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PERCUSS ON DRILL 

Eis E. Davis and William M. Booth, Houston, 
Tex., assignors to She Development Coapany, 
San Francisco, Calif., a corporation of Delaware 
Application June 17, 1950, Serial No. 168,798 

( ?I. 255-?.?) 4 Claims. 

This invention relates to percussion tools for 
dirilling eart?a formations, and pertains parti 
cularly to improvements in a percussion drill Such 
as described in a co-pending application Serial 
No. 636,497 filed July 26, 1946, by Ross Bassinger, 
now Patent No. 2,507,585, issued May 16, 1950, 
for "Pei'cussion Tools for Wells.' 
The drill described in Said application comr 

prises a bit rigidly connected to an anvil element 
attached to the lower end of an elongated tubular 
housing or conductor. Reciprocating within the 
tubular conductor for impact against the anvil is 
a mandrel or cylindrical hammer element sup 
ported by and urged upwards by a coil spring. 
The upper end of the hammer forms or carries a 
piston element adapted to enter, toward the end 
Of the upward stroke, a control sleeve supported 
by and urged upwards by a Second Spring within 
the tubular conductor. The entry of the piston 
into the sleeve interrupts the fow of the drilling 
fluid through the tubular conductor, and the re 
Sulting rise of fluid pressure forces down both the 
control sleeve and the piston-hanner member, 
compressing both springs. The downward mo 
tion of the control sleeve is arrested first, the 
piston-hammer thereupon continuing its motion 
so that at the end of the downward stroke the 
piston is withdrawn from the control sleeve while 
the hanner Strikes the an Vil. This releases the 
fluid pressure within the tubular conductor and 
permits the springs to return the reciprocating 
elements to the top point of their stroke, where 
upon the cycle is repeated. 
The drill described hereabove had been used 

with considerable success in formations of various 3 
degrees of hardness, and has given a rate of 
penetration performance comparing very favor 
ably with that of the conventional rotary drills. 
It has however been found desirable to improve 

the above drill in several regards, and specifically 
with regard to an increase of its operating fre 
quency, an increase of the force of its impact 
against the formation, and an increase of the 
useful operating life of some of its component parts. 

It is therefore an object of this invention to 
provide an improved bit capable of operating, if 
desired, at a relatively high frequency of 600 
strokes or more per minute. 

It is also an object of this invention to provide 
a drill having a longer useful life and capable of 
remaining in operation on the bottom for con 
siderably longer periods than the original drill 
herein described. 
It is further a particular object of the present 
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invention to provide a percussion drill wherein 
the control sleeve and piston structure of the 
original drill as desribed hereinabove is replaced 
by a reciprocating ball valve control structure, 
the abrasion of said control structure being mini 
mized by a substantial elimination of fluid flow 
along axial lines, and by the lapping action of the 
ball bouncing against the seat of the valve, 
whereby the useful life of said structure is greatly 
increased. 
These and other objects of this invention will 

be understood from the following description, 
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taken with reference to the appended drawings, 
wherein: 

Fig. 1 is a diagrammatic view in vertical Cross 
Section of the present drill. 

Fig. 2 is a horizontal cross-section taken along 
line 2-2 of Fig. 1. 

Fig. 3 is a diagranimatic view of an alternative 
arrangement of the lower end of the present drill. 
Referring to Fig. 1, the numeral designates 

in general a tubular housing or conductor attach 
able to the end of a drill string by means of a 
screw-threaded pin f2 provided with a fluid flow 
passage 3. The conductor 8 may consist of any 
suitable number of tubular members, such as 
shown at A, 5 and 6, and has at its lower end 
a closure member 7 carrying a cylindrical anvil 
f8 having a bit 9 of any desired type connected 
thereto, all of said parts being connected to each 
other by suitable screw-threaded or other means, 
as diagrammatically shown in the drawing, in a 
manner well known to the art. 
The anyil 8 and drill bit í 9 have channel 

means 2 and 22 respectively for the discharge of 
drilling fiuid. 
Anchored within the axial bore of the conduc 

tor is a guide or Spider 24, having fluid passages 
25 therethrough. Arranged in axial register with 
the anvil 8, and passing through an axial bore 
of the spider 24 in sliding engagement therewith, 
is a cylindrical hammer element 25 supported and 
urged upwards by a powerful coil spring 2, held 
between the spider 24 and an annular stop mem 
ber 28 fixedly carried by the hammer 25. 
The upper portion of the hammer 25 carries 

a replaceable insert 38 secured to the hammer by 
means of a tapered shank 3. The insert has a 
substantially sphericai downwardly concave face 
serving as a support for a ball 32 freely held 
thereon for reciprocation with the hammer with 
in a restricted portion 34 of the axial bore through 
the conductor . The ball 32 may be made of 
any suitable material such as rubber, plastic, 

  



3 
bronze, Steel, etc., being, if desired, of hollow 
construction when metallic balls are used. 
Arranged above the ball 32, and cooperating 

thereWith to form a ball valve structure, is a 
control sleeve 35, having a lower end 36 formed 
to seat on the ball 32. A flame-hardened flat 
seat, giving line contact on the ball, or a spherical 
Seat may equally well be used, protracted opera 
tion tending in any case to convert a flat seat 
into a spherical One. The control Sleeve 35 is in 
sliding contact with an outer sleeve 37, affixed 
to the conductor element 5, which has a some 
What restricted axial bore, thus dividing the Space 
Within the conductor ) into an upper or high 
preSSure chamber and a lower or low-pressure 
chamber. The control sleeve 35 is supported on 
and urged upwards by means of a coil spring 38. 
An annular space 39, in communication with a 

plurality of axial passages 4 (more clearly seen 
in Fig. 2) permits fluid communication between 
the upper and the lower portions of the bore 
through conductor f when the sleeve 35 is at the 
upper end of its stroke. The sleeve 35 is arrested 
at the upper end of its stroke by the pressure 
of its upper flange Al against a spring 42, held 
Within the upper portion of the conductor f0 by 
any Suitable means, such as a retaining ring 43. 
The above description of the present bit is 

given in Only very general terns, Since many 
modifications thereof are possible without depart 
ing from the spirit of the invention. For example, 
instead of the hanner, anvil and bit structure 
of Fig. 1, the present drill may comprise a bit 
attached directly for reciprocation to the hammer 
element Á5, which serves in that case merely as a 
reciprocating Supporting stem passing through 
suitable packing means 47 provided in the bottom 
closure of the dril. 
The operation of the present drill is as follows. 

When the device is at rest, for example, with the 
bit 3 resting on the botton of the hole and no 
fluid circulation Supplied to the drill, the two 
Springs 38 and 2. are partially expanded, holding 
the control sleeve 35 and the hammer 25 in their 
uppermost position. The flange 4 of the control 
sleeve 33 is thus in contact with the lower end 
of the stop Spring 32, the lower end of the con 
trol sleeve 35 is within the axial ribs which form 
paSSages 39, and the ball 32 is forced upWard into 
its seat 33 in control sleeve 35 by virtue of Spring 
27. The entire upward force of partially ex 
panded springs 38 and 2 is counter-balanced by 
Spring 42 which has considerable stiffneSS. 
As the pumps are started, and drilling fluid is 

pumped down the drilling String, said fluid passes 
through the bore 3 and sleeve 35 until it strikes 
the closed ball valve at the bottom of sleeve 35. 
The pressure in the upper portion of the con 
ductor g above said valve immediately starts to 
increase at a rapid rate, forcing the Whole struc 
ture 35-32-39-25 downward and compressing 
both spring 38 and spring 27. The control sleeve 
35 comes to the end of its stroke first when the 
lower side of the flange if strikes the upper rim 
of control sleeve guide 3. The ball 32 and the 
hammer 25 thereupon continue downwards, due 
to the inertia moment of the heavy hammer ele 
ment, until the Spring 27 is Substantially Com 
pletely compressed between the stop member 28 
and the spider 24, the hammer 25 delivering at 
this moment a sharp blow against the anvil 8. 
The amount of the overtravel of the hammer is 
relatively small, such as about 42 inch, being how 
ever sufficient to permit the fluid pressure in the 
upper portion of the conductor f0 to be relieved 
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4 
by the flow past the open valve into the relatively 
enlarged portion 48 of the bore of the conductor 
and downwards through the openings in the guid 
ing spider elements and the passage 49 in the 
hammer, which is provided to insure free flow 
at the nonent When the hammer is delivering the 
blow to the anvil and is in contact thereWith. 
The upward stroke of the sleeve 35 and of the 

ball-hammer structure 32-35 starts substan 
tially instantaneously at the end of their respec 
tive downWard strokes. 
The sleeve 35 starts its upward travel first, and 

is then followed by the ball-hammer structure, 
which is propelled upwards by the powerful motor 
string 27 as well as by the bounce or rebound off 
anvil 8. Thus, at or near the end of the upward 
stroke, the control sleeve is overtaken by the ball 
hammer member, and the valve is again closed. 
The upward Stroke is thereupon rapidly brought 
to an end not only by fluid pressure, which begins 
to build up again above the valve as the latter 
is closed, but also by the pressure of the relatively 
strong spring å? against the flange 4 i of the 
control sleeve 35. The spring 42 also protects 
the control sleeve 35 from injury by contact, 
under the pressure of the hammer, against any 
stationary part of the drill structure. The cycle 
is thereafter continuously repeated as long as 
a pressure fluid is supplied to the drill through 
the drill string. 
The drill of the present invention has Several 

advantages over the original drill described in 
application Ser. No. 686,497, referred to herein 
above. First, the intensity of the blow delivered by 
the present device against the formation is ap 
proximately doubled as compared with that of 
the original drill. By effecting measurements 
involving the use of a seismic detector, it was 
ascertained that the amplitude of the blow-re 
sponsive oscillations generated in the ground by 
the present device was substantially twice that 
of the oscillations generated by the original de 
vice of similar size and operated under the same 
conditions. Second, due to the quick-shutting action of the 
ball-valve mechanism, and to the stroke-revers 
ing action of the spring 2, the operating fre 
quency and therefore the total amount of energy 
delivered by the drill ground for drilling pur 
poses is much greater with the present device 
than with the original tool. Thus the frequency 
of operation of the latter ranges from 80 to about 
240 strokes per minute, depending on the type of 
formation being drilled. The present device oper 
ates at normal frequencies of about 600 Strokes 
per minute in formations such as shale or Sand, 
and is capable of reaching frequencies of the 
order of 1200 strokes per minute in formations 
Such as line. Both the intensity and frequency of the blows 
are also increased in the present device due to 
the increased piston area, which is made available 
by applying the annular croSS-Sectional area of 
the control sleeve for useful Work in propelling 
the hammer downward, rather than leaving it 
idle as in the original device. 

Third, and most important, the useful operat 
ing life of the present device, and specifically of 
the most sensitive part thereof, the control sleeve 
and valve structure, is also greatly increased as 
compared with the original device. 

In the original device, as the reciprocating 
mandrel or piston entered the control valve, shut 
ting off the flow of the pressure fluid, said fluid, 
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often of an abrading nature, tended to squeeze or 
leak past the piston along axial lines between the 
Walls of the piston and those of the control sleeve. 
This intensified the wearing effect developed, 
likewise along axial lines, by the reciprocating 
piston, and resulted in axial ridges being eroded 
after relatively few hours of operation on the 
inside Walls of the control sleeve and the Outside 
Walls of the piston. The pressure fluid leakage 
along these ridges considerably decreased the op 
erating efficiency of the original drill precisely 
at a time when the bit, having become somewhat 
dulled, required a maximum power input to main 
tain the desired rate of penetration. 
With the present device, any leakage tending 

to occur between the ball and the valve seat 
36 is directed along radial and substantially 
horizontal lines, and whatever erosion ensues is 
not aggravated by the friction of an axially re 
ciprocating piston, since no piston enters the 
control valve. On the contrary, the ball 32, 
being freely Supported on the insert 30, and 
being Subjected to random bouncing during 
Operation, continuously presents new surface por 
tions to the valve seat. The wearing of the ball 
and of the Seat thus proceeds in a uniform man 
ner, the ball actually exerting a lapping or honing 
effect on the valve seat. The present drill is 
thus as a rule capable of 70 or more hours of 
continuous operation, whereas the average life 
of the control sleeve and piston mechanism of 
the Original drill, and therefore the time during 
Which Said drill was capable of operating on the 
bottom, was on the average of the order of 15 hours. 
We claim as our invention: 
1. A percussion drill comprising a normally 

Vertically disposed tubular conductor having an 
axial flow paSSage therethrough, an elongated 
hammer element mounted for reciprocation in 
Said paSSage, Spring means urging said hammer 
element upwards, and pressure flow control 
means for moving said hammer element down 
Wards to deliver a percussive blow, said means 
Comprising a tubular sleeve mounted for recipro 
cation in Said passage above Said hammer elle 
ment coaxially therewith, a ball freely supported 
in Said passage by the upper end of Said ham 
Inner element in register with said sleeve, Said 
ball being adapted to close Said tubular sleeve 
When in contact with the lower end thereof, 
Second Spring means urging said sleeve upwards, 
and third Spring means mounted in Said paSSage 
above Said sleeve for contacting and arresting 
said sleeve at the end of the upward stroke 
thereof. 

2. A percussion drill comprising a tubular con 
ductor having an axial flow paSSage there 
through, a cylindrical hammer mounted for re 
ciprocation in Said passage, Spring means urging 
said hammer in one direction, and pressure flow 
control means for moving Said hammer in the 
opposite direction to deliver a percussive blow, 
said control means comprising a tubular sleeve 
mounted for reciprocation in Said paSSage longi 
tudinally of said hammer and co-axially there 
with, a ball freely supported in Said passage be 
tween the adjacent ends of said hammer and Said 
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tubular sleeve, said ball being adapted to close 
Said tubular sleeve When Seated against the end 
opening thereof, second spring means urging said 
sleeve away fron said hammer, and third spring 
means mounted in said passage for intermittently 
contacting Said sleeve and opposing its motion 
away from Said hammer. 

3. A percussion tool for drilling through earth 
formations comprising a tubular conductor 
adapted to be attached to the lower end of a 
drill String, Said conductor having an axial flow 
pâS33ge therethrough, an elongated hammer elle 
iient mounted for reciprocation in Said passage, 
Spring meainS in Said pa SSage uirging Said hamn 
mer element upwards when Said conductor is 
connected to a drill string, and pressure flow 
control means for moving Said hammer down 
Wards to deliver blow energy to the formations, 
said control means comprising a restriction in 
Said passage, a free rolling ball Supported on the 
upper end of Said said hammer element axially 
thereof within said restriction, a sleeve mounted 
for reciprocation within said restriction above 
Said ball; Said Sleeve having a lower end in reg 
ister With Said ball, Second Spring means Sur 
rounding Said sleeve above Said restriction and 
urging said sleeve upwards, and third spring 
means Inounted in Said paSSage above Said sleeve 
for contacting and arresting Said sleeve at the 
end of its upward stroke. 

4. A Well percussion tool comprising a tubular 
hou Sing, meanS haVing an aXial bOre therein 
dividing the interior of Said housing into an 
upper high pressure chamber and a low pres 
sure chamber below the high pressure chamber, 
an opening to the high pressure chamber for 
Supplying a pressure fluid thereto, an Opening 
from the low pressure chamber for exhausting 
fluid therefron, a sleeve member fitting slidably 
for reciprocation within the bore dividing Said 
two chambers from each other, a cylindrical 
hammer member mounted for reciprocation 
within the housing, first and second Spring means 
urging Said sleeve and hammer members respecif 
tively toward the high pressure chamber, a free 
rolling ball Valve element Supported on the upper 
end of said hammer member and axially movable 
thereWith Within Said axial bore, Said Second 
Spring means causing Said ball Valve element to 
Seat against the lower end of Said sleeve mem 
ber to ciOSe the axial bore between the chambers, 
thereby establishing a pressure differential tend 
ing to force said members in the other direction, 
an anvil carried by Said housing below Said men 
bers and serving to stop the movement of said 
hammer in a direction away from said high pres 
sure chamber after the ball supported on the 
hammer had been unSeated from said sleeve 
member, thereby releasing the preSSure differen 
tial between the two chambers, and third spring 
means mounted in the high pressure chamber to 
limit the movement of said sleeve member in 
the direction of said high pressure chamber upon 
the release of said pressure differential. 

ELLIS E. DAVIS. 
WILITAMI M. BOOTH. 
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