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The present invention is directed to a device for drilling 
a well in an earth formation. More particularly, the 
mvention is directed to apparatus in, which vibrations are 
created for drilling a well. 

In its more speci?c aspects, the invention is directed 
to well drilling devices in which a well bore is drilled 
by a simultaneous rotation and vibrations of a drill stem. 
The device of the present invention may be brie?y 

described as involving a hollow drill stem adapted to 
be connected at its lower end to a drill bit having a 
passageway for ?uid therethrough. The drill stem has 
at least one drill collar arranged within it and within the 
drill collar is a valve comprising a rotatable element 
which has at least one passageway for ?ow of drilling 
?uid through the passageway. The valve is adapted to 
be opened and closed alternately by rotation of the rotat 
able element. Means integral with or connected to the 
rotatable element are provided for rotating the element 
to open and close the valve whereby vibrations are created‘ 
for transmittal downwardly in the drill stem and to the 
drill bit on interruption of ?uid ?ow through the valve. 
The apparatus contemplates provision of means for pre 
venting upward travel of vibrations in the drill stem. To 
accomplish such end a spline or key arranged in a key 
way above the drill collar is provided which allows the 
vibrations resulting from interruption of ?uid ?ow through 
the valve to be transmitted downwardly on the drill 
stem. 

The invention will be further illustrated by reference 
to the drawing in which 

Fig. l is a sectional view of one embodiment; 
Fig. 2 ‘is a view looking downwardly on the valve and 

valve housing of Fig. 1; 
Fig. 3 is a view looking downwardly on the rotatable 

element or valve plate; ' 

Fig. 4 is a sectional view taken along the lines 4-—4 
of Fig. 3; 

Fig. 5 is a sectional view similar to Fig. 1 showing a 
preferred embodiment of a valve employed in the present 
invention; ’ 

Fig. 6 is a view looking down on the valve housing of 
Fig. 5; 

Fig. 7 is a downward view of the rotatable element or 
plate of Fig. 5; and > 

Fig. 8 is a sectional view along the line 8-8 of Fig. 7. 
Referring now to the drawing, numeral 11 designates 

a drill stem having attached to it at its lower end by 
mating threads 12 a conventional type of drill bit 13, such 
as a ?sh tail bit, having water courses or passageways 
14. It will be noted that drill stem 11 has a central 
passageway 15 and that the drill bit 13 is provided with 
a chamber 16 through which the drilling ?uid ?ows. 

Arranged in the drill stem 11 and a part thereof is 
a drill collar or collars 17 in which is mounted a valve 
18 provided with a rotatable element or plate 19 which 
is provided with passageways 20. 

it will be noted that the valve housing 18 has ports 21 
through which the drilling ?uid or mud ?ows. The valve 
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ice? 
housing 18 is located in the drill collar 17 with a lock 
down ring 22. 

Connected to the rotatable plate 19 by a key 23' is 
a shaft 23 which is provided with a helical vane or spiral 
valve actuator 24. The shaft 23 is mounted in drill collar 
17 on a bearing plate 25 at its upper end which is pro 
vided with passageways 26 for passage of drilling ?uid 
from passageway 15 to chamber 16. The shaft 23 is 
also mounted at its lower end on a bearing 27 in the 
valve housing 18. 
The drill stem 11 is provided with a recess 28 in which 

is arranged a packing 29 to seal the drill collar on move 
ment of the device as will be described. To transmit ro 
tation from the drill pipe to the drill collar and to elimi 
nate pulsations from the drill pipe 11 the drill stem 11 
is provided with keyways 30 in which are arranged keys 
or splines 31 on drill collar 17. Keyways 30 and keys 
31 are arranged in the drill stem 11 and collar 17, re 
spectively, so that the drill collar assemblage may vibrate 
and rotate but the drill stem only rotates. 

Referring now to Figs. 5 to 8, identical numerals will 
be employed to designate identical parts to Figs. 1 to 3, 
a di?erent type of valve including a rotatable element is 
described. In this embodiment of my invention a valve 
housing 40 is arranged in the drill collar 17 and includes 
a rotatable valve element 41 provided with passageways 
42. The rotatable valve element 41 is provided with and 
connected to a shaft 43 by a key 43' which shaft is 
mounted at an upper end in a bearing 44 and at a lower 
end in a bearing 45. The valve assembly 40 including 
the rotatable element 41 is locked into position with a 
lock~down ring 46. In this embodiment of my inven 
tion the rotatable element or plate 41 is provided with a 
plurality of transverse inclined faces or surfaces 47 which 
allow rotation of the element 41 on impingement of drill 
ing ?uid against the faces or surfaces 47. It will be 
noted further that the valve housing 40 is provided with 
ports 48 to allow entry of the drilling ?uid to the rotat 
able element and for ?ow of drilling ?uid into the drill 
bit 13 and outwardly through passageways 14. 
The apparatus of the present invention is employed in 

the following manner with respect to Figs. 1 to 4: 
As is conventional practice during drilling operations, 

drilling ?uid or mud is pumped down through the pas 
sageway 15. In my apparatus the ?ow is through the pas~ 
sageways 26 and thence against the helical vane 24 
which causes rotation of the shaft 23 which, in turn, 
rotates the valve plate or element 19.. The rotation of 
helical vane 24 and shaft 23 causes rotation of rotary 
valve plate or element 19. Valve 18 has passageways 
21 through which ?uid passes when pumping operations 
are in progress and which serve the purpose of main 
taining circulation of ?uid past the vane 24 so that 
rotation of the vane will not be entirely interrupted. 
As valve plate or element 19 rotates as a result of 
?uid forces acting against the helical vane, the valve 
plate or element 19 travels from a full open position, 
which is with the two main segments of the valve plate 
19 almost completely covered by the blank portion of 
valve 18, to a full closed position which is with the 
two main segments of the valve plate 19 disposed within 
the openings in valve 18. At the full open position of 
the valve 18 ?uid travels at a maximum rate, whereas 
at the closed position a relatively small volume of ?uid 
?ows. The rate change in ?uid volume is rapid, and 
the energy lost by the ?uid in changing from the maxi 
mum rate to a minimum rate of almost zero is dis 
sipated through the drill collar assembly to the bit and 
thence to the formation being drilled in the form of 
a vibration. The stopping of the ?uid results in a very 
rapid build up in force on the drill collar as a result 
.of the dissipating kinetic energy contained in the ?uid. 
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This creates a water hammer which results in vibration 
in the drill collar 17. This vibration is transmitted’ 
downwardly through drill collar 17 to the drill bit 13 
resulting in a hammer e?ect on the formations being. 
penetrated by the drill bit 13' and causing~ a, weakening 
or crushing of structure. and allowing! the drill bit 13 
to penetrate the formations being drill'ed' more readily 
than heretofore. With the bit arranged on the bottom 
of the hole and being rotated, the water hammer e?ect 
causes the drill’ bit and drill‘ collar to make the hole 
deeper by both a cutting and crushing effect on the 
formation. The drill collar having the weight of the 
drill stem placed on it and being vibrated by the water 
hammer effect results in improved drilling operation. 
Since it is undesirable to allow the vibrations to pro- . 
ceed up through the drill collar assembly to the drill 
stem provision is made through the keys and keyways 
31 and 36, respectively, to allow the vibration to be 
transmitted only in a downward‘ directon. Thus, in 
accordance with my invention, I vibrate the drill collar ~ 
assembly while it' is being rotated and transmit this vibra 
tion downwardly therein to allow the drill bit to pene~ 
trate formations more readily than heretofore. 

The apparatus of Figs. 5 to 8 operates in a similar 
manner as to the creation of vibrations. 
Figs. 5 to 8, it will be seen that the valve. operating mech 
anism is built into the rotatable element. The design 
of the rotating element in Figure 7 is such that the 
slanting surface 47 begins to be exposed to the open 
ings 48 of valve housing 40 shown in Figure 6 at the ‘ 
same time ports 42 in the rotating element disappear 
into the housing. The location. of the inlet to the ports 
42 is adjacent the leading edges‘ of the rotating ele 
ment and the area of the rotating element is greater 
than the opening 43 in the valve housing. As the slant 
ing surface 47 disappears into the valve housing, the 
inlet to the ports 42 begins to emerge from the housing. 
Once rotation is started, continued rotation is assured 
by the relative location of the two driving surfaces 47 
and the ports 42 and to some extent by the momentum 
developed by the rotating valve. The passage of drilling 
?uid from the passageway 15 causes it to impinge on 
the faces or surfaces 47' which allows rotation of the 
plate 41, interrupting the ?ow of drilling ?uid to the 
chamber 16 and the passageways 14' creating a water 
hammer effect and causes the drill collar 17 to vibrate. 
These vibrations are transmitted downwardly on the 
drill collar 17 and‘ allow the drill bit to penetrate the 
formation being drilled more readily than heretofore 
as has been described with respect to Figs. 1' and 2. 
The nature and objects‘ of the present invention hav 

ing been completely described and illustrated, what I 
wish to claim as new and useful and to secure by Letters 
Patent is: v 

l. A device for‘ drilling a- well which comprises, in 
combination, a hollow drill stem connected at its lower 
end to a drill bit, a drill collar arranged Within said 
drill stern provided with a passageway for drilling ?uid, 
a stationary valve housing arranged in the‘ passageway 
in said drill collar having a port for passage of drilling 
?uid therethrough, and a rotatable valve element ar 
ranged in said valve housing, said‘rotatable valve element ' 
being provided with ports inclined to the axis of the 
drill collar for ?ow of drilling ?uid and provided with 
opposed peripheral surfaces also inclined to the axis of 
the drill collar, ?ow of drilling ?uid through the drill 
collar passageway impinging against said inclined sur 
faces to rotate said valve element relative to the port 
of the said valve housing to restrict said ?ow of drill 
ing ?uid to ?ow through said ports in the rotatable valve 
element when said rotatable valve element is rotated 
into position to close the port'in the valve housing where 
by rotation of said‘ rotatable valve.- element is main 
tained and vibrations are transmitted downwardly on 
said drill stem on restriction of ?uid ?ow through the 
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passageway in said drill collar to ?ow through said 
ports" in‘ the“ rotatable valve‘ element. 

2. A device for drilling ‘a well which comprises, in 
combination, a drill bit, a hollow drill stem for passage 
of drilling ?uid downwardly therethrough and outwardly 
from said drill bit through at least one passageway there 
in, a drill collar provided-"with a passageway for drilling 
?uid connected. to. said bit and to said drill stem, at sta 
tionary valve housing arranged in the passageway in said 
drill collar having ports for passage of drilling ?uid there 
through, a rotatablelvalve element arranged in said valve 
housing, said rotatable valve element being provided with 
ports inclined to the axis of the drill collar for passage 
of drilling ?uid and opposed surfaces also inclined to 
the axis of the drill collar, said valve element being of a 
general cylindrical shape having opposite peripheral seg 
mental recesses providing said opposed inclined surfaces, 
?ow of drilling ?uid through the drill collar passageway 
impinging against said inclined surfaces to rotate said 
valve element relative to the ports of said valve housing 7 
to restrict said ?ow of drilling ?uid to flow through. said 
ports in the rotatable valve element when said rotatable 
valve element is rotated into position to close the ports in 
the valve housing whereby rotation of said rotatable valve 
element is maintained and vibrations are transmitted 
downwardly on said- drill stem on restriction of ?uid ?ow 
through the passageway in said drillcollar to ?ow through 
said‘ ports in the rotatable. valve element. 

3. A device for drilling. a well which comprises, in 
combination, a hollow drill. stem connected at its lower 
end to a drill bit, a drill collar arranged within said drill 
stem provided with a passageway for drilling ?uid, a 
stationary valve housing arranged in the passageway in 
said drill collar having. ports for passage of drilling 
?uid therethrough, a. rotatable valve element arranged 
in said' valve housing, said rotatable valve element being 
provided with ports inclined to-the axis of the drill collar 
for passage of drilling ?uidv and opposed surfaces also 
inclined to the axis of the drill collar, said valve element 
being of a general cylindrical shape having opposite pe 
ripheral segmental recesses providing said opposed in 
clined surfaces, '?ow of. drilling. ?uid through the drill 
collar passageway impinging against said inclined sur 
faces to rotate said valve element relative to the ports of 
said valve housing to restrict said ?ow of drilling ?uid 
to ?ow through said portsin the rotatable valve ele 
ment when said rotatable valve element is rotated into 
position to. close- the, ports. in. the valve housing whereby 
rotation of said rotatable valve element is maintained 
and vibrations are transmitted downwardly on said drill 
stemon. restriction of ?uid?ow through the passageway in 
said drill collar to ?ow through said-ports in the rotatable 
valve element. 

4. A device for drilling a well which comprises, in 
combination, a hollow drill stern connected at its lower 
endto a drill. bit, a drill collar arranged within said drill 
stern provided with a passageway for drilling ?uid, a 
stationary valvev housing arranged in the passageway in 
said drill collar having ports for passage of drilling ?uid 
therethrough,. a rotatable valvev element arranged in said 
valve housing, said rotatable valve element being pro 
vided with ports inclined tothe axis of the drill collar for 
passage of. drilling, ?uid and opposedv surfaces also in 
clined to the axis of the drill collar, said valve element 
being of a. general cylindrical shape. having opposite 
peripheral segmental recesses providing said opposed in 
clined surfaces, ?ow of drilling ?uid through the drill Y 
collar passageway impinging against said inclined surfaces 
to rotate. said‘ valve element‘ relative to the ports of said ' 
valve housing, to restrict said: ?ow of drilling ?uid to ?ow 
through said ports in the rotatable valve element when 
said. rotatable: valve element is‘ rotated into position to 
close the ports in the valve housing, a1 keyway arranged 
in'v said: drill stem, and a. key on said’ drill- collar slidably 
arranged in said: keyway to- prevent upward travelv of: 
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vibrations created by restriction of ?ow of said drilling 
?uid whereby rotation of said rotatable valve element 
is maintained and said vibrations are transmitted down 
wardly on said drill stern on restriction of ?uid ?ow 
through the passageway in said drill collar to ?ow through 
said ports in the rotatable valve element. 

5. A device for drilling a well which comprises, in 
combination, a hollow drill stern connected at its lower 
end to a drill bit, a drill collar arranged Within said drill 
stem provided with a passageway for drilling ?uid, a sta 
tionary valve housing arranged in the passageway in 
said drill collar having ports for passage of drilling ?uid 
therethrough, a rotatable valve element arranged in said 
valve housing, said rotatable valve element being pro 
vided with ports inclined to the axis of the drill collar 
for passage of drilling ?uid and opposed surfaces also in 
clined to the axis of the drill collar, said valve element 
being of a general cylindrical shape having opposite pe 
ripheral segmental recesses providing said opposed in 
clined surfaces, ?ow of drilling ?uid through the drill 
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collar passageway impinging against said inclined surfaces 
to rotate said valve element relative to the ports of said 
valve housing to restrict said ?ow of drilling ?uid to 
flow through said ports in the rotatable valve element 
when said rotatable valve element is rotated into posi 
tion to close the ports in the valve housing whereby rota 
tion of said rotatable valve element is maintained and 
vibrations are created in said drill stem, and means in 
said drill stem for preventing upward travel of said vibra 
tions. 
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