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This invention relates to a fluid-actuated percussion 
motor. Such a motor is particularly adapted for use in 
rotary drilling apparatus in which the drill bit is both ro 
tated and vibrated against the formation for increasing 
speed of drilling. 
A number of varieties of such percussion motors have 

been 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. Liq 
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 difficult to cause 
an osciliating mass, or hammer, on its down stroke to in 
pact on a bit, or an anvil above the bit, with the ve 
locity the hanmer had ai, say, two-thirds of its down 
stroke. Any liquid ahead of the hammer must be re 
moved rapidly if adequate impact is to result. 
Another problem that occurs is due to water hammer. 

It is necessary to close valves in a percussion motor rap 
idly, particularly when it is realized that speeds of up to 
2000 impacts per minute (or more) are desirable. When 
using relatively ineaiastic liquids, an abrupt change in flow 
rate as the valve quickly closes causes a pronounced pres 
sure variation, or water hammer, which considerably 
changes operating conditions in the tool and minimizes 
its effectiveness. 

Still a third major problem when liquids are employed 
lies in the fact that the liquids 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 liquid, in flowing past the various parts of a 
percussion tool, tend to cause it to wear rapidly 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 actuated 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 impart vertical 
osciliation to a driling bit in addition to the rotary no 
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 tool 
will be apparent from the following description. 

Reference is made to the accompanying two drawings 
in which: 
FIG JRE 1 shows a cross-sectional view of the upper 

part of a percussion motor with the hammer near the 
upper end of its stroke. 
FIGURE 2 shows in cross section the lower part of 

the same percussion motor. 
Referring now to FIGURE I, the percussion motor is 

connected to the lower end of a drill pipe (not shown) 
through a short sub 9. This, in turn, is threaded into 
the outer casing E. Within this casing 11, resting on a 
step 2 in a bushing 10, is a Venturi bushing (made of 
parts 13a and 13b) 13 with a throat section 14. The 
cylindrical bushing 10 is supported on an expansion ring 
8 mounted in a groove in casing . The outer surface 
of the iower part of Venturi bushing 13 has been grooved 
to provide an opening in which is mounted slidably an 
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2. 
upper sleeve valve 15. Both bushing 10 and Venturi 
bushing 3 are provided with packing 6 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 sleeve valve 
is enlarged, as shown, to fit within an enlarged part of 
the goove in the Venturi bushing. This defines between 
faces E7 and 8 (which act as stops) the vertical limits 
of travel of the upper sleeve valve 5. 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 3. 

Slidably disposed below the bushing 13 and the upper 
sleeve valve 5 is the hammer 26, which is generally 
cylindrical, with a small upper diameter fitting snugly 
within bushing and a lower, larger diameter portion 
snugly fitting casing . The hammer 20 contains a lower 
piece 20a which forms with 20 grooves to accommodate 
the lower end of upper sleeve valve i5 and the upper part 
of lower sleeve valve 2. 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 
29 the outside diameter of hammer 20 has been suitably 
reduced so that the hammer makes a close sliding fit with 
the inner diameter of the upper sleeve valve 15, as shown. 
Side ports 24 connect the reduced diameter portion of the 
top of the hammer with the fluid passage 22. Prefer 
ably this portion contains some type of packing, or a plu 
rality of grooves 39 to 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 flow into and out 
of volume 43. 
The lower part of hammer 2 is grooved rather like 

the bushing 3 to define the motion of the lower sleeve 
valve 2. As in the case of the upper sleeve valve, the 
lower sleeve valve contains an enlarged top portion fitting 
into the bottom groove in the hammer; however, the lower 
sleeve valve 2 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 hammer 20. The faces 37 and 
40 of the grooves in hammer 20 serve as stops to limit the 
axial motion of lower sleeve valve 2 with respect to 
the hammer 26. 
An anvil 27 is supported with some axial freedom of 

motion in the lower end of the motor housing. Thus, a 
split nut 23 may be screwed into casing E 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 anvii. 27 and split nut 28. This provides 
a kind of splined joint for rotating the anvil with the cas 
ing 11 (and hence the drii! pipe) and also to provide 
longitudinally for lost motion between the casing E1 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 a to the drilling bit 35 during drilling without 
restricting movement of the anvil 27 and the bit 36 when 
the anvil is struck by the hammer 29. 

In the position of the hammer 20 shown in FIGURES 
1 and 2, i.e., at or near the upper end of the stroke of 
this hammer, the lower sleeve valve 2 has been raised 
by the hammer so that there is a fluid path past the top 
face 3 of anvil 27 into the annular groove 32 and through 
ports 33 in the anvil, into a fluid passage 34 which ex 
tends down through the anvil and connects with the similar 
fluid conduit 35 in bit 36. Accordingly, liquid in the vol 
ume between face 26 of hammer 28 and face 3 of anvi 





3,180,434 
S 

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 between 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 stop 
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, 

said 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 
1ng: 

a cylindricai casing, portions being of two different diam 
eters, 

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, 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 
passage, 

an upper slide 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, said upper valve being so shaped and 
adapted that it closes the fluid passage through said 
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 with 
a constricted throat region intermediate the ends of 
said support and at least one passage connecting said 
throat region with said upper stop in said support, 

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

a lower slide valve slidably mounted between upper and 
lower stops in and adjacent the lower end of said 
hammer with sufficient clearance so that fluid pres 
Sure on top and bottom of said valve is approxi 
mately 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 hammer being such that 
flow of fluid through said anvil upon downward mo 
tion of said hammer from the top of its stroke cannot 
be stopped by said lower valve until impact of said 
hammer on said anvil. 

4. A fluid-actuated percussion motor for drilling which 
may be driven with a liquid under pressure comprising: 
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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 
Saget, 

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 
ing 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 being such that flow of fiuid 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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