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FLUID-DRIVEN PERCUSSION TOOL
Renic P. Vincent, Tulsa, Okla., assignor fo Pan American
Petroleum Corporation, Tulsa, OQkla., a corporation of
Delaware
Filed Sept. 9, 1963, Ser. No. 307,697
4 Claims, (Cl 173—73)

This invention relates to a fluid-actuated percussion
motor. Such a motor is particularly adapted for use in
rotary dritling apparatus in which the drill bit 1s both ro-
tated and vibrated against the formation for increasing
speed of driliing.

A number of varieties of such percussion motors have
beenn proposed in the past. Up to the present, the only
commercial varieties have been actuated by a gas such as
compressed air, natural gas, or the like. There are several
reasons for the major difficulties encountered when try-
ing to design liquid-actuated percussion motors. Lig-
uids are much less compressible than gases. They also
possess very high Inertia per unit volume as compared
with gases. As a result, it is particularly difficuif to cause
an oscillating mass, or hammer, on its down stroke to im-
pact on a bit, or an anvil above the bif, with the ve-
locity the hammer had af, say, two-thirds of its down
stroke. Any liquid ahead of the bhammer must be re-
moved rapidly if adequate impact is to resulf.

Another problem that occurs is due to water hammer.
it is necessary to close valves in a percussion motor rap-
idly, particularly when if is realized that speeds of up to
2000 impacts per minate {or more} are desirable. When
using relatively inealastic liquids, an abrupt change in flow
rate as the valve gquickly closes causes a pronounced pres-
sure variation, or water hammer, which considerably
changes operating conditions in the tool and minimizes
its eifectiveness.

Still a third major problem when liquids are employed
lies in the fact that the liguids must be recirculated. Ac-
cordingly, there is a considerable tendency for recircula-
tion of particles of rock that have been already removed
from the formation. This means that the liquid fre-
quently is not clear but is laden with abrasive particles.
Such a lLigmd, in flowing past the wvarious parts of a
percussion fool, tend to cause it fo wear rapldly and the
necessary close clearances to be lost.

It is an object of this invention to provide for a per-
cussion motor or tool, which can be actuaied by a liquid
and which can also be used with a compressed gas. It is
a further object to provide such a motor adapted to be
used at the lower end of a drill pipe to 1mpart vertical
oscitlation to a drilling bit in addifion o the rotary mo-
tion associated with rotary drilling practices. A further
object of this invention is to provide improved valves for
such a motor. Further objects and advantages of this tcol
will be apparent from the following description.

Reference is made to the accompanying two drawings
in which: |

FIGURE 1 shows a cross-sectional view of the upper
part of a percussion motor with the hammer near the
unper end of its stroke.

FIGURE 2 shows in cross section the lower part of
the same percussion motor. |

Referring now to FIGURE 1, the percussion mofor is
connected to the lower end of a drill pipe (not shown)
through a short sub 9. This, in turn, 1s threaded info
the outer casing 11, Within this casing 11, resting on a
step 12 in a bushing 18, is a Venturi bushing (made of
parts 132 and 135) 13 with a throat section 14. The
cylindrical bushing 10 is supporfed on an expansion ring
8 mounied in a groove In casing 11. The outer surface
of the lower part of Venturi bushing 13 has been grooved
to provide an opening in which is mounted slidably an
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upper sleeve valve 15. Both bushing 10 and Venturl
bushing 13 are provided with packing 16 to make a fluid-
tight seal on both the inner and outer surfaces of the up-
per sleeve valve 15, The top portion of the sieeve valve
is enlarged, as shown, to fit within an enlarged part of
the goove in the Venturi bushing. This defines between
faces 7 and 18 (which act as stops) the vertical limats
of iravel of the upper sleeve valve 15. A plurality of
ports 19 connect the top part of the groove in the bush-
ing adjacent face 18 with the throat of the Venturi bush-
ing 13.

Slidably disposed below the bushing 13 and the upper
sleeve valve 15 is the hammer 28, which is generally
cylindrical, with a small upper diameter fitting snugly
within bushing 18 and a lower, larger diameter portion
snugly fitting casing 11, The hammer 20 contains a lower
piece 20a which forms with 20 grooves to accominodate
the lower end of upper sleeve valve 15 and the upper part
of lower sleeve valve 21. There is a fluid passage 22 ex-
tending axially upward from the bottom of the hammer
20. At the top of the hammer, this fluid passage is closed
off by a plug 23 or the like. At the top of the hammer
20 the outside diameter of hammer 29 has been suitably
reduced so that the hammer makes a close shiding fit with
the inner diameter of the upper sleeve valve 15, as shown.
Side ports 24 connect the redeced diameter portion of the
top of the hammer with the fluid passage 22, Prefer-
ably this portion confains some type of packing, or a plu-
rality of grooves 32 1o form a labyrinth seal with bush-
ing 10. Also, a plurality of ports 42 is provided in the
casing to connect the variable volume 43 to a zone of low

fluid pressure so that liquid can freely ilow info and out
of volume 43.

The lower part of hammer 23 i1s grooved rather like
the bushing 13 to define the motion of the lower sleeve
valve 21. As in the case of the upper sleeve valve, the
lower sleeve valve contains an enlarged top portion fifting
into the bottom groove in the hammer; however, the lower
sleeve valve 21 fits only loosely within the hammer 29 and
in fact, may be provided with ports 25 to insure that
the fluid pressure above the top of the lower slide valve
21 is substantially equal at all times to that immediately
below the lower face 26 of hamimer 20. The faces 37 and
49 of the grooves in hammer 28 serve as stops to limit the
axial motion of lower sleeve valve 21 with respect to
the hammer 28.

An anvil 27 is supported with some axial freedom of
motion in the lower end of the motor housing. Thus, a
split nut 28 may be screwed into casing 11 and the lower
portion of the anvil 27 is machined to accommodate the
inner diameter of this split nut. A plurality of keys, or
drive pins 29, is placed in corresponding elongated
grooves in the anvil 27 and split nut 28. This provides
a kind of splined joint for rotating the anvil with the cas-
ing 11 (and hence the drill pipe) and also to provide
longitudinally for lost motion between the casing 11 and
the anvil, The lower end of the anvil 27 is machined for
coupling to a drill bit 30. The split nut arrangement al-
lows any desired downward force to be applied through
the casing 11 to the drilling bit 3% during drilling without
restricting movement of the anvil 27 and the bit 38 when
the anvil is struck by the hammer 28,

In the position of the hammer 20 shown in FIGURES
1 and 2, ie., at or near the upper end of the stroke of
this hammer, the lower sleeve vaive 21 has been raised
by the hammer so that there 1s a fluid path past the top
face 31 of anvil 27 into the annular groove 32 and through
ports 33 in the anvil, info a fiuid passage 34 which ex-
tends down through the anvil and connects with the similar
fluid conduit 35 1in bit 3. Accordingly, liquid in the vol-

ume between face 28 of hammer 29 and face 31 of anvil




- _27 can freely eseape threuea perts 33 and passages 34.- and_" o

35 as the hammer deseends

At this point the upper sleeve valve 15 is in its lewer _

; pesmdn, thus closing the annular groove 41- and prevent- -

- ing passage of drllhng fluid into the fluid passage 22. Ac-

- cordingly, the entire fluid pressure on the top face 36 of

“hammer 28 accelerates the hammer downward,. until the
~top face 36 is below the bottom of the upper slezve Valve” :

AR ._3"-130?434'

-talned Thrs 18 aﬂe‘rher faeter teadmslr to minimize eﬁects
- of sollds in the dr1111ag ﬁura on aetrerl of the percussion
It is. partteularly unpertant te notice that the lower: -
: sleeve valve 21 does not close until after impact of the.

- hammer 29 on the anvil 27. “Accordingly, by this relative-
-y s1mp1e arrangement, mammum 1mpaet or transfer of

-~ kinetic ‘energy from hammer to anvil, is achieved.

15. By this time the hammer has reached almost its max- .

- imum velocity, driving the drilling fluid below the- faceﬁ_m_

- 26 through the fluid passages 34 and 35. -Since the pres

sure on the upper and Iower faces of the Iower sllde Valve -

21 are substantlally the same, this valve tends to remain in -
the position shown as the hammer is forced downward

past the valve. Of course, ultimately the tep face or stop
37 of the groove in the hammer 28 carrying the lower
- slide valve, contacts the top face of slide valve 21 and

The

. forces it down at the same speed as the hammer.

~ top face 31 of the anvil contains, preferably, a. pluralrty_'

~ of relatively small, outwardly slopmg radial grooves 38
- which permits dramage of the last drilling fluid from the

“anvil 27 just before impact of the hammer on the anvil.

 With this arrangement, tests show that the anvil is struck
- by the hammer at peak hammer velocity and, therefore,; -
~ maximum momentum. This causes the anvil to sirike a

~ sharp pereusswe blow on the drill bit 31, even when the

~drilling fluid is a liquid, and aecerdrngly, gives a .high

~additional force on the bottom of the b1t 38 to eause 1t
- more actively to remove rock cuttings. o |
- As soon as. drilling fiuid resumes suhstantral ﬂew

 ingly, the valve 15 rap1d1y retracts to its upper position.
Passages 44 are provided to permrt fluid to fill the volume
above stop 17 as upper valve 15 rises. This arrangement

~ also allows this volume to empty when the valve 15 falls.
~ When valve 15 is rajsed, it clears’the ports 24 for fluid =
- ‘passage, ordinarily just. befere the hammer 20 has struck

the anvil 27. It should be added that thls valve 15 will

‘remain in the upper position until the top of hammer 28
. enters the valve, at which point the fluid- pressure above
- the valve is greater than that below it (smee the fluid below
is leaving through passage 22), causing the valve to be
PrEs

driven raprdly to its lower position against stop- i7, as
shown in FIGURE 1.

Accord- | R -
35

| As the hammer 20 rises, it Wl‘l. |
~ continue to ascend until upper sleeve valve 15 closes the

20

~“Under test conditions, a percussion motor of this type
.wrth an outer casing d1ameter of 6.5 inches, a siroke of
1 to 1.25 inches, a hammer weighing approxrmately 100
: peunds and using water as the drilling fluid with a pres-
‘sure drop through the drilling tool of approximately 5C0
p.si. gave operation for a period of about 100 hours.
Percussive rates up to approximately - 2000 strokes per
‘minute and a peak: force on the drilling bit of apnroxi-
mately 160,000 pounds were achieved.
‘these conditions have never been previously obtained
using any type of llquld actuation and have only been ap-
In- .
 cidentally, this design of percussion motor works well
~ when actuated by a high-pressure gas stream. |
- It is apparent that modifications may be made wrthm _'

" "_the spirit of the appended clarms Whrch serve to define

95 my invention,

As far as I know,

proached when using, for example compressed air.

I claim: | S
1. Ina percussmn motor- contammg a cylmdrleal ham-

mer reelproeatmglyr mounted w1th111 a casrng above an

o anvﬂ

- 30
" through the throat 14 of the Venturi bushing 13, the pres- = |
~sure in the throat at ports 19 drops, deereasmg pressure o

- on upper face of the upper sleeve valve 15 and making it

~lower than that on the lower face of this valve.

a0

- fluid flow through ports 24 or lower sleeve valve 21 is

- pulled up by the hammer 26 to expose ports 33 to fluid -
- flow. Tt is obvious that in the design of thrs tool, both
valve actions mentioned umnedrately abeve take place
~ substantially simultaneously. - S
- When the hammer 20 strikes the anvil 2’7 the memen-'_ o
. tum of the valve 21 carries it downward, closing the ex-

- haust passage around the anvil 27. Valve 21 cannot, ac-
~ cordingly, close until impact of hammer 20 on anvil 27.
 This immediately raises the pressure in ‘the fluid between =
1t is to be remembered that the |

”top valve 15 is open at this point and drilling fluid flow-
- ing through the flnid passage 22 to the faces 26 and 31 in
The force on the bottom face 26 of -
‘’hammer 20 is now greater than that on its top face -38, _:
due to the difference in area of these two faces. and the

Ac-

the hammer and anvil.

substantial contact.

| approxrmately equal fluid pressure at both points.

_cordingly, the hammer starts to rise frem 1ts lewermost
pes1t10n and the eyele repeats. |

sa

'lower sleeve valve 21 that solids in the. elreulatmg fluid

cannot interfere with the working of this valve since the i
0

- full force of the hammer moves the valve.  As far as the
- upper sleeve valve 15 is concerned, it is suhstaatlally eut
| e-f the path of solid particles in the drilling fluid.-

The design of this particular tool is readﬂy adaptablef " the ‘upper . of said steps on 'sard ham*ner bemg so lo- :

“cated with respect to the length of said valve that
the lewer erld ef sa1d valve eanrmt close oﬁ fluid

to makmg large the ports through which drilling fluid - "'_ S

-. -__ﬂews SO that relatrvely lew ﬂurd veleertres can be ob—

50 -

a lower - sleeve Valve surreundmg the lewer end of said
hammer and slidably carried between stops on said

travel between said stops, said valve being shaped

- said stops of satd hammer,

- tion of said passage adjacent the top end of said
arml being adapted for elesure by sard valve when
- Inits lowerrnest pesrtlen, R |
the upper of said stops on said hammer hemg so lo-
cated with respect to the length of said valve that the

lewer end of said valve cannot close off fluid flow

throueh said passage at the mstant said hammer con-
tacts said anvil, |

. In-a support stationary with respect to said casing

: intermittently, during the upward travel of said ham-

-.mer, and so that said valve has a predetermrned a}ual
travel between. said stops,

o _satd support bemg shaped to define a ﬂew passage fer .

the actuating fluid of said motor,

B sard hammer bemg SO shaped at the upper end thereef |
55 .

80 that with -

; -sald upper valve elosed and sald hammer at the tee end
Jef its stroke, fluid flow is substantially cut off
said fluid passage in said hammer.

2. In a percussion motor containing a cyhndrreal ham-

mer reelprecatmgly meunted mthm a casing above an

anvrl

o a lower sleeve VEIIVE surroandlnﬂ the Iower end ef said

" hammer and shdahly carried between stops-on said

- hammer so that said valve has a predetermined axial
| _travel between said stops, said ‘valve being shaped'

. - - and adapted to. be moved amally only by motlen of
It i1s to be noted in cenneetren wrth the actren of the_. : :

said stops of said hammer

berng adapted for elesure by sald Valve when 111 1its
~ lowermost position, =~

~hammer so ‘that said valve has a predetermmed axial
~and adapted to be moved axially only by metren ef_

" sald hammer and said ‘anvil bemg shaped to deﬁne at -
Ieast one fluid passage through said motor, one por-

- an upper valve adj acent the upper end of said hammer .
- and- shdahly carried between upper and lower Stops -

- so that said valve admits fluid to said fluid passage '

)

C

threugh -

| _satd hammer and said anvil hereg shaped to deﬁae at
" least one flud passage through said motor, one por-
~ tion of said passage adjacent the top end of said anvil -
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flow through said passage at the instant said hammer
contacts said anvil,

an upper sleeve valve adjacent the upper end of said
hammer and slidably carried between upper and lower
stops in a support stationary with respect to said
casing so that said valve has a predetermined axial
travel befween said stops, |

said support being shaped to define a flow passage for
the actuating fluid of said motor, said passage having
lesser cross-sectional area adjacent said upper stoo
than at the botom end of said passage, and said sup-
port further being shaped to define at least one port
from said passage at the region of said lesser cross-
sectional area to said upper stop,

sealing means for preventing flow of fluid past the inner
and outer surfaces of said upper sleeve valve,

sald hammer being so shaped at the upper end thereof
so that with said upper sleeve valve against the lower
stop of said support and said hammer at the top end
of its stroke fluid flow is substantially cut off through
said fluid passage in said hammer.

3. A fluid-actuated percussion motor for drilling includ-

me:

a cylindrical casing, portions being of two different diam-
etfers,

an anvil slidably mounted on the lower, larger diameter
part of said casing for limited axial motion thereto,
said anvil containing coupling means at the lower end
for attaching a drill bit, and at least one fluid pas-
sage,

a hammer slidably mounted in said casing above said

anvil, saild hammer having a lower part of larger
diameter than the upper part, both of said lower and
upper parts closely fitting corresponding parts of
said casing, said hammer containing at least one fluid
passage,

an upper shde valve adjacent the upper end of said
hammer and slidably carried between upper and
lower stops in a support stationary with respect to
sald casing, said upper valve being so shaped and
adapted that it closes the fluid passage through said

=]
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hammer when said hammer is near the top of its

stroke, whereupon said upper valve moves against
the lower stop of said support, -
said upper valve support containing a fluid passage wit
a constricted throat region intermediate the ends of
-said support and at least one passage connecting said

45

6

a cylindrical casing, portions being of two different
diameters,

an anvil slidably mounted on said casing for limited
axial motion thereto, said anvil containing coupling
means at the lower end for attaching a drill bit, and
at least one fluid passage,

a hammer slidably mounted in said casing above said
anvil, said hammer having a lower part of larger
diameter than the upper part, both of said lower and
upper parts closely fitting corresponding parts of said
casing, said hammer containing at least one fluid pas-
sage,

a support above said hammer and stationary with re-
spect to said casing, said support containing an axial
fluid passage therethrough with a Venturi throat,

a cylindrical upper slide valve adjacent the upper end
of said hammer and slidably carried between upper
and lower stops in said support, upon the outer pe-
riphery of said support, said upper valve being so
shaped and adapted that it closes the fluid passage
through said hammer when said hammer is at the
top of its stroke and said upper valve is against the
lower stop of said support,

said support containing at least one passage for apply-
g fluid pressure at said Venturi throat to the top
of said upper valve, |

sealing means for preventing flow of fluid past the
inner and outer surfaces of said upper sleeve valve,
and

a cylindrical lower slide valve slidably mounted around
the lower end of said hammer between upper and
lower stops but with sufficient fluid clearance to said
hammer so that fluid pressure on top and bottom of
said valve is approximately the same, said lower
valve being so shaped and adapted so as to stop flow
of fluid through said anvil at the lowermost position
of said lower valve while permitting such flow at
the topmost position thereof, and the length of said
lower valve relative to said upper stop in said ham-
mer bemng such that flow of fluid through said anvil
upon downward motion of said hammer from the
top of its stroke is first stopped on each downward

stroke of said hammer only after said hammer has
contacted said anvil.
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sure on top and bottom of said valve is approxi-
mately the same, said lower valve being so shaped 55
and adapted so as to stop flow of fluid through said
anvll at the lowermost position of said lower valve
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4. A fimd-actuated percussion motor for drilling which
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may be driven with a liquid under pressure comprising:
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