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The present _invention relates to a magnetic hamrer as part of a
drillsttindDWYPPIYi ng apparatus of a kind having the BETINZZ0BOHGL7 5
BACKGROUND ART The present invention contenplates dialling
apparatus to be operable to rotate the drillstring, or at |east the
diallsting's drill head or biI'tMAGNEDEOHAMBERIgneti c hammer is to be
oper abl vi.d ihration axially to the drill head or bit. To
achi eveelﬁlﬁélN %@ti ¢ 10hamrer or vibrational apparatus which
acts as such Thépres®it inveSioRQslhted PRAHacASHIRINM: af Pt 6d dullistibg BYdMing N
the dallstring Lé @:ﬁgs pat ent specification W2006/ 065155

( PCT/ NZZB%?%@@?@‘)@W cHgE’g net hod of generating a shuttling
effect reliant upon magnetic arrays being able to be rotated relative
to each other by a nechanical drive to a confined shuttle. It had at

| east orer GG ARBTray to rotate with the shuttle and at |east
one magnetic ghL ﬁﬁésé?lft nﬁ@;ﬁnoﬁ%ﬂe ngﬁf&% %Mn%&ﬁ Hi:EBe V&&Aﬂl@éo%m@é\ﬁe
confi nement. he enbodi nents di scl'osed in 006/ 065155
showed tdnb}strgr@a er atlwehﬂueﬁﬂllsmgatdpﬁ heaghortbifeorstiath.t Thargegntic Imencsdsus folhe
being ¢ yous ;%H 9. Qf l-s1 Rt

drill st Eragj Eﬂaﬁgﬁgl%vﬂl I'Tst to |Xn g%’:llda seglggda‘tgye@r (;Itgb aalr 1)}@%“ veﬁﬁgpgmuc
shutk | e lmewbmumaé@peiahﬁ ddpbndent burhefha@disptispastienstnstpritef thed t he

confine ctmxgtruc ur%%1 The vi brational output fromthe

spi ndle %ﬁ%/ 065155 was via the confinenent structure
and not from thewshteht épeciﬁd:asterh‘W@Zimﬁ/ﬂéﬁ153@0&‘&@52@(}5/&0&3.29)%39di$dqaga
had neit her e confine cture nor_ the. spindl ed shut

Gy nchr offedie et A Prare EHis S oS sk AR e PR s Pt o
advant ag&attve tdeact @ftey Bfla fnathageM eltiat td y/qpasinaf shdttle] IHhag anE:lsﬂoxliEath‘ﬂ@m:
Vlb atlonal appar at.u a eti c hamer |t|one part of

! helr | RGP EOTH b SHBUEHIT BEY PHERARTOE B PR O Gofctes
synchr oRik&@tn ﬂie'ﬁ:&ﬁhﬁfﬂehﬂ sttl ng. As used herein the term"as .
part of the drj!l!lsuinpg" t of the drillstri but
rotating at- r&agfmb?ﬁnaa?ti eﬁ%@&@ %ﬁ%ﬁ shoveed thegmertion ‘glhfauon bY
bel ow amye shefuatol s sh‘JEﬂe\b%m? RfEd $iRa mﬁyqlnduhhﬁgscsfu dMisthihg BdlctRldsi0sd

at the bottomof the drillstring as also can "in the 30dr|IISU|

The t entlhe gelyigednea. SGParatﬁlqt%dJa‘tqhei@f e gttingnghvees aptyRble indergnd thnce

| engyt h ggthttggslgﬂg Inditihd B sRehQWst-fignk Ot at i onal drive input to the
drillstting if there is any I ncl usi on of.the vibrational

appar at us, wi The yibutineg ﬁ‘é‘PilfcﬂfH-lﬁ theysinglst shutde oVO2PQ4/8631ve W vie theh
ot her a%%rﬂﬂ{e&e&f su%uwa PP%{ g&égltﬁééhh{ﬂ%gtselpmvindcﬁéc:1 taﬁgalﬁgefagtlﬁlagﬁﬂm

One is the prospect of rives being used Ifunctio
the confinement structure nor the spindled shuttle synchronised to the drillstring,

The present invention recognises an advantage to be detived for several types of drilling
25 in having vibrational apparatus, as a magnetic hammmer, positioned as part of the drillstring or in
the duillstring and to have patt thereof synchronised to the drillstring,

As used herein the tetm “as patt of the drillstring” can mean at the top of the drllstring
but rotating at least in part synchronously with the drillstring and below any rotational drive
input to the drillstting it can also mean at the bottom of the drillstring as also can “in the

30  drillstring”. The term “positioned. .. in the drillstring” means anywhere along the length of the
dullstting below the totational drive input to the drillstring if there is any.

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

One is the frospect of fluid drives being used multifunctionally.



WO 2009/ 028964PCT/ NZ2008/ 000217 Anot her advantage is an ability to
hol d part of the vibrational apparatus stationary with the
drillstrin%WeHBI643 chive of some kind is still enpl ofEHNEN08E031%
part of the vibrational apparatus -anyehere along the I ength of the
drillstring. Another advantage arises fromdie ability for the
hamreri ng t o Reotiereletesheibindibiliectol toltbparyofdhe vibiadombgipanmalstayionarhwith

latter if ted to.pininse damage in t ite direction. (eg,
upvr a1 e S GE £ g P eH EREPE 8 A0 o R YIS onal

appar at gpdritud gwhltce blogl ieNghorlSeMbd ddlé@ingqui pnent or conponentry.
Anot her advanéage downhol e .is the abjl.i tg/. 0, provi.de E}gr._t he
drillstring t6® '?i?l'ri?i."%ﬁtaﬁetﬂgsels&%%@mé tYé ‘pté? p P8 e fliseetsh act in
CONj UNC th Bacnhlly R Rnid&LonEIY! 8 latted PG 2h BN mPhke BOHAZE inlBe 6hRARE Y 2
bit or a chillhéad and the peripheral part_ (preferably’ being )
synchr orfitseign e, vRvaes). iibisrae he rapqriantyiranthgee i dere thsaintroasapprrtie i
or bit. we dellstrin ,lsEnsi@e%q&PﬁE&%E c&h (ﬁflehﬁﬁ._na“ ve object to provide
drilling apparatus of a“kind having a drillstring, operable to rotate
the drill strifgotber sgvadteggsiownhae idbd 2bility fogorevigde fquthquﬂé%ef-rteg tofagry abits
both, an r [ ' ' X ] i¥ed Qeid NG e Mdel harbiBaSL OF
bi t V\herlgvfegp%lld%?dgt ?‘%ﬂ%ﬂé?@%ﬁg?ﬁﬁgﬂ?ﬁ%‘gﬂw de”the vibrati Jéaﬁ 5
posi.i onkaklyesbipara dritheddrrad dirg peripheralipgrt Grreferpbiyiteingsiidheingsed op rotate with

It is a further .o t.ernati.ve, ohj.ect to enploy a fluid drive to

and/ or from \S/tinﬁg)é{sflg{rj\%l?g%%ﬁ]glr% ct)fgd,lt'or part thereof, of a drillstting.
It is yet a fIuighétheroralitenivatobjeet tolpjpedde drblingrapprrates fior kil hdvidgead or

bit rotat.jon and/ qr vibration.independen dr i, ri r.ot ation.
201t 1 Sl el el e el RR AUER i Pt Sl bbbl
appar at usd Bgetibltodpr6HEE ibiatieh Mdlly entherild headasr bittilereasdbntibiab g pahersgof
relative to the drillstiing of each_.qr one .another t deriving part
of 1&s #9HE tg‘? ‘Sg‘é‘“?‘?’é%%‘?ﬁ“g’gfc[ﬁ Pta@loifg’r‘ftd%@?fm%%“é‘tdéet S otation, if
any, of the driid d Skthed @t alternative object to empldy al fRicbddvdréd Bt/ oofromlvilestvaki ve
object to provide vibration to an inner cutter (chillhead or 25bit)
and/ or éHP%ﬁE%PI%%WO%BEF ArlSE9E or bit) of a drillsaing. DI SCLOSURE
OF | NVENTI ON It s yet a further bihl@rrdali¥Sdbj@BREEEvilIRr AANMRRL bkt tobatidhiahd 020
apparatus of a Kind having a drillstring, operable to rotate the

dri | | st ribsjlogrindgperdend oftdsllstepg 10Ri ng' s drill head or bit, or both,
andypper abl € gQI Op P OV GGe b e@blLiNto XA ‘xbla&rﬁh%p%mg hatiSALs iR t )
characterised in that, positioned as part of the drillstting or in

t he dri laktisiafgne psmoiepseerierdherapfiselrtinteds thegltfipteiog aeeash priotd BpHes H;
andf i Nt ek GhAL ARRILSEH, b b AAlicAthol LPIRLANH o ARARIALYIS RS
interactive fragneti c arrays, there being at |east one assenbly
("first daBsemdl y(s)") with a first array or set of arrays ("first
35attay(s)") and there being.at.|least ope ¢ VoG .
assenbly(s)") Ia}vlﬁ % %ﬁn%ers?alcao A %vrerog Etha)t?) Pr%q‘gﬁ ‘?‘?‘2%53%48 d nsg%%gg%ggdf%esad o
(" sELC oNnitpaddAye By) Surersuctr (Ghilitead bxebif) bf strlktirgy (Ss) and second atray(s)
interact, responsive to relatbre rotation between said Eaten-27(s)
andsai d second array(s), to cause shuttling of the fifitaaay(s)

rel ati voOISCLORBE QRNUNYENYION, or vice vn:sa, or both, and thus

their respective_support.i asset ubl | esz. ) o
P In a first eg",gect thenl.gvengon 1Is ri l g apparatus of a kind having a drillstring,

operable to rotate the drillstring or at least the drillstring’s drill head or bit, or both, and opetable
30  to provide vibration axially to the drill head or bit; '
charasterised in that, positioned as part of the drillstring ot in the drillstring, is vibrational
apparatus to provide said vibration;
and further characterésed in that said vibrational apparatus has interactive magnetic aitays,
there being at least one assembly (“first assembly(s)”) with a first artay or set of arrays (“first

35 array(s)”) and there being at least one assembly (“second assen.zbly(s)”) with 2 second array or



5ard still farther rhararterired tit that the relative rotation can
he caused by a nmeshanical Input to one or other of saidand second
assenbly (s), or'both the first and second assernbl y(s); and
further characterised in that at | east one of the first and second
array(s) and its assenbly(s) noves synchronously in rotation with the
dashing when the drillshing. is rotated; 10attif)trther tharil apisni
ftz that the Mn head or bitvihrates as a consequence of direct O
indirect carrying of or banana: My of, or both, the skinhead or bit by
the fast assendal y(s) or the second assenabl y(s), or both.
Optionally, the drill head or bit vibratgs as a consequence of direct
ot indirect carrying of or hamering of or both, the drill head et
bit by the firSEoREEW HEF(septd soafet bychalis Rpeefirsp are=fBapd sednddohyys) e & | |
head or b;t Vi bespings: (@ labve COMGERHRRGE] g}icmy(%!mtd%gik se(e%a L%Q(L}{;?&&F]
rearing of or hammer g | ea r_biit, or both; by the
second assenbl G( r) Slrfmggt ’"?“‘"g}% u?r%ﬁr’l% "tc?ﬁ'ga?f(?}sTwWevf”s’s%‘é’Bﬁbrdﬂddﬁ“ﬁ‘?{ s)
and their first<BNTSBeBIE=5SEM0| y(s) can rotate ii 0.p.P.CsitO
directions. s et orit AYR e thddc D SR ALLBY Rlr. M their
first ind secopd.assepbl ), ni ate in.the.s direction, '
Preferably one gf }heg%‘)i%gﬁmg%%mgsdg%%% ?F%%ggfrﬁggﬁd:‘“f?g“ﬁ’??st and
second assenbl ?‘f"éﬁby@én he non-rotating-when the other of the first
and second array/( s )anemerthakadissdn ot SRERHE o RS FLMDLaYoha d_rr%(s[)a%i@&s'sé%gly(s)
Preferably or optes eymbioyslyinhaetioniwint@tis adrghhestRpakat ¥ Bised Del ow t he
rot ati onal 1‘leri ve impat._o the 2, 5slrillstchag (eg, in the dtinstring)
Preferably a rotary arT VETHE S “& Tsiirhittder badmine agpregieng of fesser and
second r ot at ablPé=rremycs of ccbrrsasigwh pchomhaid duhialos B by the Hrst assembly(s) or the
bi di zect i onat kadoh#lREmbIAG, o both. Optionally rotary drive is that of
a nmud notet, fluid rselectrid notor or other nechanical  or
el ecui cal drive. 30%:1% g’}’g‘BF‘%I’t‘%é”%E"ﬁé"r‘“%f*wgﬁﬁ‘ﬁuﬁﬂiOF%CEWg:&ef&ﬁ’a
rotatabl e nenb‘é?’%lm?‘?%t’%?‘d’ﬁ%éh?fifméwd wibit by theHimtdr-readlyisn gltcmativaly,
Opt i onal | yi5t hevptikaigly dteiddinbeap ok Sbitts: o ScoRbRRGAT @il drhdBecC BBHRUFAS 1 1S
exterior.  That.6asss o &f &mb.llﬂrIJIPA/:%m,'hPmQJ}ép%PﬂR}%%@ O%Q%,.dr! listring
O herw sg| I'Te in

ie, iii synchron sane speed. i

synchr o nyyi t rrayy rm.%q g..mg]}” %h‘%i‘ P RS et Degyod sscond asesaby(y csn orae
2009/ 028964 PCTY MFZFHO3F¥0T217 Optionally a viscous coupling provides a
drive to one of salgfmelynefisCudfebay Sy nd their frs QR jﬂ%@lﬁke%bl%@%nmmte
drillstting rotf&d&s.f.cilter and there is a drill head internally of
that cutter (i) ab&,eftoi_the rotated differently to the drillstting

i nsof aras speed is ¢ORCEMTEE (55259 sampdemtyf) Wi frss prdseehdrustrihes t o
the cuter of PrOTEIYURS Ehenithrgthenyf th fideia)d sooBdIeray(s) 20d first and second asseablyfe)

Js votating,

Preferabily or uptionally thé vibrational apparatus is below the rotational drive into the
25  dallstriag {eg, in the drillstring).
Preferably a rotary drive into 2 spindle, as one of said first and second rotatable
members causes vniditeetionst or bidizectional barmering.
Optionally xotaty didve is that of 2 taud motos, fluid mortor or electdc motar or ather
mechanical ox electrical deve.
[l
30 Preferably the other of said first aud second rotatable members is rottble by or with
the drillswing,
Optionally the vibradon appamtus is dlongate with a casing as its exterior. That case
prefezably moves in unison with the delistging fe, in syachrony 21d at the same speed.
©therwise, while In synchrony it may move at a different speed.



5Preferably the magnetic arrays(s) are staged axially with respect to
the drillstting axis. Preferably at | east sone are interposed between
arrays of WR208VREP4nagnetic array(s) | n anot her XZEHAFR008K¢N217
invention is conmponentry (whether all.4r sonme only whether in
assenbly or disassenbly, or partly both) of drilling apparatus of the
present i nvedpddslly d Ascpe coplidglfrbfifesasipiee to ddrerf paid fapdetic AMSIE)I ON

consists in apparatus substantially as rei.n describ ith .
reference t &pipaliae drlsHiedoBles ¢ At sy Byt wamtﬁaé%%“m putet ()
usef ul i,Bledo the PBlalA Brerd$ téied AWDARhLInATHNDI B SofteMl, qisdblk et ned.
Accor di lrjngI y i n_another aspect the invention consists in vibrational

appar at Y& etedplatige infhe putprrfitioiigio) o4 () btk menber directly or
indiyectly ahlg.he t@@%?%n\éﬁ@attﬂ?g(s)\ﬂ'@st%e&l hdidy vt chdpBct @6 thkIRAINEENM-SE,

upon a drill head’or assenblﬁ to pass axial vibration into such a
drill h&acferbly i eashsurdst {nterpesed bétweet arpmpnefcthe piio] Mepnatic 4686k one
array of ma . o r Lyl ..one
array of magAebahesspsctiy venton PeSEPORAARINER ARG YA oB) hERS
menber , atsamblyyy dispoemblp|capinde bpdl af dolling eppatetris o thegyesett igvention.

i nteraction sai econd mber and its e [r "
arrays of ma%ié ﬁ%ttasgft%elras eﬁtttggﬁﬁﬁ%jlt g}vlgr\l/tgmtcgﬁ%r}ngﬁlfaﬁ g{a%r%su Setzrm%%lclfgsvl}c%:%n
verda, desdibédwithiefdrersaitdlaryene pdmoendiehe eomparging dranigseadSe dsdiyl it he |
magnetic interactions to shuttle betwen_shuttling limts on or

rel ati véaetdb‘)dg iaﬁafiP?’ElfotlT\fé 5{*‘*‘&%8‘“0‘%% Al at | east one drive
and/ or transmAssdringly th GdtREapEEihd ialalibn eodsidtsdl vibmtional afarsas d

first menber relative to the second nenber, or vice versa, or both.
25Accor &P’ﬁ'@?i}ng?l“ﬁﬂu‘g%ect the invention consists in vibrational

appar at us conqy i Si Mgkt @leribBCdittdilng: ifhditedtlf dHlSto 26QHwBEBE! vir NBiTDRSing or
directly or jndirectly cqonnectable to a dril| head or bit sggbly,

or i r ectheyviss wprye Fhélibqagl ot Bih A e Rl fe Pt 2dal gibration Litp %fbﬁﬁﬂé orfpit
havi ng gsddhablyl sahe@et BEmbti haBssaMbdonealhfor Bagpass its rotation into
any such connected drill head or, 30bit assenb ;\im or drill string and

drill head or @it 2aecoBfBIeRbeGyAB PEleashoRsAsEy akmagnels ip cappismertippat
such a (ilgagé clne Qﬁ@@o%d%gt 11%%%%'1%%%0{; Ldiddve %ﬁﬂdﬁg:o %%dyrhiglne@:e ad or

bit assenbly, said first rotatable nber having at | east one array
of magnéisragtivas, spid secpnd membguaridity complementatyi asiay o Apys of magnets to rotate

2002% 02%3&%%%&%&&%9 2t fice versa, or both, with said second member being able and

caused by the magnetic intetactions to shuttle between shuttling limits on ot relative to said first
menabet, and
@) atleast one drive and/or transmission to cause such relative rotation, ie, of said
first member relative to the second member, or vice versa, ot both.
25 Accordingly in an aspect the invention consists in vibrational apparatus comprising or’
including
@ a first rotatable member ditectly or indirectly connectable to a dull head
ot bit assembly, or directly or indirectly connectable to a drill string to have or having a
drill head ot bit assembly, able to pass its rotation into any such connected drill head or
30 bit assembly, oz duill string and deill head or bit assembly, and able to pass axial
vibration into such a drill head or bit assembly, or dxill siring and drill head or bit
assembly,
said fitst rotatable member having at least one array of magnets that it carries duting its

rotation,



(i _i) a second rotatable nenber carrying at | east one array of
magnets to conplenent the at | east one array of said first rotatable
nenber, sal® YL&YFIH4r ot at abl e menber and its conpl enent XEF/NLRYORPOBET
arrays of magnets to rotate about sai-gfirst rotatable nenber, and
sai d second rotatable nenber being able to shuttle between shuttling
limts on or (Bl atisv@nt@ots@abld nfeinbsi cabrpinf at ladst enenenpef magned to complement

(i) a drive or drives,. (preferabl t |east one chive to cayse
rotati oﬁh%"‘l‘t\f%‘é‘i cﬁleﬁfrf“%?fs ﬁ“@tﬂgfté{ﬁtﬁ@&ﬁéﬁﬁﬁ’éﬂ SEPRT &P l‘:’ymﬁiingflélﬁgt‘ts one
drive) tempRidhrldifyseeess of Ahalkahd Gt ahat shiehiat ioviHlomsnbe, frdssid
rotatabl e nenber or vice versa; wherein relative raotation between fhe
first antrosdeRnabl stombeb b e B Ea hu e hE ORGP R1oF SPHE 1 1St
bet ween LheLRBMI el Gna@r rays as will shuttle Said second rotatable
menber relative to said first rotatable menber thereby to generate
axi al vibrati 6 i adgvea dives, (preferablyat st enniii§ap cause rotation of said figgt
anot her ré‘tﬁ%ﬁﬁ?énﬁ;%r LEVERELRBY £ RASLAL Sriveflicho ATHE LecBhd : ARATREMber
connected to, formng part of, or connectable to, a drill string, or
subassentityreanshidfisstpiggnencmierbsviseraedt, the assenbly conprising or
 ncluding 2t Whll 3 SASL R HeQlah etk N84 I8! b0 Ge:s BlusdiSR0H
one array of magnets carried within the casi ng and to rotate

t het®w tréative rotation beawédnrts¢ mggatic {rexys aoullehutfesid secardrtomthblgimdmlert he
casing, such fir ear. .hei ng, of., a .pl anet ar akin te

Sha t et o T EalRR e Re et e BuPe e P o S e P s ey
shuttlimgnssee rotation of the shaft relative to the casing, a second

gear of the planetary gearing system (eg, ,sun ar) carried to rotate
ST 1 Tt he shal oz hor e oy BiHhR sersarr g R meg bt seakb Ratdst fhe
shaft t gofmaibgiparaiiforsdouhtdtablaxe,al dll dtfifg @sistibassembly and/ofcdinponentey

nmount ed, or a _bit 1rérlgrntabl_e,, to roéjgée with the rotational axis of at
| eakt orfRetppiatisassyibly OMPEARS B 87l 2% y gearing system: :
wherei n the bgguﬂmcghgqaaotgemtﬁm&gﬂlgﬁﬁﬂgr i ndirectly hamerabl e by
axial shuttli 2@ of the shaft relatijve to the casi n%; 30and wherei n,
at | east one AREATEPTCAHY Pé?lawtstcﬁ’éieéé’ét’ﬁ’dh%l?f’dméfmq JFefthe et i ¢
array of the shat %ea'r @g?&ﬁ&?ge&@ca&ﬁé&ﬁ@i&ﬁﬁ'%%dﬁ@s&ﬁ_ﬁﬁ%ea%'&%& of @%Bﬁétéi?
to the casing when these is a difference in rotational speed of the
shaft r @FEIEYESIY™® t he casi ng; and wherein there is a speed

di fherential 9@1&@@9@@5 A b MEs GRAbaY bASLMSuntd R%nalQE BhthiakiOBberddd/nar
equi val ent) between di e shaft and t he tasi ng whereby rotational

sl owi ng rofterthef thpshrfigdative to the casing, : '

a second gear of the planetary gearing system (eg, sun gear) catried to rotate with'the

shaft, .
at least one array of magnets catried by the shaft to rotate and shuttle axially therewith,
25 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, or can be, directly or indirectly hammerable by axial shuttling of the
shaft relative to the casing;

30 and whetrein, at least one magnetic atray of the casing and at least one magnetic attay
of the shaft interact to cause shuttling of the shaft relative to the casing when theteis a
difference in rotational speed of the shaft relative to the casing;

and wherein there is a speed differential dependent drive (eg, viscous, drag, centrifugal

and/or equivalent) between the shaft and the casing whereby rotational slowing of the mounted

-



bit, and thus the shaft, relative to the rotation of the casing, in

use, will increase the shuttling effect of the shaft, and vice versa.
| n anot her WAs398¥8239%e j nventi on consists in a hamer bi PCESZMBI0G0217
connected to, forming part of, or conmectable to, a drill string, or

subassenbly and/ or conponentry 5thereof; the assenbly conprising or

i ncl udi g, and tibuthahafgslatige toothe edtaiod ofitieratityg irduse] Vidltindreagy thathnitidiagt
one arra fof smpgnet s garrie_d within the casing and to rotate

t her ewi tfhect of ESHALADGENF VKt hi n t he casing, the shaft being mounted
t(r)\ enabl e bot l[hﬁi@:ﬂaalr aspfad thé iﬂﬂ&ltﬁvﬂ@?ﬁeﬁﬂtsaihiaQﬁnﬁfleﬁﬁiEaS‘sEﬁ)fblyhdc&hﬁétFﬂ@o,t o
t he casing,, 10at | east one array magnets carri the shaft to
rotate dAtMIERPATY ‘&)ﬁOEPFVa?‘ﬁé%é\/ﬁ?fﬂﬁ“ g’g%éPB%FSF%'ggi HEHT SERPREDom
t he gzasitﬁgfeggﬁ{er&%eghg.fcbmpgg;ggorindadigét nount ed, or a bit nountabl e,
to be rotated by the geared rotational chive; wherein the bit is, or
can be, dir ectidpuss casigite exiptewithahs drls@bee by axial shuttling of the
shaft relative tQ, &Mﬁ%{ Btz @&Qdmetwgasag HhEashudBesmanet i c

array of the casing and a aest one magnetic array of the shaft
interact to cashpét withie thej caging thetsheft btieg mopntedito apeble hotsiabdyithng aaden
t here iSroétigr,}éﬁtﬁéﬁﬂﬁ%ﬁ@m@tﬂ?géaﬂﬂg' speed of the shaft relative to
the casing. In another aspect the”invention is drilling apparatus
conpl.i si ng or zilewt o gy af agnetsaririzd by ieghes wamtkyamddhptle dxialy thyeviend
for direct or _indirect. nection to.a 20dri,l | ing to be rotated
her eby when FrTTL RGvishl BRECkoRtl all 208 et BT\ 0% L0e 5t The

ot her end, a bbitmounted, or a lat :aburitible rovbumt-adl Hydhe gorqirrowatml dxieal | y of

FAL9 U110 Sasebl g DELR, B GBI D0 0 RR8S e

bit, at shefaslatiea® theghigi c array fixed to rotate with the housing

ass ly, and Ziaal Ieastlone co Iementarghma netic ﬁe?ra to ratate
Wi t P t he shut fpEwherein, atleagyonc magneic arayiqf the cating gngat feast OB fagnelie pirgy
to said iﬂ%h@u@&&@ ebbaysaMhlubtligad IR Jhaf: edlait E&mebﬁhﬁlgeﬁfhl ntthée faai L , or
pairs, of conplenentary magnetic arrays to cause shuttling of the
shut t | e SEfeRchistoERRA ERSH Oéﬁ“eﬁa?ffﬁé Frgtodhe fEehi t | and

wherein the bid adoitek gRs: the 1n@6ddoh & dﬁ@&?ﬁar&ﬁs CaMpRs S GHibdRling
rotation, and thus 30Shuttli ng’, when rotational | y slowed relative to

the tubul ar casfbylyr housing assembly adppsechisiona spblor direréd of st FeRmcEiAsP St s
1N g mtcﬁiﬂ@ttﬁ%{c)clgﬁé Jolte.\'t&gth@nrgtg:ﬁggeﬂ Dl SUB DAL QAR P HAVe £ the other

drilling asse y, sai conprising or including the steps. of
(a) conwegiafghthe drilling assenbly into the well bore, and (b)

si mul t aneousl| ¥ sl@c&ﬁj&{ Aburn&d j:oaljeéiﬁfrocate axially of said housing assembly and being adapted,
when shuttling, to pass (directly or indirectly) a vibrational or hammering affect into the bit,

at least one magnetic array fixed to rotate with the housing assembly, and
25 at least one complementary ma;gnetic array to rotate with the shuttle,
whetrein relative rotation of said shuttle to said housing assembly will cause interaction
between the pair, or pairs, of complementary magnetic arrays to cause shuttling of the shuttle
and thus vibration or hammering of the bit,
and wherein the bit includes a tactile feedback to cause shuttle totation, and thus
30  shuttling, when rotationally slowed relative to the tubular casing. '
In another aspect the invention consists in a method of dr.illing a bore in a sub-
surface formation by a drilling assembly, said method compdsing ot including the steps of
(d)  conveying the drilling assembly into the well bore, and

(b)  simultaneously and/oz setially



WD 2009/ 028964PCT/ NZ2008/ 000217 (i) rotating the drill

bit as part of the drill sting or an outer drill bit about the drill
axi s as paMOWPRBV4dril|l string, and (i PETANZRIOS090AY
the drill bit or rotating and vibratiayg-an inner drill bit axially
with respect to the drill axis, 5wherein the axial vibration of the

drill bit or innef ﬂftdﬂn%ﬂtﬂduﬂllﬁt £ P 0 fltha Yirill Being ppid Gadd il birfabautftheidall
into a fluid notor of the as enbly whi ch causes a shuttle to rotate
about a %SeaP bR kst ?ﬁ | east substantially aligned with the
drill axis therebys el BRABEIHiCorl Bl @F AR VAR SR h WRRAABIGNAEALS with
arrays of the shutile ang magnetic arrays able to coact therewith, to
cause axprctitediegkesti on of the shuttle and thus die drill bit or
inney drill bigherel@ire agam;&&rofatﬁ@mbﬁ HenddIUAM b 6209 nga{esd ma&h
assenbly for use 1n dril a bore in a sub-surface for t|o sai d
assenbl yfednidrintsi arfgudymion ef pssgmbly drhidh cajies 2 shuttle to rotate aboyf aghtatienally

directl I
e 1 b ARGty RAEEIEthel Bl theftbly vigflblerhe BRURMLIbAS
coi nci demvtgnmetahramofp]&rﬂhtﬂeland magmc drayls Iablnga tamts:hcfwﬂimtdngmdqr afidl bit,

afluid mtlgéang'bo 1e t&t d%usatllddﬁﬁgﬁtllgherfnﬁrbn at least two
magnet & rays ap 8310 Cause red procation of said shuttle

resyonsi ve told ﬁioﬂtelr aspearfihd iheergibti icbdststs in an assembly for use imd@itiog drore in a

aspect thg gl’ ion. cons%sts |1n an assenbly for use in drilling a
bor e i n SHPSHERE: OHPAEML SHOPREPPIE FOTRE® SBHHIS having a housing, a
drill bit havaﬂgﬂan-rotatlonal axis at a lower extremty of the

housi ng, tle in the housi j rect r.ect
connected to %éli“ﬂg“o‘;fef: Y‘Pfl‘?‘ﬂeﬁt% ‘ﬂt@ Qggugll‘ﬂ?”gﬁgl? 4‘3&‘; S/d&??f‘é{}
i ndi'r ectg ¥ndirbBRLBOYLIE B ©APHRatE BE bP aﬁpaﬁm@ﬁnp&m@lb@ﬁ,a@lﬂu o thd dril@fy dxls of
reci procates 25on an axis coincident with or parallel to the

rot't i ol dEhs of the drill bit, the shuttle carrying at |east one

array of magng#sid motor ableto@oﬁfemh%ﬂﬁﬁﬂé ahy array or conplenentary
arrays of nagnets in the housing not co tried by the shuttle, a fluid

motor in the Mderst iy magRer 23055 delied tyanwredpgoatian peE tUBH rgfpapsive to

system LaudDer HoyusiiRg: wherein said fluid notor rotates the
shuttle thereby to cause shuttling as a result of nmagnetic

i nteractions beansdenaspattitrriresntiay sonsirdn wh @sseinrpls &ir ars¢ udiallingpdrore in a
thrgugh di &, aeal fosyisd auﬁ%"s%ﬁghﬁ drill bit. In another aspect the

invention i's .an asse r including WO
2009/ 028964 PCT hdit2@08/ 000217

a drill bit having a rotational axis at a lower extremity of the housing,
a shuttle within the housing directly or indirectly connected to said drill bit, or engaging
said duill bit directly or indirectly, thereby to cause reciprocation of the dxill bit as it reciprocates
25 on an axis coincident with or parallel to the rotational axis of the dill bit, the shuttle carrying at
least one artay of magnets,
a complementary array or complementary arrays of magnets in the housing not carried
by the shuttle,
a fluid motor in the housing, and
30 a gear system (eg, a reduction gear system) in the housing;
wherein said fluid motor rotates the shuttle thereby 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 anothet aspect the invention is an assembly comprising or including



a housing or contai nment nenber or assenbly ("housing”) connected to

or connectable to a chill string and able to receive fluid from
wi t hin t heW#300%/028%4i ng, a fluid notor in the housing t@CH&NZpwseeRL
by such a received fluid, .g-a shuttle in the housing

having at | east one magnetic array, the shuttle being rotatable by

Sthe nmotor, ahousing & ceRERIRABALAEY PRIOELL; Chahdidy) &nne@doaient ary
magneti c arraés W tghi n the housing and not carried by the shuttle to

cause wicerrenflsde p &ril riries spckablsrie recmivie firid dgmoFihipdrehilicting as a
consequence of ghfiSndiei Aqnd %E% Wpc}uﬁl@ed‘@ftsg& a recejved fluid, . a
gearing system (eg, a reduction gearing system in the housing to
recei ve a dri ¢ehufifleimthohasing havinemt leagipee magnetic atrgy, Bietshytge Beipghiojatable by
mount ed grel atlve to the housing so as to be rotatable by the output
of the gearing systemand so as to be axially reciprocated by ,
shutting of theomsplatthiay nRgedtierait g @aiptnirotisi megnkasartayewitds ghd lemsing
axis of the shuttle aligned with that of i.d..bjt I f

aspect f ﬁen%trcéusr}eeﬁtby i&hev%ﬁ{bf ooncag%en“él%%?gg}eﬁf Lsﬂl%ﬁacggfﬁ%l H%dfsxigo% r{%less%%lg Ege?rbl y
or assewrbhsgquence affitd/teingiromted byrdiclhadoof drilling a well bore in a

sub-surface formation by, a drjilling assenbly.t includes a drill

Bt or et t abPETPEARELche it BaiRe e in B ol e FERn s e
a sub- susifl aeeorf #idmat i on, a housing to be abl e attachable at the end
of adrill string, 20a bit at the | r end of such h ing and ahl e
Lo rotate rel BPi s EbY mRunee (ARG e B WiIER D FOEeERlr yiae Sutput of the
rot at i 0Badng¥jstent SlBdol ¥ €0 beaxtall P redRUschied by shutting of tide $ibtdlet | € Wi thin

sai d housi ng connected or able to cause such_recipraqcatjon ij tthe,
drill bit axi Brefsiatdr safdevgipg has the fotatiopg @z poikg shugils digned with that of said
at leasgyone fluid notor within, carried by or carrying the housing,
die, or a, fluid notor 25being able directly or indirectly to rotate
sai @ shuff| e, Inmiuther aspect thy pereent inysanfopsistyins reqmyingtipn subgsserblyor
or i ndi peChinly.fih QHUY HSor 2methodSFiddilidd i ¢elTBbR in 2318-duPFabL R¥mHBod BE 2
rotational drive to the bit, and _at least one pair of _
conpl endriflingyaspemgblytthet inelpdessa il hitronsivitablgde] ypg as gnaswnthly fasfuse e or
each paist:qhel v dsoshutd] € and one array not being so
carri ed,dhg%gp{g%g%qgglﬁgél %Orgrzt?pr%déati on of said shuttle responsive
to fluid notor howingad be ablattaombifat theeend it ttibstringy a furt her aspect

t he,,present inyent.i consj i i i i S .

asebl y. i n SuAroPoRar R Fital e bSO B3k A B IR Bl
f or mat i esipyycase @ritd tbiangnahsgemlatiye toahdlowsingg t o be abl e attachabl e at
the end of .a drill strin WO 2009/ 028964 PCT/ NZ2008/ 000217 - .
2 b ¢ or i 5 el E i bl SR Or A g A AP B i e
W t h sabi akisitysdfie @iliod rotatioh@aigused to rotate relative to the

housi ng,

at least one fluid motor within, carried by or carrying the housing, the, or a, fluid motor
25 being able ditectly or indirectly to rotate szid shuttle, and
a gear assembly to receive drive directly or indirectly from the, ot 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 attay of the
ot each pait being cartied by the shuttle and one array not being so carried, adapted to cause
30 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 housing to be able attachable at the end of a drill string,



a shuttle within said housing connected or connectable directly or
indirectly to said drill bit or a said drill bit and able to inpart
vibration WRYYREYr that drill hit axially of the dri PCTHZ200§/000217
S5rotational axis, a fluid notor withi-a—~ carried by or carrying the
housi ng able to rotate said shuttle, and at least two pairs
of conpl enent aby offBige thedoaseay 8f siich howidohad hbld $¢ bgroadapyiddsaidhansiug e
reci procatjon of said shuttl e, res&lg sive to rotation of the shuttle.

101 n andPHEE taRe@Ricd iR LOPEIEHIT ShPF SOWMS | i ng apparatus (whet her
downhol e or nEthutCORRHiL %@Eo&ﬁlgicaﬁ:lebkétﬂ Bfconnectable didectlpibiihdifectioidShia @rill

assenbl y adapted at. one end for djrect or indireg¢t connection t.

drill stitionsstiddpkbi srabigioinerephafpris e of Fl}%@&% tﬁ%r‘\ii’ ﬁt)'%ﬁrdﬂﬁ bits
adagedrgtgﬁg}ﬁyﬁisgt the other end, a peripheral or outer (eg, annular)
router bit") bit ("bitted end"), 15a shuttle nounted to reciprocate
axial |y of sat 8uifeuespritiasewisi hy arrrpas thy heusps gde tooomseid sBrtdpayi ng
at its end, pyoximate to the bitted end of the housing assenbly, an
inner bit, a fluid notor within the housing asse_nblgl adapt ed
to receive ang liet whoiprenobsorplaentiinignetisaayngithinghahdugipg adagted to
transm ssion. from:saj | o shut: te the shuttle
about tﬁaeusibﬁégﬁ%ﬁ%ﬁ%?%é& ggt:hgEeg?&t%gtoh%u&%%%gfg%sse‘%g?y and t her eby

al st sai d i nnBranbilter hapectslre inpdntbe astrillineapmagates (whedrer dywiliokeset tot)
rotate with.the housj.ng assenbly, and at |east one conpl enentary
nmagnet i CORPFHAE cfréncﬁ%cl“égtge with the shuffle, wherein rel ative
rotation of sanfhuhhiddsing atsembRiadaphalie bhgerisoedipdcy ommdbirecCcanpection to a

i nteraction between th jr,.or.pairs,, of conpl nt.ar tic
arraye £0BA0 B SR o ViRl RErtd R e PrAe RO P Ei
to the heufieRgoRssebE, inaild) (“bter it Ehit Ifbitted end”), I n an aspect the
i nvention consists in a thod of drilling a bore in a sub-surfac
forfation by &° quPﬁwﬁecg%sfe PSPt 7 PHEHLRREEOE SIERRY AS] B ESaET i
drill bintieObr BvR@WHROLR, ?(%m&ﬂiﬁcbiﬂ'téﬂ'&ﬁi oAk KuERS asdErhbl), ahiidass bigai d
met hod conprising or including the st%g)s of $O(a)c,onvei’i ng ttlg
drilling assetBg maipovitke hidiopspgaseemblimfiaptsy ta1ereiTe WASS GEFSP 51
serial | Vs stdne fluid feed, (1) rotating the drill bit as part of the
drill string or an outer drill bit about the drill axis as part of
the drill str# Hegpsmagspn from said motot to said shuttle t¢ Fqtyte thershattle ﬁlg:)utt e drill
bi t0r At &9 1 80Ge ML RO doNGse Ry N8 lerdbly ialsh sk thn@hidih e Wi t h
3518 pei sl Fok e 5005 5 25864 50T RE2008/ 080217 - 10 -
wherei n the atilesst edelynapnetinrief fixdddo gethte (withjthe bgusingaesemblyidand bit is
caused by an ial rotar '}éq Qgg\@h d Dy, Y@t he drill
string) to ca%)si%a%taor{seﬁhtglﬂeé&%% rottat e g%gat]%gﬂ? ot aﬁeosna f’y axis at
| east subst antvhedelnytebkiivgrieadioniof Frid fhattdrtd bdid housgigtabpemblyywill piusyunteraction
magneti ¢ interacti ons_between.magnetjc arr f .the it
nmagnet i E’Etg’rg?ré%/lg PEY51 %6 PES™ Qoatt l?nﬁ%fc e%}n? f, ,%E %¥a %uoscém%xsihlsé{m-‘g deuclfe
25 and its inner bit relative to the housing assembly and its outer bit.

In an aspect the invention consists in 2 method of drilling a bore in a sub-surface
formation by a drilling assembly that includes a down hole assembly drill bit ox a
downhole assembiy of inner and outer drill bits, said method comptising or including the
steps of
30 (a) conveying the dtilling assembly into the well bore, and
(b) simultaneously and/or serially
(i) totating the drill bit as part of the drill string ot an outer drill bit about the drill
axis as part of the drill string, and
(ii) vibrating the dill bit ot rotating and vibrating an mnex drill bit axially with
35 respect to the dall axis,



5reci procation of the shuttle and thus the drill bit or inner dril

bit. I n an aspect the invention consists in a nmethod of
drilling aYb#89928%¢ sub-surface formation by a drilli n§CASEaME(090217
that includes a down hole assenbly havpong a drill bit, said nethod
conprising or including the steps of (a)conveying the drilling

assenbly into “ﬂia&mﬂielaxhbh&,auaﬂdf th® ) bis binitihdr 2nB birsd qau(ad)bymﬂhﬂﬁlumgly

the drill| bit (il) ci procat the drill bit. with r ect to

11 apeire dowiold o 5 R S (4 e OUHE FoTP b REReE Sofpry
assenbl ya¢ fead: stiss@nbidlly dhgdel Widl tBe DA Kdisl tReréb Swhh Sd A 86 thtéQetEat baBeensai d
assenbly conprising or including 15a dr|I bi t a shuttle

di rect | ynegretiqrdirediithyshafieant srageicgrae able tQFPaEHhEserEh B CHER #Et wi t h
or par alljeﬁéror:a@loﬁ Q?ﬂld.rshththé BiH @5 eQbin b6 fhbddsuiid , a fluid notor or
fluid noto fluid notor") to rotate said shuttle and to rotate
said bit, and IIQ@IBQSPﬁé&Beth%Oﬂﬁ@mé‘ES imp mpfaodefpiliag & borpigpesub-sutface

r eci pr oGaLian. of fﬁ]ﬂngay&éﬁﬁ HERRISANG &0%]931@5&5@91 hmﬁo 2 bl k-

| n anot her aspe nvention consists I N an assenbly foro use in
drlII|ngmdmm&mﬁqmm%ﬁmybxgdn&agémhapﬁaf|on sai d assenbly conpri sing

or includi ng dr| || %“égl é ang@ys#lwn%rﬂ%c‘%uyhogg dpdirectly

connected to |d°‘é’iﬂve to reciprocdte on an axis
coi tei dent Wi ) osinpétnadohigy to the drilling axis of the chill bit,
a drive by or via dr|II |ng (eg, the chill string itself
and/or a fluid fléaf%ﬂmﬁﬂﬁ Potor) to rotate said shuffle, and

at | east two nagn@nrﬁﬁﬁﬁ@ﬂn@dﬁpﬁﬂ@ﬁhﬂ&ﬁ&@ﬁ&tmémkhﬂ@ﬁﬁlion of said
shuttl e respogsi to 30rptation of the shuttl l.Ln a furt, ec
The. present | RIS FHEGHET rSHioR opTreCB AB PREETIN [otip 8 QLB e =
assenbl )éublsﬂriaéwlf‘o@havﬁ@i s@ld ARLRABY cofnpAdind driifigudindore in a sub-surface

formation by a drilling assenbly, a housing to be able attachabl e at
t hel®nd of a afif Pitstring, WD 2009/ 028964PCT/ NZ2008/ 000217 - 11 -

a shuttle directly or indirectly able to reciprocate on an axis coincident with or parallel
to the qulhng axis of the dall bit,
a fluid motor or fluid motors (“fluid motor™) to rotate said shuttle and to rotate said bit,
and .
20 at least two magnet arrays adapted to cause reciprocation of said shuttle tesponsive to
rotation of the shuttle.
* In another aspect the invention consists in an assembly for use in drilling a bote in a
sub-surface formation, said assembly comprising or including
a drill bit,
25 a shuttle ditectly or indirectly connected to said drill bit aﬁd able to reciprocate on an
axis coincident with or para]lél to the driiling axis of the drill bit,
a dtive by ot via the duill string (eg, the drill string itself and/or a fluid flow to a fluid
motor) to rotate said shuttle, and ' .
at least two magnet arrays adapted to cause reciprocation of said shuttle responsive to
30 rotation of the shuttle.
In a further aspect the present invention consists in, in combination, subassembly ot
assembly, in and/or for a method of drilling a bore in a sub-surface formation by a
drilling assembly, |
a housing to be able attachable at the end of a drill string,



a bit or bits at the |ower end of such housing, the bit or at |east
one bit being able to be rotated relative to the housing, a
shuttle wi M #WYES¥P4housi ng able to reciprocate the or PHRENILIBAGST
one drill bit axially of die drill bi-tiis rotational axis, 5a fluid
notor drive to rotate said shuffle, at | east one pair of
conpl enment ar y arsagasit £ tad loarySend dfRhdh Hdueing) @shing; at eae oot bit heingibleadie
pair carded by the hl.itt|.e, adapted to Cause reciprocation of said
shuttle fPE’éﬁSl&Fﬂé‘il‘(?éo% 9% i on of the shuttle, and a geared drive

fromthe fluidARtowichia skil@oltidg Ble tbheifbeakerBs br BBt st oncldilll Bt ARially of
further aspect the present invention consists in, in conbination,
subasserBf gilbbiraeaeBlgssi n and/or for a nethod of drilling a bore in

a sub-surface fidBLLEPRRYo FoleishibisRgaassenbl y, a housing to be able
attachable at the end of a drill string, a bit or bits

at the | ower ehldasopespristofisomBlemgniarianagbbiic apyhetinthsthorsiog one ekibgor
housi g aR Qlich3y % HASEHE R [PLALGLaLAILY Be LA {RIhAISh
thin sa (0]

a shuttle ousi ng tonnecte connectable directly or

i ndi r ectibtptiomokthi ehuitld, kdd bit or a said drill bit and able to inpart
vi bration int ] £t Id i Lall f dridl bit's

rot ati onal axi%‘é%ﬂgd %ﬁevfg)%%glqrdé‘{da?gﬂoégﬁgkg{ﬁﬁ%/?ﬁggffe%gg %%gt | east two
pai 1. of conplleméntiar yspeddhegitbenginyayion wisisisnn, tilh eombimsitiog, subagteetbly or
cause reciprocation,of.said shuf .responsive to rotation .of.the
Shutt o spanBRo B Gl RoteiRe bl A bE SIS Pl BB b
conpri sidiglifg adseaiblydi ng a tubul ar housi ng assenbly adapted at

one end for direct or ingiirec lglonn ctidg?r}t .a drill string and

havi ng or adapt@¥rRefoRgdelcatALaRe Bt RRFI%GHE U SR | bit,, 25a shuttle
mourited to re@ibRrRbad & thedbtt shdaif ssdi HbublogiSidleas Se Blthigd with @4idl Heusfnzom
a fluid rm{t:f?rr to cause shuttle rotation, at |east one magnetic array

fixBd - it bpervped s tplRts THAS A ROUERSI v, at | east one

conpl enent ar y 1 RRGNEYitkin 3418 BYudidy JoBh@kR dMcbihettBle sﬂw&z lbeindagdy to said drill
a geared reduction output fromthe f|uid notor, VF]\Q]?t er. via the

shut t | e Rrormepid de bit pad Heird) ippapivibration duin s qritlaat gk Gt pgipfly of the duill bit's
wher ei n pelialh v rotation of said shuttle to said housing assenbly
w || cause interaction between the pair, or pairs, of conplenentary
magneti c arr apstivotocagssaigishetleiadg of the shuttle and thus, axi al

recyprocation, ok, fe, Gk bE g%@e&lslt%%gl\ragnéa@ afe B8 HANSHD Housldy BRALDEN

aspect the inventionis dri ng af tus conprising or including
WO 2009/B28964RCHINZ 2DG8Y DOYIR 13ponsi2 to rotation of the shutdle,

In another aspect the invention is drilling apparatus comptising or including
a tubular housing assembly adapted at one end for direct or indirect connection to a
drill string and having or adapted to have at the other end, a drill bit, ,
25 a shuttle mounted to reciprocate axially of said housing assembly,
a drive from 2 fluid motor to cause shuttle rotation,
at least one magnetic array fixed with tespect to the housing assembly,
at least one complementary magnetic array to rotate with the shuttle, and
a geared teduction output from the fluid motot, whether via the shuttle or not, to the
30 deill bit to cause its rotation;
wherein relative rotation of said shuttle to said housing assembly will cause interaction
between the pair, or paits, of corhplementary 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



a tubul ar housing assenbly adapted at one end for direct or indirect

connection to a drill string to be rotated thereby when chilling and
havi ng or ﬁ’d)a%ﬂ’%@f‘?ﬁd have at the other end, a peri pher aPCHNZ988§0217
(eg, annular) ("outer bit") bit ("biti{zed end"), a shuttle

mounted to reciprocate axially of said housing assenbly and being
adapt ed to ShavithuladholkiigiaBgmbly ai:li{.&e@zﬂ@ne piiDftk Bdce o indikdeecdintdted tend

of the hoysing assenbl i hne it naX|aI for the shutle
to caus&UrfERER ‘T’f%ﬂe‘y%‘?la%e‘ﬁ}éﬁn ‘{ﬂ%‘gﬁ‘ﬁ‘é SFRg oA ?%Vl ?%E%attt%e PBELFE

W th t hgehUisl BIowes@aRholacpRsudt bil §BS (“band a@Npl ement ary magnetl C
array to rotate with ‘he_shuttle, wherein relativ

rotation of saFrtdheEIed PgeERHPerHETAY ﬁésaads%ﬁegﬁssmr%%%% ﬁ‘daPte"fl to

| Nt er acthAN L PREM A BBrRAdE to @F bRALTA oPfhe ROTRISERALE ¥n ABENSL | C
arrays to cause Shuttling of the shuttle and its inner bi't relative
to the housi nep eedad drivd fpr theghyttle tooypesritsiypradon, As uses herein the
terms "drill TR itk L 1 k) pe to be
consi dered i nF@?ag %Iﬁgrg%iﬁg aflg %Tﬁ“@ﬁgg‘%“’ﬁ“ﬁl&?‘g 1rléedsSJELn?|td§é3t I glg a?ln one with
respect to thetleatsh@re)comphhes@q’trh@ﬂcmﬂthto spee vith dwlshyttle.equi res. 15As
used herein, feren
does not manda?l & Uha a%wﬁmt%onfd) C{Sh;%gu eﬁg(s:aé% gél}shgy Qs\%éﬂrﬂly%u +L§e hidifetion
dovirwar dstwebX tlielplam,gmpams bﬁd&qﬂknhﬂmwmgqeud aﬂraevs ta onse shuttling of the shuttle

Ref er ence, her ei rh 02X 21% b ) 1 gﬂdltn LEspect of the vibrations
means g@RRERIPS “hre}ﬁ ‘(’:ﬁ P&t 08?{’1%?55?% 3 t4ntially parallel to the
drill head, bjg useb[h'&leﬁl&lsetashhy caill the ™, Gﬁt”l tiat dsserpli XS stAsg useth Brer ei n
the term"a d/Qr n » .bot h. . 20The_ 1

i T et PRSI . o T i s e et o BapRCEILSH
t he vi blﬂagdoa&xagpeaﬁwytgqcﬁmshamrl ng refers uni d| rectional or

bi di recti onal transm ssion via ope, or  other of onent s

i nvidl ved wi t hA¢ HEdthstfife Fylsigpoe to 2 il's S’@W %ﬁﬁjﬁ epfot mandate that
" hamrer iigds1ans Reeak éelﬁ&u}sawrpbvahakt @5:alkdd @RSnde&Dbd il ahPditdcGat. d

covet ed sol id surface interactions or other. "NMNoreover "hamer"

"hanmeri ng”, Belereasmboignip AR preriAY Beeprctoihs VAR fepcengply in a
(eg, bi diLeshi,onak suHs&ntYﬁfrFérQ]ﬂ todﬂﬂalﬂ:tﬂﬂgld uemagemg 2SNV Ging dls.

can, as seen in sone enb ments, instead can be unldlrectlonal in an
axi al di rectudmu{eégleredb@mwamapworhesw ‘v’ reaneier ¢trhgtibot h ways | ends
to poth drill *rﬁgteﬁﬂgucﬁgw»w A0y M{r}ar%eenoﬁme&nwe el ahal
hamvering (eg, down onduci ve to dril , can reduce

vi br at i eitedtiodasige rabdeantches J&[Bpewamﬁom%biéls@dombtfeiswﬂws)ﬂﬂ one or
foll ow ng gop&gcogﬁg\qeﬁtst&v%lvg ldatﬁlm‘ﬁ}ﬁ'a%xgé i ngular forms of the noun.
The term corrp % inthis specification neans "consisting
at | east in paht¢ teﬁhé “hAhmr’i m‘&lambngigcastbatsmdemtsehd intetaaficns, solid to liquid
speC|f|cat| | ude th at, lek the,eatur,, refac t hat
term or c%veﬁ% 8 ﬂf‘%/l Q‘IC% %u%l 8nsp°r1é)sent [gb’teoo? he eate‘%maiejg G%Ié %cca glem
pr esent hambRehabes Hot 4] ikeHodeg, batmpetiond, if aﬁdcaldﬁﬂqig‘ upvedd aadle to be
mterpreit ed |]Q t]Ihe sanme nmanner V&%OOQI 028964PCT/. 00021Z11 -

: owpyarly Kt e frfSE PREC PEPRFEITER 15524 Pohga EROHEAC

di scl os@deREiNdébBrar@Namplitve thnderh@bot leﬁ@@tb%ﬂﬂdiﬂf&lgﬁﬁfi%ﬁﬂce
to all rational nunbers w thin that range (for exanp 3,
3.9, 4, repmigs. bgtioy from unglitgepnslfanupeging (egad W&Fdé)hﬁe B?‘Vertﬁt%? can

nunber s 1é/MuEé1{uﬂmh&§atl d£1ﬁ{?é%bc£vfe%e Spaarke, 2 to 8 1.51t05.5 and 3.1 to
* 3)0 As used hegein “(s)” following a noun means the plural and/ox singular forms of the
noun.
The term “comptising” 2s used in this specification means “consisting at least in part
of”. When interpreting statements in this specification which include that term, the features,
prefaced by that term or some equivalent are present but other features can also be present.

35  Related terms such as “comprise” and “comprised” are to be interpreted in the same manner.



BRI EF DESCRI PTI ON OF DRAW NGS Preferred forns of the present
invention will now be described with reference to the acconpanyi ng
drawi ngs i WOPY¥RWEgure 1 is a drawing as a concept shBGI/NG2048/000217
downhol e arrangenent able to hamer 10;_indirectly the bit in both
directions ("bidirectionally") as a consequence of rotation of a

central first diphahabl @afRikeke o8l iddde\WE nti@héars dRelofd haRth (@dite@dmple, 1 to
rot at abl e menber powered by di-illstring rotation, the first

r ot at abl ') HesriperPeieies friFrance (hdl Htpthumbers within that g (fof Gple, g 11, 2, 5,
di agr amssy gl i 8rc.4,9, 8, @%QQWH&Q L&o My Laﬁglmﬁonﬁfnuﬂbgﬂrvﬁthil Mkt ca SR NG
the first rotatable nenber” not capturing the hammer or not belng able
t o hamreranpldi2redt 1.y ta heandhi to4+h. both directions, ie, a

uni di rectional arrangenent, Figure 2 is simlar to Figure 1 in
all ‘aspects in that there is a length (a short length only is shown)
of dri | IBRIGF DESGRIPATONOFRABHINGSY bit and the part being

hamrer ed, Fi gur is asimlar, .arr ' ot of, Fl 2,
as is Figure Ff??r%é |I§[lljsr°ef§lle, Prﬁeétu]%éeﬂg&gﬁ%%a%é %S%rgbﬁggr%% ﬁéa?{:mg&reggviﬁ%g a
di rect atdoaipgeympdrawings @ whidentral first 20rotatabl e menber, powered
by mud notor qr other chani cal input,. can b aused to rotate to.
directly cause®Hie Eﬂtcﬁe“ﬁﬂg BB PO ATEE Ec%ngmfs%& FFe o%mr?ﬁfltnaé)?estgc%lnn} “t

r ot i abligliedyhie bibi gh posEse “Ndirdeabhlly at heomdedueh@taf rdratianadfatcemml or
its statjc status, the hamer of the first rqtatabl e menb ryi ng
he. cut (6o HAHA SsERbe S ET o oS AGH OBE Ty e piy Ry Sty
at t acheqoh@od, BR Ahirblatablelvhddgher 25k g4Mhe hdmingsr,a simi | ar direct
arrangenment tg that of Figure 3 but vvher’ﬁ drill rods g:r,e iﬂ%ergosed
between the fFigate Misgdiagran fEntirde haRPrRelectittec Mg tRidE™T he Erure 4
enbodi MRLY £,80b1.RBEEASARd: ¥t BEAGe HRWARGI.E oPhiotURRP aBIe WHRh Ber ihBsectly the
coul d .be_ang@tgoi_ nt along, including at a top end of the drillsteing,
wi t 1 dr biitin podslinsetions dn 2 REipRERRR AUHIZSORE: f i rst rotat abl e menber and
the cutting heagdy. 3QR:GH: & Bi 1%54@451;@&&@mlﬁhl&@ﬁ_aueagw@%rg@xwamy
of Figure I A where useabl e. downhole is a unidirectional hamer

ar r angenestewn) ¢falidupd beinglinrypased batseanihiipng thaopest hegpedrmpsesdyi br at i onal
appar at us Navisfig 8ok 0 ARl Srl e FIER! Dfed: 0 CRIRAR 4 AE: BLONNA Lfigpeby,
to transm t tﬁ%’%‘?a‘i&g 0 |:Jtrs %1%3% of r?)stfpa{t:ti on back t(s) tgﬁe cent r%ﬁ
shaft abl e t oFigamerdshows a5 hsomgpivilnkpehepditecy\@rangement where a central first

20094 028964PCT/ NZ2008/ Qf - Jdizg - - j S s W bar

i nd?dr ectmtgtraﬁgr%%%@ﬁ ° gig’g%ig] ug |rg0lfroéhser g eﬁ%ﬁn@\%ﬁgélg’ (?ﬁlgzs'gpsidrgrus ectgn
be used dbthiraishan datinghegotnbiatecthe Feyousdimgwireone rahtalplg member being
drillstring lLength,or .a.top. hamer, Fiqure hows i m.af, a
conpound 03’9 eft f’ﬁgﬁtﬂ?jﬁ 858’6\?%3]&5“% g Pt LT c%ga Y7 gahg b cut ?fetgeé ﬁ%E %tt‘gﬁ%le
bot t om qfenttiecodfigite &ty Hvgd parhamaferihfiendfiot bdisg thongertdby bt atreovabout

a central tﬁig%t eti{fggée to be rotated under the action of a notor of
sonme ki A & ™%ia a central shaft that conies sone of the
maggeet i ¢ ar r a¥furé O isl AHirellR GlreddMrrifigtiadt t5 ik bf Fibgre B@uawhate diibrddb ere

conpl ementary arrays held to the casing,  Fiqure 8.i di agram.,
showi ng IRAPEIACETER Hdieirpiate #erw@ea e speg bee e B dombognent
drive f o hhesssily bauPdowshok &@Héﬁdo@mﬂa@ie,ai%,iﬂ/&uld)q@anf 8Biaf AbngS PlcREg af £
whi ch other magnetic arrays are nounted, the spindle carr

L C YS ¢ Ing a
hamrer demietsetiilee ddlsainanvith dlreds kepspreaphs baremenn) GltesﬁfﬁféoE?%i%b’-ém’élb“ and
vi brat i apd. neiating spindle output to die left (ie, direct
action) ?inzl gur‘g(re1 g ‘is an iSonmetiic view of a top hammer assenbly of a
ki n3D havi ng aRigupbis alvaiieigon of the indlireghsaniept|oé Figumridh Wharé ngalie desyrhold is

shaft carryijng.t hamrer and ex i Je.fi -1o .

Shatt Canatdch AR RS XAE I g ahild) Aot oG OB
t her ebeiapgarithehqpingapttabefito degldy 1 tefigage thegratmidahatby to pathsoiit estivef its
| eft,

" lack of rotation back to the central shaft able to hammer on the cutting head,



Figure 10 is an isonetric view fromthe other end of the assenbly of
Figure 9, Figure 11 is a view fromthe left hand end of the apparatus
of Figure W¥2009/¢p896 12 is a cross-section AA of the apparatze®sodozi?
Figures 9 to 11, 20Figure 13 is a drikdi_head or bit view of an
assenbly as shown in Figures 13 to 15, Figure 14 is an isonetric of a

downhol e assemhie 8is i@l @ik akhh RUGR: th3hat of Figures 5 bugkEde th apardtus
section at BB ot the assenbly of Figures 13 and 14, such apparat us

havi ng debe piedsthepthar Gl devabrlats spmerhsta Bonprhe frlisgingdeety o as a top
vi bratigqp.ffem the mud notor and having nmagnetic array assenblies
that rotate With the casing 'about the central shaft, the nud 25notor
nud passing d&igvre Rskargie ditgeam ppuecmeneynd eutdng headivdhesethe ghjoppd pirfiest hus

bei g m‘&l%t.&s f &E{? E&t?d?l"f‘laf the casingnfaméin%ia:gyéﬁhééélsi:ﬁqngO Y&Eﬂ.e %&R A cg‘ftrai Qﬁter

enbodi nent 0 gure 15 show anetary gearing system (as an
exanpl e abfe ta bgedatedngndsy die emjonarid neotei sfoows kinduphimiged miarecentEil ghafethlc

IS a cross-secti of a planetar e 0 d. i |
30k, gur ST T g e R0 BT b P e B L U S oy
array i rrags leldoekivd @gingense (whether of the first or secondary

rotational nepgber) . relative to.the (of any length) arrays of the.
other of the f%ug% 8 g5y @é%ﬂa*a%‘*g}ﬂ%f%%%’a?gﬂ% & zsa%%se B AR th
"R'10nd drife fot ted suGbamd Anchudt rdaRu ked antaligindletts atichaithe: @BHEEit hitels yre
bet ween the conpl ementary arrays such, that .there is a net nutual
o e SHRE Fine AT PO SR A g pP=o At gL 6 Chuse 2

2009/ 028944Re ThNLAROB/s0RAR bltpur dothe left (e, direct dctiglf € 18 shows the
arrangenent as_in Figure 17 at a ponment in tine Ig%ﬁe@gmhen there is a

reversal of tK&ust P sFadiomeicvics R fopfamaey esembly < hiyinspadrp Aeve

pai ri Ngsy i Helg: MRIAGHS § cHif YRS hBREELND ﬁhﬂae@wﬂ%&mﬁm%% th8 ApHited k. NQ
thrust in the arrowed direction. Figure_1 shows a_di agram

whete t tratpat phftgoptpctablednt shgidopnbple or §irdes fpyphindeatilsiingithgrehsingen sby

the out e d @&io?&gﬁ I:606b:m) D6 $6E BRGesF Ot ati onal menber. This casing
or secorid fotatabl e nber 1s rotated by drillstting rotation from

further up holFigure 10 is an isomieic viem frang theecdlart £nd of dp rispmbly o Fighicde
relative to t t i i it ion and to
ﬁgﬁgfﬁgpgv{e& %ggeg%ﬁgm%ad Pk Qsmeshgéff ke

receive rotati rrve ther . st rotatable
menber 4 as aFhpmotdis b sraas-eetion AAsHdiet2ppaams efiFigyresitb Hot or or

10. 9t her arrangenent. naot..sh Lt he t gﬁle e, i es
ar r%{{/s 5 whi cﬁggluﬁ? g%l%%t%ﬂ]\}mﬁf%\l%rbﬁtgi/g %%gg‘%gtélégﬁlsglt e 1%1?5?%%§r%?cg¥%bl e
menber . Fignfbifsis bl @ometriatoll v dowalicdd isemmihetiltigned ehicupletact i ve

arrays of 5 and 6 jsS. such as use shuttlin t second

rot at abl e rrerr%égrur? ﬁlé?ls?fgo?ﬁtl%lggg FPEEr Stogkgﬁﬁ%éeéﬁnr%%’ i ﬁaB?m%/t}lsce
versa, Mavin@tfive pliits phasdel:bRtuonfreanBndtbato iidiae wbnbes frém(thapiutl westor and
bet ween Sand 9 of nenber

et veen Sand oy, TEUUSL ), 120 scel Veg 0o Mammerng (Lam il ot
itsel f URot8r SHBpssify 853 thi@ightihe Siphbableediofia the drill bit thus being multi
functional, -
Figure 15A.is a variation of the embodiment of Figure 15 showing a planetary gearing
systemn (as an example of a gearing system) and a viscous coupling drive, .
Figure 16 is a cross-section of a planetary gear box as used in Figure 15A,
30 Figutre 17 is a diagrammatic view showing rotation of a magnetic atfay in‘a clockwise
sense (whether of the first or secondaty 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” a

citcumstance of repulsion and attraction respectively between the complementary arrays such .

that there is a net mutual shuttling thrust in the artowed direction, and



downhol e application. The arrangenment as shown in Figure 2,
whi |l e appearing a simlar bidirectional indirect hamer arrangenent
to that of MW@+ | ends itself better for further upPECHAZ2008/000217
drillstting 20assenbly, ie, can act assa top hammer or sonewhere in
bet ween. kere the cutting head 10 via drill rods 13 is
rotated by thEisgre mOﬁr@t}atqabhgzmﬂneﬁ Figﬂum at momehSihdinedasi wigen Hiere
splined.to the tgt% of the §DI|% ro « ,hg)rt tlng1 ead .10 rﬁcelves
Vibrati G EVEM thbgataciasl pedrrbEe Kt ek PRORS: W PR:Ter oL iF eengte
the fi rﬁha;rsotlha;eeﬂah 2 HBIRRGa1 $ButIAE (AR D Be908Hed HitecBbl.t i NY head is
connected by a_ dri rod 13 to the spline connectl on 14 Bl\tﬁn %5 5}1
second r ot at aB%géreﬂeﬁl?B‘é?aé‘Fglé‘ﬁéth‘?be there is a cuttingfigacs b 06 e 4+ S"tdafﬁ L) driven
menter 'b§ tRAaRLQekil D PRIPRIRY REbNA Bration e MBE Athld GsiPS:0%cdHd 10ahiBle
mechani cal 1 nput. e first rotatable nenber 16 hamers 12 captured
by regi orsberisaerdted By drllstipggorien famduither ol gure 1 concept) such
that there is rRYVi de
the vibrati onng&%I?gﬁﬁregﬁgﬁQ? %%ﬁggl#% rfag%etq gg%ﬁgéogétz ct)t?dr%gle%angjgi% e hi s
ari ses 3@hlrdmergonl aat ity fecsiveoptationd ditomikrefromement  bet ween the first and
second rotata f [ I | |y
ragnet i ¢ ar v agtt TOr KRG enAh ok lERRER Rl RpYAR O] ARRRGN-KE
. BaitOh ofottteh eumgmmantnst depicthe dedond Fitgeblemethbandri?s arays bothirhvimiygct with
h|tt|ng Thi rr.e ct|v of ether or not, for exanple, the
outer c&YPH Cﬁ?mgg’gg‘ngﬂ a S WiStiber 11 is stationary, reversed
or in the san®hel thefaammomubh bee&pedie iiterattve afrotsalf band 61s shbiﬁasaeniusal
shaft 16, qr VI ge ver s of Figure | A an
2 are fhe e seopt Sosrals wembenisi Y o M ARa B ble TSt A ot R

- TA bebsg. %ISQIQS £hR Qltchire tHE tHel h&hbel O@p e IR twRABRRD 4Af BlembEA ANt O
the Ieft 5as tg onsequence _of |rrpalct g‘ﬁ en 7A and 9A or 12A and
174 tecetves g gifp@ersy s rqtgplple e EreV%t and this time a downhol e
con C ept, hererthepcistt HZBQSLJ&E ad m@ﬂng'eﬁieﬁ' 16036 Lth ¥ t8% Isbih Mvd’ﬂﬂl\/@@a Qytalblb Eor
hammer 22 acts within regions 24 and 25 which forns part of the first
r ot at abevaksinEPliodioRhi ch is a central shaft power ed by nud notor,

fluid motor of,0Lhe gelhee hadhoGalin FRAMLD, Wﬂlﬁ%eehagaeamﬁzma@éeaoﬂm tehdiBt
regions 24 and 25 of the second rot at abl e menmber or casing_26 which

i s rot abestmepprrangérgent by thetnf FBgure 1.dends feplf hegier for firibepyenibe dgllynog he
drijyl st gs&abrgherta&h&agg hoé'lﬁﬂﬁﬂkgo[ QAbBSre th Bedlls arrangenent the

magnetic arr 27 of first rotatable nmenber 23 interact with the

magnetic arr aﬁsrezBe Gﬁmtgi‘lea@ R vindril eadatl Al retared hp dlpe seerndrigitably resmefye 11
the centlal g,& oLeas Pﬁn%dhemmé% ef]%% R hds Oﬁ"{u@aﬂiﬁhg{lf‘egh 20'5cdd sand 25

of the Second rotatab nber y relativi axl a
MoV e me ntvibipertoneem h%ﬂbea@ltzag itamder@Biong witld &7 andel St Weﬁﬁreirmnglbhrfrﬁ@nh er 16.

which carrie d|r Lo the cutti h nat f.el S
consi de?‘@ ﬁ% C}’l%n gad 15 pck tecpl &ﬁfjoa]ﬁ', thIEhI?I ¢ Pﬁ?eé:gﬁgnons Eﬁ
ands25 Galﬁestelskﬁldrfeﬁheren?e&mamcfn@ngamrerl ng faces carri ed by the first

rotatable me i stenc | ana

"direct" arrgﬁgee%‘?é dtIBWF"i% e %ﬁia#%&‘ibe Pé’Q"rﬁbeﬁ arg[p, Wgﬁ‘“ﬁ‘ﬁﬁ‘?’egr
to 2A, angk: hﬁmcmmq;m@emsﬁﬁwwﬂaﬁah&rharmaﬁamﬁuzg t&reéb$|ﬂe%¥hﬁls y'ehnca
further enbodi nent. tg cutti head 29 |§ drlvg ah .
central 18Kpsries therairgh therfags | F‘PHCFB gachghat éeeeﬁwcgpﬂ i af’tdrFé“ o
first rayahabs @ Jreflehe Jibratibh donROWESHEHe B Radb idld cotRig@h®10ITHY dris@r
means as this arrangenent is able to be noved further uF hol e or can

be A¥sed fepen wlativily dfsnmeonabioydreeny Ppteemibs fipst pryl sepndaptatpblegaemherel bnder
casing i$ 1&59@(:11%&? Q%g%sﬁgc%{ajal? AEEHQE an%% ‘19 and 20 and the resultant axial telative

movement.

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

irrespective of whether or not, for example, the outer casing or second rotatable member 11 is



The hamrer 33 is acted upon by regions 34 and 35 of the outside
casing or second rotatable nenber 32. Thus relative reciprocation

bet ween 34 WOH0AHREIF3 causes the hamering affect, the BOFINZ2egsi0e17
arising fromthe novenment of the outergcasing relative to the
thillstting, vice versa, or both. The drillstting is

synchr oniagethrf,Geveie@bLinWhd Hn¥RYBEIcnGyiR €Y t Crelbtatibieof the SdnrhDihatrab) e
menber 31. These interact wth magnetic arrays 37 carried by their
first r EICEBFE nenber. This causes the nutual novenent that results

in the hamer Mg aumadgethénts of FbGHN & aRd SAQNSHhEbRa Ak FGNESIEN 540 safd GUT €S
1. A Here however the first rotary nenber 37 hamers indirectly to

the cut tring vridaectDgal iqifé bsisgerier vrandrrytheBrboiatdde membestidt asd Shyo the left
dtild st b ROods QU AL 681 KLher't A thd da { SARANGR © ar rays 40.
Magnetic arrays 41 of the first rotatable nenber 34 are.interposed
but of cour seFigheerishoan s Bardaogespt sl this tivw-aalstrinbols cerropt bert theel datring &gad
her ei naf . HH i ce to FELgures a 17, _
Where t ﬁté%;drnggﬁéeneﬁﬁmg%é i%gfr%ﬁggl I fa‘l":%rwsfﬂﬂlﬂls’“e%1 ﬁ%st%amggrs in Cgrfgfl-msv@aﬂ:gOf
42 is priovirstedtagebleamenlou 38 whith dgi eegtralishaft pobapedisy thod aotoryiid moge ar
system that 1nvolves urparrbers 43 about a sun region 44 of the first

r ot at abl’e nmenber B0 that there can be a rel ationshi p between the
fii rEX rot at abilee kaniber223iéts avidlint ago My A4sind €5 bF g sédnd Asatdide eRGDEES: cadifs

formati it,ceases,to rotate 10. .causing 37 (via 43) to rotate

ol ati vabFEAE TS ﬁ%?%%@%&éﬁﬁgﬂ%ﬁ&ﬂs RAsECt by dbe HhstBere 38 via

t he hamdglistady dobigesd OYWHROLr QngitbnOthe 3tagneiRQrBRPITRIE iR QlrscReiaABle Ghen@fet by
connected to the bit can in suc‘E ci rcunstances sinply. reciprocate

axi al | y tFEISLhIREET pigdA° Phie siers mirtiliagrempsr 461hes teictiiathesrnttle
ext ensi eufod 20 REhLASENGIOindFBAR BE 1dord A Rh L2 BN ec SN dotltid Abnber

spl i ned %q(?gi on 45 rotates the drill head 38 not any rotational affect
pas'Si ng *¥bRE DRI of féxl ererepent betrses mgpbery 3 fo dqsige p BERTEBRE Of
shaft 37FMeMicaRGkS ditdcaPEME Sute@hdaYe AhAbLS6! whlt i D8siBatdfe of
the resultant vibratory systemas it affects relativity of speed of

t he maghwemer e.reypsher it ts the pairingref regiensidend RE onthe Riegbees? igving hammering
i denti cgje.d tﬂrﬁe'aﬁaz atge‘ -%lge @%ga%leﬁnéﬁ%‘?) ﬁ@,rfopéan'sigtéﬁ&%% exﬂgg?llaﬁ{ﬂ] GiS 139 Wi P3N

to the cutting can be ‘apprecliated r'n a I'ng scenario
any upwetrshgeseryeiikmthe findinst raghgmmess (fifigurdith 30, ofd kehee thagiemged? is
secpnd pQuarary nember 39) but still within the hole or otherw se
below a main drive, can be considered the drill string as tan the
drill rods 49%Figaarihbbes fer ofnrthheembdsiiratror y apparatus or part thereof

above drill rgQds 46,. . kn Fhgure . 7.there | h lindrical
housi ng 49 hal\%:éjlﬁgaL ehiting Bead 2% %lvgfllb Al %ﬁéﬁrofl%le% g%’rm 5%% #ﬁee?eé‘ .
The out érafilié the st rathable saesabacti. ORiiCpdvteyedytairiillzpintile ow beéer Mmeats iaf thid 9

whi ch 25ij ted at it , [ 51 t d not t
"ht o e BFTEROET T o B bBRET BT R e ssed a9 a top Bangiia Agherdtll y

i s 28dapiiific.t 0 receive a fluid downfeed into the notor 52 carried by

the device (the preferred form being a PDM 0%1 mud notor). The notor
52 drives to CRUSEFSIRE THH B hBeshiondreBae praR5E of the shuttle

67 through t henCouhd:ig isHhted 39dMBy SBidhs bL2d 55103 1R ER Do PorS8#ndS7

as well as a seal 58 so as to protect shuttle magnetic array
f or mul atqtEde 59mBeiP%61 whi ch co-act with those magnetic array

formations GOT%QGI%EE:&%OQQO@Q&WEQ;% s Md A LHes 88 Ihgiql:n%nng affect, the
30  vibration axising from the movement of the outer casing telative to the drillstring, vice versa, ox
both.
The drillstring is synchronised to rotate with magnetic arrays 36 of the first rotatable
member 31. These interact with magnetic atrays 37 catried by their first rotatable member. This

causes the mutnal movement that results in the hammering,



As part of a seal assenbly 58, bearings are provided at 63 for the

shaft 56 of the shuttle. These act in addition to a sliding bearing
regi on 64 B0 30PUOEMAtt1 e which carries the inner bit 65PEHNERB0§0217
engaged at 66 with the region 64. W)-2009/028964PCT/ NZ2008/ 000217

-18-. If other beatings are required for the shaft, they can be

provi ded. Figure SROL8HEARBNMnR38RNS oDFigael1 S BHRFE P IklEll s 81 KAy B
and ot her debris- avvgg from netic arrays. Preferably also there

the m
is a prdy darmes ighregiy qeith@c@@nahewg%aﬁﬂmaemnéjr@femw@S%Sﬁ retaed hBusi ng
5 that a8 nded -k i gui o £ Ul g ( f  gHi.d such
as an oil )S,%l%%gn i&nﬂ%%‘ﬁg#t ngni (rghﬁ%{’d#% ?louirg{‘@segé %gdly%%ﬁ%ér%%?i g a
st op agaétatsble metnher 34 aye ngggpested b dficoiromthas cpe bt 2 sesiet of dorpstiets sebraitially
ie, dhe hamerd .50 i i th t will appreciate how a
shutst |l e }t:aw nigﬁeggesg%e%%l?’l %ge? F:J:eloat %gs %63‘%?22' transm ssion fromthe
motor 52 ie, Wheretthansmpgesimof Bgiurdg dffes el e pedgBecivingi4Ads pro@ded as a
10menbers or pins 54 i co-act with the nenber 55 of shuttle.
Adar &1 on St eBiere s Mt S s Pt ot By g Bt st e
Qt her suguardd o nid/ fixst reltatabomanlie: Be saihetthere can be a re¥ibhshiptlebyech hige first

shuttling inner bit, can be adapted t rike an inner lip or outer
bart of HETGFEFPLT TGS HEPGRSPE S 5 Lo Pt R LD (WBe SOt
St riong iusing BE (4B ko Ritite reldoide tBSGE iR8Lhy|cRusiR SRR padt 2FLg B €387 via the
reference was nmade t% the first rotatable nenber being a shuttle and

the secOHIPPRR At @RRisSAE Ohel: nfetwren PPidisHE, Ardly congeciedd? Hig brean 1o

drill stidhREeumstances simpp rdbigrbcaRGxAMPRIERE hhhhid\6h 8RIChIHRE head. In this
descri pt_l ons an 1 nner and ou_t er cutti ng or bi t ty e arrangenent can

be provFEEEOLSE fEfea¥nreoidhe taves retRent wiibiroaerbe d inip tli sphrsgaesion &
ot her ephad AERkShiASK Pﬂ'o?any' BratidMal irfetcg%sw;g M:P@l&augﬂ g# %@Qﬂ Qhaft 37.

bi di rectional hanmerin eatures and rrespectiv het her or not

t hel5f i r Slowsyer seciotrdon ot SrEBl evhee pirbif it oaeurs e havreantadivatem thpdature of the

i rrespegking: Qb Fn Rt Qs [ hERaddIB: HOYP! emENt ary
surfaces. {élﬁaurlgmgﬂsyg%v\sa ;llte_t ats%ur tv%e?&%ﬁ%g&é: rreln%énl n accordance with
t he present i¥heentpgamentpicFigurbois identicabfo thitepd Fegus: Sshver idrill exdad brigg
magnet i r mechani cal drive for theaurround as a
shuttle&?oglrna ivetgp%ct%ﬁ%%%g%ﬁgl spindle to which the other 25magnetic
arrays are noiedeede affirecigpd mdl dillogsedneso anyhegwaetexandoi ef the rapdinatSalel e
undgr a opriate inputs.c be caus t ecjprocate relati.v oits
s Pound it 8t SiPaer bR RS Pk Mn S PPl REROR of EoBtafelofer

t he | ef tnain dtive, can bd tonkidepad eheBirillzaing abtat the il rodpphdaiisld fiors Hawn
general% as 70. 1t has fromft he [ﬁ‘iﬁﬂht %drive input 71 which via

pi ns 72VPBIOT PRRRE s grt hesept ghove il Lofsii e 74. This carries magnetic

In Figure 7 there is shown a cylindrical housing 49 having an outer bit or cutter 50 at

the lower end thereof. The outer bit 50 rotates synchronically with the tubular housing 49 which

25  is comnected at its top, end region 51 to a mud motor then into a drill string in a conventional
manner.

. The assembly is adapted to receive a fluid downfeed into the motor 52 carried by the
device (the preferred form being 2 PDM or mud motor). The motor 52 drives to cause fotation
of the spindle 53 then 56 of the shuttle 67 through the coupling 54.

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

As part 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 carries the inner bit 65
35  which is engaged at 66 with the region 64-



30arrays 75 to interact with magnetic arrays 76 in a manner as

herei nafter described. The arrays 76 are fixed relative to the nmenber
or assenbl WO2PORMBUH captures the hammer region 78 of t RETABRNIQ2YY.
This hammer 78 acts agai nst faces 79-0§-the assenbly 77. These faces
79 are part of a geared peripheral region 80 acted upon by a gear 81
of a hydraul i ¢fothareuamiics axe redvired forahd shaft, thiyhen baptceide82. Pref erably

it 1s a nechanical, drive_su as a hydraulic tor.. .
2000/ 028964 PCHNEIDEFBGH Y By arg Grovi 'S kecp ﬁtﬁ%ﬂ%@%&%& g frpg the
driven hya.ZaB¥ #RgHani cal drive such as a hydraulic motor, electric

nmot or, or other. The output. fromthe spindle 74 ii;s at 83 into_.the .
drill string &refepRly #eq t.hgfe is a projection 68 gf#bfgﬂw%’- 2gd £ RFUERGAN Egogﬁaaﬂﬁmg
preferr ad, erQdbLIRAY il ML HADGRAYbI 2 1ihEd BIBSE A oD HV@ALhSR: YLFEN
there is shown: 87input drive to give rotary nptjon 88centre shaft_
and bel |Blapilsesnto previdarfop agpitshngneg Tinisnet 9oilisior 8O ¥Fl asjafippast shock ie,
rot ates %ghmge& nme speed as centre shaft 1091hammer end plate bolted
t o outside magnet” assenbly (second magnet assenbly) rotated by
hydraul i ¢ not drer20iskilied indghdrrs willg@penitte dowaghettle havsegrs axabilqat pqlagive to

et S5PRILOR) ALK S AT S Shel SR
2099hanmeemirausipig SBotticddotat Walmermenisk: p§ af the 106ty dhddiddnel heptingy or
mount ed rggﬂbsggoirtncgn,sly cg)églgédt, be provided.
Other support and/or drives can be used.
Optionally the shuttling inner bit can be adapted to strike an inner lip or outer part of
the drill string thereby to pass shock to the teeth of the string ie, the outer bit.
15 As described in respect of Figure 7 teference was made to the first rotatable member
being a shuttle and the second rotatable means being the sutround, ie, the casing or drill string.
As will be appatent from the eatlier descriptions an inner and outer cutting or bit type
arrangement can b‘e provided using some of the mechanisms desctibed with respect to other
embodiments therein, ie, with the unidirectional and/ot biditectional ham.mexiqg features and
20 irrespective of whether or not the first or second rotatable member carries the hammer and
irrespective of whethet or not the other carries the complementary surfaces.
Figute 8 shows yet a further embodiment in accordance with the present invention.
The embodiment of Figure 8 shows interacting magnetic atrays and a separate
mechanical drive for the surround as a shuttle relative to the central spindle to which the other
25 magnetic attays are mounted. The spindle carries 2 hammer and béing rotatable under
approptiate inputs can be caused to teciprocate relative to its surround to provide a vibrational
and rotational spindle output to the left. _ |
In Figure 8 the vibrational apparatus is shown generally as 70. It has from the right a
drive input 7t which via pins 72 rotate the region 73 of the spindle 74. This catties magnetic
30 arrays 75 to interact with magnetic atrays 76 in a manner as hereinafter described. The atrays 76
are fixed relative to the member or assembly 77 which captutes the hammer region 78 of the
spindle 74. This hammer 78 acts against faces 79 of the assembly 77. These faces 72 are part of
a geared peripheral region 80 acted upon by a gear 81 of a hydraulic, pnewmatic, electtical ox

other motor 82. Preferably it is a mechanical dtive such as a hydraulic motor.



101drilling nmud inlet 102beating support 103bearing support base
attached to drill rig mast sled 25In this arrangenment it can be seen
that the dMQA0HP2EPdn 98 is able to drive the internal GEHNZIBFOWNE
hamrer end plate 91 etc, or as a conseguence of the input fromthe
hydraulic nmotor 100. It will be seen also that the input drive at 87
has the affectrheinehdtalii g bt Bvety\kay RlefisnB, d b QicBins a BRlrhlivmpita] on,
the centre shaft 97, and the nagnetic assenblies 93 in unison.
30Anot hétEBIeRIPHEhe™ 6% | | now be described with reference to Fi gur es
13, 14 and JS,Tthﬁtﬁum&ﬁale!sgnlare@wmﬁcésméum st \6€ riferirm dri ||
string to give drill rotation 105nud notor 106nud notor out put shaft
to give rot at Fignres 8 thiapsietshgs rprefasedyrhadimenpn accordance with the present

2009y Ozmﬂgg&ﬁggggg{}ggg O_7 - 20 - 108chive pins give rotation from

mud notor to magnets bt esn't allow vibration back to nud notor
109centre sHaft 1igoudsiedegivariay maxgioanblies they rotate with the

casing 511lcgntre t - rotati mud not or out put
shaf t 112ha(r$rer 1f%ﬁ%§1§’rﬁ&%Snl%g%%?goﬁégﬁvpgégeﬁg&115dri |l rmud passes

t hrough t he 8ent r @dnfa@m t he nud not or
90 air bellow rotates at the same speed as centre shaft
10 r 91 hamimer end plate bolted to outside magnet assembly (second magnet assembly)
rotated by hydraulic motors
.92 bearing bush

93 centte magnet assemblies (first magnet assemblies) they rotate with the centre
shaft
15 94 hammer
95 internal geat
96 hammer impact zoses
97 centre shaft

98 drive pinion
20 99 hammer housing bolted to hammer end plate
100 hydraulic motor mounted to.beal:ing .support
101 deilling mud inlet
102 beating suppoxt _
103 bearing support base attached to duill rig mast sled
25 In this atrangement it can be seen that the drive pinion 98 is able to drive the internal
gear 95, the hammer end plate 91 etc, or as a consequence of the input from 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 air bellow piston, the centre shaft 97, and the magnetic assemblies 93 in unison.
30 Another embodiment will now be described with reference to Figures 13, 14 and 15,
here there is provided
104 input dtive from dtill string to give drill rotation
105 mud motot
106 mud motor output shaft to give rotation to magnets

35 107 gas spring



10116drill bit chuck 117drill bit. In the arrangenent of
Figures 13 through 15, the nenbers 104, 110, 114, 116 and 117 all
nmove a rot 20092884 i n unison. The bit vibrates axial | PCBOZ2408600217
others don't. The outside casing 1l4_pgtates with the outside
magneti c assenblies 110. 15A feature of this arrangenent is that the
central magn@g assierbpiis diddrofdtioh fHoei mhdgotmgo Slagietaiss dodshit 6llowl diBradbn
the casing 114) are rotated by the nud notor output shaft. Another
feature is that tREMRMEY™APD in this arrangenent acts
unidirectionably dewr dhoards the drill bit 117 and the gas spring
107 hel ps isolate vibrational upwardly thrqugh the drillstring. Thus
the casing 148 rotwyisids magnatpsremPplss JhafirehterHe tHe f518t ring in order to

cause drill 4t 2QcQtahi QB Midh§lokic, FHM AR Qbtol BRpuidibgh provi des

| ubricant nmud down through the drill bit 117,. causes the vibration
by providi nd!fel ahaminey of noverment of its magnets 110 to those 111
cif the centine sh i A sh t th iant wh b

. th ) Figure ApA shows yet another varian er eby
the drill rlggprov%l%]%‘se r tat'f?ioon to the outer basing. As the cutting
head engageslithe foungation, it nonmentarily slows down, causing a

25t or que reaﬁ[gi on#iﬂr%g%%\@s?%&gluigﬁl%% c%:r&?é:éoﬁu%aetlg CH%:O \net carrier 72,

whi ch ceases 'to rota outeér casing s rotating this
causks the dn6ul usitjeakch@® to rotate which in turn rotates the
carrier gea;ﬁ 85 -, which in turn rotates the sun gear 86. The sun
gear 86 is {ach G the centre shaft (and rotates at a different -
preferably hi ghei aspaeehehhadFidgoha 16 dabigh 15 theshahthess T0HOI 0f TidaLiEnaY 117
vibration) which in turn rotatg[ile%he.first. 0 attfabltg mﬁrmer whi ch
reacts PRIMTF &Y RPN IHEREEN 4 o Sl gPsr B¢ R AR e ¥act
to the Ghidd NG :bRAEwith the odilelhheddisetibllcsy@8r 86 drives the centre
shaft which via drive pins rotates the viscous coupl bpg %aglgi n at

hi gb® RPM due Pdeqtnis Oﬁﬂﬁﬁ%fﬂﬁgifne@‘éﬁtth?ﬂfe@m%i“@ﬁn%&%@ yal pghe
torque reARtH-QRsebResSA0 oBihe BinpaNd) afd r oML By 1he ndldlrAGBeshib@ shite Lduikds

spline and ultimately the cutting head. Thi's feature can provide _.
consi derfegsire isthatahghagped? inghi stargsmenecrpidingiondiidlorniprers aytibe
needed 33i1A7 del taih %ﬁﬁ%m@? ﬁeﬁ:rs ri@?ﬁa't@ﬂl:?mﬁon%pwardl through the drillstring.
2009/ 028964PCT/ NZ200 1000217 - 21 - In Fl.tgur e _1%A there is shown:
118-cutting h&hes the rsingdi+ spstterie dyachoenith ik drélsing Toviderie caupe Al bit
5124 dr i yes 0l HRisl A6 WhRGANS: SRUBLIR Jrobfids fubliShe fQh ALRR LB HERRE kel bit
117, causes the vibration by providing relativity of movement of its magnets 110 to those 111 of
the centre shaft. ,
Figure 15A shows yet another varant whereby the dtill rig provides rotation to the
outer casing. As the cutting head engages the formation, it momentarily slows down, causing a
25 torque reaction through a splined chuck to the planet carier 72, which ceases to rotate. With the
outet 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 fitst rotatable member which reacts relative to the
30  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 geating) 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

featute can provide considerable rotaty torque to rotate the cutt;iﬂg head — which may be needed

35  in cettain ground formations.



124-second rot at abl e nmenber 125-casing powered by drillstring
rotation 10126-centre shaft 128zone of planetary gear as shown in
Figure 16. WO H0¥¥898 shows in nore detail die planetaryPa¥/NgeWp0#G1Tas
used in 15A. In Figure 16 there is shoyn: 86sun gear (fixed to center
shaft) 1584annulus gear (fixed to casing) 85-carrier gears 72-pl anet
carrier (fiXadFigee thugi)e is shownIhe magnetic interactions can be
substantially as disclosed in _our PCT/Nz2005/ 000329 and

PCT/ NZ2006/ 0%5244.‘ 2Q f:uti“‘é‘gg??\?i saged t hat banks of arrays can be

i nt erspersedjihor the sapgik ﬁneatg&ﬁ@;gqea@ffect. As di scl osed i ncur WO
2006/ 065155 ( PCT/ NZ2005/ 000329) there is a disclosure of a shuttle

bei ng recipr at ed by hﬁt@%{?@erreans. Ends of the shuttle (howsdever
| ongy have ellzqzctrgnagng;i%l%s(preferabl y) rare earth magnets fitted
and captive (eg, as frustoconical fornms captive under a conpl enentary
fixed plate)l22ln such aiscasceymegent, the shuttle when rotated

25pul ses respgnsive toﬂ%gjroq&mgm%gprers also fitted with nmagnets.
In such a way the shuttle can reciprocate relative to an arbitrary

dat um of thé2fmgnetic sscraysotridile mambéred by the shuttle. This will be
descri bed h after with-particylar reference to the Figures 17 and
18 which ar :lrzl%i gur es 3C§%P3W8§H%%%¥dggﬁ%. The full content of
WO BD06/ 065188 i's-her ecénmelshated by way of reference. 30Fi gures 17

ancl. 18 by reference to regions of different polarity of permanent or
ot her rragnet@gshows théoréef‘gé’%f‘?mmﬁatﬁ? 31?8’&”2'{1:%2‘5@ fng arrowis

i ndi cative g0 28065 @6odbkeel] tpopiRietatpds@eint of @@LAIFA.I St

conpl enment aré structure. _ In the arrangenment shown there is a
second conpl'&FEHt 18P0 shown out of phase so far as the

"plus" and "ggi nus’ pol afdgeg@ﬁ@xaﬁ@ic@ﬁt@_cghm)e concerned. The shuttle
optionally has 35the sane_polarity at each end such that, in a

conthi tion a$*shown in Eijs&Atixciiafeogs a net WO

2009/ 028964RET/ N22008/ OR2klas 22 - repul sive force arising from
alignment of "plus" and "plus" polarities between the shuffle and the
first conpl ddentary stPaetGraeniredse chedd t he sane tinme, there is a

"plus” and “rif MiSnerRbd A0 Sad IV GBstacBanyRE BB AR BusSTEE i 22088 fhob iR
second conpl enentary structure. A short ‘monment in tinme later the

opposi t endPETANZAM6/@0244.s and it is this rapid alternating

20, It is envisaged that banks of atrays can be intetspersed for the same but 2 greater effect.
| As disclosed in our WO 2006/065155 (PCT/NZ2005/000329) there is a disclosure of a
shuttle being reciprocated by magnetic means. Ends of the shuttle (howsoever long) have’
electtomagnets or (preferably) rare earth magnets fitted and captive (eg, as frustoconical forms
captive under a complementary fixed plate). In such an arrangement, the shuttle when rotated

25 puises responsive to adjacent members also fitted with magnets.

In such a way the shuttle can reciprocate relative to an arbitrary datum of the magnetic
atrays not catred by the shuttle. This will be described hereafter with particular reference to the
Figures 17 2nd 18 which are Figures 3 and 4 of WO 2006/065155. The full content of WO
2006/065155 is here included by way of reference.

30 Figutes 17 and-18 by reference to regions of different polarity of permanent ot othet
magnets shows the effect. The broken zigzagging arrow is indicative in WO 2006/065155 of
power take off from a first complementary structure,

In the arrangement shown there is a second complementary structure shown out of phaée
so far as the “plus” and “minus” polatities depicted are concetned. The shuttle optionally has

35 the same polatity at each end such that, ina condition as shown in Figure 17, thete is a net



50f "R' and "A" to "A" and "R' that |leads to the reversal in shuttle
direction as die shuttle rotates or the shuttle is held fromrotating
and the ot W&200%¥8Mdt i c arrays are rotated, or both, toPETOVRUE02Het
af fect. Preferably used are-pgrmanent magnets (particularly -
Rare Earth type magnets of high magnetic density, eg, Neodym um ,
magnet s ,re@mﬂ fage it alijbelt of Ghush endstphll @okotick $atseam dlelsﬁﬁﬁérmd um
Cobaltl etic (FnCo) which c be used u 400 C;) . O her
Forms. ofbagt RS G mﬁcm‘éfﬁfﬁtﬁeﬂﬁafm@m@ﬁd@fée fidg REFS “1hdt ey be

devel op@ehdchivd B UL BEG e @BERANE ¥ndiRe debROcIiMeN@itary SR edr 0 magnet s
are contra-indicated purely fromthe point of view of size a

need to pr ovﬁdb‘“&ﬂ’@ﬁﬁ%‘t% “gfeéétt?’r‘ihéé’PP‘PSHﬁE}f“éﬂ?% exgsty e it o ipip 1P te’d’é%%g
vi braat e ghg by SAHLe0E Jh@<REVBE RR1EH W rORIBITh Shutddhkectisn /WL SRR

that rotational speeds for the shuttle can vary significantly. A nere
exanpl e roftep peths gtitly ip beld ifom fosatingeod RPvitek magnats agye prearind, onfioth to
magnet s e to provide a sufficient relative throw backwards
and for\ﬁa%%&ﬂol?e?%%%bectl ve- of whi ch nenber hanmers as in our
preferred erﬁyddllahb méesl ailfopetnhvenwt plagnety QapirdulyderaEsdr yhovmagrets of high

vi brati gna e e_f o

be. i gharesra say e bRk S GEReaR dutis tabL SRR S iYo b0
CLAIONVS: Slamfammaf:bb:gtuﬂ emm)@ﬂma cRabé udeaupm #0808l ust i ng, operabl e

drill d
ERCIIRUN AT W IR, (e e

or bhit; tﬁetﬁ&fr&l’@éﬂehﬂiﬁl spdakmg h&ﬁeveﬂd:lectn:o siaglear-echnas-iphdatedputdiefrom the

thriIIstrin aria_the %I’IHS g élllbratllonaalliln : o that d

anal at UEPngA YlF\'?ﬁé’fl?&glin the neg t(a .‘fO fl equateeecttlc putsmastructme hat does

chai nef @€ addhd OstidcEltl dd768¢ dzr&ﬂahﬁzﬁtat ug has interactive magnetl c

arrays, diera; bei t| easr one as at assenb) (sr wth a
f01 g],ultt&y:

ng
fi St array oi[“%‘é’t“sﬁﬁegéli"‘tté?/%m@a %Ptee P S Hgsé mere
litg. F. 23Saflk beddeda@nlobli¥n (SR00 RIAS S BBk Kls\ifsibnt) with hIa?n@s &Qﬁpﬂdd abt ay
or second set of _arra ars eot0..eAlanstrit that the |rst acray(s)
and sec @eeridaa saffcient 1o w backeigh and/ ©ryads, Bregpgopee of which member

tQatirnaehetue %o&%&gcriédgrnlﬁfdfrﬁéfﬁ§90 BOGIS &) quae@ ROM BN hiAiShtional
toe:tura shuttling first atrag&ﬁmra atile to the second

ar r ay( sputpst- Usialangre papehe fom BeRthto 28 bt qap b kigher or lower. 2000RPM
respeuti, Seuyl fraA and !'fill
fOrSjrbf téng@F%%%hayﬁt he relative rotation can he caused by a

ncolanlcal i nput is-co one or other of pard,:fitit.at.4d.queorid
assenbly(s), tar both the first and second as4ernbbr(s) - - end
further characterised in that at |east one of the first and second
array(s) and its assenbly(s) noves synchronously in rotation with the
dtillstring when the drillstring is rotated: und ft/4es

than: Spired inbirt-the did- head et bit vibratcs as a consequence of
direct or .radireet rarr)ft-ciifor.lialtrinmettrakog. OQphodpi et he
drillead or bit by the first asSenbly(e). or the




20second assenbl y(ss), tar both: 2 Apparatus of r:11:t | “ where@the
drig head or bit vibtates as a consequence of direct or indirect
Carrying of otharannering of both:. the drilithead orbit by-the first
i ssenmbl y-0)7 3. Apparatus of. chthall. -tihert the thilllieacl or bit
vi brates as a consequence of, direct or-inclitecryearryint 0O ot °

hai nniering of,:the drillthead or bit by the second-assenbly(s).

254. Apparatus of any-bite O the preeedilig clainmswherein the first
and second airay(s) and their first encrsecond assenbl Y(s)
eatar-otate in opposite directions. 5.-ZApparatus of any one of the

_ precedi ng C|8.I%%A§M erein the first aral second array(s). d. their
first and seco assernbly(s) can rotate in the sane ditercrion, 6.
Appat at os of afy oRelixsfpphengy eliethisvieg ctkitemwenlrae oty torvalioing prtse
first and secong:ak i@mhek didieaioath, bivsnFhd ghshsenond Basankl &) can
benon-xcitali ngﬂy\pecﬂ, Lhe -other of the first and:second atray(s) 'and
fast and secon asserably(s) is rotating. 7. Appatatus of any one
of dm precedi ng cl @i deetstiond es veic bf berdiiswied or isalriitins isidBeklow t he
rotational drlyﬁdﬂma@p&h&s&hm&itﬁﬂg, ft Apparat us- of any one of the

pr eced ng cl ai ms Vm%%ﬂ%err mrtqmgin%zg ;u ratlonz. ag%aa;mahasgtcx uuve:e aschg;p ea\SSSOf
said first and secO eTs uni di rectronal™ or

bi di rectional Paraietsisrepst one isgubio(“pspeinblyHD) <0k = EstairneB=yiierre (Frtai d
rotary drive i &a&vmuumuammyd 1;&6@&;13&5,5&{1,1»531@035&5%@@?\% 2 Gbdnbl Grei B or or -

ot her mechgpi cal e para
OB gfl atm}.tS{ Fo% éﬁé siich b:-.au} I’Ot gsﬁ%f& Qeemtg.a av{}" m%cra%E

wherein the otfher sard ‘sécond
rotatabl e by oﬁeswstrﬁt%rﬂ’é'“ﬂa@m@%m*ﬂaﬁfmwﬁbﬂaﬁaﬁa@f&r@m&{s} Pf“BC vvherel n
geari ng provi dgsitiag sialiedksy oy 8tig redt @eomndiuaylsh Sivict arsa, onigtoindiak deir

magnet i c array cﬁ@,ﬂ, ;nmisgmg;@atlon speed relative to a rotary
drive input. of  cl :wherein ous ling

provi des a dri ve t"’c’;"“"0 ” ”Mdﬁ""’é‘”% P AR &) “Sea%‘i?“"ﬁﬁﬁgi’”ﬁ’ftus of
any one oftsth eEOpr-leq,reé\\Frw@sa@lﬂaF g MW}é el ®res hfclla@% gl speotdrvienbieicut t er

anti 10there is a g jubrbr cRRAG s Blraranal bk or@h mrdt E}ﬁgeccﬁwrrgﬁﬁ Lol s oo fist© the
rotated diffemewmsyyndunoisly@ rathidn ithSite HfISYBg when the drillstring is rotated:

and father charaiterisod i tpat-the dull head: ot bit vibates as 2 consequence of divect or

Indizect cartying of epBifftimeting. of; or-botiithe drillhvdd or bit by the first assembly(sf or the

20 second nss,em!‘ﬂy(‘s); bz hotht
2. Apparatus of claiby ¥ wherein the drilf head or bit vibtates a5 2 censequerce of direct ot
indirect carrping of oz hamnotring of, o boty, thc drillhead or bit by the frst asserablyfs).
3. Appamatos ofichiml whereh the deill Bead or bit vii'arates 45 4 consequence of, dir:cct or
indirect, carrying of or hamriedng of,:the dyill head or bit by the second-assembly(s).

25 4 Apparatus of any-one of the precediiiy daims whexe{n the first 2nd second amayp(sy and
their firs¢and’ aecond assémbly(s} c.au fotute in opposite directions. ‘
5. Appumtus of any one of the- p::eccdin g clainis whetein the first and second ar:zy(s) and
their first and second assembly(s) caz totate in thie szme dite;uon,
6. Apparatus of any oric of the preceding clitns wherein one of the ﬁm: and second amdy (:.)

- 30  anditsfint 20d second assem)blys) con be non-z6t=ting when the other of the first and second

zrray(s) and first and second assembly(s) is romting
7.  Apparatus of any oge of the preceding elajms whetein the yibrational apputatus s below
the rotational Axdve into the drillsting,
8. Apparatos-of any one of the preceding claims wherein g rotary ddve into a spindle as one

35  ofsaid first and second rotatable membets caiises unidirectional or bidirectional hammering,



i nsof aras speed is concerned, (n) able to be vibrated relative-to the
cuter of the &wating, or (|h) both. 14. Apparatus of any one of the
precedl ng clainms wherein the magnetic arrays(s)ate staged . P/RER008/000217
W th respect to the dastring axis. 1515. Apparatus of rk@defvadisll)ecemberZOOS
whterel n Rg: Ibeast one magnetic array of one of the maw.tele arrays is

I nt eepose etween arrays of t he ot her nmagneti

Lt eeposed be y ghetic a_rray(s) '. Amended
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9. Apparatus of cliim § wherein said rotary ds.iv;e is that of 4 mud mertor, fluid motor or
electtic melnr or other mechanical or elecrrical drive.
10.  Apparams of claim 8 or 9 wherein the other of said firscand second rowtable members is
totatable by or with the deillsuing.
'S 11, Apparatus of clait 8 wherein geanng provides a rotary .speed greater or less for one of
said magnctic acay(s) and/or bit rotation speed selative to a otary drive input.
12, Apparates of claisn 8 wherein a viscous coupling provides a dtive to one of said magperie
array(s).
: 13, -’&ppa:ams of any onc of the preceding claims wherein the dxillstring rotates a cuCCer ¢ and
) 10 theee is 2 dolll head intemnally of thar cutter'(§) sble to the rotated differently to che daillstiog
( E . msufaz.as speed Is concemed, () able to be vibrated relative.to the cuter of the drillstrng, ot (i)
both. ' ) _
14. Apparatus of any onc of the precediny claims wherem the magneric arrays(s.} ate staged
'axia.ﬂy with respect to the ddlistrng axis. ‘ T .
i5 15. Appuratus of claim 14 wherein acleast one magnetic acray of ane oF the magnefic arrays is

intceposed between arrays of the other magncut. arcay(s).

Amended Sheet
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