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VI BRATI ONALAPPARATUS The present invention relates to

vi brational apparatus. The present invention rel ates
woOaQoosidesias i onal appar at us capabl e of provi di ngPaT/NZ2005/000329

vi brational output for any ohe of a diverse range of

pur poses (e.g. whether for the purpose of vibrating a

drill string, a hVpBRATIONAWAMPARATUS ne, a

conveyor, or the like). Many vibrational apparatus

rely upon the rotation of an eccentric. Qthers rely on

PN eaheRkdseht A0SR rMAE BN ib&Siohdl a@FQﬁfust 0 reciprocate a

pi ston which provides a direct output of the

vi Ohgt present Biyeption rdaten tet vibeationaks appavetuer capable| ef providing a

. i s¢l or n ses, have a downside jn that
a3 bORE Oy TR 48 BB SR, k8 AR papose o
vibratitid adHBdtrias ahbpedrfa sdvalel eddtiine] £corvedodbf fhietiltk).y in

ensuring_a reconmencenent of the viprational output as
a etiberivaalotPnaréisielt Bpen theetofatioas fsimeccepirigp@thers rely on

| pneuth@i@lanlfor d%gg%fgiﬁlﬁk%?g regfpr&{}‘?e %gﬂ#o\ﬁa&ldﬁgﬁ %:/wog}]dgs a Sdierg’ct output of

Vi brationa I'scl os or ‘man
the vibeatinal odpmisi Siechi sruttoeds hotwewer, tiidlstidiselosed for witing lend hees, have a
out put. piston is attached.has itself .stal.led there is
oy RHip B b7, the aRUES o e D HAUGHOUMERCS BFPQHG has eIF stalled
there ¥4 P BBLIRAN Qi a RoBNRANSEIH S0 &R Abratibeal R)‘ugﬁ.@ Bs a consequence
itself refusing to nove relative to its cylinder or
of the pgton dfsely safaving tosnete wistive tooigs elimdenerthokeqiivappar at us
ofy;: 5 l.i shed as, WO 2004/ 009298) .of
o viprebio i SR 0 B R AR Wi RS ghPo ity 18 that where
the devigaitd ivdde tiedyaptiapistohrio mitabieedvhdy adelofalled there is a difficulty in
conmencenent poi nt_ of view and/or tuning point of view
ensurpgr 3 ELREERGIFEMERt ofoie (viatignsh outnus ap @ GRRseUeRge oiGha migon itself

refusil8tbMBGvd FQMER @H{)E&Iﬁdg@ toF%'é cQuidhiERCt S?E’H Bidhid Be HEcase with
apparatus to be vibrated. Irrespective of the

apparafup af RETANZ 0154000158 Giubtiskeid.as W QIHOOAO0929R) axf Bansy Limited.
the,formof a drill stri.ng or .attachnment for drill . .
st APRGPSETHoRyetign FRBlATisd SRMHICHRr ASYANARe BER gfe vibrational

comnhdérhbit goRel ANAGRbh@Br fBide\WintddSEbRIBELshEVERF how the apparatus
af orementi oned specifications. This is preferably one

is moygted).e quinr hengerivetl| frand aj shuither withowt 3 diveastauypus Hatleeapparatus to be
vibratd§ have determ ned we can provide magnetic
interactions at each end of a guided shuttle that, as

a Mlesdpettivaf ofathe appirhinnad bd wibretedr(Dy.i wigdhdrapph@tus in the form of a
reci procal] shuttle, drives such a shuttle back and

drill string ¢ atfae Ot 19F adriflptrinerqy oty egreepmdisgtangiernative mode of shuttle
recipx@_@ﬁtﬁﬁmonﬁlgt Hﬁ@l%)sck?iy in%@%%&gﬁ%gm& esgeﬁﬁgaﬁfotrﬁ qfhisais re{erably one
I I ng conpl ement g%e S

simlar polar formand provi ary ma
not reghingal flwd mavaiabde gonpulyahamperat each end, it is

possi bl e shuttle rotati.on to cause reciprocatio )

b S B TR AR BT BeGu e rRSL a0l 7 of a guided
shuttls Whdtagea rddul JfUMoMiothl drive Slevide® 16 Bld R3ipPdtal Bhittle, drives such a

I nherent properties of the magnets involved, the

shuttl haelk andoforthibgrebagreatipssimplifiteopsraticn. | geonetry of the

i rﬁettérﬂl%é.cf) {rat %?lﬁ%v%imgtg gp&clgatmgg %{seofj & sitmq}%r fpglca} fc?rgn Eu?c‘ia providing
complementary magnets that alternate as to polarity at each end, it is possible by shuttle
rotation to cause reciprocation without any striking of solid surface against solid surface. The
tuning 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.
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wei ght of the shuttle itself and the speed of its
rotation. _ _ W believe that permanent nagnets can be
waddeisgidsi n such an arrangﬁrrent ef fectively teCaiNzosws200329
rotated shuttle to be tunédas far as its vibrational
output is concerned. The timng of transition at e%CQf el
ane béhiemthapermaient megredneandzs wilised &mpich g agrapgement elfectively
simlar_ pole interactiqns i.s s i g c imi
to allo atroiigfeiisiece Do it h aaF o1 By SPTERER R YL Pebibd The tming
of transgﬁb’ﬁ L &cWeﬁ@ Bk ¥ Tpéler 18 Ghme Poleisame pole tasimibartpolet interactions
evice. It 1s therefore an object of Lhe ﬁreseg tle without
is suchianvenvoid impast petowhelbelgssprpyided sibaptignabontpyfrom the spyttle wi

.upon rotation of a | enent of the head thereby to
anYdlfﬁ?WPB%"tWBé?m&W%“tP‘Er]ftdg}’%%ti ons of a different kind

(IphEfirkabtey alb bjerodf theqreseat invention éaptovédeda ofibrgtional head that
shuttle) thereby to shuttle the shuttle,between .l inmt:
relies ygyasf wiationyofrayt clement of dbe %@ﬁda%fﬁb%ggﬂovdﬁle @&%%eﬁ%nlf‘{ﬁga"t“%ns of a

frorenl i BT BF il &ach @nAB@RSIhugle) thereby to shuttle the
d1fferepﬁ{&]@§a@¥e?%r%§1g’§élg %??Eécgﬁ%ﬂ ushi oni rI% g. Ve hav)e. al so |
shuttledBdtaeen Medsi prefesabbossi Bictated bi aay minacker eeghiqning but preferably

floating bearjng or a netic levitatjion bearing to
rather gapgneticeanagsaig g‘t‘?ﬁﬁ?“ﬂ@%@ﬁe e c‘rls\oﬁtloé"?'lﬁ %ﬁg shuttl e and

the giediity dRRARBE] 3baHbodMHIE Ryitlt ah it or bther dloatiahbearing or a
Al'ternatively we h

ave determ ned that stub g\%!ge% atdth ‘din
magnetiadéyitatidn bearingrto eueid bieat bapldrun ketwegn A &ojaiEg YtsAnd the guding
floated, or .ot herw PB iV R 8@ nikdd thek st axles at
membp whigh lgésh[? ?{g@?tgﬁfé- t‘%Eetsng%g}e sggct s of such '
cach R@MTLHEIAbRNSBAleldaA8 tisnesebres b floatedi otlieswist sepposigd in a non-heat
together with assenblies, nethods of operations and
build ysawnnefhe present invention, in sone aspects, also
r &cogn t g abh thRulielidon e pasetasiensbh és directed
[ f‘rl gtbeé%gfev@ Sgéﬂgtaﬁéeec%or r% of the vibrati orI1)aI head: an
togetlRPisithtagsdntblids,ithéthads ofopatBensigptuses-an advant age in

drill wthdrawal . an advant age in. drillinm FihSfollowing as -
TRV E R OB A DAoL T RG: A TSl BT ah folloving 2
desirabRiERE e%ﬂvf‘hﬁt‘ﬁe aimPdittRs Pakalonableed: an advantage in a
manoeuvr abl e support of or frane to conpliantly
e  sSuppbility & drilbtoagreateradepthead. It is to the vibrational

head to V\hi,cllzl,htei{l} t.hs (if the drill string are added.
°  TIHE aduRiRgedRt ¥ or support advant ageously

. all Vi i ¢ head degrees of freedomin
rma\l}ga\#g%l%tggeol\lr?d ggﬁglrrgég?tlitvel y of the support or frame yet
e Whinckivaanet with eibsativoalf diling.a) a benefit to drilling,
an ability to drill to,greater dept flt. i
o AL B BT e a o thpeepf support
of or%‘.iiﬁcf{o §DpiBnh§ REHHckt 4 VibaRaaRhas. | loRgRvhe yitmaiinak head to which
sinplicity over otherw se suspended vibrati onal rtseadst ol
lengthn of aimy deiflt sudtge dreoadded  pEheasemaRIANG DARYNHNE L JURROTt advantageously

allows the vibrational head degrees of freedom in movement non destructively of the support
or frame yet which nonetheless confets (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
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.
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It is to this therefore that the present invention is
directed to at | east provide the public with the
wagedolesishoi ce. The present invention consi sts PAT/NZ2005/000329

vi brational apparatus capefbﬁ’e of providing a

vi brational output, said apparatus conprising or .

| MupkUstbat avehtidr bensisty imgilirationalaspparatisrcapehlisof providing a

first conplenmentary structure. asspciating with the
vibrationakeutpy said app3ratus FOPTENE Qhre ond conpl enent ary

StarS#ﬁﬁférh%ﬁé?ﬂ&iaﬁ& 5O PnWehlls,t he second end of said
shuttle, fein there is a drive or drives tog rotate
t hefirsheoniplenatoyistractusedssodiating nyith theifisteaof sxe shully, and

structuyes, .and wherein nagne j t

o e IR gHar B LR AL LR gl o Ml b,

Sty hi&lett] @h&1ass hgivefdrakives W6 Rothteathe shutde abbet &f fds throfigh said

rotation caused interactions, the first end noves away
complémentatyhstrusiwesnd conpl enentary structure and, in turn,

the segond en I PQaldd &l arGHR R ARk by each

stﬂ!ﬁ‘f"ﬁ?ree,m %gne&%pée’a?éilecﬁﬂ?ﬁef%ﬁﬁlgut of the vibration IS Y
compléheithgneirestuet hey theoreffoot suctofthatairetler oitrp| efifesht efr yotation caused
_ structures and not directly fromthe shuttle itself.
Interagogd.er abl y said first and second conpl ementary

Stiﬁl? il s fa{»\%{iﬁ Cﬁéﬁf it de¥dnd SoBFleReMbiiedtnicnsebad, iagurn, the

di stance 1s concerned but not rotation relative to
secondadhmot ¢sewaytfoun thedirdt compementafyetapiue. t he drive type

for the shuttle in.e of .. air iqns. .| e i
b b s St e g bl £5 32°0f SR BE, of suid

Rk H%r;%trdcﬁﬁed%ﬁ&ﬁ»ﬂ Birbdietiodrh @i shattiyibelfd ar rangement
Compcarﬁ3 € used. Preferably the shuttling is wthout SP|.Id

t oPwfirably aighfirstgnscsecond ForpalemegtsRy siEyctups afecisd) flatiyg to cach

vi bratignal o ' fYsaid axis.
other {isplyE i, F3@he< 3 EBIenlcd tht AR BFoR IbR (6208 ALY said i

Vi PreféiaBiahe @ipaypé fis toagmitleinahclpobits dirgsgons is the same but out of

vi brational output,_ said a tus c rising .
phasel MEICIGig BTSHESITEHET doRs At PresoTaBF R e erangement
canbg‘[féjetdtl e axis or |locus between first and second

conpl enentary structures, a drive to rotate the

h
Shiptdftrebhiheishutling eawithgiiselibto okid high impagt opiingagjcontact.

| ocus d. magnetic interagting regio
oo LAy PO S,
whetg biedeRtt idlédian Qlisot disishlntvibratisaal igparhtuwotapable of providing

subjecting the shuttle to shuttle ipducing forces
a vibbeiongl autp@ﬁ,maldeqwaf&fttsrcﬁmpirwggé’ﬁ&l‘il sive forces

sndr e Sy Xl O TR BRI o & s B ey ueen frst and

secordd M pMierdiry Qtrigttresor both, of said

a drive to rotate the shuttle about at least part of the shuttle axis or locus, and

magnetic interacting regions on each of at least one complementary structure and the
shuttle whereby rotation of the shuttle has the effect of subjecting the shuttle to shuttle
inducing forces being alternately attractive and repulsive forces between the or a
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 shutle itself.

The present invention also consists in vibrational apparatus capable of providing

a vibrational output, said apparatus comprising or including
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conpl enmentary structures and not directly fromthe
shuttle itself. The present invention also consists in
woiReabsidRal appar at us capabl e of providi ng a PCT/NZ2005/000329
vi brational output, said a‘p‘bar atus conprising or
i ncludi nga shuttle rotatable about a defined shuttle
axi shuglCrommattabbeut baddfired dhirdletabrisoandt evesble back and; forth on the
a drive to rotate the shuttle about its shuttle axis,
shuttlezaxis,r st conpl ementary structure towards which and away
frao(@ug% ?&aﬁeqmsh\ﬁ'tt?eeaﬁbﬁf f@shiileagfut tl e noves, a
second conplenentary structure away from which and ., .
t ayvirstisoniplembntagratruciure toveardawhichand Byey Fﬁ@n}rwblsﬁg; andyyoe versa,
shuttl e being between said conpl enentary structures,
the shy{Hle MAVES: pr oxi mal regi ons of each pairing of first . )
COQQ%C%HE RbAPKnTEhtAE sHuehsh aivhy Eroanevhidhuind eveedowtich, and vice
conpl ementary structure have nagnetic, areas o&grabl e

versa, ttlee ghutilei vaeaJ the plnztle b@i]ng betyyeen S8 CB@PWJ[E‘SY StrucHies,
\?\Arq‘@(ilgﬁ%:ijfll fﬁi:]o\é(?rﬁalo{eéﬁéls A daBf #ﬁ%t oefifsPLahBRmeARSly structure/shuttle

as bet wee pairings is, or can ]
and dBstleRUSINdL BahplehRnabyt dtheture digye omagmsiconreas soperable to provide

shuttling axis as a consequence.of th et i
alternatiyely f08 EACHMETHNLAIT AV SR THHETEHIF 1 85 ﬁ‘;‘?rggﬁ‘? e&_gt%EeF’ its
rot 2! ite ﬁfﬁgiiﬁ% Retvn thd patin@d 3, o? Wah We, kack thatrthe shuttle
one or omer, r both, of said conplenentary . h
reciprtditiciiliteshusiting rois adaroensdqyeceshthmagnsticinigractigny that act on the

Preferably said first and second conpl enentary
shuttle by yEugOE4s 1318190 ved rel ative to each other insofar as

di ﬁhﬂnﬁﬁelief'n cRECRbRREnalPoafpRt abl frohens ht bitieng of sboth, of said
W t i

out solid to solid high inpact or inpact contact.
compl@ntentamp btirycturpsjandret dﬁﬁ@ﬂié%a’é‘l t?‘? ?}%@%ﬁt | e co-acts
at | east, at.ope | \ B tEfY afd Fil&d tHl&ive to each
sopéeggﬁa%lypﬁabcﬁﬁ”eglg(gé%ggﬁﬁghl glya ect, e.g. by
other SSR68 2k BBtadcd Isodcerddd.er nati vel y that can be at both

ends. One or both ends, of t shut.t | despi.t. Vi
guiPaefergblydhe shuitling 1W§;h‘é‘lltr58ggfp Wi’ggﬁlg%clgwaﬁgorégg)%?t st

co 'B;%%éal@a Myt Aot }é}'@fe%ﬂml eNENhafl &-aMS taurieasordt yomdt end with its
t he™en T ttl

Its s Ing travel or to contact sone . fAuid

compi@he@tirgl stiuntuer posedobpsowisiena tchgtioning affect 9. SHuqyegzng 2 Huid.

and the conpl enmentary . structu rief ; idi
AltergRipyby o Burpts Fios r G oh By AR o Rl Respite any guiding
contadt URLHEBSdy IHAvS) ddnl beandipheal toaspert parhef ity emhplementary structure

consists in vibrational apparatus capabhl e. ?f rgg)i {j\{,ngthat end
only at thelendof ta shutdinggravel %raGOcPOaf?ﬁhﬁ%%@a@Hﬂgﬁ %TP%& prvee

i ncl udi an j a shuttle capabl e of
Ofthgglﬁﬂtﬁff ?ﬂg‘h%g?lﬁg%ﬁl%gio%%}gyn%ﬁtg'ary structures, at |east

onepseferaMly ¢l viteampdredrontpar is fetm oot ofiths cpmplemgatary sfEnctures.
vi brational output, the arrange

chalnagiloniogien FREct o TRl PRNTH VERaoN Aparyiyy capable of
provslgilﬂtgtal Sbfibnal output, said apparatus comprising or including an assembly having
a shuttle capable of shuttling between complementary structures, at least one of which
complementary structures provides the vibrational output,
the arrangement being characterised in that there is a drive to rotate the shuttle and
there are magnetic interactions between the rotating shuttle and the complementary structures
such that interactions with each complementary structure, and the phasing of the
complementary structures relative to the shuttle, alternating magnetic results in the shuttling

movement of the shuttle.
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there are magnetic interactions between the rotating

shuttl e and the conpl enentary structures such that
wOonv@riastss ons Wit h each conpl enentary struct ur eCTAZA005/000329

t he phasing of the conpl errent ary structures relative

to the shuttle, alternating magnetic results in the

s puditlabRahdPMeRRIttinefactibas akas biresnly oPpefneanabl pageEs.

Eggfgalbgf ti:nxg téﬁ{é‘?a g%;lh?;nsflﬁ'glred? pi)gfag ﬁﬁlﬁ)%rﬁaatef)eﬁ él%g SF ng s'huttle not
deleter&)élls LNEE SREk rg' rﬁﬁ’c %e 8 shitfle Hetbdonesti@tling limits (preferably

err ous uttling novenent of the shuttle
magne’a@ilhyeﬁﬁnsd)uttl i ng I inmts (preferably magnetically

g’l?lze; gggqqtvég%t&ng{ss‘egﬁg%tg% etgtdII? at} ed{flﬁfaﬁggﬁei Qad tforsr’nesdto those

dlsclo§g o B&T/ DEFRGZABAIRE 26 publblsdhed as WO 2004/113668), and
5 04/113668), and PCT/ NZ2005/000047. The invention

PCTMQ@OS/@@@Mkt s in avi br ational head for drilling that
Cl ude rational L P aEAR Fthat fncludes vibrational
a nye JtngP é’n%l?tsén r?gitog%lplg%g? us awgf]1t “a
apparaft&s%t hfdg:ssil. CRMPlalsnto mqoneer of ﬂnllllwg appmautusa hawngeaadloatmg or
of the present invention até to or attaghab

compharndr suppost fong vHmatiopal hea %PE%FPBA“Y%‘ i(n ec%‘hgﬁd to or
attacha i)?f Bl i a&inéttﬁatst{h gf@enﬁﬁ%’u@ﬁ iPditectdd. t he fol |l owi ng

n& u restriction on one (or both)
| Préfdrlsty avleast one, stohfe m&hqﬂﬂee Bllowiag is éshledant
restriction gn nove

. | ComplobreoBicnps SR OPRLIPoDIMTELPEA febf Ml SRRALA! s
4 F?‘ﬁ?ﬁ n,? ies{rwﬁo}{' grrﬁ‘é\}em{ oRB A tR4tihaPalsbastitys ebifive ed Relsupport

ive to rotate the drill string
e | bélapend %Bérir}g @ﬂ‘thwagmmf the viletiariabapraratng erd ghy connected drill
rotation of part or all of the vibrational apparatus
aS’lﬂ@E hat type support assenbly to dangle the

. ViD at' n tRheRRRAY lof trhéventbne i iroftibs oa lack of
dfi ' ntg @patgﬁgeggglg%ﬁﬁgl S| ?8 a vfbr ational head of

t herasresinit dralerfthonbedticaalspgataisor attachable to a

drill string, d
. econhwguespeor sgmtboiPE e YRR eE  voi ¢ (e g
Ny II% gﬁ@héraag ecgﬁr% QMIOBQS § Akilng/ S paaatisicogiphisinige

I ona hea to the support, wherein the
i nidbatioiabheat oftthe prestrtanyention attushad 1o FFAtSERHY to adilf! string,
the at Ieagt one reconfigurable fluid reservoir has
t RSUBPFEAPof carrying the weight of the attached or

the léaé)c B r@éo‘hﬁ@ﬁﬁﬁldj(lélgl tomphdrmpflyidresatvoviersy asompliant gas bag) to

freedom of novenent of the vibrational head rel ative

carrytyst ¢dnstrain gpoyibratiens] headip edrPROby and | ateral Iy of

t hv?hgrreinl Ithe }ntérgcgdo%x bP the vibrational head, the support and the at least one

reconfigurable fluid reservoir has the effect of carrying the weight of the attached or the to be
attached drill string yet allowing some freedom of movement of the vibrational head relative
to the support both longitudinally and laterally of the drill string axis.

Preferably there are at least two reservoirs.

Preferably the fluid in at least one reservoir is a gas (e.g. air).

Preferably at least one, and preferably several or all, of the reservoirs is a gas bag.

Preferably the support is a frame.

Preferably most of the vibrational head (when the drill axis is vertical) is below the

reservoir(s).
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Preferably there are at |east two reservoirs.
Preferably the fluid in at | east one reservoir is a
wagasoc(0esigs air). Preferably gt | east one, and PCT/NZ2005/000329

preferably several or all,”of the reservoirs is a gas

bag. Preferably the support is a frane. Preferably

nBxsteraMly tie lotightndini cmaporh elowg whaeatehéregdam [of appwemapt than the

vertical) is belaw the reservoir(s).- O- Preferably
1ateraltshﬁ)qrbb1ﬁfﬂf’h%fi°ﬁ§sa§n{'pi90rt allows a greater freedom of

gg%&ggag# ir}éégfbtiv!a%fhl%%@ L HUPR @hiscl iitagneticaligce shuttle there is

erably irrespective of how the shuttle is
caiis e dprafegatdy hoitirbtjorab owthake mptdigeedly drany theshuitlees er abl y
a yibr tiﬁl?}ﬂ{e outtak(e not directly fromthe shuttle,
(@ t hges FEREFHT ocat es (c) the shuttle .
P{ST er @kl shuktE ipﬂﬂaabl?m iggiapesenid cath btd oftitolstzoln og a compliant
cofipliant structure (d) a or each conpliant structure
may bestaicgas bag (e) the conpliant structure(s)
pr ef er abl ' ' to affect stroke
bifa VAPt efioqrifefmEtty: RarBRRE 8 ° 8 fhe
vidr at iterampidat aketirs(sypefdatdycan bonpiddaintcheracise taaffect stroke
but is via a con(ggi nt structu]ré(e (g) the shuttle may
or naybhavaHHoR Uil 883 SBRY axis. Preferably the
V(" at iabraBhdi AeRakd Aot Renvh Bedplianairufierthitii diatd@mpliant
drrll string I's via a transition froma non rotating
but vi btr&ttoneg conponent directly or indirectly into a

rotatahl e a rotating co n afonnectabl e to

of&¥ or er?é‘“ﬁ%r‘fla%?r If'lﬁgn%trr:gﬁ?e (grpfrtsl %gkg af(%' anot her o

appgElablylife vibiainaboutiake drogt ihelvibrgti@mphead in® the drill string is via a

conprising a vibratiopal head of thge present..i n\{entti AN iatabl
transidion Sohodl N0 reitiag PHEHRBIESGmRORR ireElY of diditgety to & otatable

and r%tgtﬁ)g? crsogmpé)?élil%g%g?%ﬂ{é@tagﬁst gﬂﬂ)rfnmgeﬁmﬁe BafweaiY).

rationa ead and the support, as a
f iTh Shothét @ péct thedinyeritondan dyillieapwsirgtus comprisng
vi brational head and the or .any_ attached dr; tri .
B PR g BT g BURLHT Bty B d dlPstring.
s%ﬁ%(gﬂand part(s) of the vibrational head, as a
seco

I’'nteraction, to constrain the vibratiqnal hecfng]ﬁ
r edt &tabtvenetgas bhg insenppeadtbeirenaisyt(s #f therviptopslihepdtd (5 support
.S not totally | ost dur,.n . i - .
as a ﬁv‘b }néer@ﬁthnhto %qrg sweight «% ét%%%b?aq{ohaloﬁeaﬁ%dvthg bAhhPABIched drill

r

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.

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)
and below one constraint and at least one air bag is interposed below the part(s) and above the
other constraint.

Preferably most of the vibrational head is below said part(s). K
The arrangement is such as to provide freedoms of movement of the vibrational head

and its carried or to be carried drill string relative to the support yet able, responsive to

weight, to bias to a datum condition of the vibrational head relative to the support.
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Preferably part(s) of the vibrational head is (are)

i nter posed between top and bottom constrai nts provided
woyposacsissupport and at | east one air bag is i RCENIO&E®00329

above the part(s) and bel ow' 6ne constraint and at

| east one air bag is interposed below the part(s) and

abaanetleh espettibe imenton Hiandrillidg @abparding coropEsiag t he

i b j I d.is  bel i.d . T _— .
D e 15FG L 5t BB B ST e i e

JateralBf of e MhB@lihaNals femedans td be definéd, & tie drill bging one or more
arried drill string relative to the support yet able,

projecties(sptosdefine ableasiagh tippersurpeeand et lpagAnelP Wi eron of
the vibratiopal, head .r [ye to the support.In
af SHpPert qspb%gqr ﬂilfh‘él%?aﬁl\cl’gér%?llte%% is a drilling apparatus
C QRAsk Shé)PasPoagi tb st hedwedn the fdmatihdsdidet teastmme upper surface, and
attachable to a dri]l str'hn , the vi.gra{i onal lhead
haipary oneiges g 19 agk befieen ﬁgﬁleﬂs&rlﬁ 51 2k feastpbp e Sugipee:
t 9re?§ra?l fth%' 9?3&1‘[ gi F@adqfab :p}ov%ti(gﬂ B&hGBLa @hmPRAR (e.g. gas bag or the
projectron(s) to define at |east one ugper surface and )
like) Rinith@@stt eavh bovef asthuftlecstoke andppopmpliagrie-g @es bag or the like)

vi brational . head, ast one gas /bag to act between
mo“nfl%oﬁa‘&lﬁ T%Waig‘?adial%\*’{f&‘é’éi‘%? S‘BWQ%LHS surface, and at
: ??e?&raﬁﬁﬁb(%ﬁ%h@ﬁﬂpér%uﬁﬁée(%%ﬂﬁﬁ@ 1¢vhe durfocEs)pad meaied tlat top than
e

east o ower surface. Preferably the vibrational
the bdteadofiths vibraidngl beadbot h for a conpliant (e.g. gas bag

or the like) limtati ‘ i tl e

b o T Ol B REL Mol Er il

MWk rhfieha0 hedd@tachéd @tdr antadhablead aidridledtiing,r om a support

or frame. Preferably both the upper surface(s) and the

| @wBPPELEPdce(s) are nearer the top than the bottom of

t %e‘ﬂai r@f RN tRA5 hdal 1399t HRkHASRESlankyarcktivRAtih G stroke at

isa dritliing apparatus conprising a vibrational head
least @it godichecbrysliant mehtgahdlehe vibeatitmal headtis pergpliantly supported by the

support, and wherein (1) the vibrational head has a
supPBhuttl e conpliantly restricted in its stroke at |east

| ldeWherldih ﬂfé_rg%%@‘ﬂRliariﬁéiB&npl@ﬁﬂly(duﬁﬁoﬁéaevibiaﬁbﬂdlim%is adapted to

head Is conpliantly supported by the support,.  and
carryiemeight bR Gesupisbed oviha to e aEasHsHidiHY PG e ome freedom of

vi brati,onal head .i e i f f
oy LB G g RIS 8 B gty o
the d80BRinkr@@dom of nmovenent of the vibrational head

relative to the support both.longitudinally, and .

| Streteraty gre SRt SAph Mogerar VRIS Bl At i Srpljat support of
theVﬂ)E‘a’%iO?Eﬂﬂe%aSt two reservoirs of a fluid to provide a

conpli

ant support of the vibrational head. Preferably
t Nereferatilylterfluidl in atdsdst omereseryeir (ot gasi(s-gadigas (e. g.

al lgr)eferably at least one, and preferably several or all, of the reservoirs is a gas bag.

Preferably the support is a frame.

Preferably most of the vibrational head (when the drill axis is vertical) is below the
reservoir(s).

Preferably the longituding support allows a greater freedom of movement than the
lateral support but not necessarily so. ?

Preferably the compliant restriction of the shuttle is a reservoir of a fluid at an end of
the shuttle when at a limit of a stroke.

In another aspect the invention is a drilling apparatus comprising
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Preferably at |east one, and preferably several or

all, of the reservoirs is a gas bag. Preferably the
weoeuppmesisss a frame. Preferably nost of the vi BCamNzooal000329
head (when the drill axis i% vertical) is below the

reservoir(s). Preferably the |ongituding support
al VibrEiofaldread btachbd eectontadiablmteendniil strinarthe head havinga rotatably
. support but not. necessar.ily so. Pref t . I t
driven sByble; thafk rotales phqut 1%y %w%ﬁmg ﬁélssﬁﬂ?t {q?eergé'tg %%X?reljgga;u\%ivylt% Td1fferen
L it eRdhled, M8 wibriioha oMyan nat being frointtheshatle itself,
magne@%%%%gt}%ne@%t her agpect the invention is a drilling
app@pattus conpri singa vi brational head attached to or

attachable to a dri.ll.,string, j fthe
ForABY ot G Pt ot (Aionk i PAERIIRKC0 Beveen par) o
vibratiSitHehél REd W SuppbA), lad b alraCihRerastiday tor @it tho weight fof the vibrational
different magnetic effects thereby to be shuttled, the
head andﬂmria@m@rtagwﬂ&aﬂl sHne. Bed ng fromthe shuttle itself,
a su i 16 adl the @8Fhtional head
oy BEt biegfie AP SRR TREASIOE (Brofi2iily 16 Bphstod |
relativ¥ it fatsuppedt) Whadbyasudd fitse irserpgion i (prgéerably) pogitotally lost during any

i nteraction, to rry the i ght of the vibrational

part Oﬁié‘é‘\éfﬂ?&%mlahéy%‘? Oétﬁ Vﬁﬁ%@ﬁﬁ%agri Il string, and
CPfQPérbﬁ?tthéT% jonfiSheRd SRAMIBS 2 shikteE a6ibhintly(ipsteitied abloystroke.
to constrain the vibrational head relative to the

sBpanbly pens)edfythe aibdatfanpk headrs éargb interposed between top and bottom
constr%- ; eé{%&%ﬁ'&wyc%gcﬁ gltlpg)%)%lt | | alt.(f atrs‘ca 1L bﬂ%aggg é!?@x’fg%séfﬂf aﬁo&@ the part(s)

€ Vi I"onal referably
(e.g. akdBe ¥phERLT Sdbohplasht hivahd)ded baloshord danstainpirdait¢apt one air bag
restricted as to stroke. Preferabl éateart(s) of the
is inteypasechbelomahe ﬁéﬁ@)@lﬁi?(bﬁfféjheioﬁli“’ércﬁﬁg thet ween top and
DPLOL (ARG LU TRt el RYeRAY didpagyt and at
| 658t “0re ai r bag I's Interposed above the part(s) . e
( ©tler csionnexismbr the cofpliantineospideding epiirg agaapissibly fluid in
one constraint and at |east.one air ahS o nfe d;
a varighleofPlupe FREFEVPY) a%ﬁlacogmgeﬁglbg% &0 ?ngl&)rlétﬂ r al’ncgrl.oﬁ)&s’ in a bag,
bellows, OF ?ﬁf?&&l JRbleQboibey Védtiatiean) absilli@ad: btaetwdbow sai d
part(s). Oher options exist for the conpllan% msags. | head
i itk udfangeraeng s swrl, asdo pentpdefeedemes of mpyement QT the; yigsignal hea

.vol une reseryvoir.. 1N I ' ressibhl & e
ot R G e A LARRILNS B SO, B Gesponsve o
weight A kY 18 BRI oiditensaheNinitionabhiadirelativoto the Menpaitse.

The arrangenment is such as Llo,égrovi d? freedons of
mduenether abeetitbe FveRtion;1sA Srilling APRHATH CPWPM%d or to

be % B‘{agihﬁﬁ 16d bt th?g)'fé.sgﬁ iﬁ\%nﬁbh\éﬁa&fédtt@ 8r StthHeRAY1¢é toy£drill string, the
atf €, esponsi ve wei ght, to bias to a datum )
vibragemditbhd havihg ldierally bf tieilongitudinsd dxisalefingd er togbe ¢rdined by the drill

_ support. In anoth a ct the inventio ri.hli 1
s Pariset SoApRar S BOGR L ok B g e tover
SuIf.,glj:‘ﬂventi on attached to or attachable to a drill string,

the

a support frame for the vibrational head,

at least one gas bag to act between the frame and said at least one upper surface, and

at least one gas bag to act between the frame and said at least one lower surface,

and wherein the vibrational head has a drill string rotational drive to or ‘adjacent its
connection for a drill string.

In a particularly preferred embodiment of the present invention preferably the

apparatus is vibrational drilling apparatus comprising
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vi brational head having |l aterally of the |ongitudinal
axis defined or to be defined by the drill string one
WwOoRowGRISpr oj ection(s) to define at | east one BOPRIZ2005/000329
surface and at |east one |oWer surface, a support
frame for the vibrational head, at |east one gas bag
tovasitidaal Weehhihes brehutleape s viltational eatiakeonet diggsdly from the
surface, and at | east one gas bag to act between the
shuttlef r anme and said at |east one | ower surface, and wherein
?ﬁlaﬁb%ﬁﬁﬁﬂl@ Rgﬂpoﬁeﬁ&nh@ﬁicﬁ 18 Wibratfonkl AEdr tradumeato compliantly
rrve to or jJjacent its connection for a drill
vibratesindenthe actiomopthe shwtié,ar | y preferred enbodi ment of the
present invention pref.erabl ' i
02 Breaieshpori fitn R sBPad ARRKERBR e YForbynal head, and a dril
string B cI3RYAREd By Shebichtifg,yet a vibrational outtake not
directly fromthe shuttle, a manoeuvrable support from
whiatitiahbdyetodhs Silhstring senesidfpunt ed to conpliantly

vi br at.e .under. t. ti & ofatsR@as hdd rotates under
sﬁ’Bﬁ‘fﬁ"ﬁgbe S?Wé}% 1? ga%\gsl 1%?1% ?%1 g%%gﬁl ;ég&% £ om t he rotates o

a drivi/ b kh@flakhdieado radistoeatelnnddr effect af gucoimtasastions.car ri ed
by the bearing, a rotati | drive to t.he drilyl..str. -
Brofsablgrine gy eie s st £ Beicaedurs [of! § Jgble rilimission

from mleo%tén%ﬂ e & & er%%r Qburtd, e @NESmBsSstive, Kydralles pustaierticaclectric,
drive off the shuttle thereby to reciprocate under
or thed¢iképct of such interactions. Preferably the rotary

dri he, drill .stri i . .

¢ PiateabYahe el BIERAE Oproyiicf AT iRk i6h having
some %ﬁ%ﬂﬁﬁty §€ réucmeNBiSiniskn by shicekl from eedrithsiring connector to the

e

ctric, or the like). Preferably the flexible driv
supportsyai ate lielalobibration weVEECR Plofhsy il HFuBeElr (frough the

. havi ng, so apability of reducing transm ssion of
beam@%\é%lﬂ%er%%qr?atkﬁe drill string connector to the support
y Gthe Padsent idvedtionvlsel donsitts on aibrativealeappagatusivapy le|of providing a

. string connector throurgh.t.he bea@{dgl%fromthe out t ake.
vibratigpalguipah said speaiaius ROHPLYLE GHET n vi brati onal

a%p%[ﬂéjﬁbféat@aﬁuﬁleofepfﬁcﬁﬂb@} R A shithle akdsosalocas thptiveen first and
sai d apparatus conprising or including a shuttle able
second@oaipldmdrearyepngdesi bl y on a shuttle axis or |ocus

bet ween first. and, secon r
o Berts v R v IELE T AR T pE oIS, B
ShHiddeBic dbcRig fe?ﬁ;m onaich GAgNehitone tbapimedntayy structure and the

regions on each of at |east one conplenentar
shuttlst whereby eotation tofhe heitle gD e%f?FCP Of stibigriing thepghutdle to shuttle

induciq%iéo%cgesh%ginéhglte?ﬁétglgft afacBYD] 86t 18BulkiRe Fredst IbBtwieRn the or a

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.

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

o compliant restriction on movement of the vibrational apparatus relative to its support

. compliant bearing of the weight of the vibrational apparatus and any connected drill
string

. a drive to rotate the drill string independently of movement of rotation or lack of

rotation of part or all of the vibrational apparatus
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i nducing forces being alternately attractive and
repul sive forces between the or a conpl enentary
woeRowsakssise and the shuttl e, Snd wher ei n t he ouPEUINZ2605/000329
the vibration is from one-d “other, or both, of said
conpl enmentary structures and not directly fromthe
. Sa%%) ‘hbﬁ?rbé §pbrt af¥eaity midanghtthe edsatiooakheadone or al |
of the followng_ is ingcl udedt;) .conPI iant. restr tdtﬁﬂ-ovidinga
SrheanesenbinvBEian alsq ¢AnSISE) mypbratignal PPAAIHS AR aé%r oke
. co ' | CL ; Ndi t he vi brati onal
Vlbratlé’f)lgg!?%@%’ 5 @]S‘%F %ll\a/{élls? gm??glﬁg:?gg%rt 1();gcorrpl i ant beari nfg
of shutige vethtghie abbutt i defindst shuitib axis g aneeablehngk g forth on the
connected drill string a drive to rotate the drill
shuttlegi#s, ng i ndependent|y of novement of rotation or |ack

of iRt BLbhAR AE RS atdfut & kafle &kie, vi brati onal
apparatus a top hat type support assenbly to dangl & vi
tdfirstichmpteimentaty Hesegure towandp aduch and st from ‘é{hlg@ and vice versa,
cqnsi sts in vibrational apparatus capable of providing
the shuitlg Q¥R onal out put, said apparatus conprising or _
i NGbsian@nblshetitiyestiuetiat ablag bouwhigh defli towdrdshwhicheand vice
axi s and noveabl e back and forth . on the shutt] e a>éiss,
versa, thegihiutile meves oiha slattle being hetyean §H6 SPmPITeTiY ti iRk
a illelr'e\?é]. LGB BhAEY eah G T firoviRdhihleriidtitay shnctuta/stintile and
from Pch, and”vi ce versa, the shuttle npves, a

shuttleeond canpiphentent sirugtuse harct megnetigaycas operalkite Rreyidp alternatively
towar.ds whi ch, an

ar, d.vice vers the: s | e noves, the
for eackhpalHing alfastiys B SeRIRIRE goé?ed; & g]ﬁep“fhél %n@%&éf’ structures,
Wh&A S RlerBinO e BHasihg gje@sﬁ&nofheqlﬁﬁﬁng%aisf bngamwbef suchtthat the shuttle
conpl enentary structure/shuttle and shuttl.e/second t on th
reciprocutesl enienshaktling axis 68 8 censeavRNCR Hag MASnstis AuterGHeN har act on the
t rovide alternatively for each pairing attractive
Sh“tﬂ%gy EléﬁﬁlogﬂR?éOt?téornCes as the shuttle rotates, and )
WhgHCWheldif Heasibrgionat veeputt e frai romegori ethenr o dwth, of said
be, such that the shutt|e_.recjprocates.on its
complementary REncaxpsandsnof dtrSﬁg’eﬁB‘é‘ﬁnglB’%&E ﬁ%el gnetic
[ e]n! t NBe BYdiheidaMcviled ue of its
r %%%%gﬁ}, aqé%ag(\;/\]ﬁé?(glﬁ%oﬁwhe&vi %r ati olnglls O(l:.lt put is from
o coNSiadf rediritdon onbnd @t both) flinsit(s b feomrpheshaitieasitpke
structures and not di rectg%ﬁg om t he sh;cjt el tféﬁltSfSu ort
o comnplfast easiriptign on @oyemEHERT tagwbrasiona) PPERRSERIAYT 1o P
i s included; | ofbl HRaRfis e ahP CotRbfR) drill string
y C‘WPH@%%?%%% Ogﬂ%?‘%%fé@d;ﬁ%%t Iéa&is(,)? %102%2 conpl | a?[t 0 ,
o o UASS b Rthte MeodtIMBYiagBidepefidentle of murvatieninef rotatioarcatagk of rotation

relative to its _support conpliant bearing of the
V\mf@hﬂOéiﬁuloﬁﬂle\}flﬂﬁﬁta‘?naéﬁ%ﬂ’ar%tﬂn‘gar atus and any connect ed

e a c;pI Illa!t t}%)tersiuB}gort assembly to dangle the vibrational head.

Preferably said first and second complementary structures are fixed relative to each
other insofar as distance is concerned.

Preferably the shuttling is without solid to solid high impact or impact contact.

In still another aspect the invention consists in vibrational apparatus capable of
providing a vibrational output, said apparatus comprising or including an assembly having
a shuttle capable of shuttling between complementary structures, at least one of which
complementary structures provides the vibrational output, the arrangement being
characterised in that there is a drive to rotate the shuttle and there are magnetic interactions

between the rotating shuttle and the complementary structures such that interactions with each



10

15

20

25

30

a drive to rotate the drill string independently of
nmovenent of rotation or lack of rotation of part or
wabkboebstshe vi brati onal appair atus a top hat tpO®NZ2005/000329

support assenbly to dangl é {he vibrational head.

Preferably said first and second conpl enentary .
compl&hérniely Wiestuae, eankdi the chhagingt ofvihe tcomgderhendatiestruciises rplatiye to the

di stance i s concerned. . Pref e abl(xl t het sfh[ ét}#dt{l‘ i's
shuttlepl{eipatingdeagngtic rsuls] mdhe shyHing mEvemsh ?n}éa cont act .

| Bhefiliith) 2ABR% DAL, sBHBSE hll b thel BUERINeARIRAMSHSt S N
vibrational apparatus capable of providing a
o combhastrésoialon@utqmet(or sehlimjitsaofie ostheshyile siralee or
i ncl udi ng an assenbly having a.shuttle capabl
o  compliant|resiaCtiBORCBAY TR Pgﬁ’@ﬁ?@ﬂ}o@] PRRAEAPS e?aqﬁavg tﬁ(?get%é'%ppm
one af. whi FYbrafisna hpa@fuPirVideenhéited drill string
I R e S e ,
o a diharaebiate the drill Rtrirdpaindégeadentlysofamavement pbrotaticn er lapleof rotation
shuttle and there are nagnetic interactions between
t peparberall af ghesvibratioral AR@2PRE conpl enentary struct ures

sugh, & ' P RSdatettng HbRafmRI kBNt ary
° aigp ?lﬁtct?lge?“séu,p !pgﬁ ggst%ﬁﬂ"l% a%%fgeh%f t he conpl ement ary
S Prefierbly else megrietic netetaotionisears hsia tdsalt ofperaranentimepnets.

magnetic results_in the shuttling novenent .of . t
sRiaferplly they a.tfréq. %Thﬁ(? shpitleds a; ehﬁ)é ?)t%e& lpgrlglrlergll (Fn\{)epcﬁithee shuttle no
i 00 shtlinBChnBe&Hsnt GO itdde betsteeh Ghihng tindtse(preferably

de'leteﬁlg{rl4 g%mtﬂﬁ?s*lﬁtmn?(s) ofer};\ or the shuttle stroke

magneiaaily idefided).est ri cti on on nmovenent of the vibrational
apparatus. rel.ative.tq i A | 11 kiSked fluid as
PRGBSI b Vi b DUIRST SO Pt mia

a me&RNHEEHBEweinidnt oFtshinfile nvembmeby dbeiny attedutrel 6o jas|to pressurise
string i ndependently of novenent of IltE)Cfta ionlor | ack

withoof furlBerevienirbeVeqsed ¢OTBPICRERtaRE SEUGRITG Pt ST e
appat gt 2= 1P HeRGhE el Yesp&ctdar@ae moves and
t he %Sl%g?lg{efrgn%%ﬁh{g{ y ﬂé’??%%r abl'y atm?h}%%rnagnet ?c

what HdsaioBcltd. ansfepdbly Ass ashwdetomore setilngadiit magnet s.

Preferably the drive of ,the shuttle is.a

peks b‘%"ré?‘ﬁlfe“bﬁ e\ art“ﬁ%‘ SHEAY 3“% ot d2i ’e?lg‘ré\%htgﬂegﬁl £ %B{}ﬁgt allows,
both. Shuttling nmovenment of the shuttle between shuttling

limts (preferably magnet ically defined). Optional I“%/ ludes”
t hey eiséds hain dhé demse “GEBWIISHE P 0FPEPBHNSf capy mean “includes” of
externally pressurised fluid as a neans of enpower nent

M&huttl e novenent by being introduced so as to

Pr £$ 848 HeRimittehewh <<yt tdilmvisy @ mbubesnean hoth the singular and plural

conpl enentary structure and said shuttle. As used
versipesrodithat'nent t | e" has the broadest nmeanings with

L?é? %getdblfegei%i‘?l?et teHRY eﬁtrcﬁ@d ol o1d0asitNen reféiCto limits of a rectilinear

era IS a shuttle to nove rectilinearly. As

strokb®edni enrebdistidie (bar varl' swidg@bdutreepinet 2xaher other sugpert, whether fixed
where the context allows, both. As used herein the

or mPWRKY " conpri ses" or "conprising” can mean "incl udes"

O As used herein “compliant” and variations thereof refer to the character of any

“incl

structure, whether a gas bag, gas spring or the like, or not, able to achieve a desired stated
outcome (e.g. stroke limitation, shock reduction, damping, impact avoidance, etc.).

Optionally there is no reliance upon the provision of an gxternally pressurised fluid
as a means of empowerment of shuttle movement by being introduced so as to pressurise
without further event between a complementary structure and said shuttle.

[13 22

As used herein “and/or” refers to “and” or “or”.
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"including". As used herein the term"(s)" followng a
noun can nean both the singular and plural versions of

woOhais/mamnsn. As used herein 396 terns "stroke" ®CT/NZ2005/000329
"stroke limt" can refer td“limts of a rectilinear

stroke or any curved stroke (e.g. can sw ng about_ a
pimse@xérsmoi(s)atfmmwmgppmm,cawﬁ%@ pithe singargr phgol ng)
As used herein "conpliant” and vari ati ons thereof

Bt Rfredl Forheofctha paesert invéntimywil now therdsseritiedt widh refergage to the
bag, gas spring or the Ilike, or not, able to achieve a
accompanyiingdrawings dyWhishc one (e.g. stroke Iimtation, shock

reducti on, danping, inpact avoi dance, etc.).. .
Oftigureall |1y & Hiegeanmatit viesy i0£rn§%feﬁﬁfg APPHANS gy pespisiangs With the
n externally pressurised fluid as a neans of
Prese"gWSé\%é%ent of shuttle nmovenment by being introduced so
asFikRrd 2 6s aUslius diagrdrh aiftapparatusen agvendandsewith ¢he gresent mvention
conpl enmentary _structure and sai%

h l.e. . .
showipg p diame hayingofired eqraplemeptany, mgm 81?5 alffg:ache Sn(ﬁ%’ggssggtélyg guide for

rein.(s)” | @0 GoriheBRH By BRRs foabeite the shille,
theSh‘%ﬁﬁg‘{ljﬁP%I%&g‘}gg{og‘lrra " Pref grredyforrrs of the &re_sen

| NFigaid dis a/\ﬂilagrannmtt@evi_dwgsbp‘?vb@domﬁph of ‘gyeesihg ledn @&qul%vise sense
betwegﬁcl: ﬁ%?ﬁ%ﬁéé%leg{e%g Seﬁ#bge]rs\gé}l}dg SEIOQE%‘E@}‘ LRk $nd “A” a circumstance of

tus in accordance
repulsMTA It E SAPLctivaIEHtivedh a Forgplemertatyscampinant atidabe shttle and
of apparatus ih accordance with th rege Hﬁénventioq huttlin
betweshdha shyttte dndathe dtheri mnplﬁraa@&a@owsmg e r‘ﬁa fisef & 4yt shuttng
ea nd. of sh k:ng..qui de for the shuttle and
thrustgﬁga? ﬁblg[}ﬁ)l{l (ﬁe %}Fc%léd ﬂlp&tlgﬂ,

I'ves connected by belts to rotate the
shyidur6 4 sHb@u iR drangementi agn Figrat B @t ¢inewneti dniimg later when there
rotation of the shuttle in.a ¢lockw se sense b
i a e P ST OBy & N CRONEHD ! the fixed
comp%ﬂ%&e@(' .c%rrﬁ{(/)flﬁﬁe{”%c?QH@ Al Showeaneiiat tshagkd oin the arrowed

respective tween a conpl enentary conponent and the
directsdiyt t 1 e and between the shuttle and the other

conpl enent ary nenber. such th '
R SAEBE TR el B 5Bty component
di EeglreWis AFdiGkhm O &lohwad fehastnatgsthongh dsisinot Begasagy for the

3 at a nonent Intine |ater when there,is ev.ersa
polariy of érshand phtheishattle 40 ba the sp@s s @%ﬁ@r@t’hp@k i§ 0 %rﬁferred,

the.pairings of . ELxgd | L aryit CEMpeNeRt coffplementary
th?‘g‘ﬁﬁti’llg,a ?‘ﬁ%‘%ﬁﬁ%ﬁg’ E%S:Hggﬁgﬁ%ttl ed in the o N
compdhéaved. i feerivarich Hegrean e the ontpdf) agewingan anfoyer phase condition

e g ST  STPRRGPS A o roviion
can BA%haddfnaSSRE Yl offd¥8m or other external force of rotating one component so as
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,

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 shuttle in a

manner less likely to be subjected to disruption from the shuttling vibration,
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pol arity of each end of the shuttle to be the sane as
the other although this is nost preferred, Figure 7 is
wa 2806r6hias vi ew to that x>f Figure 5 but of thectiNzge05/000329
conpl ement ary conponent (e.lé.' that from which there
can be the output) showing in an outer phase condition

r Q*i%ilie\/ﬁ shewk Eert ob apesfemtd mhgley hearmgshuttleenssameldps. adr ow
in Fi

gure 5 showi_ng how provision ¢ .

oo a0 SR SR LE RS ot arvesfor

theshﬁtﬁéati ng one conponent so as to detune or tune the
apparatus as nmay be required fromtine to tipe faor
seBywagobarcesmpe ohopretaradriotm of themseseRiigBeion with reference to a

.. frequency, Figure .8 s a,. dri Ll.ng; in
drill stgiag gHaaiHEs Staﬂgptﬁagasﬂ%ﬁatm?%%gﬁp:g%ﬁ&??gpended so as
t OTiRALEYarduY IHOWAbEVE heasted Npataebiyacarplirly sispended) has end
present I nvention, the vibrating apparat HS its é(g hich act
membbsi Ifgarshbthat actpas @ ifast coBmleFRLATy; HeANS 28 s]v?o%%de which act as a
ui tapl e assenpl Ll &R 8 tikell @elationshi
socond e BREP AR PR FhAE SRRl lark Siahs bAheTE B0 8 SRl pejtionship
by thdB@RPes TRl dheashiutie Shutidvee bayk and ifsdugiveithin the ghysécal bounds
10 is a different enbadi ?&ant tg thaa.of Figure 10
providsH andl idgalphasa lesten SRt isRfeJR 8V P JUPISIE cal or
ot g ?éeQéaﬁgfjwﬂ%@ﬁBr ?Hpﬁfér ShubRNither Sdixad al pibontwichin a bore of a

shuttle in a manner less likely to be subjected to

o

compli®ntapt iend drrvine tieesas hdor |dosg iy ntattax ihihery dume pigton in cylinder
.shows part .of a preferred. I | tle
relaicgsBribiy, tanrenh B 23S HORE HEpEREPPRARA’ B
Ca%ﬂf’ﬂ&‘er&%ltsh:t@ré niigefollbwingrie fefietetl. drives for the
shuttle. By way of an exanple one preferred form of
t hél3pr ésdhstringivention with reference to a drill string
Vi ti a L US pted to attach to a drill
st H‘ﬁg@%ﬂ%ﬁg{/%tb%a?‘gggs howsoever mounted (preferably
cop)i @idlpfatsuspended) has end nenbers 15 and 16 t hat
act as a_fpi rst r%g)n'pl enmentary nmeans and 18 and 20 which
ac(1@s Adiasab®eme8hmpl enent ary neans. These
co e y neans are held in a fixed relationship
by%e%ﬁ%rs 19. The shuttle 17 noves back and
f onv@r dAdjadelni metber physi cal bounds provi ded and
i deal l y_has, a | esser shuttling distance to avoid
i bt iH§dSt matters not whether or not the shuttle
i t 980 BkfHa@S @ piston within a bore of a
cozpl enmentary end or vice versa. Nor does it.matfer i)frs 16 and
t helrhe riugpase opths Sittlenl Ti|te Haaslen ergy Qe frgdigeeny pempe
.is the shuttling | i({mﬁ&{ LanGURARMAK, GRS @t past, by the
18 g FECIPIQEY, ééédér{]t g%i}‘?%%ésgerl t he @(r;la}nowi ng i s depict e.d].3 .
injecfidBbf Blibetwehrthagh(tlld aniitsaadjacputi membets weithp thel apprqppigie tmung to

End plate (16 dj acent nmber . . .
cause the s%uttle to(mox)fe 1‘?1 é\ rec?proca{{e mot1eon, 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.

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 thé 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 shuttle
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(17) Shuttle (18) Adjacent nenber (19) Tie rods (20)
End plate The purpose of the shuttle 17 is to transfer
wenarepsieat o t he adj acent nmenbers 16 and 18 i nP@T/NZ2005/000329
reci procal notion. This trafster of energy can be
achieved, as in the past, by the injection of oil .
and thetowsle mdsheofsthet ttiH siridg | heing djitretedt hase tb des coystdgradhand  sized
appropriate timng to cause the shuttle to nove in a
aPPTOHf@&qlbrocal notion, thus to cause the drill string to
T éh'ﬁttﬁe 3R Has AR ac&antage oefavket Blinwiid b strtiontufbelng stalled by
nmotion thus transferring the energy down the drill
lockingtor binglitgroftthe diilltstring intles drpk hole fThe shitle gamAdfver {jlk ppwer to the

., the present inventio ver we prefer the magnetic
drill S‘iﬁ‘i‘ﬂé’?ﬁ&?‘i%&?n?p%?to%@ﬁg?@&%g described hereafter. The
shyid LR PRES and deodk e, £0) hieeht liak dbareenfthe hdjaeme mpybers and

to the adjacent, nenbers. The change in direction of
these transfes|the repiprecsting energr fgipe dgllsHingadj acent nenbers. The

rngb% isﬁ%gg tig BFef%{gB'lgft Jetgiﬁﬁ)%ﬁteg gﬁg%ﬁ R méd8. SR PBY the shuttle have

o-achi eve IS C n direction and i s
electréthag@@td of (pietteably) cart kartthorgectplitted i siyhianegrangireent that when the

rel ati onship between the nma of .t he shuttl .
shutte 57 oS S84 G woHE RAEIToPRERT ol t5uAeAE: DPibie dlS ikl it magnets

in sudh Qv%ﬂ %h&%&%d%gsesihé efuRRRb FBdipRdLALY - Thik @il Ibgtdeba@ibed hereafter
actio as the advantage of never being in a situation

with paftiduéirmefestnat kethelsynbodmdnh gf BiguisisAdPAg of the dril |
stri in.the dri.ll heole..The. n deliver full
poﬁé{pg@%oﬁ?g?%ﬁeg@pgg{l /P%%th%$&%at P g%h@ﬁ%@ “that may be
fi trhedxaniies Stelepllatas a antnionehernels (19, 20) are the
i nk between the adjacent nenbers n&lt ese tra

fer .
t hélr edihssbetileipreferahbrRpy et feedh i gpel fhe }a}c‘:“lét_melrﬂnéers in a physical
shut t] 8.1 R | R A5 RN EBEN Rlrirg 6R& Weether with
Ends. of P L Ep dhrbEe HRRRACR R TR Siir JORG acther v
( pr ef ertabtogptheawith étar askoaisehdewn hpletequipiensuch an

arrangenent that en the shuttl.e 17 was d.j . .
ot oy Al iro e Sty R AERHRER e e g stine
wi th g ldneiiiend B frbaito MiBUE Gh edatiom fohthe movement of the
shuttle trbgtgc?éégi%pr ocate. This wiil be described

her eaf tshnttlei t h particul ar reference to the enbodi nent

of FEigures.2 to 7. [ ] r ' ons Le. i
o 5 SRl D oL U L8081 DA s . s
a commmyt bhe Medoiad ko TNewsdill biteotptied er mbiey witbwery litdedsag on the

to touch the adjacent. nenbers in a si cal nse as
thi s cobilbblasmmiiess Abis pRgot LoVl PR e SEPIoRg
j ol M eahRgeldIBht bt hBaIABSESE BESF the hole
dom@hgroﬁlgﬂgatﬁﬁﬁlgﬁ&%mn%% Tﬁ% noven%%t of the shuttle
whilddreiliag di holé SINTeVEreydelyendbnbownge phthedirill strivg.r i ng
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.
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 strictures 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.



10

15

20

25

30

or attached equi pnent, being free to nove in relation

to the novenent of the shuttle. (3) The shuttle action
wonrefomesissy drives the drill _string in both di PETNZOEIS/000329

i.e. in and out and in doiid so allows drill bit

rotation to nove with very little drag on_the drill .

biMoteay dipteferablihilgvabelisoh adantesdhio repterthe ghyidg i Kef Rypvide for a

_ . holes. her drill acti.on.inyvolvj i fter ;
i St ARG ko 5 RO s L Rl sting
effect \Fv{ﬁ%h %We@ z\i"sg b the Vstitioral Yuteikelahé, Dowvied. of the dril |

string.

rifter hits steel on steel arld,iandoi ngns? h
c duges fnantk 4t yutefergecesiooieriona wé di @rg{;‘tgplo Aty Qf pernanent or other

string., N.B. rif J QL Ye T take off from 2
meaneR b AR SRR rpppr ke o
first chiiBlehRUBRY isbiictikd N0j t B thegmedrigemeni siwi hbwegw there 1s a second
d .

complgpaferyesteiture T4 BRSO P IR0 1 1 05 G o gy polaritis
ictdd Srelc M CGAORATRAARE S YolSkitugebttpendinch thal,

deplct%cﬂ%feg Oﬁge%%dét?%eeﬁgaleﬂh p0\r/ver out put of lzst he_yytfiﬁbr ation

in a celitidiead shomrbinoFigimeds ¢hkre fiea aptdrepulsivednyceiiEe fromrealignment of

. off linked to. the fra . Mbt oK's r ' 10
N
whilst! S th@sdrhdHibB ey atplab> ax ‘@hint®vamanivedbrct Ha” datrdehehe shuttle
as It rotates so as {)o provi de the shuttling.effect "
12 andutiiectecgnd esmpleseentasy stiectyiepllat Poshort BGmeRi W tipe dater;thg opposite

. via 3 Fi re..3 and YV L. . I: cqiu d “A” to “A”
st TR ofs Rl ARGl ammareT o apd o
and “h@aelh@cto. thd FereRtiok 8hutzie gragiginreg the stowilé wiatesdi cat i ve

of power take off from.,a first conpl enentary, St£UGEUI o
10In same Fremsroiheg SFSFR BRI HBREFED FH&?‘EG %Eergbgglgoi;u out of

% G HERedthrys OMIeH 1 0 @hd phase teovatied and this is
phasegg[ﬁﬁogﬁ%t\ﬁ{sfmzﬁ%u" nug" F)ygl arities depicted are )
showiC byl esfereack tothevaputiohen1gspericiidiigiry. Hats eancbesgr the action of a

polarity at each epd hat, i itk S
ram i o oG0S B0, A0 eGP AL Bbe moved avay
from E{ei 1809 guf §fRasd LiBRABRor Gom Pdrhis dthensitiaplbns to pod that triaf provide a
etween the shuttle 12 and the first conﬁrlgegen]tgar}/
betterstmascresuenayofshuiting angt anpliudgefeshivfthag op Higsauits axts-
"plus” and " monuss at ' X! ¥eemnihe via the first
Shbﬁelo‘ﬁ?ge aogldwﬁrh%témgté% g’ﬁeg&g%lﬁp%sgﬁgﬁ\t’na% structure 11V.la o
compfenSdi@dry strasmRL10.n time later the opposite situation,

as depicted in Figure 4, exists and i.t is..thi api :
al Faen 4| viegatens pf thy jgvention yghet e, §° gl they dqubjeGded magnetic

interaclon MBs UG Wil rdfBreBOHd FRuRts "6 70theRtS cdrhBorfetleldsk &e a shuttling
rotates. In some forns of the present invention, ded
effech pawidadotheiesisnam edegate ghgans g reBON @i tthe shygHa siiernatively provided.

si.tuati on shown for .the .compl enentary structures 10
Exan}iﬂ%?(% uelaﬂma&l%l?%vs&e%fh%“’?ﬁ? V1% ¢hown by reference to

a SNRERVAES MY dcBpd §5REplesoit ifvaitiog iStheTse s temignetic interactions

under the action of a ramor other (rea?sgspn t. shown)
at or st thehertd afithe assemplyrizam syhiehbe yHyaion! e ds d

AWFY i< believed however, that the interactions of the magnet carrying shuitle with a
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.
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fromthe 180 out of phase situation, or from sone
ot her situations, to one that may provide a better
wounsdefisequency of shuttli 211% and anplitude of PCT/NZ2005/000329
shuttling on the shuttle axi’s. The outtake of
vibration is preferably as shown in Figures 3 and 4

ViRrefdibl{ useitare penplanemmagnptsdpatictlarls Rece Eaileiypp gagnets of high

varj at.i ons he. i nventi.on ere th ESp N 0
magnelg e e AR FOBNorRES R BEOE b e (e Hable o 180°C
and Sdn®lff® 06Ball Hlagr%&i% ERCR) Which cahhRnged aftoun0eChel ess be

as

huttling effect provided there is an_adequate ans b
of Othet ubrmefoft regrehusanl be Autilisedprlyging Hiosyitrgpets that may be

EXQMDLES -Qf SUCH RIRVL! . BfsGML QHBtdindicated
cove GRS s 6Bl TR BE BBl YRInPECHs QUrindic
purelyU§6mGhe pbRit BRGNS dLsikMbR! theticeddo atovide artptjuaie eldericghnputs in a

of the assenbly fromwhich_ the vibrational outlook is

f
structura Kas dogs vibeatayand; is eiedt dnadistse SINEPRPENLSi nt er act i ons
ofth i | feéantly. A
ot s ?rm%& lttlra(f gcgtﬁt:fdrﬁﬁ SEEQH_I, Fdr@ndituidl %mgglr‘s‘ggaﬁ antly. A mere

such ‘as to provide desir _
examplé Rf @hé i rovatioptt 168@RIPM iwhidr is| suffiderdndith mprgnets as depicted, to

ib [ I ls, It | .
v SR 0 e SRS R0 0450 sponi

vibratPGl Bﬁtgﬁﬁ/ TSPt @Es bAPHYE FrofmOT000NS 2000RBSEbRWapdedsgher or lower.
arrangenents di sclosed in our PCT applications

2000 R/ eH 2109t GPosxe@atghl 3087 NZ2005/ 000047. Pref er abl y
useag. are er ent n i.C rH ibed b
o B TBRER FACG) B BRGEACHgEdoh TR Gt v by
referefBORAtigureyiCh as those of NdFeB, can be stable to
18C0C and Samari um Cobal t netic (FaCo) whi.ch,can be. ..
udodiapetb aDOBCHT cOUREH @BV rE B Hadasl PEA T berveeh Vibration

appar#t%lis ltplﬁlz[e%ul%&ulﬁéu%g ok I?I%?l%eﬁ@'%l@_tcﬁillt hat fRYe BRetibMedsopedn. This

nerally speaking however, electro_ . )
asseniPRg pRIvideatiee drihtriag i(2)iveigh te abilite ko fleatdmiherdsilplplp pvhije operating

b e D ) B B0 B IR e o
showltlﬁtot%i%me toqhil (RENEESA (ROWHIGRIRMiSurd 32 held baviesadedhir bags (25).
a

rotational speeds for the shuttle 1 can(\gatg% 11 strine (29
This sisgmbfyi glamtproridea the nsulsiianbrevesn the BOYIEHMAS At Grillstring (29)
600 RPM,which.is .quffici | as
and Sé% F@fsgmb\f?%n‘g‘ihsaﬂgél%g@ﬁﬁg‘? & %ﬂﬁ%)g{t@%v%e(? )the shuttl e
barkysars fandioh raasefered apd ewn geova todbetdnitindll ig the operation of the

vi brational output. Usual ranges can be from 1000 to
head.2000RPM but can be higher or |ower. 2000RPM equates to

appip ?f.aﬂ;%tﬁ éﬂld%{%omﬁleﬂ{efnta?{] SRt ctBRIFO i E®R brdvideww@put to the drill
I nvent i

the presen on"w || now be descri bed b)é ..
string @5 efi@ et 9 ahil gisrexteBsion25Fi HurotatRneberdng agserivby 24 [ajadiransition

o5 RS2 BLPAP o4 B3RS RET 2 B o

i f hi¥onBiSe. 95 G188d ndhictatas Taerbdtyrypinput tdeke drill string
mdeékﬁ‘gg‘grﬁ{fﬁimsﬁ?%m(zos) with the ability to fl 0a

t in th
spindle ibelovh24 es mfdré)ly) pm\adqdn@y Rayde doatl @e]@?assleﬁjg 3(/\/617’ Iél?ﬂtvelbgy a fixed
mototé pl?l \%%lgg%%%éoggwggn J[hte defirel Eﬂc%nth!a YnQReidgk &eind Sfrﬁ*ldstﬁﬁg and the

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.
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shown) to provide equal pressure on the drill string
fixture 32 held between the air bags (25). This

wagswrmesygsal so provi des the_jinsul ati on bet weenPCh&Z2005/000329
novi ng mass of the drill 3tring (29) and shuttle
assenbly and the drill rig structure or support/frang
(2 8iher Thos foringtd dmild andbedmpeeRaisardia Ly G0 stk
to be critical _in.the eratiaon of .the

by a fopd g egur veignar 36 oL BRI iy A Bilst o i be wsed.

%trsofé.l' de U BHkoh dopBradlis sl coBbdrhet) i2Canvba senathtt &0 ewdhlate 27
its extension 25. rotati on bearjng ass

ly 24 as
carries tih ansj toff awngatts ¢Ago coacinyitnan grashel Mpgnefs g% %@t oyl of the shuttle
,Above the beari as I t | i Q8dach Withadke f
30. SlF’élaJFlﬁd‘Qp?@ﬁcPZ%F 25%‘38 rclgﬁ%gsr%{?él %&S /?g? %%l?c%ﬁ&}lb .92. D5 need e
magnetd30 }geiﬁt%gcﬁcle sﬁ[ﬁ‘tgeftflh@bﬂﬁei;émhél to the gr idl |b string
spi ndl e bel ow is prefer Y, provi de a.wi.de :
tAsotan. Useieen. el iy magngis AFds) ate B RR A frosjggonnical
di,st ance - ' i Sh BldER 36h@dBrvierBa inadd body of the
or shaReﬁlettogp? F?pbagte\rl\él%ﬁ%n{gr}% I? %g\fgtgrsﬂé%} gt ed vibration is
shuttlediossi pated by the belt drive and therefore is not
transm tted t he drill .structure. i i 1
e e Fnede Rty Prstarany i5 S PG Sinlfinp fon s 35 of it pole
which Fa’%ee{oeﬁé"‘m%nétﬁﬁllﬁ idv¥igtealabbliethe hiidretic liaingt 3400f & seamd pole of the
electric, pneunatic or hydraulic notor (42) driven
shaft 2Bl exi bl e drive. Preferably several drive belts 31 are
used. Such belts prefer AGARAMRERALR it A&tlifficulty owing to
aﬁ‘ﬁ?ﬁr?ﬁ?ﬂ ° %Tanﬁwg%%? > ?%(kq]ﬁ)lu‘rg@gi.e_ ~Tn ot E%rl drive. y owine
the intbRG AR fithe e pdation earetiie plavpedd @l Totortbe ataen bedyi efifhe gipttle 30,

vanés being struck by a fluyid (e.g. air,, water h i
optionbiycthecthio e srbeaarh s arnye Hes ot rfendly S1oe simply
held 1§ 368 g@é&?ﬁ‘e{ iy bAgy 49 ki ORPIAPRRIASiES ciis be fixed by adhesion,

can n that an end plate 27 ca{)ri es . d
screwig, dbhing @f thedikeetnst 48owm), cbamptivélyhe aenzher gan be provided to

. magnets 38 at that end of_the shuttle. i 46
achiewGrge pirae PGS HERTER Tt e e LR STl thaffbody
ofthe%ﬁ@t?l with the array of magnets 39 held to the shuttle

at the other end. As can be seen, each o&éﬁhe Eaﬁﬂl‘ft'is .

38Visintl 86fermbly Showrngasisparer epaptdy af this eBE difnfac STPYHS in som
. shaped for capabl f i : el Rt heNinRlrBir@ Swith the
e i T i
effectf%hébsf&‘&g&s hﬁfgh@t@%’ iﬂﬂéff‘ﬁﬁmla bLi;ket}viasI:,IfDn dlﬂ;t ﬁxaglmg@lﬁi%ﬁ@ gpd 41 of the

magnet s of a firs ol e ich are t.0. .
end piraina1 ok DS yesnevtiveht. o ADSISOTAY IS ERIIETY 13 they gyl pr simmple
Jhesd seconlgfﬁ@% e of the shaft 29. Preferably the
adhesi UAYeent is as previously described. |f thergoéias a

ditf §§ emslisagedhar potioplatec2d in ghisito peatatde (& AdCA 1o that When

_to retain plate 6 and 37.t0 the.mi 426

desireghthet q@t@:o?o 671 i?)gﬁ(gp’q gt a rsg'tbLeeFm} téonrwlv%\éﬂglgﬁegé%& %%esazs’] an
irrespt%Eég\\M; %f G«hffﬂqeﬂif)é’mg r9hRESrRENatosadhidveahis the wpt yf hbdsd armngement

d of the nmain body 47 by an end pl tie 48 iﬁh
previcasly Hescibrdth someadittaibisomed 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
magnetic inclusions in the interacting surfaces.

The magnetic support of tHe shuttle 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
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screwing, bolting or the Iike (not shown),

alternatively, a nenber 49 can be provided to achieve
wOheresgamss pur pose for the nets 52 by screw RQT/NZ2005/000329

radially at 50 into the mai'f body 46 of the shuttle.

Wil st preferably the magnets are exposed at the end

tendedab geAabtesbiictheat bitrucbspstimstansthetess pay lee eparatp ifhere is cooling
protective covering provided th t _dpe t

of any\,&upﬂcqnﬁ Qr ther Qpepat amelers e s f ﬁotrg%iagﬂragbcﬁfr@%a%es above

the de%’aﬁ@i@nﬁ)% rAv@es B%efpbﬁ%eﬂﬁﬂlﬁgﬁe%s 40 and 4 1 of the end

tes 27 and 26 respective These can be_r taiﬂﬂg .
sAlolmotigted is thévprospret of @ flgid BRI H MBS EHis fapeh the apparatus

into tly;ecfhplltsgpgdﬁltl%%bo%l Sagﬁ%h‘igg?}%g? tﬁﬁgt\ﬁe g%sl ?iyd@s?le& d£0a cooling

funct1§rh USﬁdhea BQd canbdsgirkeRjuiaie.a witahloe canindivie edulitaneBuid typically
he end (glates 27 and 26 irrespective of whether being

(e-g. m&buaﬂeue i didkng. To achi eve this the out of phase
ak-gnge ' b bedor dxafPIE tetediaittle isS1.5m long and
gégl qﬁﬁh%&ﬁﬁhf€¥?lﬂgg§§§ga anC|nSﬁ§% the forces.
the andplhdabBihutild navgmentoisaiornrd. bhmt foel ﬁ@nlat(éemsndng on shuttle rotation

requi red depends on the s 0 the
speedivaghide resh RO LT R o P gt AT R F
96%}@151)% 7Y ﬁ‘lrgt fr&[ueh&yl' Sf Fout (PrefeedblP) ﬂidivélmgc}a‘Xﬂ/ scite say, 200
prete d I'n other” alternative forns sone a F{,o 1
cyclesttcheare wxb@nplatedalm stsadspstateicaaditions 4 freguereyAPS) Cd’ci:i €C can casily

be ge]geggt?gess ar, g‘?‘g]t?ﬁlg% J[elyarcr:g ﬁgﬂt{g %H@%Ss g%%?grgganrgc t3):1:"1nshuttle rotation of

abmﬂ@@gquﬁpce with the present invention that have been
provided with a |ubricated bearing havetended to
generate sonme heat but such systens nonethel ess can be
operated if there is cooling of any lubricant or the
operating paranmeters are such as to not generate
tenperatures above the degrade tenperatures of the
per manent magnets. Al so provided is the prospect of a
fluid pathway 53 that extends through the apparatus
into the drill string thus providing a flushing
capability as well as a prospect of a cooling
function. Such a fluid can be air, a liquid (e.qg.
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 (dependi ng on shuttle rotation
speeds, shuttle mass, magnetic arrays, magnetic
strengths, geonetry and clearances). Preferably a
cycling frequency of from (preferably) above 20
cyclel/sec to say, 200 cycles/sec are contenplated in
steady state conditions. A frequency 200 cycl es/sec
can easily be generated using 4/8 magnetic
interactions as in Figures 2 to 7 reliant on shuttle
rotati on of about 3000RPM VWHAT WE CLAIMIS: 1
Vi brati onal apparatus capable of providing a
vi brational output, said apparatus
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conprising or including a shuttle having first and
second ends, a first conplenentary structure
wazsmocsssng Wi th the first 1gnd of sai d shutt| eCTazdooE/000329
second conpl enentary struct'dre associating with the
second end of said shuttle, wherein there is a drive
WHATDWEH CLASMIES:rot at e the shuttl e about an axis through

sai.d conplenentary struyctures,. d ' :
L cavbraey spnagapibigo! pEgoRkn YRThALIMITRAREL Soid spparatis
, | ementary structure has the effect such
compr%ﬁ‘l ,qﬂcr%g&eﬁrlgt he effect of rotation caused
i ret gt having, firstrandfseeend @48 noves away from the second
conpl ementary struct iy shEAR, and
W%TE@F%WW%&%{ % #@cﬂl{rg gggggﬁ%%j‘é&r% r&llgbaf}%hgl%cfﬁistgu re, and.
Whegebitl édieplembituty afuctite astbbintng with ittee fecand enkolopid shuttle,

other, or both, of said. conplenentar ryctures._a .
nowheneine ctheip if AotH feher it b brehue %Sb‘g’f“étafi’ﬁqg%"“gh said
ery:lmyﬁ{ggﬁ in said first and second conpl ementary

Uctrures are fixed relative to each other insofar as
di si@wherdis nognes caeidd byttha shutiloataacl and andimageety eprried by each
each ot her about said_axjs. ,3.. Apparnat ' . d
complg oot T AL b S L 3y pAPRBGE W, ) B R cause
intera@ictBAhE fRR WAInGdvel AGrasHonk R deBor@litci@sleméntalyi dinmtire aad, in turn,
appar atus capabl e of providing a vibrational output,
the ses@idcend ppaeanway Sompthe dirsigoalapetaysiectdCshut t | e abl e
to shuttle repro i on.: ut.t a%heS oPloth@CHS both, of said
bef gﬁhefrflflsﬁ%a ‘%glgteglg%h gg’?r%t err%esnltrgrrny structures, a
compRfde¥firy Sruchirad nd e déedyt fremabesituttd itdeblast part of the
shuttle axis or | ocus,, and rgg%neti C interactin

2. redivprrgtus rpied@im drwhgreingspid eanéoqrfﬁ? OB ipe%tary structures are
fixed 2%]1%1?\?&{ tléﬁreﬁacﬁl% e rﬁ?so?zte}%tdiﬁaﬂlﬁelﬁ @B¥ceidabiit ot @btatibierelative to each

as the effect of subjecting the shuttle to

other gbatitshid akisduci ng forces being alternately attractive

and repul si ve forces,between the :
3. ot ARBERS Sirhd ST ait CUREr AR BuEERL B paried by a
shaft bRSHIAHRAA Lkt isufdeam one or other, or both, of said

conpl enentary structures and not. dire tlty fromthe d ;
4. shdfibrionak apparatus canable pHREAVIdBE A wibrational syfput, paid apparatus

r ovi di n vi brational output, said apparatus
compglﬁ%rorrérfc % including a shuttle rotatable about a

def, fRelles Bt tt ahawie seproduciblyeab laeshititskaxin dr flogushbegween first and

the shuttle axis,a drive to rotate the shuttl e about
secorjdiapmafernentay gEpetures,

a drive to rotate the shuttle about at least part of the shuttle axis or locus, and

complgI ‘;él

magnetic interacting regions on each of at least one complementary structure and the
shuttle whereby rotation of the shuttle has the effect of subjecting the shuttle to shuttle
inducing forces being alternately attractive and repulsive forces between the or a
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.
5. Vibrational appdratus capable of providing a vibrational output, said apparatus
comprising or including

a shuttle rotatable about a defined shuttle axis and moveable back and forth on the

shuttle axis,
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a first conplenentary structure towards which and away
fromwhich, and vice versa, the shuttle noves, a

weeewndsisonpl enentary structure away from whi cRCaMN2005/000329
t owar ds whi ch, and vice vé?@a‘, the shuttle noves, the
shuttl e being between said conpl enentary structures,
whedrBiero potatcithethutdgatons itoshustdedxipai ri ng of first

conpl emrent ary structure/shuttl e. and n :
CBChn e S0 SR S RO 0A) SRR e verse
the shili8e H{o%% de alternatively, for each pairing, attractive
or repul’sive forces as the shuttle rotates, an . .
whesebnd chmpjsnzsitary sbecieeavehdophvigyand owads whieh, and vice
e, .such that_ th huttl e recipl: '
v, 5 R b R B A RSO R S,
| NYRERAE bRISMAINAzicARofosach pairigustt first lspmplentamgary fstrirgtyre/shuttle

rotati on, and wherein the vibrational output is fro .
and sbuiglesecomtlhepmplsmentiy stgictuge, | hpve o%g%%magqa? operable 21 provide

Ry Ot A fef RITobd2g ag Hatshlileirb @b -
altem%%ve&béogreg%gﬁ%lg’c Al rﬁvg%}]%}lgi nsaid first and second
cosml eRRéiArtie Phasing bebweartke paixiags is|atdande; sudndpt the shuttle
ot her insofar, as distance is concerned. ..7.. t
reciprogatss 1 16nRBUBHNE 5S35 ALRTTCAIONEE S e MRRISicrinEREAGR R 25t on the
' {in,0r air bearing about a guide shaft.
shuﬁl%ﬁy%?g??g@ 1ap.par.at us capable of providing a ¢ said
vi bndit whenain dthe puibratioaild cuipphriat iemec SRr s ioﬂfg‘fl'ao or both, of sai
j ncl udi n n ass |y _havij apabl e of
compiﬁﬁmarsr ﬁg‘%ﬁ?%@%‘ﬁ%gﬁlﬁfﬁn{téﬁgﬁa st r%ié%lljfr?es, at | east
6. ONApphradRi Fhclsiaisl whesinasayd Sirstumiduseeand compltesntahe structures are
vi brati onal output, the arrangenment being
fixed chativade enghsethier ipsafpias disiercs 15 ongedelve to rotate the
shytt] e }H@&H | FainR tvi{eBGh HIRN$hulB®S WREAM magnetic or
7. thlé&pp?)lia%ﬁ%i%gﬁ}lgﬁggf)?gﬁ nd tﬁ% c%rrpl enmentary structures
air beatidaidu@h giideahaltt i ons wi th each conpl enentary
structure, and the phasging,of the conpl t :
8. st Mibratiopal ?gp%t%&ll{j‘i’:l%gf BHIE 2 {,{;ﬁlﬁ?,{ %trg En 5 ?ﬁ){ ut, said apparatus
et Guigdibt Sni MsstiBlyS Awihg | Hoshime rpiblefoft Skuitling between
compgg%gt Ffeqn% par at Ss ofy cl ai%18 wherein the magnetic ides th
complamhentagt stowbires, eatalsas onssof tvhigh semplersitaryeRiistises gyvides the
) A,%E??ratu of claim8 or 9 wherein the drive of the
vibragnl OPRULs 3 pelt or ot her peripheral drive of the

shygd &@aﬂ%@heﬂeb@hg chenBtelived methshihete is mgdrimsvierretate e shuttle and
the shuttle between shuttling |i

its. 1.11. A
therevirbmaghasivanterstians brtvasn et S0 aRd figicomplementary structures
ViBI abional,n2PRana GR&y ObtridiGrepr #edh®gphasing of the
SuChc*h:Slf n%%eﬁ%?lo?%e%ée%@ 3{0}1&%9 a%par_ at usphayi ng gp, ,
complépattirygtactutaneltanato sheppotite, aiernating plagpstisrigpults in the shuttling

movement of the shuttle.

9. Apparatus of claim 8 wherein the magnetic interactions are as a result of permanent
magnets.
10. Apparatus of claim 8 or 9 wherein the drive of the shuttle is a belt or other peripheral

drive of the shuttle not deleterious to the shuttling movement of the shuttle between shuttling
limits. N
11. A vibrational head for drilling that includes vibrational apparatus of any one of the

preceding claims.
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head of claim 1l attached to or attachable to a drill

string. 13. Drilling apparatus conprising a
woieabsisnal head of claim attached to or artCacNzawls®00329
toadrill string, a supp6rt, and at |east one reconf

gurable (e.g. conpliant) fluid reservoir ((e.g. a L
12. Criwhseattdriise bagyatiohoang g fipeting ohsempiant speport for a vibrational

br at | dt th
head of Hosh 4b eebeg o preCshiiaf BRI HEa. the support and
13. ﬁﬁnﬁ} Aergﬁ%gtlg%n{pggﬁgfl gurable fluid reservoir has

carrying the weight of the at ached or
tdreibtatiobal lead of Pletn di aftached {9 wgat%ha%? tmﬁrﬂé

freedom of, novenent of the vibrational head rel atlve
tH4REsWhort both | ongitudinally and lateral Iy of
t fi8eddf bhd reSbhfigi@atiX (Sg. cdhplidytp Aokl reserodir (. @iamom®liant gas bag) to

wherein there are at | east two reservoirs. 15.
carryy%pmsalaulsthéﬁ’lh?ﬁtwl}ﬂh@ﬁ dfp E1esURPAL- | east one of the

er Vo't@é 1ht%@t1§£%f bag v1ﬂr§t1orﬁﬂ’ ARLA! He ﬁfppﬁﬂ)’arﬂnﬁheoﬁft least one

erein at |east nost of

reconfi/glbﬂﬂé flakblesdreaid héts'\ﬂlereﬂbbteofd:larrbdngathe svei ght pB thejagtaghediog the to be
bel ow the res

attached giill string vt o vl r%}p%? Qr??él W ar ag—H St e t@k&ﬁ?rﬁfhead relative
to the %lli]jg)o\ltﬂ Bt ﬁﬁﬁlngﬁyagﬁd 18fcPallyF the ddill singian®. is via a

nsition rom a non rotati n% but vibrati.ng conponent
14.  dispeatatug ofclaimdi3reareip these aret FeSHMRTERTYNE: r ot at i ng

15. d%&i%grgg{s]:qf %Eﬂ% 1]4_r80h gl%t F RL& g o?{he QA8 PR ghs E’Ig t he

I ng appara us conpri sing
16. ViApphatahRnHan 2%@6 oarctaaﬁhw td¢ 05 ovherdit aclzadilneost of ﬁxedmbnatmnal head

strin t he head haV|n a rotata@l(y driven shuttle
(Whertilhatdrl pecistia yerlgal) s eéoxgm?trﬁqrﬁgr is and interacts

der rhgt ?]f lrng}p bttt Gihf €5 ePt16mREBRld eheelibREibalt figtakOYrom the
&% the vibrational output not being from
v1brat’ié}ﬁl $1had ke the Skilf strlag Ssippoat t,ransﬁml framy a m@arrgta%.lgg gut vibrating

compglgq?r{t ?];1}%?‘(&)5%/ 01%Jl ]t,pél%rg? gx?qngﬁ% tsaRg;a d C?%tnﬁ%%ﬁl og&(;lt} ;C?S r]c:onnec‘table to
or foﬁﬂl{%ggtl onal’e@gltul @ig)t 0 carry the WGI ght of the

head and the or any attached drill string,
18. akilimgpippanatuseemprisiag a second interacti on,

§ E?r‘{e{}@r &R ?&8?? jlt%%%lzgi f a&rrllttraﬂgabﬁ {3 AdddiP &ﬁhg I'}ﬁ@ﬁeequ{a@fﬂgVaerotatably

rst intergction is
dnveﬁ Rhfkerasal ﬂb)atéw&bdwbﬁsahﬁuythhg sixisdandi lm@pran’(g' updnrtro‘@tlon weth different
i brational cycle of the vi Br ati gnal

magﬂe’hg efesty thgrebyrtp |be |sh1§tﬂ§ch§]%ﬁ, Tadiop rﬂWHLg |nﬂ eéng from the shuttle itself,

Vi b{ i&bﬁnal head having a shuttle yet a vibrational
out1ake ot di rectly fromthe shuttle, a manoeuvrabl e h
s ugpiliant memsv@algc prefidrably iableastionn gps hegitqraosed heisan part(s) of the

Vibratlorrlreﬁlﬂegcrl] ang the support), as a first interaction, to carry the weight of the vibrational

head and the or any attached drill string, and

compliant means, as a second interaction, (preferably to constrain the vibrational head
relative to the support) whereby said first interaction is (preferably) not totally lost during any
part of the vibrational cycle of the vibrational head.
19.  Vibrational drilling apparatus comprising

a vibrational head having a shuttle yet a vibrational outtake not directly from the

shuttle,



10

15

vi brate under the action of the shuttle, a bearing
supported fromthe vibrational outtake fromthe
woieabsidsnal head, and a driJl string connect oPCTAZROBE®00329
by the bearing, a rotationdf-drive to the drill string
connector, wherein the shuttle interacts in use
EGRRSuRIblY stqipoﬁdiid'm ofhich sheevibieatinsalj head g8 maawtedrigesongpliantly
drive of the shuttle thereby to reciprocate under
vibrateamflercthe getiep effhe sh ‘E&%Ctlons 20. Vibrational apparatus

SARARYE <fpdied idh B Aoilibi bhaned frout peltibraind head, ond o drill
ara conpr|5|ng or including an assenbly having a

ﬁﬁngaﬁmtmbﬁmnﬁeﬁby&wdkaBMQttI|ng bet ween conpl ement ary
structure one of .ch conpl enentary
§HPHEPH@§§“ﬁr @Fﬂgﬁ TtHaE ¢ ?g}mglonal out put, the
alhaRELIRMhuRRIiR@raehah asé ﬁfagﬁad:alljﬂ at bemh of i reads & 1arotates under
drive to rotate the shuttle ang re.ar

a drivd oftthe slottlothsrdbatoeasivreerie wrstes £ ﬁ‘t].ﬁh[ %ragﬁgn% he
cg@l §8 tar ar?ﬂfs c%i)?f)ﬁsc%fls#ﬁ@ﬂlﬂ V%&Eﬁﬁ?ﬂl'oﬁﬁﬁlt‘l"'@ﬁb apparatus

ary struc the phasi ng of
comprgﬁ{golo@ ”ﬁﬂhﬂlﬁryg Sin aesembbs aeingt iav ehutdetmalslh uek |sbutthng between

alternatin I C interact.ion res
complememtany; Algu éﬁé“n ieagtf ong, of S‘N@‘Fgl Cé)mp emen ary st{*tllﬁlres provides the

vibrational output, the arrangement being characterised in that there is a drive to rotate the
shuttle and there are magnetic interactions between the rotating shuttle and the
complementary structures such that interactions with each complementary structure, and the
phasing of the complementary structures relative to the shuttle, alternating magnetic

interaction results in the shuttling movement of the shuttle.



