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" MAGNETI C HAMMER' TECHNI CAL FI ELD The present
invention relates to a magneti c hamer as part of a
wdnrdddkesasing of drilling apparatus of a kind haermg20ds®00217

drillstring. BACKGROUND ART, The present invention

contenplates drilling apparatus to be operable to

rotate the drill stay t fri-he drillstring's

drill head or bit, 1\6[?@ l\cI)?E.Ié e magnhetic hammer is to
TECHNICAErFiHIeDt o provide vibration axially to the drill

head or bit. To achieve this, the magnetic. hamer or . ..

VT Dbt S T5S BRSPS ST & e Of deling
apparRRSiftal 190EEhvaS Bantisaingt he drillstring or in the

drillstring. Tn our patent specification WQX006/ 065155

( PCT/ Nz2005/ 000329) we di scl ose a nethod of generating

j ef fect reliant upon magnetic arrays being

BACIg%ﬁgﬁrgbblgﬁFot ated relative to each other by a

nMeThapiesat rdehticer donteaptaed drilleds apipatatus ¢o bé ppdvaldle bt rotate the

.. |l east qgne neti.c,arr 0 tate w.th the shuttle .
a3 P AP L BB e
operalﬁ& Edlﬁfob‘fd% SiHA RVl adlialhgot the dE héddneniitTo athieveiny tiemeaphstic

di scl osed i n WO2006/ 065155 showed t he generatjon of
hamings b ElbIBARAIPRAEOSHRIER Fthe TFD ¢ HETSHG (T TEaFhE Past of the

2o earri: Vi .rotary nounting of a drillstring into
dﬂusn?%e&dtﬁi%ﬁ %ftﬂlrslalrﬁlg The drillstring had a separate rotary
dr ixveutyetauspdadicatrat WO209Gd S (PETANABPE/000329) we disclose a

I ndependent | . baoth the shutt]l '
el FEBRO 618 iR AT 1 AT R P O n S gy ed
relative R tddh@ tedr HWERRQ64 065G ascovfified dhatieo iif hadewrdast one magnetic
structure and not fromthe shuttle it sedef an}ﬂ, in the e
array tozeEtGith thershpitle ppe Aigeashad MagieHe P (RoFFTEREHEY Strue
provicglg% %%tc%&é?&rnt.t he spindl ed shuttle synchronised to the
rill '

string. The present invention recogni ses an L

adifanb@@edmnbeiiaﬁgﬁ¢dlléd779@90@@6@r5§ISh‘PW] e genegtion gf yipration by

i N.havj vi brati onal . WA i illstring.
e e
The déNittihshad Nngpant barhdie helit the heutdo findymcitagrhlsiedepegdently of

the drill Hﬁin As used herein the term"as part of
both thg ghyjfle F“P‘i ICAGHOEEA HEXH St the top of the

dr ik $ibzh G Dt Fod iHRGpatilel e BSkle LAWEIING/065155 was via the

synchronously with the drillstring and bel gw any . )
confirremeat plowraire @nd get fromp tie shyttieselfpnd ixtheichig o ¢ delldring, dgd neither

0 0 j e ' EMsE@AB. "1 N

N e i P

dr (Tihle pirsimgiiventiam secagniseh en edwlnogg ta breddrizad fdy seferal jggpes of drilling
. dril]stri bel ow the rotational drive input - -
in b PP EEPPIPRFAThar bk e B R P et ilting or in
the d¥llsBrt dn@N8 haRRed tBérdSE sydtHrbnibddstotRgadistihoar r ays abl e

to nove relative to each other as part of or in thfeth deillstrd

dr i used hergin the up fespast plahe dHilsiaten gag mean at the top of the drlistring

but rotating at least in part synchronously with the drillstring and below any rotational drive
input to the drillstring it can also mean at the bottom of the drillstring as also can “in the
drillstring”. The term “positioned. .. in the drillstring” means anywhere along the length of the
drillstring below the rotational drive input to the drillstring if there is any.

Inclusion of the vibrational apparatus, with its magnetic arrays able to move relative to
each other as part of or in the drillstring, provides other advantages.

One is the prospect of fluid dtives being used multifunctionally.
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One is the prospect of fluid drives being used

mul tifunctionally. Anot her advantage is an ability to
woabm/opgast of the vibrational apparatus stati oraTNzZ2008000217

the drillstring even if a dfive of some kind is still

enpl oyed to rotate part of the vibrational apparatus

an re.al ong.the.l t ril | [ ; ith

A e P

the driberigh ¢@atifddirehifdbme Gindansdll empdoyedd ditrte pritoh did whratidral

latter if wanted to ninini.se.damage in the opposite
aPPmﬂw‘SraéE‘f’lP%ﬁa](’@%,theﬂﬁ%ﬁ‘g}?fgﬂﬁfsﬁ’?%g'can be i nportant when
t NGE EhrSidvaARaee: ik erobh BHAbIRN A tanipdaéity thhetdirected
drillstring, sensitive equi pnent or conponent raﬁ.ﬁ )
bidirectinotllyex vaifitasiicagly, deipirs ievinsed tRanigiiips damags hhspppestte
rectib Qleot D& JEL. I-BLL L; 18] 1 nal apparatus in
A
the drillsttih@sensitve ehjnipaenpardonipenagryl0 . clearly a bit or a

dri Unead and th ri pheral..part ef er,ab in .

oy PERP OB B AG® (1 EHDHE R ST Rgar foo ot i
lowestR@HNPeApkrhil duhtead a6t inkbhjundtonivattbad idbérh@tte the inner patt being

alterna?ive object to provide drilling app rat%a of a i
clearlyle goredrilihgachandt top Petntieriyparh (Re¢tsPY helgspruiferdo rotate wi

I ' [ ~the drillstring' s drill head

ﬂm(h%%mhgﬁ%ggpgﬁg€ﬁ@mgﬁgqggg}abIe to provide vibration

axltad 4 forther dhatedraiti¢ objecdo provisiet rep#raty bf akinghaying

.. apparatuys, to 1 vide t Vi brat.i ol S, iyt i.ene
artisoF BRSFHE po {ofu? B E o6 ] B By} foaP b o 8ESk bous
and opSatle foffrbHiaE vidkatRhta@ilgiol the dbhedtor b vérepdinyibeatibhaliagparatus, to

drive to and/ or from vibrat

. ., L O, T i.onal. appar at or part
provideithe Bhfatiopfis gorHeer gt prthgt Ftdnﬂ%r%glp '3 L?%#%Sdﬁ FPeor
al {61 PALiNe  PRieChivt OhPEY kMBI arauil ddideheadd o fRint vibrational

rotation and/ or vibration indépendently of
appataing, bt patt thegeoforfatdrdlsting0 1t is a further or

alternative object 1o proyi ¥ I100RL, R RALALESH and
ha il?@e%ﬁ faih ian%m%%eiogl%géotg%(gﬁ%@%%&rmr e assenblies for
vibration@fi@pbndedkiabf ugllstiingtbeddi.i | | string or each or one
anot her yet derivin art of its.drive via a . .
s fadies o RiEvART “BRCT hE QP DB PH BTG b e gt
actionQdf dnB®r Hdrl hRLHHIG thdrboflr8latdvefltt F@ills@ag @k bAhNAtdnk @nother yet
object to provide vibration to an inner cutter

derivipigipatt phisadivsrvinstsiseyssigRdriBat emthestasy olcigtatigp, 1f any, of the
deills drillhead or bit) of a drillstring. D SCLOSURE COF
"RRENTION In a first aspect the invention is dril

[in
appais atfushedor altdchatore hjetitg paovddd tibstipn frgan i@p@*r%lttlﬁle(d{ighead ot
.. rotate the drillstri or at.least the drillstring's
bit) anf/of p0 AREHCEET § ﬁj,ﬁle”éipoq%é ﬂ?ﬁ gﬁ%aglﬁer able 30 to provide

vibration axially to the drill head or bit;
characterised in that, positioned as part of the

DISCHOPYBE ORJNYENTKM drillstring, is vibrational .
apRan %&&’isﬂegt e %eﬂ&oéi@ 'dﬁlﬁﬂ\#)a[}?ﬁlre&ﬁ's ofth) glfnﬁrhtat‘iﬁ!; a drillstring,
characterised in that said vibrational apparatus has
operablette ratatei e deitsgivet drat keast dyesdrillstring’s drill head or bit, ot both, and operable
to provide vibration axially to the drill head or bit; '
characterised in that, positioned as pazt of the drillstring ot in the drillstring, is vibrational
appatatus to provide said vibration;
and further characterised in that said vibrational appatatus has interactive magnetic arrays,

there being at least one assembly (“first assembly(s)”) with a first array ot set of artays (“fitst

array(s)”) and there being at least one assembly (“second assembly(s)”) with a second atray ot
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there being at |east one assenbly ("first
assenbly(s)") with a first array or set of arrays
wWO02009r0289685 array(s)"”) and there being at | easPCOMNZ2008/000217
assenbly ("second assenbly(s)") with a second array
orsecond set of arrays (" second array(s)") such that
second G gL ET  SHsR Ry @ EPE PP A YRR G PR ey @ e

1esponafvé ayfe&)nvaﬂdatﬁm tdat\se@d;mdl fastraay((8)andtsad cearsd ashy(b) to qagse
the first r ra

of relatiyve t the second a
shuttig obihg B3 84S HRSIPIRS SRR RSO RETES P ek B ot thus thei
respecPPRY %ggﬂﬂﬂ%ag%gml ies; and still furt her char act erl sed
int e relative rotation can, be caused bg a .
meeH e foaler bapuisod e brighorelgrnatation @RPE CRiseS by afgchanical
2250 8288 | ESotR Bk BSCAALecond
input i Onentt)IOéi(i? Fg&/g‘?%ﬁ char act @I (gl:%Otl n that one of
assemblh@fl rst and second array(s) and |ts assenbl y(s)

noves nchronously in rotation 't
WhEH /4 f’%é TR ¥ ’%”é Ofl%m?%fgf gdn i onaQIY ;am% he s q’lglflﬂs)
moved§A&h:Ofolylin ¥dticH VB8 8% RIICGENS GYLe ﬂféehﬂlﬁmdg Es&@tat@i[

i ndirect carrying of or hammering of, .bot h,
@ritionallyethd d@ﬂ@@f o1t Yieiesiap 8 COREIERB 9{ ect ot in e cattying of

or haré%a%&( n(ﬁ{ J)tvb%ﬂ)f hOBLih RBAY drx)lttﬂf}%gﬁfs]c Lsséh%l?(sp rAl@rﬁatlvely, optionally
ates as & consequence of, direct or’indirec
the drifldfend brigit vibrates aharmeseingcobf, dithe OdmdllrleCth@aid’H@rofmr hamgering of,

d th. Opt N
e arfifons pril A RaRE LBk S G PR (i st oo

gliyass arbhiyd Scotdiitrsyy) ahdthield figpod bdcond bysemblyhean rotate in
Preferably the first and second array(s) and their
opposftp Aectighd second assenbl y(s) can rotate in the sane

qﬂrgf@ﬁ%g { Slerabld.0h8) Hd hbe ks had scabsl S8GHMY(s) can rotate in

array its first and second assenbl y(s) can be
thesamardam@ioatl ng when the other of the first and second

%ﬁ%@%é’% grc])g tlIei uStF an%n? ona% gpgvaa%xﬁ‘?@"?ﬁéé(a sdcBndl Qgs@ﬁﬂal?g) can be

Yy Coropti onal 1 rati ona appar at us

non-rb@ hdiethe otlak bothal ﬁrdralmi eedontl arrh i@ add ifikdt std bargnd egembly(s) is
e driJdlstring). Preferably a rotary drive into a

rOta‘j%ﬁm ndI e, as one of said first and second rot atabl e

'ﬁg{gﬁ[)ﬁ/ dr JPEESllY ﬂhéjhﬁﬁﬁl)ﬂlaq) Bﬁiaxz@ﬁs Bbab#ak tan@nal drive into the
hanmmer i'ng. rﬁotlona y rotary drive is that of a nud
drillstring e, in thaddlsimgbr or el ectric notor or ot her

"f%&*ém%g afaéota fd&l dﬁ%JA %%Jgﬂéj hl &?e mffegtahhxeéohe 9L Bl members

sec rotata nbers is
causef @m&kﬁ_bbﬁhlbybxd[rewdnbﬂ ltahendmgl I st r| ng QOtl onal | y the

\é(igtréc?{a ro‘caaff;)I zaixl;egjté ?39 1§10t0r1,1 ogﬁlleé}%ﬁ Wlt?rhor other
mechInH@al gfélgdtﬁgawﬂ@ ie, | n synchr ony and at the sane
rgfee&bbr%g gé-)\glé gf sde\Iff]]_:th aend.I sgcgn%nrggia%?eymergbg? 1s 1gt0a¥ %le%y or with the
dedlstring.

Optionally the vibration apparatus is elongate with a casing as its exterior. That case
preferably moves in unison with the drillstring ie, in synchrony and at the same speed.
Otherwise, while in synchrony it may move at a different speed.

Optionally gearing provides a rotary speed greater ot less for one of said magnetic array(s)
and/or bit rotation speed telative to a rotary drive input or for giving a differential drive for the
bit eg, a different speed to the drillstring and/or fitst rotary member. Examples include a

planetary gearing system.



10,

15

20

25

30

Optionally gearing provides a rotary speed greater or

| ess for one of said nmagnetic array(s) and/or bit
woab@tnegns4 speed relative to a rotary drive i npBCT®Z2608/000217

giving a differential drivesfor the bit eg, a

di fferent speed to the drillstring and/or first rotary

C
S e C S e e
tlpueﬂﬂlyahe ddlscingagnes acuaeray they is a@ﬂh l@ncéhlltgmtlly@f that cutter (1)

rillstri rot ates cutter ndt d
able ] the R Fy ool RAC R BEPe o PR rhreeRetdbepe B8
vibratdll defagbeRthY cdt@: dhRee dniskdst 64 @Y boisof aras speed is

concerned, (ii) able to be vibrated relative to_the
Berferblytha tegndhs 4Faye(E) wig stagad Aially yithgrshect s Pregtrdrgg gis-
Prefel%bqy ﬁr:]{aa%p?o alg[t{t%é&gea)be%e%n% rg}g;ecq bk hadMetib o GapECt

e driTistring axis. Preferably at |east some are
L0 besthesepskchieimentior sapmmhentry (ohétber attmy sem onlyrrhggher in

I n ang ther a t Lnvention i ane.
asseméb%’éflﬁésrserﬁ? °6Pﬂ§’§!ﬁr€ﬁ8n‘1f3‘e s Apartys é)ise Q?sent i Lokion.
0h SasSAARLhspRf thedidskit ibednlipn @bnsibid ﬂ1|alppgtaammﬂaashmﬁa]]@ﬁs herein
t he present |nvent| on. In yet a further aspect ? ful i
describgdegidlh tef¢raleE e PBNOROHIPES ﬂrF aSHHAPAYIIE ILHRTARLT & oyl 2
methddo rqgr?b@ﬁﬂ&e 248561 'apréqugly degfearence to any one or
e acconp drawi ngs and/or useful in a
neﬁhaddmglya@ara)ﬂd@mmmt élea@@eh@t gonsists e ibirfinsia) apparatus
defined., Accordingly in another aspect the invention
Comp’&%’i’%?rs]fl%l 2 vi brati onal apparatus conprising or
ngj udiamgst phemir Hiré@ly ortreetydibierotakyy wthethiemdil n égil btying or
ableto act, whet her wall a drill {bln 5*{ y d or bit
othergieh &pap 3 2l HEFOPrPIA TP ST b DT dang IS pdphhgad or
assemgiéj alid MisPhahbOM kAt REG R0k ddmbpead, or bit
Senbly, said first nenber having at |east one array
of (uiag n@t‘@nd(mqn}b@a caiedemd lepsheneratea Pf Wﬁl@‘:tSaﬁO qOé&%ftmfi?ﬁ ghe at
net
esst Gy o PRRELERE, BRUBLSIBOLNE Alud R0 AN ALLAY

interatbrd) Qi sdeoﬂaiagaﬁbercand fits esaplementasy @y dr stez,y@ od mmgn@eto rotate
and

. it enmentary arr rrays of etsto
L
cause By l@(@tﬁﬂ Wt RieSakidn sRCandlcMerhen slhl&tlﬁ? ligdxs Bnafﬁ delﬁﬁﬂdse @Iald first

byt he rragnetlc interactions to shuttle between
memlsehmﬂldllng I|mts on or relative to said first nenber,

g N I }agﬂvc‘é argﬂ Bt ggﬁs\‘rﬁss%% Qﬁust: LS ESd Qo ie, of said

se suc ative rotation, “said first nenber
first m@hlaetrlmllﬂnvte@o ﬂteeseqerdondnh@n@emce Wrsa;/qndEDﬂVer sa, or both.

25 A di t th
vi bﬁ' Cg g IiO[ 5% 6%&@81?%% Ht 8% rr% csﬂn%stls gr\%/\%%; ?o%gi: %gﬁ;%ﬁgug COHlleSlng or

inclucflhg st rot at abl e nenber directly or indirectly
connectable to a drill head qr bit

assenbly, or :
direct 1§ or 4 faioschlymemRpelcah & %I"égg F%/ffr}“@lﬂfit?@ drill head
t 0 &%Yt%ss%fnb@agf &&cg% gf inld.{reéﬂ? ng%rctagletto 3= sto AN eor having a

to pass Its fotati into any such connected drill
healilldread or bit assembly, able to pass its rotation into any such connected drill head or

bit assembly, or drill string and dxill head ot bit assembly, and able to pass axial
vibration into such a dtill head ot bit assembly, or drill string and drill head or bit
assembly,

said first rotatable member having at least one array of magnets that it carries duting its

rotation,
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30 bit assenbly, or drill string and drill head or bit
assenbly, and able to pass axial vibration into such a
wdnrddlo2épead or bit assenbly, or drill string ardTMz2od8/000217

head or bit assenbly, sai d_%i_rst rot at abl e nenber

having at |east one array of nmagnets that it carries

dur{ng its rotation, (i C r '

carl yi hireged Fleh® st R ERR Tlr Bl 200 SRR RS complement
the at kel ot atrBBSisaidistadtapleahersiairbaid sesdndr 1otagdbédohemhempdits

sai d second rotatable nenber and its, co nt ar .
complgRpyy GHABPY Y- Of PAEISRIPSOEY POPE HHog Ok opprsgnd i
second R)ttzﬁjﬂﬂp Lrﬁ':nméppﬁﬁg S Baid beR&eR dhlltﬂ_ﬁl@'liﬁbﬂ_s on e pdgtve to said first

being able to shuttle between shuttling [imts on or
rotatablepretibes and said first rotatable menber, and (iii) a

drj.ve or, driv : | ' OREe Add8 JrQaid £
cau¥e ?gfl at (l)Iod‘r:I vg?’@%%%%?%é%sﬁﬁea(tﬁgﬂ% meerrbertl and aidl tst
rotatalflé efeetbabhnd piefeldiisit lanend diive)to troateghasegotheotaalidomgmber

. rotat Ple menher relative to said first rotatable
fela“"ﬁﬁhi’féi USHQFRRe PEMSSS OWRETEI R rel ative rotation
befwerMn tdhRivE kéisliorhey&acRO drsk Mlddeadl Erofmitiemsmbard seses such

~such relative_rotation between the nagnetic ar rb?ys ag ]
relativaidthtirhbrtrbes harisedic srarsrtal dBIe sHesetndaf s/ aepge:

relative f’t-li g ai(% E].[s? EQt&t%l@hﬁH{E)@ ET@{EB? fo %Aﬁ@fa%atl QibERRE AL 8ai@XkR rotatable
vibratron into sai Iflrst rot at abl e nenber. | n anot her
membagpect the invention consists in a hamrer bit assenbly

connected to, formn art. of r e

oI RELE b DR b P BERALh B Somhccd

formih§ PaRASE, o EinREGBIENbY 2 AfillRtrirEd, 0g sabassamblydimly oa componentry
tubul ar casing to rotate with the drillstring, at

thereqfethsasssmblagamaRrising orugRei™e carried within the casing
angt&b%lcﬁiqgﬂ otrpereawiit fe danddinst gear (eg, outer gear)
carried wthin the casing, such first gear being of a
pl airletsapye gemrdfmpgasts tasred witkinahe caging land ta o te Beraygth,
t he shaft bei ng nmount ed | e.ho ' i
and (PO et G o0 FRd i Ml S b Gen il e Hhunctary
gearing €268, gear of the planetary gearing system (eg, sun

gear) carried to rotate wth the shaft,, a east .one

ar ?é%ﬂfb’f"lth’_ﬁg‘h"ef%mé ¢ P 1P e R LA R BhaptRRt %Ih“c‘ite”f‘g and
rotati 0E thb ShAXieBlikYtd MEERM L h, and a bit nounted, or a bit -

nountable, to rotate with the rotational axis, of at

| eastcondgers it Plagsity gFatipg &SI (6t AP BeyL S TF oSy B Eth the
shaft.- wherein the bit is, or can be, directly or
’indi rectly hamrerabl e by axial shuttling of the .
at least one artay of magnets cattied by the shaft to rotate and shuttle axially therewith,

and

a bit mounted, ot a bit mountable, to rotate with the rotational axis of at least one
planet gear of the planetary gearing system : ‘

wherein the bit is, ot can be, directly or indirectly hammerable by axial shuttling of the
shaft relative to the casing;

and wherein, at least one magnetic atray of the casing and at least one magnetic attay
of the shaft intetact to cause shuttling of the shaft relative to the casing when thete is a
difference in rotational speed of the shaft relative to the casing;

and whetein thete is a speed differential dependent drive (eg, viscous, drag, centrifugal

and/ot equivalent) between the shaft and the casing wheteby rotational slowing of the mounted



10

15

20

25

30

shaft relative to the casing; and wherein, at |east

one magnetic array of the casing and at | east one
worgyesw4s array of the shaft interact to causePCT/NZ2008/000217

shuttling of the shaft relagive to the casing when

there is a difference in rotational speed of the shaft

at 1N Niat3Er eelluttlin
bit, ang%% rjle S a%tal[eﬁa epgoa%ent %ngeﬂq%]glsﬁfg mlﬁ \ﬁll'lrﬁ:rétses@l ttling

Feren eg, Vi scous, drag,

effect 6£thk shifygad vandéss. equi val ent) between the shaft and
et e ATt SNk SRR o BBy connccrea o

formiﬁ%bﬂft 0@ brRonhBEaBRSO drill Btritpg or ¥hbdssémblyeas¥ ok bemponentry
uttllgg effect of the shaft, and vice versa. In

thereqfnibe hesrmblysosiPtse oF HFBRiiBon consists in a hammer bit

asgglrgg {s?%qg%tgg‘;&thg Qg part of, or connectable

string, or subassefbly and/ or conponentry
t hﬁﬂ%f Qnet heyas getgbctty cammathlsn tiep @sing ped tediotrge therewith,

:: :g a?to\ﬁlglaSI ng%;glggr a a?t bve\:nm I}n(gul}l e r I l lbclg %gﬂhe xlaﬂhutt]mg and

Ret s eartie casl
rotatidH 6k th@sHa@lrdlevd feahewdstnla, a shaft Wlthl n t he casi ng,

the shaft being nmounted to enabl e bot h axi al

e P76t 8 Y GF THRBCTS Faffied ‘?Ye‘thtS’im\ftetOthtai%@d?S&&FE@‘m@}i Brewith,
| eggéar&ﬂ%tﬁoﬁglydrf}te ffmg@l%tc%u%; rth«;egna@ryaﬁd']e shaft to

rotdte and shuttl e axi al erewith, a geared

r ot bitinorvakedd pg zvblt f’l‘rcmln'fab}q:etodqygpﬁgsddqy the, geagmattoaﬁdmﬁe
b t t t .
9 Iegflhgllgf:lil A dl?t Qo caz} be Ib JiRUR o%%cﬁfecﬁ;ﬁhﬂxgmgrg{)@t]ﬁ leQlyShBRﬁlg of th

onal “drive: wher e1 n or can
shaftﬁﬁnvatd@eusmgor indirectly hammerabl e by axial
shuttling of the shaft rel ativ? o t.he c(fs ngf tic arr
whane pherein, 9t deash ons RASHEAETY OF dierayiptng Fide Os"reﬁaaggea“ aray
of thethatk BRASLCtADEal¥R glrl\ﬁﬂin% ol fHeaYa P leldthe 16 hafdisihgivBEatkretiOa
cause shuttling of the shaft relative to the casing

differquive in toltasionali speed of the elradirelatyatortht egsitgnal speed of the
shaty ftﬁe'raag%ecahe%&%ﬁ %Sdrﬁﬂn% Apbaffls Q@f% sRE el iocfBing

i nvention 15 dril11ng appar at npri si
i naleatdila @oasmglhnsétably ladamwpg oas smdrfdrydlradapur@hireait cognection to a

o en r dlr i.ndi nection.to
deill Sgtnlgltﬂg f?}atﬁ 6(5? t c{li@i,n V\ngfllg 8tr | ﬁinilgl ncgaP%ﬁ ctjo kave at ahe other
end, O¥it, bei ng adapted to have at the other end, a b|t, a

shuttle nounted to reci procate axjally of szil OuSi ng ed,
as gehstly manatadep rerirraenst eenlly whard Betas PHEO 8 adapte

when(sg\l‘l f%t t!oﬁ)tagsr &Brlr o%%clﬁ& a‘ﬂﬂﬁt@nhp&%an&ﬁﬁﬁgm&hﬂg the bit,

ast one nagnetic array fixed
t 0 at lbisabee magihnttchecahﬁw mgoias';s’eldbﬂhy howsia esethldagndone

enent ar netic ar a rotate
sh Eﬂeﬁé ° n%ﬁ%‘%@fﬁl%?téfyal?a th P SRS Sy %1 hh]%w u?t le to
S aivehREiuStIRGveASEEIBH oY saMd !;Huttdl‘eﬂb&&ld ihti6in@edsérobly el wesninteraction

betwéeggth%}gpgé ogg{ﬁstpg% ({%ﬂ};&?ﬁf‘l%q%%';rp g{ég%%%% tg%ags%tshgtﬂ%rgr %¥he shuttle

and thus vibration or hammering of the bit,

and wherein the bit includes a tactile feedback to cause shuttle rotation, and thus
shuttling, when rotationally slowed relative to the tubular casing. ‘

In another aspect the invention consists in a2 method of drilling a bote in a sub-
sutface formation by a drilling assembly, said method comptising ot including the steps of

(d)  conveying the drilling assembly into the well bore, and

(b)  simultaneously and/ot serially
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and thus vibration or hammering of the bit, and
wherein the bit includes a tactile feedback to cause
wehoovteges ot ati on, and t hus shuttling, when PCT/NZ2008/000217
rotationally slowed relative to the tubular casing. In
anot her aspect the invention consists in a nethod of
drilll ﬁ)gm%ﬁgor & dedh B RYRSULL G FREIBE 8L bit about the drill
drilling ass%rtpbﬁ y, sal et hod conpri sing or 1 ncluding
axis astiaer Ftepdilbdrifgpndonveying the drilling assenbly into
the wel] bore, and.(b) simultaneously and/ or .. .. . .
seri al (@) FiPyatnghg g‘?}éblf ﬂ’éroéﬁqnglm‘g?@mé}égﬁﬁﬂneﬁw Rig axially with
respec@[dﬁhlf:dﬁilﬁjciag or an outer drill bit about the drill
axis as part_of the drill string, and I()),vi brating the
dr whereln thegrial dbmatiphgf tasdlsillibbroagnneg dalh bit ifrfepsed by |the giplication
axial | y- wth r C - dri | '
of a A Bl b R BR bkl st PR DGR, op Protionaly
axis atdeddsetshiytialh elignpd ithahé dall ofis thefebyivdth magnetic foiterhations between

not or of the assenmbly which cauyses a shuttle to rotate
magn RGeS bt S ARy S R aaRi b fy e b
recipr_@éaitigﬂ@gt}wisﬁl!ﬂ:ﬂ& hed ahak ke @I 15t dBKielyill b t h magneti c
i nteractions between magnetic arrays of the shuttle )
anth wregrspiRectabe ESREM €otpists dbak psseRile fprte g grnilgtgs%bore ina

X I atLan st td fd@pd thus the drill
sub Sﬁ%%%@éofrogllgl%{ﬁglﬁ’%glr |ah%ﬂjbi%{c I:;kﬁlsalr%ot hecr aspect the
i nedlibon consists in an assenbly fot use in drilling

a bore.in a.sub-surface fo tion,..sajd ass LV 3 31 e
c Oﬁﬁlﬁtg? ﬂxﬂsc8¥ or jndjrectly ﬁ:anrée& gﬁf) |Sa1%|ﬂ%ﬂ,§ %ié oL ﬁl?ﬁag s¥id drill bit directly
or inddk&BGhHE Ybie ko b sRed dryarC i @iicetint witls at phraliel td thbidtilliog axis of
engaging said drill bit directly or indirectly and
the didbie t o0 reci procate on an axis coincident with or

pal, dl&hotoP a6 Ardck Llidghadd $o®f the drill bit, a
fluid nmotor able to rotate said shuttle, and at | east

t wat leesty tvet magireayisaya dedanteditor usagpropEonm geig shgHe gpponsive to
. tisai,g[:i grs?}lﬂ}tﬁtl, e responsive to rotation of the shuttle. In
rotatign 84 he PhtidSect the invention consists in an assenbly
f Olln Ws@hdrRsghct theiingnaob osmistsrin an asdenshiy facesefiorddlinga bore in a
sai d assenbly having.a housing, a drill bit having a
S“b'sPéfﬁﬁ?goéﬁ’&Floﬁ»ﬁa ”éfemgW%‘/’é‘?g extremity of the housing, a

sh‘gthg{lﬁné/vi thin the housing directly or indirectly
connected to said drill bit, or engagi n%l said drill
bi & ddill bisdrvipg aroterienat aet M loverexeppity of B4 lousing

reci pracat.i i it i i > . 2o
R ERA Lol L] ol Lo dLEE B RREAGP D cogning

said daiMlibé difectiyhe igtitektly, bhdrebyt heash uediprecatian oy theglraitbif asasteciprocates
on anoagﬂes cg{nlzzi%%/nto\;dthng r;%}ﬂ%l to the rotational axis of the drill bit, the shuttle catrying at
least one array of magnets,

a complementary array or complementaty atrays of magnets in the housing not carried
by the shuttle,

a fluid motor in the housing, and

a gear system (eg, a reduction gear system) in the housing:

wherein said fluid motor rotates the shuttle theteby to cause shuttling as a result of
magnetic interactions between mating arrays;

and whetein said fluid motor, through the gear system, rotates the drill bit.

In another aspect the invention is an assembly comprising ot including
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a conplenentary array or conplenmentary arrays of
magnets in the housing not carried by the shuttle, a
wohlmoh28mwt or i n the housing, and a gear systenPCeQNZ2@e08/000217
reduction gear system) in the housing: wherein said
quid rmtor rotates the shuttle thereby to cause
S DA bl 330 Ain @R UL BL: SRR hALRIACLLANS DRl geen
|ng rrays erein sal tor, through
connedthifle geadribyah@md abid @treivetfBridifrodnl w1thlm theldnillatroigher

asp ct the invention is an as ng or
o AimRiar RBSTHG 8 BORPHFTH ﬁ?“‘?(’e%% ves?i s el y
( " hQlsddid e KRRAE bh8Hs hde R ofORRBCHAR S, e sButde bkihg rotatable by
string and able Fo receive fluid fromw thin the drill
the magpi ng, a fluid motor in the housing to be power ed by
SuzF 0 8ol 81%59{7%9 gmetw aQra A zs,(lﬁﬂf)l% @nﬂaﬁr &%%e't?@éi Qgitﬁﬁvthggousing
reakt one” magnet i c rray, utt
and ncrt@hﬂiea b& ehdshuttleao nmse)w;thanagoﬂtpi mwmanam%shnﬂlgr&ftfl e ghutigas a
or co ment ary etlc arrays within the housing
CONSCHIRHH ts 198 8% 661&& e™8iflitt1 e to cause with magnetic
| n;t §é’a§1ﬁ% ls Ben @Q Ut debiidtign %Earh’@%ys’ihﬁi ltee BSusthg @O fs-eisjel @ daee from
of Tts being rotated by the notor, a gearing system
Saldmpéggafﬁl reduction gearing system in the housing to
reg Bft\f%aéb T fedd! ngﬁxﬁa%%@&&ﬁl 806t Ao dictati B @BloYitput of the
nounted relative to the housing so as to be rotatable
geaxmgyystdme apligpastio bt atiflly rg@pocatel byénmgaﬁdhcs@u&? to be
al.l y .reciprocated_ by ut ti f
B bReariy 50 B G RORS o RIEM! 7 s eGSR Gt that o waid
bit. shuttle aligned with that of sai d b|t In a further
EFSCt t he present invention consists in, b b bl
? FrathepprPed haRISHRT BIVGRtn QEEUHA) I coh ﬁ’r’i‘&‘PB’rs‘% BEsaPY of
as'senﬁ:ﬁ%' hadnQl ofifor la |rh&ﬂo& oaLilAROL Rell BoRe SUPsbEd 8 formation by a
mation by a dr illing assenbly that includes a drill |
drillirtg assemblssthllat amusles ardriiElit.oy saﬁaé@sfmew%kasag@bbfrfor use in
Surface formation, a housin
dnmt}%aborel Iaesuat aﬁggﬁnﬁg& the end of a dri II string, g
bi t hatsifid® He&\hﬁratteﬂﬂblafat suchdhdudiihgtrapd abl e to

rotate relative to t hausi n ndto re roc
|t & Diegt Hheilgven enﬁf?gucgzﬂ%f%éﬂ Pl OF%%%C&‘HSC f8s Rolfraand o
reciprbbddIbRics AleflidAAUSIsREGRB e IeshsdE, abl e to cause such
reci procation of the drill bit axially of the drill
bi #'suttlpwathiogaidihoasing conpected 95 eblp ecappe fugh frotRgpeation of the drill
. th ggarrying the housing, the, or a,
bit ax%“il O%t%ﬁg?%rﬂtég%ﬁ@é/na {e ‘directly or indirectly to
r ohalesst 9ad ﬂmdhnmitbll ‘&J,thla,md,rned by ot catrying the housing, the, or a, fluid motor

being able directly ot inditectly to rotate said shuttle, and

a gear assembly to receive drive directly or indirectly from the, or a, said fluid motor,
and to provide the rotational drive to the bit, and

at least one pair of complementary magnetic arrays within the housing, one artay of the
ot each pair being catried by the shuttle and one array not being so cartied, adapted to cause
reciprocation of said shuttle responsive to fluid motor caused rotation of the shuttle.

In a further aspect the present invention consists in, in combination, subassembly or
assembly, in and/or for a method of drilling a bore in a sub-surface formation by a
drilling assembly, A

a housing to be able attachable at the end of a dtill string,
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a gear assenbly to receive drive directly or
indirectly fromthe, or a, said fluid notor, and to
wonreiodeet he rotational drive to the bit, and BCTINZa®I8/000217
one pair of conplenentary rpgnetic arrays within the
housi ng, one array of the or each pair being carried
byq 151{] grdbsl{%%t Eﬂeqo@&deng e s@clilrh%}[lsiﬁg L CPQAIQ% SO oEREd ksaid housing
adapt e O cause reciprocation of said shuttle
and/of ®dRaAsIed o taatelreliyenotierhousiuged rotati on of the
shut t

le. In a.turther aspect the ent hnvent.i o SR

c GrdPitegvifyn 331‘51 H‘&‘bsﬁ’@i ﬁ‘?ﬁ?‘%&‘%‘, t$h B%és)%%??oﬁlf 2 r'ass eer?‘gY y said dzill
bit or 4 HicBNsll 9 afDibl@rBiphedibeftioditbltheigr thahdlEbit sxialy of the drill bit’s

~sub-surface formation by a drilling assenbly, a
rotationgdusisng to be able attachable at the end of a drill

strj |4 | i le UG tNAUBIHAGe,

anadﬂ gg F%t?lo&]ggﬁ’r%%%tﬁ éa to\f&%%%% ﬁlﬁg%gsj% %{; and/ or to be

causled to rotate relative to the housing, a shuttle

wi t hi n sai d. housi ng connected or connec I

e et R e S N S R
cause ﬁ&?r&bﬁ&a bOsaidgpatle rwpbhisitd toRolatibo of the sbutde.hat dri | |

bit axially of the drill hjt's rotati? al a}?is, % )

f | i oSt aipeql aityentoRrt (UG APPRATYF “3?%“ REAREEST AY
Comp%glr%gcfrggn%%% te said shuttle, and at least two pairs of

y magnetic arrays within the housing .

adapbebr hgu@meemtémdgpt?é at prarendffos direst ghiggirges connection to a

deill stéﬁ% EOC r]eS %C)Xa%e& %e£e%t ke ?ﬂs]m&% %ﬁha%&%tgrlagaptéﬁtoqzl&% Ettet{ﬁe other end, a

€ 1 nvention I ng “apparat us er
periphdQNBNELtEr @8, aaahilr) Caspt biT)ig: @bitiedehditlj ng a tubul ar
housi ng assenhl y adapt ed 041e. ehpd for di éleCt Or. o adapted to
i n#PEEs MEBHRE LD FSRTIBICAAIN P4 SA UGS AR A8 Sigg 2dep
have, bMERERY: WEKY PhddihhBe BRMiRAWNAGS He fisipl edeinblyhavanatbit,
the other end, a peripheral or outer (eg, annular)
(" o fridrmétior withisi the housiogragmblirdppted te FRGETT a0 V&g by g down

a1 LLEeC ate axially of said housing assenbly and being
Ms%%&?@%?% have, or having at its end, proxinmate to
t he tahdnhiedbrefrdmahidttheohiousidisuials se nshty theaghuitlerbputshe |

~a fluid motqr wi thin the hqusing, assenbl apted to
longitpdipaljasyis Ogﬂt?%&élsw evsﬁﬁwm%aem gi%:‘??is ' 1%‘{6%/}’1% % ‘? “ui d
f egdeastohd ARSHES SiQNfifel @M Gt GrithithoholsthgSaiethighutd | e

to rotate the shuttle about the I ongi téd{in%l xi s of
t het lpestishnepraRlsBery BARECHITETIE By “BHE TS AP U fitfer bi t
I N Hlfein @ﬁaéW%Q§{atlglp §f JTROMAGLIe Go 418 ﬁMusfh‘l%(ﬁgerﬁlﬂy &L L& interaction
W th tehe ousi ng assenbly, and at |east one =

between Hp feirpat jpuity, cfagmplanentry mygtedc potyatie cyse phuttiag of the shutde

.shuttle, —wherejn.relative .rotation of .said shuttle to
and itg g WG TR LS ABTTE TR0 grg({siés c|)unt?rebr1§ct i on bet ween
t hen RRbdpectOhe Bitdhitton dhsiaoipd sivenddof/dditigy attioze &r « syls-surface
to causeé shuttlln% of the scputt({e e
formation by a drilling assembly that includes a down hole assembly dtill bit ot a
downhole assembly of inner and outer dtill bits, said method comptising ot including the
steps of
(a)  conveying the drilling assembly into the well bore, and
(b)  simultaneously and/or serially
(i) rotating the drill bit as part of the drill string or an outer dxill bit about the drill
axis as part of the drill stting, and
(ii) vibrating the drill bit or rotating and vibrating an inner drill bit axially with

respect to the drill axis,
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and its inner bit relative to the housing assenbly and
its outer bit. In an aspect the invention consists in
wea 20tokgd4 of drilling a bore in a sub-surface POTMER008000217

by a drilling assenbly thatsincludes a down hole

assenbly drill bit or a downhol e assenbly of inner and

0 u\gvﬁgreﬂ‘[ fhl L $iSac SRb EnARER gﬁ o SHHRE 431 B9 is%uéeﬂ@)ly Udi, ag rotary

t he steps o?’(a conveying the drilling assenbly into .
drive ddhokel (g, bp peyiaaidddfibytrisg) nu ktvane sustls toaedite grous e rotatignglly axis

(i) rotatir he dril.l. bi.t  as, part of the. dril rin
s st b P ot £ SoHE  Fres athceonf blisph
magnétib %rrg;rsidf kheSdhiatiRGnd@RGnéoc Ataby @ld RGohbrehaewlth, thichuserxial
~ rotating and vibrating an inner d%%hg,bit axially with
recipreapef the shutHear thup thpdrdl bijrreieies taxi al vibration

of 1t {ﬁeas L ble i.g{féntigﬁ bARE! in QY kol df drilli€Pl BBEL Y @lb-surface
axial rotary drive downhol e (eg, by or via the drill_ _

formasionibyg) diilling assemblyshatintledeoa dowathelapisgmbly having a drill bit,

., rotationally axis .at ]east substantially aligned with

said “Fﬂ@%&PmPFS gf)%mtcﬁlgi’ngﬁif gﬁ?sﬁ‘:f magnetic interactions
betaye e BofREAL thCdrakdgaisenttly nbreths hualloe:, amdl magnet i ¢
arrays able to coact therewith, to cause axia
re@ﬁpré@%@?@ﬁméﬁ the shuttle and thus the drill bit or

!nnerngihh;' ithe adillp@N aspect the invention consists
in a hod of drilling a bore in a sub-surface

f or mat i@ medigroeatihgithd duibbinwile mspsct ththe dflarisdes a down

hol e assenbly having.a drj .bi ' i bore i

ot Tara st bRy kst o b as Rty P 80 arting g bore in 2
sub-sdffatd foR@atles aatdl asdmttlpcdrisingl dr idabrdigg and ( b)

simul taneously (i) rotating the drill bit (it)

reéﬂﬁpégating the drill bit with respect to the dril

axh $hychdaRRAY Be hdﬁéagf%lettb QediRYEI b108h HONEIiSdiGenk WitAMr parallel
assenbly for"use in drilling a bore in a sub-surface

to thefdstllingtaxof theadtdl & senbl y conprising or including a
dr Ia lﬂlmdbrlng or Br ﬁQthngétgrsd(l‘ﬂlﬁg Mo\{%fef tol Bk S&I {8 6 Botate said bit,
reciprocate on an axis colncident wth or parallel to

and the drilling axis of the drill bit, a fluid notor or

fluid potors ("fluid motor"”) to rotate said . shutitl .

andt 57 PO ER S AR < iR R BT T g by PRy o
rotatigdapthedhdife.cause reci procati on of said shuttle

responsive to rotation of the shuttle. In another,., L

as peetothtraspasy iftincintien Aatsstsn PR astraRY LTSS ingfilfjaga bore ina

sub-duffall i’dtl‘rla?ign%appz[sgerﬁﬂy @omprising or including

a drill bit,

a shuttle directly or indirectly connected to said drill bit and able to teciprocate on an
axis coincident with or patallel to the drilling axis of the drill bit,

a drive by ot via the drill stting (eg, the drill string itself and /ot a fluid flow to a fluid
motor) to rotate said shuttle, and A

' at least two magnet arrays adapted to cause reciprocation of said shuttle responsive to
rotation of the shuttle.

In a further aspect the present invention consists in, in combination, subassembly ot
assembly, in and/ot for a method of drilling a bote in a sub-surface formation by a
drilling assembly,

a housing to be able attachable at the end of a drill string,
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and/egip b gapet© 1B

sub-surface formation, said assenbly conprising or
including a drill bit, a shuttle directly or
woOnairoegdshy connected to said drill bit and abPeTmNa2008/000217
reci procate on an axis coingident with or parallel to
the drilling axis of the drill bit, a drive by or via
the, drill i ' [ ' ;
1 b5 st B9t et Bl FEPig oL kREohe BRFHRE fle o be
rotate@Bchtat td dadlouting nagnet arrays adapted to cause

reci procati.on .of said shuttle responsive t.o rotatipn .
of * ERESSTEE FU bpRSE 1F Fsr PirsHe e Tihe B Sobite e axialy of

préesen
the ddlM@NbLEBBnAQRIST sts in, in conbination, subassenbly or
assenbly, in and/or for a nethod of drilling a bore in

a s(bidgoetbndevertoraigid i Byttls drilling assenbly, a
housii 0_he at.the fho@sifE iohk of the or
atslearggorgeb}%agb_t ofd %1%%6%&3%?&??%{2&%1‘1@51 L}E%v 8di1Qfhoa 19%'olnle f th

string, a or ‘ ower ‘end of such housi ng,
each parecatriet! bp theathuttleastapdeo bitse beipnoratibh ef tatl Phattegrspiogeive to

.reL@Live %o t$e housi ng, a shuttle w thin said housing
rotatiofhplethe 4L 04 ocate the or the at |east one drill bit

axh gbdryd @hvetften ed filid BidkorSo figd fit biomhakt Jaxsk sne Bie.f | Ui d

notor drive to rotate said shuttle, at |east one pair I

of Iz ohpthenespedrtye PEHHE LVERERT PSS Af RO atigts spfRpssembly or
assenglgg,piglfeaéltd?& R aGREMB s arifited 4 BOriN of HB-SifEbcE :f&smation by a

0 cause reciprocation of said shuttle
drillingessemblyye to rotation of the shuttle, and a geared

drive fromthe, fl ui,d r tq the hit.or the at | east
on§¥BP?98¥H*ﬁgFﬁW?ﬁ€PE§§§EE?%fﬁédﬁ?éé@'t i nventi on
CORDitSH: Hith £k, thé PDwed Bl BBdvch houshasisbidrb be astagd sethdaid housing
in and/or_for a nethod of drilling a bore in a

%%ﬁ@%ﬁ“b eRoWR% | i ng assenmbly, a

ho lzl,%iu'i‘cge tv%ﬁesaﬁtﬂo%.siﬁé tachakher atndeb@nie ﬂg:e&fy o< hﬂtﬁ.ﬂel:tﬂy to said drill
string, a bit or bits at the | ower end of such_housin

Lothe 1 SUucCl g ...,
bit orarsdidalpllittand bble to trapastiviipatipn e therrsukat el Rifarshy plohpgil bit's
romﬁ8§#359 to rotate relative to the housing, a shuttle

WthAth said housi ng connected or connectable directly
or aidnigte ceidty sdidsisailedand i [ 1 bit or a said drill bit

and Eble to.inpart vibration into_the.ﬁé}ap%} drill i dto

bi £t GGt AP PAUBFOHCRBPE R H IS F BE R X8 hgAcapte
causeFEdiMBcdddn PLAL Sndd fsSdtilve k@ rotaifh itthd @Rsde. tWo pairs

of conpl enentary magnetic arrays wthin the_housl{l%jl

addpreethetrspert i ipesidpn cdiflling appatdfisFosgeRe @ ncluding

r e%pfglglﬁlr\ﬁ%ugigg Es(ggtﬁf)llygaapqu fiheeshy %&rlcﬁrect or indirect connection to a

d11]l string and having ot adapted to have at the other end, a drill bit, ,

a shuttle mounted to reciprocate axially of said housing assembly,

a drive from a fluid motot to cause shuttle rotation,

at least one magnetic array fixed with respect to the housing assembly,

at least one complementaty magnetic artay to rotate with the shuttle, and

a geared reduction output from the fluid motot, whether via the shuttle ot not, to the
drill bit to cause its rotation;

wherein relative rotation of said shuttle to said housing assembly will cause i1_1teraction
between the pair, or paits, of complementary magnetic arrays to cause shuttling of the shuttle
and thus axial reciprocation of the drill bit relative to the housing.

In another aspect the invention is drilling apparatus comptising or including
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In anot her aspect the invention is drilling apparatus
conprising or including a tubular housing assenbly
wadeptoegsbéat one end for direct or indirect CONRETINZOEDS/000217
to adrill string and having or adapted to have at the
other end, a drill bit, , a shuttle nounted to
recj procate. axi [ ousi : - | toa
ot Pt Bt S g o A PRSP et Sl ®,
drill stpfetdTRgoetidcthaebpyhéd ddtingutdhavegpeatdaptal tohevhoube ader end,
. .assenbly, at |east, one conpl enentary, magnetic array to
PeﬂPhF%‘f o R € a{“ﬁ’-}ﬁ"‘%%ﬁ?‘?f Blt%ﬁto( lélttﬁ‘igl?%& reduction out put
f r@muttﬂ[@mf)hﬂ{jacﬂtdm&iﬁfocatwﬁﬁlﬁy%f s¥idaholbifg sd3ethbly @ndbeil@hdapted to
tothe drill bit to cause its rotation; whetein : .
have, prdiazingvbity endapiostimete te habigediend @f thehausing Asirbiingn inner bit,
assenbl vl b, GaNSRI DLALRGL [Qlidaet ween the pair, or
pal'rs, of conplenentary magnetic arrays to cause
s haitlédst tvge odgnetiearsiyiced & wmde tith shelxdvaing rescinplyowat i on

of the drill bit relative to the housing. n_another

asPeert ??Fecoﬂfgeéﬁet“im%ga%neglﬂafrﬁ Ogroéag%glrtg?‘ﬁesShgtélaﬁ’pri si ng

OF whBfid SHI M e rktion oF shid BHh@E thQiEhaGingssemblyywil dapk éteraction

at one end for direct or indirect connecti %r']:yf .0 a bt
betweglt fHe|paist @1 S, 106 CHEPIFBEBIPTUM TR OB TRR R § Lﬁ‘@% Arfge shuttle
and itéqi?l}{élnﬁt L%Iafjééjmggm&sﬂlgr@%%l@} atdg Ridreic end, a

perip eqg,

eral or outer ( annul ar) ("outer bit") bit
(" B tiseo dheeiithy terms SHull héad” rthitfit ‘St asesrrbdid’i ol ctying” are to be
.axially. of sai usi ng _assenhl d [
cons BB i L Pa L PR R0 o
the cofftet Yeciibaiyhequsenyg assenbly, an inner bit, an axial
drive for the shuttle to _causg _its rotation, .at |east
onés FEghRetsie referease o sillsgeot Q’E‘@n%vi’ Pﬁ&’teﬁ’ge H%ﬁ_ﬁoﬁ grandate that
the dr gmzééssaﬁ?qreﬁikaﬂy%%\ng@. ‘D}mﬁl{g%lﬁ M REY bORGDG dirEetion.
array to rotate with the shuttle, wherein relative ,
r oRafeianqe bérewap qaganet fadialy warpetiod shagbraeusipeaps gppqrally in a
. _cause interaction - Ll Q) b S/ Qf drillstri is.
e g Rt O TR h D E] R RO, i oo B ) D tilpog axi
t he\ssibed ldréin aitteint Sandin€rmbing “ael’atri“eg’, bobdthe housi ng

assenmbly and its outer bit. As. uses hereinp, the ter
" drk Flter%’éag’r?‘:ﬂy bP% '“I,lde“’aﬁ%f gélgéé%‘ftym "’ﬁ?]fﬁcp BEFPRgC are

‘ vibratidh z!?ﬁm% PR3k B85 ekid Ve RECHANSREOI L of bidlireddoa) tBNENRGSN via one or

restrictive in one with respect to the other), unless
other phthecomperentspaelved with e hoggeings. As used herein, -
r efI%[e COES L9 e;cl”dJr"‘Iklgmﬁntefih%gganlbgrsbﬁd 1"Qlid irQéra&t_R)%s,lsbK@to liquid
doés not nandate that the drilling I's necessarily
covervdsdlidcatfhae ittemnvarsds otori 1 Mprrgvedhainnges dhisemppngingtc can mean
direction. Reference herein to "axial' .of..taxially” jn
hemcela 0t 14 Bhinal GeBT B 1 gh 8 reatneah BBt iR b and
downﬁziafﬁ.c 11 QR Bledn8ASEmS tABbdRchBR)] thiteqbdaalbe @hidirectidnel idmh lakial

~ head, bit, bit assenmbly and/or drillstrin Xj §. As
directipselai orarnrdihe Dpain PREHEFTBECOHERHS loigh P Do crng ang pack
reamjgg.t Vibration from unidirectional hammering (eg, downwardly conducive to drilling) can

reduce vibrational damage above the appatatus.

As used herein “(s)” following a noun means the plural and/ot singular forms of the
noun.

The term “comptising” as used in this specification means “consisting at least in part
of”. When interpreting statements in this specification which include that term, the featutes,
prefaced by that tetm ot some equivalent ate ptesent but other features can also be present.

Related terms such as “comprise” and “comptised” ate to be interpreted in the same mannet.
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The ternms "directly” or "indirectly" and "direct" or
"indirect” in respect of the vibration arising from
woaanvesgeyg refers unidirectional or bidirecti or@i/NZ2008/000217
transm ssion via one or other of the conponents
|nvoI ved with the hammering. The terms "hanmer" or
m{enggd thG refegence 9(!) A gangg ?fsrg,‘.mlgeré 55%855%8 thle&ﬂisg”fbl%ghtlnple, 1to
i'gqui d"covere ace I nteractions or other.
10) also qumtaﬁs felfiaamerd all mlﬂammnmhgrs wigicthgarangedor example, 1, 1.1, 2, 3,

be in both axial ect| ns
39, 4,5, Gt de iR 10) b SePl iR “ﬂ‘%ﬁ%r"%ﬂ%ﬁmmﬂgﬁ (fox
examp‘i’@‘@’rﬂa\@rﬁ% to b5 16881 t84.78€en in sone enbodi ments,
i Ast ead can be unidirectional in an axial direction
(eg, downwardly). Positive hanmmering both ways | ends
WwaGksr eam ng. Vibration from
BRIEIFODglgrbg{g?l onl%nir E%a?ninsk%rl ng&?eg, downwar dl y conducive to
dr PieFdrfeg)fomﬁthd pieeseny idye atiarondl notielpradrectiityd watht thigrence to the
appar at us, %‘Feﬁl herein "(s)" follow ng a noun neans
accom&’ﬁ@’“ﬂﬁ g}ngéﬁ’d‘f’ singul ar forns of the noun. The term
CP@% $iNAdradd §l41§ £ dordaptt b ingReLIvnhoRtdr@ngdRamnsble to hammer
"consisting at least in part of. \Wen interpreti.n
indireetlyahe b it Bothdlire¢tiogs &hestieriaaly O As HWRTERIICAEY df@taPﬁngfa central
first rotgtram rrltlel?lﬁ)eg ?&Jt{%’re %é a S&{) (E)QI&? gltgzyrou?ﬁntle ltﬂ%géioé’oﬁgé%y dIﬂlStIlIlg
equi val ent are present but other features can al so be
rotatiqay, éseirbt. roRedbdd xednbe*ransnwmhe h@niheio nprise" and

SRR T8 2R b PLRLSH Bl o showin
the firBiIR@IbTe fleSBEOERdateiR fe hﬁ@fneﬁ ¥l keingbbleao h@l)fmak sdirectly the
i ncorporates reference to all rational nunbers within
bltmb%tﬁtdnie‘éti*fg’é iefagpnidisesofabartepgenpent, > 3 3.9 4, 5, 6,
e 28 sidiangd Fl%?)f and,ied &t@aﬂxhitmg@l Qfledolh {(:RB} length only
n%?eurg V\ﬂhln th efange (S or. exanpl e, .SZ tog%,( 1.5t g
is shoﬁrnﬁohixdl B®dbeing idteippsedBRAIERN le%@F’QIﬂFEHPﬁG\P@% ITRApe RGBS
ferr forrrs 2f . Ahe pre | fio ROWA RS Fi 1,
tgrlf ng WA et Er %rggl{tt%%?ﬁ%gé%\gc é;%flg\%g HArawings o
irel3 sEb@H ﬁ£a aoricSptaal draxihggdiag:t anﬂ:t[gﬁmeplt wishoniengrabfirst
vvn oIe arran nen% abletg{hamT direct|

corataply RSPt OB SBFY o ELF G Ffcjee) g gon Be SR borace o
dlrectﬁggé QHEDG BN PheadQb &th@NhOburfoug@Hols8lonldi rbtabledhahibd |bemg
relative to a second and outer rotatable nenbe
powepdwe heid Hyytheleillsténgrpragon ot Bt St Stathe tre hasmgr ot Sheappgotable
nenber. agtin 1AGE M, d
e TR P ]l BB LGS B sl 0

attac}ﬁzhw\/tlﬁghﬂh&nfg,rst rotatabl e rrerrber not capturl ng the
ha r ofr. not abl-e to

-ndi
'Pﬁ 4d FFé& ﬂ%eg:t ?‘—’éaﬂggmg%t t8| F Ib%nu%éﬁr ? l():ut Vyhege (%fl].p 1iotds are

arrangenen

interp%lsawe%w’e’ed Be SkMktRAODIE Srerib@LIfR] tlae ictittiab heab ﬂ&dhgure ) etnrbaﬂunent
there is a length (a short |ength onqi%; i s shown)

not nejrepsatilyrhsingisiovmgolerst deqpriaerbpls: ifele AOWT be aWdPCtnﬁfélﬁilgr lfldudm% ata

top erpC? e %HI{E% i @YD & Blvied tBe RhileAbs BAE HAR Q&E@BIE mdnfber and
espect of gure 2, as Is Figure lAto Figure 1,

the cuttlng head,

Figute 5 is a variation of the indirect concept of Figure 1A whete useable downhole is
a uniditectional hammer atrangement, the sutrounding drillstring or casing of the vibrational

apparatus having a ring able to deploy to engage the ground thereby to transmit the state of its

" lack of rotation back to the central shaft able to hammer on the cutting head,
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Figure 3 shows as a conceptual drawing a direct
arrangenent where a central first rotatable nenber,
woawroegbeloy nud not or or ot her mechani cal i npuPCTOER008®00217
caused to rotate to directly _cause the cutting head to
rotate, the surroundi ng second rotatable nenber being
p red. ar 14 10 8k . . . ratus
B R e Do LA DAL POt e spps
can beBabethechnt fillpgotvaboleyit tsomgwheadlooy thendttiyeing dengtinel/agr top
bei ng hammered by the surround attached to the drill
hammet, rj ng, Figure 4 is a simlar direct arrangement to
t hpdoued 7 BB Ldid i lor WRehBowHd duttifpadad aiherd tht arrpoaddartes
bet ween the first rotatable nmenber and the cuiting
cutterswsakt; batren if harcesing fompinginreiRt trotnleeads stptepbpuigntal cutter
able todl?é/\@)@a%deun(qer %%@u&i%ﬁ‘r%&x of Somd kin %héim&@d,%}/a R shaft that
along, 1ncluding at a top end of the drillstring, with
catriestiobdel of tiodmagretiveeayss teenthanmiermofualishettidgr rshtyotoghea preplementary
ggng‘{)er and the cutting head, Figure 5 is a variation
arrays belditp the GaiPPect concept of Figure | A where useabl e
dophed € i ﬁdi%rﬂﬁisﬂb«zﬁhgﬁﬂt&ﬁainghﬁigﬁaﬁc ardyangeasphratd hechanical
~ o surroundin rillstring or casing of the.yibrational ]
drive fopgineaauhina e R I EY SHBE Y S POE AT atmars are
1O, i rﬁ%)ﬁq It Rier hdr3op@eKinBts to cause a
moun%gt tﬁa{? | %aggc t 9?%1@?@%%(%5%@?8%%?&2% e t%ﬁh%m“rer %n
vibratingend it tinggphdiedyuEpusuie ehegeft fealisttrctian), i ndi r ect

arrangepent to that. of Figqures b N8.avi . dri

apg?fr“g? & LA BEGLE Ooftaﬁg? B%Iﬁ%lnr ?Sg%nfl%l@ ggank%lol gving gn imput drive
from SRMIEWMIRI R viakangntidlehddt tdrtydigrthBarh@emgidd arendmgao thppight to a

hamrer, Figure 7 shows i agr am, of _a ound,cutt.in

d '
outpup ghaff GRABIEADIHEISTHE @B‘rﬁfﬁﬁaﬁ a"f ﬁg@@' é%‘?%laleg&%%eﬂ“s% Tom e

pfospQJt of Bﬁﬂs%ﬁgj B&ﬁ%ﬁﬂ%ﬂ]ﬂ Rl ﬂleq)éft,t he drillstring to
rotate about a central cutter able to be rotated under
t h&iguwe 1 aofiscanarie Biew fors e thir sad pf Breenicebbioet Nigye &
central .shaft t I £ Lhe.egrebig 10
arf é%/uste 1?15 A “éggé}tgggefén}%?l Sgﬁgrgﬁgltetawna rel a%i ve to

t hFigaept ensnbarsyctinr Ay of Hel appimotus ke Fgass igo 16 gure 8

is_a diagra ow,ng, interactin nefic arkays d

sepAFHEdd Fec iﬂl‘eé‘ﬁlog gEirE ‘%&P af%gl[ggvg‘rs rSfé%‘%l malg géa{lres w8,

shitdle 14 &l AtiborethiO ofa BSRIHOM 2s8@hlslf bEFiparenhd eltomthiiey

magnetic arrays are nounted, the spindle carrying a

haigre dh e drstting #Sttaekibr essembEOf Bigprodrioatd 4 SHB&%I%P&%HS
having g#?gfelﬁsé % 1%[)91‘8!3 Q&a@cﬂ{jfrg L,aLsBe toSiQél&g L8 RS m L5188 i€ motor and

I'rect action), Figure 9 is an isonetric
having ineighaic agray epetblnvehatassemithythetasingabadt thagemit! shaft, the mud

i npyt drive fromt | eft and havi.ng a tral -
motop SRAprigaceaieD T ree PR A E el £t p@Pkbu
functg,gglpﬁt I shgf.tI lco:mect ablt(re] i ntbo. t he downhol e 0{ f;th her

ownhol e drillstring, er ehei n e prospect o .

dr ifigaerpAds # BrREPD ﬁélﬁheieﬁﬁﬁ?@mﬁ“g ﬁ‘% Plﬂlétel @fS??W’f@igﬁlPﬂaéﬂf‘oV gearng

| L SRPR O b GedlnBWy &y BrldN& i RLAES, @fivet he
SYStetng%SZa%beF(%g’glgtoFi gﬁr e%\gy tlé{labgr;?lj1 re il IS Ogﬁ%gw‘?er omthe
| efRigh@rid iendogt-sectien afppelrzetars sef bek guvsed irpFigure 154,

Figure 17 is a diagrammatic view showing rotation of a magnetic atfay ina clockwise

sense (whether of the fitst or secondary rotational member) relative to the (of any length) arrays
of the othet of the first or secondary rotational members and showing with “R” and “A” 2
circumstance of repulsion and attraction respectively between the complementary attays such .

that there is a net mutual shuttling thrust in the atrowed direction, and
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Figure 12 is a cross-section AA of the apparatus of
Figures 9 to 11, Figure 13 is a drill head or bit view
woho@m2essenbl y as shown in Figures 13 to 15, PCOMNZR003400217
is an isometric of a downhglke assenbly of.Figures 13
t hrough 15, Figure 15 is a section at BB of the
asgibl 18 RbwEhAULSRechteR Binlfours 46 B ARBALALHSin ke Fhen there
drive pins to prow%ie rotatlo% froma notor to isolate
is a rewtirdat aft the atthetom PR enduchulnited R "dntehbarivesy tragricpgscofdhe mpgnetic
assenblies that rotate with the casi about the
an'ays’ctg‘?ﬁs SPe aRgf Ut S%‘ltrruc\%t\p{I Sg]rntgrﬁ L%%%C{;‘[gf]eég%m t hr ough
t hEio@RNahaH S dla@raficihery tigerd @ clttinghedd 1 (i¢, fiesdditbientor bit) driven
mul ti functiona Figure 15A js a varjatiaon of the

by thewtssarsngt WoiFh ithuitsCISTHRRFGeRbH IhEAT)e gesrrihrotaable
memb8Y kel i ,u%ggamﬁ%nq{-onaﬁgg@m gogystem and a
upl 1 ng dr

Vi scous C Irive, Figure 16 is a cross-section,
of The pltamecltead y igepdinedinslids ralasivd té thepiepad sotrphle numplgr dn the
.. A7 is a.diagrammatic view show ng rotation of a
axial diyeefis aingq%Fer%%Vg?oﬁadé)%%ﬁ oclh I?vtvlﬁesl%f%s%hse (whet her of the
f | TBE il rosRMOSRMper Oiod hanakr e vbeare)shafe patvered by entdneotor ot
(of any length) arrays of the other of.the first .or )
other SERABAARIYIOH SR BIFAF IRHBENPILREFSHARITSS “WPEH el gigect with
arrays'b'%rrﬁd LGS RBEH1OMABRMI Sion and attraction
respectively between the conplementary arrays such
t habuy the rdativs refatinst befyeerathe Shepetivieny1isH denditrs fuch as to cause
shutt]jfrilr rog}ﬁlieed ec(:jolnﬁ%gtt {?Bﬂ’méﬁgé'r&%% tgf %éﬂgy\?tattﬁ?e 1%[3&1@@19@ 'gFOitce versa,
as o n'F gure {7°at a moment in tinme |ater when there
or bothS Taisrtay eesakconfe thivethahtendet 7 y@ptivd'beanetnrSepmd| seivaetilr 4)

. forces between the pairings of the magnetic arrays,
receiveiBe SAREeHRe HOm S?Fgfaﬁaa"lle ’g‘ﬁ’ﬁg‘fﬁ Zf'ng thrust in the
ar 1wk e dieh 8B4tis@dh arf z{rgllihg@méntﬁé'iﬂ\é\&séﬂf tdiaagad Bvwhak Beth suitable for
there is a cutting head 1 (ie, the drillhead or bit)
downbjeli gemlichont he outer casing 2 which is the second
ro i | | 5; | ng; - i i @REGonal indirect
e e o e B o
hamiigp afiglgemedTitte tiew of Fipgrehigdahdd itsedf teytei fve durther gp iteredrillstring
mﬁ}f}l ative to the,second rot ath%bel.lgbrerergber in the axial
assemiplyy Jer ARG BAGOR BHPRSEPLEIIESE BRa dFi ve t her ef rom
Theidd hslcuttial atabloeris@abesds 43 &Srotutdieynaae sdcond raemible @rember 11
shaft powered by nud notor or. other _arrangenent, not .
a5 thegveinty, St | SBUBAATT Ge AvRel BerElEar. JBF Frete Arrbyersives

vibratMl £8n 1B4LEL AGk W o R AYSs BiE a7 Lh B H¥tht Rt fdthible member 16.
Totatable menber. Thus the relative rotation between

As cat e séentthe agtiig/lecad iy eopocatd by addl &d 19 tethdsplise cennesifgel 4 with
he second rotatable nenber relative to

thesShu&tltitqge of nE) T Qf CASINY. ,
FHE FIFLTC PPt asI € nenber 4, or vice versa, or both.
Thithe Ra®nt hera bl coaEbe: addaplaé tareapererdd (ie ap by Wpdraulic motor or
bet ween 8 and_9 of rreggﬁr 4) receives t ha i ng.
othermpeshapsal wpuy okhe s rat Fm)nh(_er 1|6ﬁqag)élﬁersb %aggﬁn.re‘r%ﬁjéfe ions 17 and
18 (ass\ygsr{h@&sé‘[rf @B 9%??4}1 chiRB sﬁcﬂﬁ'ﬁitfthér@ is_@nt%fﬁaﬁén PoRE@l 12 and each of
girth suitableTor downhol e application. . o
17 and 18 to provide the vibration down through the drill rod to the cutting head 10. This arises
from telativity of rotational movement between the first and second rotatable members 16 and -
11 respectively carrying respectively magnetic atrays 19 and 20 and the resultant axial telative
movement.

Both of the concepts depicted in Figures 1 and 2 are both ways hitting. This is

irrespective of whether or not, for example, the outer casing or second rotatable member 11 is
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The arrangenment as shown in Figure 2, while appearing
a simlar bidirectional indirect hamrer arrangenent to
woOhet/eg6ki gure 1, | ends itself better for furPOEMNZ2EWS/000217
the drillstring assenbly,. ,_can act as a top hammer
or somewhere in between. Fbre the cutting head 10 via
station ngh%eversicgorm IsZimgeS glg gl E%hs %e eC t?l@?otgt? dﬁ%ﬁ@é entral shaft 16,
01vmdﬁa$MG drill rods. The cutting head 10 recei ves

ration from |t its i actions wth
B et S A K R o Y Sﬁ’é‘ﬁ‘é‘% o it TR7 B for
being $f@iRekiBLa1 UV A TG RERE upSn Bpﬂ{éeﬁit@smameangﬁmél l4Ar &d 6A3o the left
to the spllne connectlon 14 with the second rotatable
asacquﬁﬁwcqnfmmmmthgnwmhéAaa@8ﬁdmﬂéﬁapé6Vé menber is
5 8} [
g{rlr% \g?? (t:la n&ﬂatXh%H—& ?.\R%(S{axg%?%{eg chtI R %e C ttmg head
211is dhamyeaﬁc&u;lﬁlo@acpbme d:iaﬂn;ner e ronwithin regldns]Z} a(nd§5 wamcht ﬂosms patt of

e R B S RSP S e Sl e i motor o
mhmna@gﬁhgglhp@ vi brati on down through the drill rod to
the cutting head 10. This arises fromrelativity of

" ot hasmiart FRAFETEHES 5etonedh aphed pf hs ecand asaiebldnember or casing
26 whicRiSIARLE o PE&IZ?EH ShdBiRBtho Lt # R0 &&tdd ItMe gal Imgnalen the
respective netic arrays 1 and 2
drillstriresotatesn fin ah(s atangehattidvemagnegmantys 2Bot ﬂlecﬁrsttrhetable member 23

mteraqji “?%etﬁé Ichag:ﬁeﬁg ca%r%% f, FI J {:ﬁ%‘{s}i r](')t iﬂb\c}i&]mf]ﬁler %%? tLus 0 c\{i?se the central
shaft 2@ 23BPhAnmENecR uﬁ@forﬂuazﬁi ﬂ'égmﬁf 246 aﬁm&ﬂofrtm sdcadd mtifelﬁb @fember
11 |sstat|onary, reversed or in the sane dlrectl(i1
and/opiby elpgaiged pxiplgneracpbb P PEHmETbER &3 ahet &P e haggneting
affect %c‘lﬁl cgﬁley By td- th% cBting RILIBNIS nite i@ Rat iR the
are the sane as for Figures 1 and 2 save for being
hammgn |(1d,| wleethdr dniatheipaiting Af bagiong 24enédd elp@ln npymiten 82 hivigg hammering
faces carne% baru%% gg? gqgcable me{onrbﬁé?@tégﬁr C})&g ste ’&% o}lglgriafxn ﬂné is a “direct”
arrang&ﬂlént drligel e &cﬁhﬁ%rrmgehiehd of Pipeept! tarkd, bl Senice M@ raember 22 is
downhol e concept, here the cutting head 21 is dlrectly
the hagynety | v npyed by the hanmer 22 acts within regions 24

ang; gl@moq,lgygtqrfﬁﬁh&@qﬁbogjm&ne first rotatable menber
23 mh ch is central shaft powered by nud notor

f | Hietk motténg de 8% kekiverebhasental shafighrougiThe didlpagy 30 sThe central
t 2 AL & thi
shaft 19 ﬁlesﬁrg\@ %El a{g)ée; 8%59%2’)1 4It ?s:;tgjl“ge?ercg[%yaz{ (ﬂzgl s'%) Eﬂcgr ({iﬂér% ; IngS s
arrangdmehﬂ 1shhsle ngbe meyed ﬂllrthst yypolwee edcanybetused dsral top ittamrm:g ofythe mirill
the drillstring rotates. In this arrangenent the
gmagnetlc arrays 27 of the first rotatable nmenber 23
I NKRY@eteledh thl chRe cABGNEHeGeWnday&aBR dmidig2second
rot at abl e menber 26 thus to cause the central shaft at
22Thohtmamee?3 Baerd apri Proicsirns it rsh? opfsho quigide camggy second
. %9% g rotatable nmenber and/ or, by relativity of
lomm%%?% nggenent bet ween nenbers 23 and 26, to derive a
haifirer tehgvafetipotcatidyi bﬂuwcfar ¥4, 88 antl Plectubep thfohstntlreemgtaffemg the
v1b1atlho?1%%sﬁ?_1% frolrr;[ thgltargc}vgrﬂlgntnoc% the ou ater claging fe atltvg %(g t?he dl_tﬂstrmg, vice versa, or

both.

The drillstring is synchronised to rotate with magnetic arrays 36 of the first rotatable
membet 31. These interact with magnetic atrays 37 cartied by their first rotatable member. This

causes the mutual movement that results in the hammering.
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35

hamrer, (ie, whether it is the pairing of regions 24

and 25 or the nenber 22 having hammering faces carried
woypomhesdeir st rot atabl e menber) but, for consi sCemag008/000217

explanation, this is a "direct"” darrangenent unlike the

"indirect" arrangenents of Fgures 1 to 2A, and hence

mﬁ?‘%‘??g :g‘bg?r‘ﬁ% elﬁgrﬁ%lghe%}f,g?sem}? %?Stﬁrl‘el gg"g@\/\gFg %1]5 Koty member

37 hank¥es8 ife@RE b tBhaftind ha08ghThé &cdﬁcﬂ ldtar@r@lﬁje'in&@ 39 Bhetated by
central shaft is the first rotatable nmenber 31. It is

drillstring heirBer BAFTALSIVIL It it§ FlagpRts aRYsetoh Magnetmarays 41 af the first

1otatakg£ LRREEMRN] . En?tergg%l & btupopc%u@%\fﬁ&e E'Mf ﬁ@@genlépom £etiBhs &ﬂg‘cqnnally
e used as a amer of drill string.

ashaﬁﬂmﬁexdh@h@@bWﬂheﬁuatenoE@gnng6nsdﬂﬁe second rotatable
i R e B e R

glound'lﬁ‘gb%hg 3dg addptisl toakitii ¥ Geak BBt @aaﬁwomesbaerman 434houdh sun

auses the hamering affect, die vibrat]

region 4¢+jof thefrrptigiataemembemd e tht thyte caliber relatenship ﬁ%waen g first

rotataﬂl@m%gl%ep57 Arldsﬂ'lg blidide Yl'ﬂ% g2, W@sréﬁzaen es I&@fgrmm it ceases to rotate
I11string is synchronised to ate with magnetic

muangﬁ?éy%4@60gﬁmthéM$wnsﬂ0a@déﬁabveMNéﬁmémhgimd$néséﬂtGSYWaﬂE
hammlFrm %% A n\ﬁtoi n'glac?rléﬁ%gge AL, axr nc%éaseéardéaﬁcet%f ct%%(mec]teed to the bit can in
such ciimtﬁnmnbs ditnply redpiokits ammytth eadaa hfetetigg b gwrcmttﬁlgsuawvsln this

arrange nts of Fi s | A . Here hqgwever th r st
satorig FYTERETEY (b8 P RSP aT Bl Ty D REOCh ¢ %H@A tegion 45

rotated VBB EriD ﬁeadTérseno%aﬁpmatro%laﬁﬁéctr@ dodth ihSougBlRE 8ShtdYshaft 37.

: drillstring rotation carrying with it its _nmagnetic
Howegse thayotation oigpied ] whenrandy i @cqmo(fanthqée 11} pfdqct pptherapire of the
resulta%%&%ri?ys@errg ag 1@5@&9501%3% 187“& 5 GF G0N be a
series co-actions su stant y as rei naf'ter

deBley drbademirttiof Fafueds éns:elemm:al:uoghntt&sf Figiraheavt For diflends 46 being
b %f arr gEnen %f Figure 5 differs is that a
shown damn fpdpe FutlingBead 47 s "pr ovi ded as a ground engagi ng
ri Rgc d:ﬁp%) thcla@das b avilife ScegRas ariéﬁﬁi\x%[’d thalsidnrehy/Rgion 48 (ie,
menber s 9about a sun %eglon the first B

that of the §2sH1g] & SpEREaptapry Bsmpbrad?) Pretdl wdnn gie hele or otherwise below a
main deftk Ahh QASBARadE WEAN Lhe L L5(nE ALALARI JORARGE 63/ A0

outside ring 4 engages the formation it
v1bratcﬁr¢a§matu®orp;tratﬂlereoa@lmvngﬂB?oqsv%a 43) to rotate

r dive._t nd there au3|n xi-al i agt, at [
biejtﬂ (%%tf 7\}?%6 55 Zlo‘ﬁzg I%%ﬂncg%éal ous%%vm a5 ag o 1t302t cu%r 50 at
the loxh@l'ﬂri]m ltheredf. [T Bgted bit &0 Ed|>tyte§ Qiﬁhﬂﬁﬂbh&dﬂ}i \QltK hﬁ thiblﬂat(}ﬁ)ﬁsmgl49 which
suc C|rcunstances sinply reciprocate axjally to cause
is conpegtadet {th BPPORREIOR t 19 Hig A &ier AR 1559 & 3§%1 BitiaR ftohcqnygntional
mann&Xt ension of the casing or second rotatable member 39
Into the splined region 45 rotates the drill head 38
nothearyemidy &tad@ptad tafetart 2 fed slpwgfeg@n«m;o ﬂharmgtg»h 52 praried by the

device Vgﬁqe:?rrgéegg’cy ?crr}nt Bei a PN oF r%n‘%fg %18{03% afl% 1ior 5§ Ia%,r]ees t% Squse r_otatton
of the @pintlld&3 then 56 of the shuttle 67 through the couphng 54. A

The shuttle 67 is sealed by a seal 57 as well as a seal 58 so as to protect'shutﬂe magnetic
array formulations 59 and 61 which co-act with those magnetic atray formations 60 and 62 that
do not rotate with the spindle.

As patt of a seal assembly 58, bearings are provided at 63 for the shaft 56 of the shuttle.
These act in addition to a sliding bearing region 64 of the shuttle which carties the inner bit 65

which is engaged at 66 with the tegion 64.
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resultant vibratory systemas it affects relativity of
speed of the magnetic arrays. The arrangenent of
woi2oneresed i s identical to that of Figure 5 sareTiNazoos/000217
drill rods 46 being shown _d%v!n to the cutting head 47.
As can be appreciated in a drilling scenario any
upwar.d ext ensi . ! | ' of the
ol ST e Rt 15, A0 0 b B oV REAP L
t hereh@dity @nls 67 hod B8 ae fretided @ kwep mudrid etheg debris@way from the
considered the drill string as can the drill rods 49
magnSRHABt e from the vi bratory apparatus or part thereof
abpi/e?ergd'lﬂlf hiko thedsis 48 rojtdiioh 16§ WF €he AhlifliRaBd b Pr&EBMOA 68 of the housing
cylindrical housin _49 havi ng an outer bit_or cutter
that aGuapunded 1 oWERS enuiaKpieGsfblY THEIDTER S BR pB0F FagtpRg on 4 flm

iy R AL o gal talai AU 3L, NAUSIEB 049 WLL ihrPart shock ie,
thq%éc{ir?ﬂé% Oe%mgitdéixtsgptag%&lge}%&&g#egi onagg lto g nmud not oﬁrm%er shoctie
the hanliegtingnt o a drill string in a conventional manner. The

assenbly | s adapted to receive a f]l ui,d, downfeed.int.o . -

b ot kBel B Pl Dot tBol e ch BN IR o deagve o
the trR@MRGiIoA FRPMHR indtUE5IR! @k ktandhiesisDbang e nehnibee $3 tarying the

cause rotation of the spindle 53 then 5

“of .t.h .
memhstnitifis 7 iEeh euats itehe sigpbehep alathe fﬁlﬂég% %@%Pgﬂﬂé?e%% ot

. Vi BesiE@heDlo@dedel | as a seal 58 so as to
radlal%‘? togtgctag’slﬁu?stl e rerg)g(r)}et?c array fornmulations 59 and 61

whiCthercopaet angdi/phdtivessen hegsedt i ¢ array fornmations 60

and, 62 t o hot.rotate with the. spjindle. . par .
2" Sunipodt s Ay 8k oBL 2 Faothe W8 S BBl Finp BB pare of
the diilh@rish@biebp b §iss lrkshiettt@h of heseirgdt, thaowddbit.i on to
aslidin‘_g earing region_64 of the shttle%{@iph b
carysiderctipphin tRHRSF B F1SES TWHFEACT CasdRifidR il e Al member

bemgtar%ﬁuﬁl@ OhPMeQ%:dnlt :8LBSIe 19%5 'b@ﬁg ¥ Qb 88 iid, @k dablhg bl string.
shaft, they can be provided. Preferably seals 57 and
58 Amrvell be eppaded foo theeptlinudeseintiont Freinnelend] SEWRIINR 06 Rit tyPe
t he etic.arrays. Pref I LS @ h
s TR Pl A Bl LB L DSER) Lo oy ot
embddhienbOtisichngie] Wah tar eniditacrionsh aiel of hidaedtogali ldnonerfol déadures and
. (preferably a liquid such as an oil), pr can i.npact on
respg BT RGP Ui =58 6B SR Heub s GGl Rapme tnd
irrespRBERSE whOthBRANE: t6ObthbSiaOils e WRhdlerAdntirp shif@s.t shock
ie, the hameri ngl.; A person skilled in the art wl|

ap Fﬁ*lg@qt S sleovrsairt atugthgt F@EOWPW@ aaqpr%gpgwltp|ﬂ6eafre§ent mvention.
r e'ﬁ}e'e}él%oh&eﬁqgglf ﬁ%@&%@h%wﬁg{e}e&te@rﬁ et_f@)atrpat[y% A% 4 &padahie

transm ssi on the ne r S3-carrying the nenbers
mechaiicflidrse 4 thvhiuetouad ase shupile delativetortberbatrab®pimile topehich the other

shuttle. Additi | bearing.or. radial suppor n, if
R T e L LR
apprdRialS8Sts EdRHeQRA el Yo kdtdrEHM felatifgrol iRRGFrodid toq@Bviiea vibrational
adapted to strike an_inner lip or outer part of
and rotational spindle output to the left. .

In Figure 8 the vibrational apparatus is shown genetally as 70. It has from the right a
drive input 71 which via pins 72 rotate the region 73 of the spindle 74. This carties magnetic
arrays 75 to interact with magnetic atrays 76 in a manner as hereinafter described. The arrays 76
are fixed relative to the member or assembly 77 which captures the hammer region 78 of the
spindle 74. This hammer 78 acts against faces 79 of the assembly 77. These faces 79 are part of
a geared peripheral region 80 acted upon by a gear 81 of a hydraulic, pneumatic, electrical or

other motor 82. Prefetably it is a mechanical drive such as a hydraulic motot.
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the drill string thereby to pass shock to the teeth of
the string ie, the outer bit. As described in respect

wofo®miogsace 7 reference was nade to the first raCamaboos/000217

nmenber being a shuttle and fyhe second rotatabl e neans
being the surround, ie, the'casing or drill string. As

W g%mgg ren ﬁaefd%i?élnn%hzgnﬁ%%%cth%ﬁgal A8SCLIRL] PRS1:ARc motor,

I nher "and outer cu ype arrangenent can be

clectriprVdrflebiial ng sone of the nechani sns descri bed with

respect to other enpodjnments. therein, ie, wth the

unt ¢ PREYS fEoma eaﬁl?b‘;gger&%’is at éi’é’f? %ﬁgpﬂﬁtﬁ]ﬁﬁ& % eat ur es
angiolifek 9%%&%11 Ve WhethRl efibob@tent Rictdrtifdce WithshE pRSent
rot§tab|e menber carries the hamer and irrespective

inventggin wikest there i9phayst t he ot her carries the conpl ementary

%yrfacgﬁgtﬁkgﬁh%ﬁgrgggw§0¥§}.a further enbodi nent in

accord e W he priesent invention. The enbodi nment
88 Fi guemredhafnembbéliotveristot,i sagweBgopethec arrays and a
s§parate nechani cal drive for the surround as a
SHutt1 89FePBt i ve to the central spindle to which the
obher DREBEI forakd AYiSe ARR s eentreldheftspi ndl e carries
a hammer and bei ng rotatabl e under appropriate inputs
94n be hemmseend plate belted trceteds wrgnet gscml)y (eeond irpashepsembly)
to proyi ' i and rotational spindle output
to the¥#g§?$yﬁkﬂgggdggggsthe vi brational apparatus is
Shown pemediukly as 70. It has fromthe right a drive
igput 71 which via pi.ns 72 rotate the region 73 h
Qgi ndl S maReEsRp s égrrsrtafa”r‘%‘teu %:Sseé?hbﬁ‘&??gg? Dyafe with dhd\Entre
i nteraghafM t h magnetic arrays 76 in a nanner as
herei nafter descri bed. The arrays 76 are fixed
P8 at i V85t he nenber or assenbly 77 which captures
e hanmer,.fg&ei on 78 of the spindle 74. This hammer 78
acts agal nst” faces 79 of the assenbly 77. These faces
P9 ar e homter ofipagt graws ed peri pheral region 80 acted

on by ar. 81 of a hydraulic, pneumatic,

ectrfggpg%?ﬁother notor 82. Preferably it is a
rschanid@t palidnve such as a hydraulic notor. The nenber
7.1 can be driven b ny. mechani cal drive such as a
mydr aulhaHmPFﬁPB?s,mge]?‘é@gF‘g @Mﬁ’ﬁlteb?r}é:@?teot her. The out put
froam t hgaspidEb: Mbungedab BBRidghtppdhe drill string or
the bit.” Figures 9 through 12 show a preferred
efbodi resilingionchiglebr dance with the present invention

re there | own: 87 input drive to give rotary
2@?iont§%m%§ﬁ'?épshaft and bel | ow pi ston, screwed
tidget hefeari®Fugpory bageiansc@a tailrill bghlagsladot at es at t he

d t haft 9 . .pl,at | ted.
2 DS eS0T P v

gear JSOHRIBANRY A iUl e, BREOL SorlequeR@ dfMife BYPSHFrom the hydraulic motor

100.

It will be seen also that the input drive at 87 has the affect of rotating the drive pins 89,

" the ait bellow piston, the centre shaft 97, and the magnetic assemblies 93 in unison.

Another embodiment will now be described with reference to Figures 13, 14 and 15,

here there is provided

104 input dtive from dill string to give drill rotation
105 mud motor
106 mud motor output shaft to give rotation to magnets

107 gas spring
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93 centre magnet assenblies (first magnet assenbli es)
they rotate with the centre shaft 94 hamrer 95
wonvwroagde4 gear 96 hammer i npact zones 97 centr eCsha2008/000217
98 drive pinion 99 hamrer hgusing bolted to hamer end
platg 100 hydraulic nmotor nounted to bearing support
rilil | § b D rati
S por Ut BYP ok TR P SRR or 3R Plbrarion
ar r angbmind nintd paer be seen that the drive pinion 98 is
g&%e to dri %.the i nternal gear 95, the hammer end
te §OUEE* ' or as a consequence of the input from

the hydn@uk int ARtaembQ. théyf roit vithehs@sing al so that the

i nput drive at 87 has the affect of rotating the drive
pihs goenticeagerastrahbtetasioatismm mudenetehpreusthart 97,

qﬁ% the nmgpetic assenblies 93 in unison. Another

enbodi nent will now be described with reference to

Filyur ebarhBer dpaarcbnt5, here there is provided 104

Lnput drive fromdrill string to give drill rotation

165 mu& Mt or 106 mud notor output shaft to give

rnos at i @Al hedFRERE thSoukd thgasueFrdo glkQBudiiowe pins give
rotation fromnud notor to magnets but doesn't allow
Vilbr at ioRPE&ERCS 0 nud notor 109 centre shaft 110
?yysidgﬂﬁ@gnet assenblies they rotate with the casing

11 centre magnet assenbly rotation from nud notor

ouTptiee asthagement of Figmmet> titdighaibe shambeet 104oH, 1144 116 and 117
casi 115.dril |l . mu s th f ;
all MOy & * iotioll in ppsotl ?}U%agig%?ra%ﬁ&%%ﬁyb&thﬁe SO Bnk! @Hl 0141tslde

casing 114 rotates with the outside magnetic assemblies 110.

A featute of this arrangement is that the central magnet assembly 111 (but not the
magnetic assemblies 110 of the casing 114) are rotated by the mud motor output shaft. Another
feature is that the hammer 112 in this arrangement acts uniditectionally down towards the drill
bit 117 and the gas spring 107 helps isolate vibrational upwardly through the drillstring.

Thus the casing 114 rotates in synchrony with the drillstring in order to cause duill bit
rotation whilst the mud motor 105, which provides lubricant mud down througl;l the drill bit
117, causes the vibration by providin—g relativity of movement of its magnets 110 to those 111 of
the centre shaft.

Figure 15A shows yet another vatiant whereby the drill rig provides rotation to the
outer casing. As the cutting head engages the formation, it rﬁomentarﬂy slows down, causing a
torque reaction through a splined chuck to the planet cartier 72, which ceases to rotate. With the
outer casing still rotating this causes the annulus gear 84 to rotate which in turn rotates the
catrier gears 85 — which in turn rotates the sun gear 86. The sun gear 86 is attached to the centre
shaft (and rotates at a different — preferably higher speed than the casing, causing a high
frequency vibration) which in turn rotates the first rotatable member which reacts relative to the
second rotatable member thus inducing impact to the cutting head.

Further the sun gear 86 drives the centre shaft which via dtive pins rotates the viscous
coupling (again at high RPM due to the planetary gearing) which causes a revetse torque teaction
via 86, 85, 84 and 72 which is attached to the chuck spline and ultimately the cutting head. This
feature can provide considerable rotaty torque to rotate the cutﬁng head — which may be needed

in cettain ground formations.
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117 drill bit. In the arrangenent of Figures 13
t hrough 15, the nenbers 104, 110, 114, 116 and 117 all
wonuw/asgset ary notion in unison. The bit vi braPe$/NZ2008/000217

axially but the others don'4. The outside casing 114

rotates with the outside nagnetic assenblies 110. A

eat ur f.thi.s,arrangenent is that the central nmagnet

fg\%gl@%elely; tﬁle(%ﬁ °¥Hot t he magneti c assenblies 110 of

tth® casing tddiheaewl rotated by the nud notor out put

shaft. Another feature is that the hamer 112 in this

att angenent C%%Pﬁ?ﬁ%(fpf‘é@{lg 4 |y down towards the

dehy | 1 bit 1ifnafad,4e gas spring 107 hel ps isol ate

vi brational upwardly through the drillstting. Thus the

daki ng- 114 dovapies in synchrony with the drillstring

iyp, order to Qﬂnlgl bit rotation whilst the nud

not or 105, rovicdes | ubricant nud down through

tthe dril | bifist tdidtableansdsrt he vi bration by providi ng

rgiativity of nﬁ\(erregt of bit‘s magnets 110 to those 111

d#* t he™ cent PEFCRALPICIIFRRET 15A shows yet anot her

vasi ant V\heg%ﬁmrmw&m@d@ RstONddes rotation to the

out er casi ng. the cutting ﬁead engages the

f18¢ mat f on, centrroefitarily sl ows down, causing a torque

reaction thr ' 1 e | anet carrier

_}gg whi ch cgglgéggf}?%&?%%%?g?&%%%ﬁl oultdgr casi ng

Figulrd 16 dtostsiim grorhil@aibthe phoethtyas geamingas ugdar 184 t o

rotate vgwt':hch.iqﬁ)tur_n rotates the carrier gears

g8 T PRCCUPIP Bt at es the sun gear 86. The sun gear

86 is attackedgde (ke tcedidrehghaft (and rotates at a

di fferent -pre%erabl hi gher, speed than the casing,

S4using a hiaQ%UlFsr%‘f&Héﬁé‘il/ Q428P&t i on) which in turn

kgt at es the fjdste b0t at abl e menber which reacts

relative to the Second rotatable nenber thus inducing

i7&pact -t o t Ipbneutariigrgfiteddel chucly t her the sun gear 86

ives the centre shaft whi Vi a: dy i ve pi

s WRat SR A0 By s RRlohati R P CT 7} pigBs/ 00329
and PRITANEREO0G/ 00@Bk Ng) whi ch causes a reverse torque

reacti.on via 86, 85, 84 and 72 which_is attached to

e <erenexd itk shaest €ngi Bryerered ERPE P HEA Eopfr §tfect

f At Be LALR OB BB6 }U@BE@S@C@VNQQO@S /BOY3 29D tHEKELs b @isclosure of 2

rotate the cutting head - which may be needed in 4
shuttle beingienipgpaateddyfroramatid werss| Hofy oftibe shuile thewseeveslong) have

hown: 8 ting he = I ical
o A0 B AT R S B g s
captive nsdauscoapliphénngy 231 platk). ristsuchotradreipgenerenthe shut@elwhen rotated

second rotatabl e menber :
pulses responsive to adjacent members also fitted with magnets.

Vs8R %o
I'ch p

In such a way the shuttle can reciptocate telative to an arbitrary datum of the magnetic
arrays not cartied by the shuttle. This will be described hereafter with particular reference to the
Figures 17 and 18 which ate Figutes 3 and 4 of WO 2006/065155. The full content of WO
2006/065155 is here included by way of reference.

Figutes 17 and 18 by refetence to regions of different polarity of permanent ot other
magnets shows the effect. The broken zigzagging atrow is indicative in WO 2006/065155 of
power take off from a first complementary structure.

In the arrangement shown thete is a second complementary structure shown out of phase
so far as the “plus” and “minus™ polatities depicted are concerned. The shuttle optionally has

the same polatity at each end such that, in a condition as shown in Figure 17, there is 2 net



10

15

20

125 - casing powered by drillstring rotation 126 -
centre shaft 128 - zone of planetary gear as shown in
woi2gueroesssé. Figure 16 shows in nore detail thePCT/NZ2008/000217
pl anetary as gearing as used in 15A. In Figure 16
there is shown: 86 - sun gear (fixed to center shaft)
84 .annul us ar.. (fixed-tq Gashrg) -85 is.; '
cepulsys (ROt GRS By BBl Dl o B8 REn BRI and
the firktRbRpREtehDASstaRArb@hitthatiandabrl tnye, dsrdis s¢pbseend fmipus”
PCT/NZ@OQS/OOOS%% En P /hZZOQ@/OOO 44. 1t is
attractggPsaged PEAEY BSRE S AOGeAGLIAR™MBE T RELY SHEFEEd f or
t e, S B rRH indintd 18R 8le HpbaftsinARnlle:ead Q8Eiisithis 4pid MErnating
2006/ 065155 ( PCT/ NZ2005/000329) there is_a disclosure
of “R'bdndg* AHat A en &R ghat &etipiogbarerarsyn putietirecting ahdie shuttle
En f the t - I o
rouarei e PiphR PR Hh Forb QRIBARNEL i LR N e aecofated, or both o
provideiatdeesffa@nd captive (eg, as frustoconical fornms captive

under a conpl enentary fixe l.ate) ., I n_such an .
S SR R PG G P18 Rt S Ptf T L Bge hagners of high
magndRIRANS] &4ENEEdRERGRIENRBHRR h S thabsef NUFdBgdambé fable to 180°C and
magnets. in such a way the shuttle can_reci procate
Samarnpush gpbalemagnetio (Fpbet WRIEY cardhantedrr theUahnet i ¢ arrays
carrd i | . hBddeveloped in
BB e B e B 5
the fuand G8nantilychesding Howgueregle@roamendtsaf A\DI2OOBAOBE] BEely Tipm the
. full content., of WO 2006/ 065155 i s -her.e.inc d
poiat gf vip PEnRl PRPGT 8T FaR S By o DTy et docs
vibrath 86H BRSH;&k télhdvepreptirf@hatd.ty of permanent or ot her
magnets shows the effect. The broﬁfn zi gzaggi irrom1.
i s ltinepvisagsd bat rrtafendoneds 6% 1SS BiRe ‘-’Ytsg%%ﬁcg? V- ¢} Bie
exam@ﬁ £F Dot suR F@L@dﬂ%@ﬁ GOYR BRI WAGES Qutfikiend @ﬁh@ﬁ"fgﬁ&g @6BdHicted, to
own there i1s a second conpl enentary structure shown
provideut subficiquh agdeive chioar bagkwarbeatidoformsards fgespetive §f which member
olarities depicted.are conce . A oibrat]
R
outpuft.hHEual iaﬁg@ &0 B iffol 0 10 @0 LHEORPN hutFdag Ube drigh$y ot logee J080RPM
netrepul sive force arising fromalignnment of "plus”
equatggig 2PPIFEtYB 44 | es between the shuttle and the
first conplenentary structure whilst, at the sane
time, there is a "plus" and "m nus" attractive force
"A" between the shuttle and the second conpl enentary
structure. A short nonent in tinme |ater the opposite
situation, exists and it is this rapid alternating of
"R' and "A" to "A" and "R' that |eads to the reversa
in shuttle direction as the shuttle rotates or the
shuttle is held fromrotating and the other 'magnetic
arrays are rotated, or both, to
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provide a net affect. Preferably used are pernmanent

magnets (particularly Rare Earth type magnets of high
worgyaksws densi ty, eg, Neodym um magnets, suchpras/Nzhasm®00217
of NdFeB, can be stable to 1800C and Samari um Cobal t
magneti ¢ (FnCo) which can e used up to 4000C). O her

rms of magnet can be utilised including those
CLAI gnets that may be devel oped in the future. Generally

1. Q?pzi}ﬁt/@\b%,lmﬁﬂ 1861bQ dmgﬂa@% SopafaBleGo Iﬂ&tﬁ‘a-th@dmll'sair%da
urel romthe point of view o

Size an g}s needlf;f th
least ﬂmwﬁsw@gad@a @aft‘deOlehl‘é@’E bothaand apserble tppreyids Yibiation NP the
jibrate and is subject to adverse environnents.
dﬂﬂh‘%g%?gyenw saged that rotational speeds for the shuttle
claruradedyin diagpodiiicard v yart Af hedellexiagmi io tof ddliuinguis [yibrational
rotation.is d1600 RPM whi ch is sufficient, with nagnets
apparagss P Rteid YoPHPSyi de a sufficient relative throw
RALKMRF ShSradipbd 10myR4id §ibridonesipeadaiud @aofterdtiioh miapidnie arrays,
hamrers as in oumpreferred enpodj ments to the

there lpeingytt SpicRACASBPIHWATS esenbly &t ) BHAR Htiepat o 15 abiars (i
anay(%’? qgg $hér@Bei O%atflgagmr;leoag&rﬂ@y QQORPMsbub1 ty@?")‘ w8 alNe@hrarray or

ower . ORPM equat es t0 approxi ma C%
secondwldza@msm WBcond ary ()} $uvly tgsplar Gistasrapts) enddependrrgAysyingeract

resporrsgrgg? %%%tlgre]g?tagf glfe?}xzﬁegn stgPd m(s)iit a[%tcaﬁg I(]'ld Jld !eéo%tdr rﬂ%@o to luse

shuttliap df eRakabkay)QcptivviodRe vdcbidbirgi), axwaje Ivyrsﬁ ®rbheh, dnd thus their
head or bit; characterised in that, positioned as part

reSPecélf’eflﬁ@OH%qglaP%ef"Pﬁ?ﬁg or in the drillstri ng, is

\éyzﬁftz@’%rfbgﬁ’bmﬁﬁ&@f AAS tHe QelRiRVb B80S 8t /dalise@tty@hechanical input
ther characterised in that said vibrational

to oncapythertafsaifl fisst apd sacand revembliGhet bethahe fypsand yepns asei R}y )
3l SR tfbﬂ%g‘}fg‘ise%%?z%?;%n% of tﬁe! fi3ta ﬂ%é@o%’ﬂ'a)‘&f(g al1d\Ms taggeﬁlbly(s) moves
fal rsf array or se

arrays firs

synchidhensy beiongioa tvithehs trilbnéngaslsanbé ;ixﬂqs‘tm@mmiated :

senbly(s wi.th.a se d arra r . second of
Srrageroshipad v Sy e A on Y i SRRy Elentt of dce o
indire® da@¥ing bf 8NELrSREANRLLAs 80, She HAl BéAG: bith§ SROMASt Meerhifly(s).
rela ve rotation between said first array(s) and s |ddmctor

3. Jemerusaiclynd) vhersinghodull bendior PIUTEPrYFs tSHeroRrsREnce ©
1r1dlrei’3"tr Ea% ofr Ghy %%Jn\égrﬁ% 8f, tt}needrﬁﬁ?eqa] d; Bk B?M{e%)eeotﬂrasééhﬁﬁy s).

thus their respective supportln
4. a%gﬁrdmdm c&smy andoth pldceding dninohereadt i fgedni ﬁeqohdtaﬂ?ﬁé and
eI ative rot at| can he caused by. a.nmechani cal input
their first gjidsegynd geraP stf) “ nrog Fit s?posud&gecg?)nd ‘assenbl y(s),
5. OApaetdhs dthey bhé st thapecediag ddinasaandih yesrst saddéaontiheny(s) and
char acterised in that one of the fjrst and second
theit st ap(seyonsrgsembly (B saR FMG (3 Shesppe directioy nehr onousl y i n
6. jgéﬁﬁtgglof\%ngf Bl BEnd Ekécle&hg LIRS WRRR-ih BBe O dhk laSd hhd Gecbid atray(s)

par at of €¢laiml1l wherein the drill

-and ith @t 210d sdopid ws@nldy(e)scaaébealoeen@qu@hered)@foﬂéﬁr égie fgpt and second

f both, th
ey e g CoP Aoty P PRSE adsembl y(s) .

7. Appatatus of any one of the preceding claims wherein the vibrational appatatus is below
the rotational drive into the drillstring. n

8.  Apparatus of any one of the preceding claims whetein a rotary drive into a spindle as one
of said first and second totatable members causes uniditectional or bidirectional hammeting.

9.  Apparatus of claim 8 wherein said rotary dtive is that of a mud motor, fluid motoror -

electric motor ot othet mechanical or electtical drive.
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3. Apparatus of claim1l wherein the drill head or bit
vi brates as a consequence of, direct or indirect,
woaomynseg4 of or hanmering of, the drill head oPCDINZ2&08/000217
the second assembl y(s). 4. sApparatus of any one of the
precedi ng clains wherein the first and second array(s)
nd their. first and secon ' i
10 ABEualiFet e ot SN RET RIS SPHR KePlaclRRA MBI Rembers i
rotatalflé BE e£ivity tied dillsingherein the first and second array(s)
and their. first and second assenbl¥§s qan eqaie }Qon of
11 Ppgueiiet gl & phern arngRRrides S Uty SASFAGRE DLttt one
' g V BiWaekish B RAelRfvetth @ rbtafySdrivathusecond
SMdngéggggg?ﬂgﬁﬁagggaf[rsp g%d second asseﬁﬁLy(E%)can be )
12.  Apparptafichiyn wivdsreihevistoe pounting Reovides & (rika ip Qs igfd magnetic
rray(s) and first and second assenbly(s) is rotating.
a“”“%: Appar atus of any one of the preceding clains
13.  \Wpehehn dfhey vhdofahe praddigpiema tisreirsths diibstritdrotates a cutter and

rotational drive_.into th rillstring. ] r at us.,;of .
there laﬁyinil sty OF SREEHHTY Tt i Pharie e aRh e %ea’?l.ﬂg%mg
insofatddkPecd i$ Riein@d a8) BRG0P vERkEd Eddtvt taih@ ciRe 6fthe drillstring, or (i)

rotat abl e menbers causes uni directional or
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nmgngkﬂgb9gﬁ18 wherein gearing provides a rotary speed
greater or less for one of said magnetic array(s)
and/or bit rotation speed relative to a rotary drive
i nput. 12. Apparatus of claim8 wherein a viscous
coupling provides a drive to one of said magnetic
array(s). 13. Apparatus of any one of the preceding
clainms wherein the drillstring rotates a cutter and
there is a drill head internally of that cutter (i)
able to the rotated differently to the drillstring
i nsof aras speed is concerned, (ii) able to be vibrated
relative to the cuter of the drillstring, or (iii)
both. 14. Apparatus of any one of the preceding clains
wherein the magnetic arrays(s) are staged axially with
respect to the drillstring axis. 15. Apparatus of
claim 14 wherein at | east sone are interposed between
arrays of the other magnetic array (s).



