasy sipctuse, hayse Maghelip #1vast ORCFRblCS iy pProvide
_retCI pr Of?‘taﬁémiﬁﬁelk',tf‘ér %%Mairtﬂr%nﬂu%ﬁb&ﬁ@?ﬁ@ivﬁ wb SRS t ﬂﬁtt?frqtﬁtgé? mtagn_et ic |
i nt eractions at act o ne.. shuttl e, virtue of if{s rotation, an
wherein the vi Bﬁ“&t‘?"&?ﬁﬂﬁlﬁ&ﬂhﬁﬂ?g g@“ﬁ’d‘u‘ﬁ E?Hé‘?/gﬁfs’ 8E F% B, BWE‘HB%‘HIP g ai d
coi npl enepéciifdtatst oniitd shuwingarid andtonstiniees bijthd megmetidiatesioticns Iiat adt st and
is a g‘gck %qrit faorth f'ﬁt%t axially of, or parallel to, said axis. 6.
Appar afus SBFHYYHCTIRPEPN sai d first” and second conpl enentary :
structures are an@0wheénsind theeVibtaliare] tootpetashfrohhene bnodlegr crabott of aside i s
concerned,_ ./, f fe th ed] l.ai Ln the
shurtl o 1 SRl Ml w800 okl e BRAL Blethof o 5 PRk UL Bl

Vi br at i onahtpaippiainefuer paulightedaid exipr ovi de, and capabl e -of providing, a

‘back and 4 * Apparatus of claim 5 wherein said first and second complementary structures are
20  fixed relative to cach other insofar as distance is concerned.
7. Apparatus of any one of the preceding claims wherein the shuttle is on a magneticor
air beaﬁné about a guide shaft. ' ‘ | B o
8. Vibrational apparatus adapted to provide, and capable of providing, a back and

forth vibrational output, said apparatus comprising or including an assembly having a
25 shuttle capable of shuttling between complementary structﬁres, at least one of which
complementaty structures provides the vibrational output,
the arrangement being characterised in that there is 2 mechanical drive to mtate; the
shuttle and there are magnetic interactions between the rotating shuttle and the
complementary structures such that interactions with each complementary structure, and the
30 phasing of the complementary structures relative to the shuttle, alternating magnetic results in
the shuttling movement of the shuttle. ' ' ‘ : -
9. Apparatus of claim 8 wherein the magnetic interactions are as a result of permaneut
magnets. | ' |



forth vibrational output sai d apparatus conprising or including an
assenbl y, having a 25 shuttle capabl e of shuttling between

cbnpl ementary structures, .| east one of which. conpl enentary
structures provides the V|brational out put, the arrangenent being
characterised irn that there is a nechanical drive to rotate the shuttle
and there are magnetic interactions between the rotating shuttle and the
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ri s Vi b ratu

head for | 1ing that | Onat app one of the
5 precedi rigadztbfatimllmcheﬂhteomechdﬂemmdhﬂsmw -appar at us havi ng a floating

-or conpli g Bp@m'g ional head of claim1l attached to or
at t achabl e to a darrl taIPI)strl n B-ﬁqg Drilling apparatus conprising a
Vi brational heasbrHorsl bgagpef: aitt 1l attashed te or agpchable il #ringo a dri | |

stringjg 10 a g tang @nd at | east one reconflgur able (e.g. conpliant)
“fluid reservoir g. aco ant ga y yet constrain the
vi br ati onal heé‘de‘i‘"d’nf Frgond} %t@g ﬂé““?’ﬁ?“é&a%?F?ﬂ‘P“@’Ft&aﬁéa

vi br at i onaa %%ns&h@ﬂﬁ&%ﬁalﬁ&dtdmes@poﬂ east one reconfigurable fI ui d
reservoir hast e effect of,ca i n ght of the tached or the
N gkl e ChueBbih o o PR BB bt S 5 T B o
"t he vi br atrisonfAgudbbeaithid skatdintas the@ffeds of Gutpippthe -.datmhoﬂthmagtat:hadbnﬁb topeand
laterally of .the.dril | in 4. f rein
ther e bt & apenbdGaf Rty bl B ondit o R BREN 07 B PPl HAREC "
| east one toﬁcwmoﬁb@hiwim@ailxmlgaﬁmgwd!I!BstnApp’as atus of any one of -
claims 13 f,0 1 SfBa treQf 1edshvo %m% onal head 20 (Wnen

the drill aX|s vertica Wthe reservolr(s). 17. Apparatus of
any one oflSel aprpargusa chign ‘éte@wwttlw@owmﬂwwn@us BHEsReE from t he

Vi ?r ?_t i 0”‘81'6t heg gparms%ftaﬂ,eo&rdflciam%ttrslt@gs {vRerdth 8t 18ast BRI te HbrdiioRih&dNON
rotatt qu (%henvti:e dnl] a.xls 18 vertical) is below the reservoxr(s)
17.  Apparatus of any one of claim 13 to 16 wherein the wbratmnal outtake from the

vibrational head into the drill string is via & transition fmm a non rotating but vfbmtmg

cornponent directly or indirectly into a rotatable and rotating component (e.g. connectable to
" or forming part of the drill string).
25 18.- Drilling apparatus comprising
a vibrational head attached to or attachable to a dril string, the head having 2 totatably
. driven shuttle that rotates about is shuttling axis and interacts under rotation with different
magnetic effects thereby to be shuttled, the vibrational outiaut not being from the shuttle itseif, .
a support, - | '
30 - compliant means (e.g. preferably at-least one gas bag interposed between part(s) of the
vibrational bead and the support), as a first interaction, to carry the weight of the vibrational
head and the or any attached drill string and - '



conponent directly or indirectly into a rotatable and rotating conponent

(e.g. connectable to or forming part of the drill string). 25 18.
DfiI1ing apparatus conprising a vibrational head attached to or
attachable to a drill string,. the head having a rotatably driven

shuttle that rotates about is shuttli2r axis and interacts under
rotation with different magnetic effects thereby to be shuttled, the
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shuttle, avt;mg Pghgngfltg PQftnel rom which the vibrational head is
mounted to conpli ant rate under the action of the shuttle, a
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head, gnd sﬁmg%ﬂngctor%ﬁ%yﬂﬁb%gect or carried by the bearing, a .
rotatlonal drive . to the drill string connector, wherein the shuttle

interacts in u%@‘%‘ﬁ%é’f‘?ﬁfameﬂﬂgﬁ%ﬁqﬁmﬁmﬂts ends as it rotates under a
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shuttl | n m)venent of the shuttle
g tructure, and the phasing of the complementary structures relative to the shuttle, alternating

magnetic interaction results in the shuttling movement of the shuttle.



