4 JUL 2006 WO 03/064805 PCT/SE02/02105 1 Liquid driven downhol e dril}igndspes
machi ne Technichal area of the invention This invention relates to a liquid
driven downhole drilling nmachine conprising a housing, a drill bit nounted
in a guiding bushing to be angularly fixed but axially Iimtedly novable
thereto, a pjst mrer arranged to inpact on a shank of ¢ rill bit,
and a val ve ﬁwg)rog@%dn%rol ling reciprocation of the hamrer pipﬁ%ﬁ?&m{zhﬁé val ve
alternately pressurising and depressurising a pressure chanber in which

there is a piston area that urges the hamyer piston forwards when the
chanmber is pressuriscdiquigcdyveindowmhaeie drilling ndachingi d dri ven downhol e

drilling machines of this kind are often used with drill tubes that are
added to one another and the thus formed drill string is rotated so that the
drilling machine and thereby the drill bit is indexed between each inpact of

t he pi st hammer. The.drill bit is angularly fixed in the housing. Wen
deep hol g‘%cgpécqﬁiar?%ﬂﬁhedwﬁw the rotation of the upper end of the drill
tube is coiK inpuBtith reldiés foa nqm@arivd@ﬁdmmletdmsn@rmbbmﬁ@b@n?ﬂang ge borehol e
wall will sonetines make the rotation of the lﬁf(ﬂ)m{\{ end CE] the drill tube

uneven. TiousiE; ARl b Equnied ina guiding bushiag tbeprauiRyiyiied Bukaxal of bei ng
| ndexed. aARuY 1HBJIAS ek, b FRASH farthot BfartioB6InbadBRTa s ofthel drl g

machi ne wi_ll not be turned while there are several acts and then it wll
be rapi diityapdarvalye fongantelliing regiproratian ¢fdbe hammes pistate the ¥alvye ng rate and

i ncrease i kit tCHN i Ta i g machi nes,
t he pomer%ltltalmc?lﬁgg p?’ésssg L'%’B? ;Qggla'? Riega%msﬂﬁléeipéﬁ%ﬁé{bh? %Pg]ln\ghltg ﬁ]gﬂérr%t% n stroke
of the pikistomareenthet uigss the barower pigipndomards whemttiecthambed icrresgirissd.ur e

spi kes since the piston hamer will then force liquid out into the drill
tube. This will result in high stresses and also in a reduction of power

ef fi ci endackgioumdpf thehimventieen nade to have an accunul ator in direct
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tothis p
that are added to one another and the thus formed drill string is rotated so that the

drilling machine and thereby the drill bit is indexed between each impact of the piston
hammer. The drill bit is angularly fixed in the housing. When deep holes are drilled,
although the rotation of the upper end of the drill tube is continuous, the friction
between the drill tube and the borehole wall will sometimes make the rotation of the
lower end of the drill tube uneven. The drill tube will act as a torsion spring and
instead of being indexed evenly between the impacts of the piston hammer, the
drilling machine will not be turned while there are several impacts and then it will be
rapidly turned. This slip-stick effect reduces the drilling rate and increases the drill bit

wear.

In liquid driven downhole drilling machines, the power liquid is supplied through the
drill tube and the return stroke of the piston hammer is retarded hydraulically which
induces pressure spikes since the piston hammer will then force liquid out into the
drill tube. This will result in high stresses and also in a reduction of power efficiency.
Attempts have been made to have an accumulator in direct connection to the drilling
machine but hitherto there is no good solution to this problem.



4 JUL 2006 WO 03/064805 PCT/ SE02/02105 2 Object of invention It is an,gby apk
of the invention to inprove the indexing between the inpacts of |iquid
driven downhole drilling nmachines in use. Another object is to reduce the
pressure spikes at the inlet of the power fluid to the machine and at t he

same tinme i power efficiency. These objects ar
havi ng t he gﬁ:b(c?ﬁy’%@‘g%ushl ng is rotatably guided in the hoﬁ’gﬁlﬁg@\ég’g via a

one-way coupling, coupled to a turnableg sleeve that has axial ridges that
bound a nunber of pressure chanbers and forns turning pistons for turning
the turnable sleeve to and fro, a nunmber of these chanbers being coupled to
be pressuobﬁgdoanm@mqghessurised simul taneously with said pressure chanber
with the plston area for t he pi stqon hammer forwards. The i nvention

is defi ne'cH 53N ?‘Pi@ckqféh%"e@fq% ?VHEBOH? it NERXing beteen thgimACts & Ik 1 a is a
I ongi t udi &Wen%ﬂhﬁfb &rﬂl‘ir@ﬁﬂgcﬁlﬁﬁ‘s ihIU2B! ARGthEY &:gecﬁﬁst% r%ﬁ\ﬁ&‘fﬁb?reé%‘ré' i ng

machi ne in accordance w t he 1 nventi on. ure ngi t udi nal
section t$HicREpAt the inletad theppawardiicolp the mashing and ahifieoiaenel Binklimptpvedasi ne.
FlgureZbaN & HGdAQn taken along line 2-2 in figure la. Figures 3 and 4
are the sane transvérse section as figure 2, but they how sone elenents in
ot her nutual positions. Figure 5is a transverse section taken along line
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i nvention driven he  figures
has a machdusing Myla@onémmymmhgsewrdedrmmmtﬂejﬁeemthahbampnak portion of

tube t nat "EIAns e ol oy Bt URR AR A el REnGgeR s ot “oent oni ¢ e
i n wat er . tufitieg thedtdreabiosleevantoaindtfiee a number of these chambers being coupled to

be pressurised and depressurised simultaneously with said pressure chamber with

the piston area for urging the piston hammer forwards.

The invention is defined by the claims.

Brief description of the drawings

« Figure 1ais a longitudinal section through the front portion of a downhole
drilling machine in accordance with the invention.

« Figure 1b is a longitudinal section through the rear portion of the same
downhole drilling machine.

o Figure 2 is a section taken along line 2-2 in figure 1a.

» Figures 3 and 4 are the same transverse section as figure 2, but they how
some elements in other mutual positions.

~» Figure 5is a transverse section taken along line 5-5 in figure 1a.

Description of an illustrated and preferred example of the invention

The liquid driven downhole drilling machine shown on the figures has a machine
housing that comprises a machine tube 11 the upper portion of which has a non-
illustrated back head arranged to be coupled to a drill tube that supplies drive fluid,
usually water or a suspension of bentonite in water. The middle portion of the
downhole drilling machine is not shown. An outer tube 12 is fixedly mounted,
screwed, to the front portion of the machine tube and a drili bit 13 extends with its
shank 14 into the outer tube. An end sleeve 15 is screwed to outer tube 12 and



downhol e drilling machine is not shown. An outer tube 12 is fixedly npyntfes
screwed, to the front portion of the nmachine tube and a drill bit 13 extends
with its shank 14 into the outer tube. An end sleeve 15 is screwed to outer
tube 12 and 4 JUL 2006 WD 03/ 064805 PCT/ SE02/ 02105 3 clanps a foll ower

sl eeve 16 agai nst an axial bearing 17 that takes support against an inner
shoul der 18 in the outer tube 12. The follower sleeve is rotatably journal ed
in the owen3netses 12. The forward end of the machi ne t ubRCT/SEGI&AZ104 r educed
diameter and it has a plurality of ridges 20, figure 2. A turning sleeve 22
I's journal ed between the front end of tThe machine tube 11 and the outer

t ube 12. Id]armrsai‘oﬂmedsleléweeftﬁa;dainsthrdgﬂsl tdarifigf fithagtakes supppriEgstrehan A
plurality e f ridges 20 and
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prevents 1herdidd do ot o ShoRYdrRard! ifbedbl a Pldfondahiiist 3B, |1 M ted axial novement

of the dri It h an non-1ll'ustrated central channel for
conveyi ng flushlng water to grooves in the front end of the drill bit. In
the front cBSoIB SR 5 REnVeiBSnat ype ARG tdoBiePeid@bME 280 Ldlpled @l Ve housi ng
41 and the val vg ﬁlgpuiglang ag ubgeype% hg géxten’ﬁs ?n?o t‘ﬂ'gﬁ ongi t udi nal

channel 4@9679%%@9@?5@6?!9%‘@11@?"@09turﬁ@gﬁl?ﬁm P2.ustrat ed back head of the
machi ne cl anps the val ve hou5| ng against a distance sleeve 44 that takes
support with its forward ainst a shoulder in the nachine tube 11. The
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shoulder on the follower sleeve. The stop ring 32 is axially split so as to mountable
and it extends into a recess 33 in the shank of the drill bit so that It prevents the drili
bit from falling out but aliows a limited axial movement of the drilt bit. The drill bit has
an non-illustrated central channel for conveying flushing water to grooves in the front
end of the drill bit.

in the front end of the machine tube 11, there is a valve 40 in a valve housing 41 and
the valve housing has a tube 42 that extends into the longitudinal channel 43 of the
piston hammer 30. The non-illustrated back head of the machine clamps the valve
housing against a distance sleeve 44 that takes support with its forward end against
a shoulder in the machine tube 11. The distance sleeve 44 seals against the machine
tube 11 and it has longitudinal grooves that form a number of channels 25a between
the distance sleeve and the machine tube. The piston hammer 30 has a head 45 that
is guided both exteriorly in the distance sleeve 44 and interiorly on the tube 42. The
piston is thus guided only by short guiding areas at its ends and a major part of the
length of the piston is unguided since there is an annular space 49 between the
piston and the distance sleeve 44. Behind the head 45 of the piston hammer is
formed an annular piston surface 46 in an annular cylinder chamber 47 {pressure

chamber) and the head forms a smaller annular piston surface 48 in the cylinder



the distance sl eeve and the machi ne tube. The piston hamrer 30 has a pﬁﬁgﬂﬁg
that 1is guided both exteriorly in the distance sleeve 44 and interiorly on
the tube 42. The piston is thus guided only by short guiding areas at its
ends and a major part of the Ilength of the piston is unguided since there

i s an annul ar space 49 between the piston and the distan e, E%e 44,

Behi nd the hg&HPﬁ%w%¥ the piston hammer is fornmed an ann& JE (Eygn surface
46 in an annul ar cylinder chanber 47 (Qressure chanber) and the head f orns

a smaller annul a i ston surface, 48 in the i nder, 4 JUL 6. WO 03/ 064805
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hanmer. The cyl j nder er, 49 is cons tantlﬁ coupled to the high pressure
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the valve 40 alternately connects the cylinder chanbe

pressure PR whelRas the aie 10alieraatelyicanneds H‘(ﬁﬁ%ﬁ@%‘dﬁhﬁmbﬁhéﬂw U‘Eﬁhl@i@) gr ooves
in the dr glje's?ur@ liquid dhd 188nd Rl Li%*thﬁt’@@?ﬁhec‘%@d ﬁftlhe Iﬂﬁﬂmibuseﬁg Fﬂh%a%ﬁ 42 has

thus always Tow ‘pressure an e out-tlowmn I"'ush the
debri s oubit v théxéhrbughebivdarme! 435pkibe pisten. ﬂ'hsttubeéﬁbas hbisiadwaysdowgr eat er t han

th i st t th
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depressurW@éﬁ?ipp(??Eesan %%Palcgg {rter %‘ﬁt"?ﬂﬁt h@dﬁ@%&ﬁ"ﬁ {5 '&@ﬁ% i nder
chanber 4fregaimble 1000Hzhanbers 26 in figure 2 so that t hese chanbers 26

will be constantly pressurised and ports 27a connects the four chanbers 27
to the chanber 50 that is forned at the end surface of the drill bit shank.

The four t:mearb@frels?,'?saareedtfﬂwmé@ymm BE&aDé 47 ©Wahe exahibeesi25 i fllre 23 shows
t he position of tu%n‘g @ turni n sI eeve 22 when the chamhers 25 have
| ow pr esstf ©at figse ﬁffrﬁi‘f” bsgligina ? Keressbgsed eYWEELGTOMSr essur i sed
26a lead from the constantly pressurised cylinder chamber 49 to the two chambers
26 in figure 2 so that these chambers 26 will be constantly pressurised and ports 27a
connects the four chambers 27 to the chamber 50 that is formed at the end surface of
the drill bit shank. The four chambers 27 are therefore constantly depressurised.

Figure 3 shows the position of turning of the turning sleeve 22 when the chambers 25
have low pressure. The two chambers 26 are the only chambers that are pressurised
and the sleeve 22 has therefore turned counter-clockwise into its end position in
which its ridges 24 take support against the ridges 20 of the machine tube 11.

Figure 4 shows the position of turning of the turning sleeve 22 when not only the two
chambers 26 but also the four chambers 25 are pressurised. The two chambers 26
tend to turn counter-clockwise but the six chambers 25 tend to turn clockwise, and
the force from the four chambers has therefore turned the turning sleeve 22
clockwise into the end position in which its ridges take support against the ridges of

the machine tube.

The turning sleeve 22 will thus be turned to and fro trigged by the pressure at the rear
piston surface of the piston hammer, that is, it is trigged by the impact cycle of the



and the sleeve 22 has therefore turned counter-clockwi se into its end jyg 2006
position in which its ridges 24 take support against the ridges 20 of tLhe
machi ne tube 11. Figure 4 shows the position of turning of the turning

sl eeve 22 when not only the two chanbers 26 but also the four chanbers 25
are pressurised. The two chanbers 26 tend to turn counter-clockw se but the
si x chanmbers 25 tend to turn clockwi se, and the force fromthe four
chanber s hesot/hap@f ore turned the turning sleeve 22 cl ockwitssEoznt105t he end
position in which its ridges take support against the ridges of the nachine
tube. The turning sleeve 22 will thus e turned to and fro trigged by the
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stroke and the valve 40 switches to its position for pressurising the rear
cylinder chanber 47, the piston hanmer will be retarded by this pressure
and turn iViiben the pistar eemdesis iroksereatvard agokelemdriee aaldatd 0 ewitdfestttiés pi ston, the
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forced out of the chamber, which will result in a pressure increase and power loss

because of the flow. The six chambers 25 of the turning device are coupled to the

cylinder chamber 47 and they can therefore take up the liquid forced out of cylinder

chamber, which reduces the losses and at the same time makes the turning efficient.

The need for an accumulator at the inlet of the impact motor is reduced as well.

In the chosen pattern of pressure chambers 25,26,27 and turning pistons 24 with
twelve pressure chambers, there will be symmetry with respect to the turning forces
and the radial forces, which reduces the bearing forces in the sleeve 5. As an
alternative, another pattern of pressure chambers and turning pistons can be chosen
and still the turning pressure chambers can be coupled to the pressure chamber for
driving the piston hammer forwards. The invention can be applied to piston hammers
that are driven by another principle than the one that applies alternating pressure for

the work stroke of the piston and constant pressure for the return stroke.



chanber, which reduces the | osses and at the sane tine makes the turnig 06
efficient. The need for an accunulator at the inlet of the inpact notor is
reduced as well. In the chosen pattern of pressure chanmbers 25, 26,27 and
turning pistons 24 with twelve pressure chanbers, there will be symetry
with respect to the turning forces and the radial forces, which reduces the
bearing forces in the sleeve 5. As an alternative, another pattern of
pressure chanmbers and turning pistons gan be chosen and still the turning
pressure anbers can be coupled to the pressure chanber for driving the

pi ston ha P f orwards. The i nvention can be applied to piston hammers that
are driven by another principle than the one that applies alternating

ressure for, the work stro of. . the pjston and constanpt pressure_for the
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(31) to be angularly fixed but axially imtedly novabl e thereto, a piston
hamer (30) arlinaifrfibamoyablebiaretoon pistorshamel (39) agangadtodmpast aia | and a

valve (40) T orsiRiisl dritRgariPei RREGAIIN48] fof BSntrdliBTREDRICBliGIof e val ve
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whi ch t her e i shampiespistonatheaval® allemately prassutising andidepresgurisingra f or war ds when
t he chanber is j r i i el ushing (31)
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(29), coupl ed hammet pistondfbevadeehen {EXhaniber ishmessaunisead, ri dges (24) that
bound a nunber ,of cﬂﬁpg§n5t$%5,26,27) and formturning pistons for turning
t he turnable éﬂE¥98 (34 ™% 0, a nunber of these chanbers bei ng coupled in
parallel wth thaigtidimeissahirg @hpistretatab/guided inthe boteing (st mndada and
depressuri sed gr{er—rv%)tf %gl?p HS l(é(Q)E qurp?e\:'g ttoha' turnable sleeve (22) that has axial ridges

(24) that bound a number of chambers (25,26,27) and form tuming pistons for

turning the turnable sleeve to and fro, a number of these chambers being

coupled in parallel with said pressure chamber (47) so as to be pressurised and

depressurised simultaneously therewith.



