WD 03/ 064805 PCT/ SE02/ 02105 1 Liquid driven downhole drilling machine
Techni chal area of the invention This invention relates to a liquid driven
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chanber is pressurised. Background of the invention Liquid driven downhol e
drilling machines of this kind are often used with drill tubes that are
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the return stroke of the piston hanmer is retarded hydraulically which
I nduces pressure f&skes si_nce the piston hamrer will then force liquid out
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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.



2 hject of invention It is an object of the invention to inprove the

I ndexi ng between the inpacts of liquid driven downhole drilling machines

i n use. AwOtoh®e480bj ect is to reduce the pressure spikes &CTiSEe2/ombet of
the power fluid to the machine and at the sanme tinme inprove the power
efficiency. These objects are achi eved by having the guiding bushing is
rotatably guided in the housing and, via a one-way coupling, coupled to a
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The invention is defined by the claims.

Brief description of the drawings

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

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

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

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

e Figure 5 is 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 drill bit 13 extends with its
shank 14 into the outer tube. An end sleeve 15 is screwed to outer tube 12 and



shank 14 into the outer tube. An end sleeve 15 is screwed to outer tube 12
and WD 03/ 064805 PCT/ SE02/ 02105 3 clanps a follower sleeve 16 against an
axi al beawpDrg/0d4803 hat t akes support against an inner shoRCASEIZ&10: t he
outer tube 12. The follower sleeve is rotatably journaled in the outer
tube 12. The forward end of the machihe tube 11 has a reduced diameter and
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pr eveshertfaavasd guide fpr a pistan hammeidbut but allows a linmted axi al
novenment of the drill bit. The drill bit has an non-illustrated central

channel for conveying flushing water to grooves in the front end of the
drill Abhe-way ¢thelingd8 ofeandoieritiomahtypkihavingtogglelelentents 284s aovplede 40 in
a val ve housing,41 and, the val housi ng, has tube 42 that extends into
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ar eas and it extepdd dnterairecesa 3drin the shank phige drill bit'so that it prevents the drill
bit from falling out but allows a limited axial movement of the drill 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



| ength of the piston is unguided since there is an annul ar space 49 between
the piston and the distance sleeve 44. Behind the head 45 of the piston
hanmer i swofoanessos an annul ar pi ston surface 46 in an annulPem/SE9l/oMaker
chanber 47 (pressure chanber) and the head fornms a snaller annular piston
surface 48 in the cylinder WD 03/ 064885 PCT/ SE02/ 02105 4 chanber 49
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sl eeve 22 when not only the chanmbers 26 but also the four chanbers 25

are praésiodigused. sorthat [th@;;eccpmmrg 28qwill 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



tend to turn counter-clockw se but the six chanbers 25 tend to turn

cl ockwi se, and the force fromthe four chanbers has therefore turned the
turni ng sweaseeas cl ockwi se into the end position in whicleCirtsEo2zoxores t ake
support against the ridges of the machine tube. The turning sleeve 22 wll
thus be turned to and fro trigged by fhe pressure at the rear piston
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chanbers, there wll be symmetry with respect to the turning forces
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. Another
pattern 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.



and the radial forces, which reduces the bearing forces in the sleeve 5.
Anot her pattern can be chosen and still the turning pressure chanbers can
be coupl eaotoa/o64ses pressure chanber for driving the pistorChsEn®0216r war ds.
The invention can be applied to piston hammers that are driven by anot her
principle than the one that applies @lternating pressure for the work
strokegcpfimt he pi ston and constant pressure for the return stroke. WO
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the guiding bushing (31) is rotatably guided in the housing (11,12) and, via a

one-way coupling (29), coupled to a turnable sleeve (22) that has axial ridges

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

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

coupled to be pressurised and depressurised simultaneously with said

pressure chamber (47) with the piston area (46) for driving the piston hammer

(30) forwards.



