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My invention relates generally to the art of
earth boring, and more particularly to apparatus
suitable for drilling deep wells by the rotary
method. This present application is a consoli-
dation and continuation in part of each of my
copending applications Serial No, 388,627 and
Serial No, 388,628, both flled on April 15, 1941,
and includes only the apparatus disclosures and
claims of each of said former cases; and the
methods of using mud in drilling and controlling
drilling shown in said former cases together with
certain new matter are the subject matter of
my copending application, Serial No. 528,095,
filed March 25, 1945.

One of the objects of my invention is to provide
means for pericdically imparting shock or impact
to a drill bit while it is being continuously ro-
tated against the formation being drilled.

Another object of my invention is the provision
of means for imparting impact fo a rotary drill
bit, which means is at all times under the direct
control of the driller operating the equipment
from his station on the derrick floor.

A further object of my invention is to provide
impacting means which is actuated by the en-
gagement of an element thereof with the drilling
fluid within which the tool operates and does not
depend for its operation upon contact with the
walls or bottom of the hole being drilled.

Another object of my invention is to provide
means actuated solely by contact with the drill-
ing fluid for imparting impact to a rotary bit,
wherein the fluid-engaging means is of such na-
ture that the rate of impacting is both a fune-
tion of the resistivity of the fluild and of the
speed at which the drill is operated. In a modi-
filed form of my invention the fluid engaging
means is such that the rate of impacting is also
a function of the rate of circulation of the drill-
ing fluid. .

A further object is to- improve upon drilling
apparatus of this general nature by effecting a
reduction in the number and complexity of the
constituent parts thereof, thereby reducing the
cost of production and operation of the appa-

ratus without any impairment. of operating ef-

ficiency.

My invention possesses other objects and ad-
vantages, some of which with those enumerated
will be set forth in the following description of
various embodiments of my invention which are
Hlustrated in the drawings accompanying and
forming a part of the specification. It is under-
stood that I do not limit myself to the showing

' made by the drawings and description as I may.
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2

adopt variations of the preferred embodiments
within the scope of my invention as defined by
the claims, .

Referring to the drawings:

Fig. 1 is a view in side elevation of an impact
drill embodying the principles of the present in-
vention and shown in operative relation  within
a well being drilled. A portion of the fluid cir-
culatory system is shown diagrammatically, and
parts of the figure are broken away to reduce its
size, :

Fig. 2 is a view in longitudinal, medial section
of that portion of the drill of Fig. 1 which serves
to generate the percussion or impact., The plane
of section is indicated by the line 2—2 of Fig. 1,
and portions of the figure are broken away to
reduce its size, )

Fig. 3 in a detail view in perspective of the im-
pact generating cams and the actuating means
therefor. Portions of the figure are broken away
and shown in section,

Fig. 4 is a side elevational view similar to Fig.
1 but showing & slightly modified form of impact
drill. Portions of the figure are broken away to
reduce its length, )

Fig. 5 is a longitudinal sectional view of the
modified form shown in Fig. 4,

Fig. 6 is a detail view in side elevation partly
broken away of an impact drill employing a modi-
fied form of fluid-engaging blade,

Fig. Tis a view similar to Fig, 6, showing a still
further form of fluid-engaging means,

Fig. 8 is & view in side elevation of another
form of impact drill embodying the principles of
of the present invention, and shown in operative
relation within a well being drilled. Portions of
the figure are broken away and shown in section
the better to reveal the interior construction,

Fig. 9 is a view in longitudinal section of the
drill of Fig. 8,

Fig. 10 is a horizontal sectional view taken
'on the line 10—10 of Fig. 9,

Fig., 11 is a horizontal sectional view similar
to Fig, 10 but taken on the line I1—I1 of Fig. 9,

Fig. 12 is a view in side elevation of another
‘fiorﬁl dof my invention, shown in a well being

rilled,

" Fig. 13 is & longitudinal sectional view of the

-form shown in Fig. 12,

Fig. 14 is a horizontal section view taken on the
line 14—14 of Fig, 12, and

Fig. 15 is a horizontal section taken on the

‘line 15—16 of Fig. 13,

The present invention contemplates the provi-
sion of a drilling tool adapted to be secured to




3
the lower end of a drill stem and rotated thereby
after being lowered into a well. In order to ex-
pedite the drilling operation, the device of the
present invention relles, in addition to the cus-
tomary rotary motion of the bit at the lower
end of the tool against the formation being
drilled, upon impact or percussive action directed
against the formation by the drill in a down-
wardly direction. The means for generating this
impact preferably include a pair of ppposed coop-
erating cams, one of which is connected to the
drill to rotate therewith at all times, and the
other of which is connected to an impeller car-
rying one or more vanes or blades which project
into the circulation fluid which, being of a rela-
tively thick or viscous nature, retards rotation
of the impeller and the cam associated there-

" with, thereby developing a rotational differential
of one cam with respect to the other which is
necessary to catse them to override each other.
The cams. are urged toward each other by suit-
able means, such as by a spring or by gravity, with
the result that as this overriding action occurs,
the cams will come together with an appreciable
shock or impact, thereby imparting a downward
impact to the drill which materially increases its
drilling efficiency. The impact-actuating means
has sufficient clearance to avoid all contact with
any part of the drilled hole walls or bottom, and
is caused to operate solely by its engagement with
fluid and fluid borne material in the drilled hole.

More specifically described and referring first
" to that modification of my invention which is
illustrated in Pigs. 1, 2 and 3, the impact drill of
the present invention comprises-a shank i1 pro-
vided at its upper end with a threaded sub 12
or other suitable means of attachment to the
lower end of a conventional drill stem 13. To
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39 and carries & plurality of vanes or blades 31
extending radially outwardly from the body 38.
The blades 37, however, are relatively short in
their radial extent, being proportioned so that
they extend only part way from the body 86 to
the wall 38 of the hole within which the fool is

.operating. It is apparent therefore that the
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only medium engaged by the blades 37 during
the operation of the tool Is the circulation fluid
{9 and the material it carries.

This circulation fluid is conventionally of a
relatively heavy nature, usually being composed
of speclally selected muds and/or chemicals ap-
propriate to the particular drilling conditions.
Moreover, the circulation fluid carries & rela-
tively large proportionate content of solid par-
ticles, inasmuch as one of its principal functions
is to carry the detritus away from the drill as it
is formed. Accordingly, the circulation fluld will
always be of a relatively thick, or viscous nature
and will offer a certain amount of resistance to
movement of the blades 3T therethrough. An im-
portant feature of my invention is that the ex-
tent to such resistance is not a constant factor,
but varies with the speed of rotation of the
blades 37 therethrough as well as with variations
in the characteristics of the fluid which deter-
mine the resistance which it offers to rotation of
an impeller blade through the fiuid.

Inasmuch as the blades 31 are carried by the
tubular body 36 which is in turn affixed to the
upper, cam 31, it is apparent that the normal ro-
tation of the upper cam 3l by reason of its fric-

 tional engagement with cam 28 will be retarded

1

facilitate mounting & drill bit thereupon, an op-. -

erating head 14 is formed upon the lower end of
the shank (i. This head {4 has a tapered, in-
teriorly threaded box' 16 which may be of con-
ventional construction whereby any suitable bit
(T may be attached thereto in operative position
by having its pin (not shown) threaded into the
box £6. In accordance with conventional prac-
tice, the bit 17 is provided with orifices {8 where-
by circulation iluid 19 forced downward through
the bore of the drill stem 13 and the bore 21 of
the shank {{ by a pump 22 can escape into the
hole being drilled adjacent the cutting edges 23
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of the bit, whence the fluid 19 flows upwardly

through the hole to the sump 24 provided at the
top of the hole, carrying with it the detritus cut
away from the formation being drilled.

Affixed rigidly upon the upper surface of he

. head 14 and encircling the lower end of the shank

{1 is a lower cam 28 having one or more shoul-
ders 29 on its upper surface. Disposed in coop-
erative relation above the lower cam 28 and ro-
tatably mounted upon the shank {1 is an upper
cam 31, the lower surface of which is provided
- with a shoulder or shoulders 32 corresponding and
complementary to those on the lower cam 28.
In addition to being rotatable upon the shank i,
the upper cam 3i is reciprocable thereon and
is continually urged downwards by its own weight
to frictional engagement with lower cam 28.
Carried by the upper cam 3{ is a tubular body
36 which in the present modification is of such
length that it extends upward for a material
distance beyond the upper end of the shank 1
and into telescopic relation with the lower end
of the drill stem 3. The tubular body 36 is pro-
vided with a suitable number of breather holes
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because of the engagement of the blades 31 with
the circulating fluid 9.

Because of the sloping nature of the interen-
gaging surfaces of the cams, the upper cam 3i
and the tubular body 38 will be lifted when the
drill is rotated clockwise as Indicated in the
drawings, and this axial movement continues
until the shoulder 32 of the cam 31 passes the
shoulder 29 of the cam 28, whereupon the upper
cam 31 and the tubular body 36 will drop sharply
due to its own weight. This downward motion
of the upper cam 31 and tubular body 36 is
sharply arrested when the cams come together
again, thereby imparting a shock or impact to
the lower cam and through it to the drill bit 17.
The percussion thus imparted to a rotating bit
has been:found to increase the drilling efficiency
of the bit to a very appreciable degree.

It becomes apparent, therefore, that if’ drmmg o

conditions are such that the operator desires
the drill bit to rotate without any impact action,
he can accomplish this by reducing the speed of -
rotation until the resistance to rotation of the
tubular body and its assoclated cam is equal to
or less than that of the frictional interengage-
ment between the two cams which urges the up-
per cam and tubular body to rotate. On the
other hand, if drilling conditions are such that
the development of percussive action is desirable,
the operator has merely to increase the speed of
rotation of the drill stem until the resistance to
rotation of the upper cam which Is offered by
impingement of the circulation fluid against the
vanes 37T is greater than the frictional interen-
gagement between the cam faces. When these
conditions obtain the tubular body 36 will lag,
i. e. will not rotate as fast as the portions of the
tool which are rigidly connected to the drill stem,
thus causing the upper cam 3 to lag with respect
to the lower cam 28, thereby developing the de-
sirable impact action.
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It is apparent therefore that the impact action
can be controlled in either of two ways: namely,
(1) by keeping the fluid resistance constant and
varying the speed of rotation of the drill in the
fluid, or (2) by keeping the speed of rotation of
the drill constant and varying the resistivity or
viscosity of the fluid. It is further evident that
the critical speed at which the impact action oc-
curs Is a function of the resistivity of the fluiq
to the movement of the blades therethrough, i. e.
the greater that resistivity, the lower the drill
stem R. P. M, at which the impact means will
begin to operate.

In this connection, it should be observed that
the expression “resistivity” of the circulation
fluid, is concerned with those physical charac-
teristics of the fluid, such as viscosity, density,
gell strength, etc., which determine the physical
resistance to the passage of the blades there-
through.

Inasmuch as relative speed of rotation between
the drill stem 13 and the tubular body 36 is a
.matter of major importance as far as operation
of my improved drill is concerned, it is desirable
to provide means for minimizing the friction be-
tween these parts. To this end, I have provided
bearing means here illustrated in the form of a
bushing 46 rigidly affixed to the inside of body
86 and proportioned to establish bearing against
a cooperative bearing face upon the outer sur-
face of drill stem 13 or sub 12,

. This arrangement minimizes the friction be-
tween the parts not only because of the very
nature of the bearing surfaces, but also because
it operates to retain the parts in coaxial rela-
tion. Operation of the tool with the parts out
of axial alignment would result in the develop-
ment of relatively great pressure of one part
against the other by centrifugal force: and the
increased friction resulting therefrom would in-
terfere seriously with the-establishment of the
desired rotational differential. i

The bearing 46 is illustrated as being composed
of rubber, but it will be understood, that other
bearing materials may be employed. An upper
bearing 41 may also be employed and either or

“both of these bearings may be composed of rub-
ber, as illustrated, or suitable soft metals such
as bronze or the like in accordance with con-
ventional practice,

It is also within the scope of the present in-
vention to reverse the arrangement of parts of
the bearing as in the modification of Figs. 4 and

-5 wherein the bearing 48’ is rigid with the sub 12
and establishes bearing contact with the interior
surface of the tubular body 36. This modifica-
tion also is provided with an upper bearing 471’
of suitable design and illustrated as made of
x.netal.

However, the outstanding point of differentia-
tion between the modification shown in Figs. 4
and 5 and that of Figs, 1 and 2 is that the drill of
Figs. 4 and 5 is provided with a compression
‘spring §6 interposed between the sub {2 on the
drill: stem and the upper surface of the upper
cam'31. The function of this spring 56 is to in-
crease the percussion which develops when the
cam 31 overrides and impacts upon cam 28.

Fig, 6 illustrates a modified form of fluid-en-
gaging blade 61 which instead of being continuous
throughout the length of the tubular body 36 is
interrupted at intervals to present openings 63
through which the ecirculation fluid or drilling

mud can flow and thereby reduce the tendency -

for the tool to “ball up.” This construction pos«

10

sesses the added advantage of creating eddy cur- -

" rents around the blades which contribute to the

development of the desired rotational differen-

tial.

Still greater advantage is taken of this same
principle by the further modified form of impeller
construction of Fig. 7 wherein each of the vanes
of blades 64 is defined by a row of pins 66 dis-
posed in sufficiently spaced relation to present
openings 67 between adjacent pins.

A feature common to all of the foregoing forms

_ of impeller blades is that they are substantially
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straight and parallel to the axis of the tool. Thus
vertical movement of the tool in the hole, or
vertical movement of the fluid past the tool, has
no effect upon the blades. Only by rotation
of the tool in the fluid is the resistance of the
blades to passage through the fluid made mani-
fest. )
Referring now to that modification of my in-
vention which is illustrated in Figs. 8-11, the
numeral |i again designates a shank, provided
at its upper end with suitable means 12 of at-
tachment to the lower end of a conventional drill
stem 13. ' An operating head 14 at the lower end .
of the shank Il provides convenient means of
attachment for a bit 11. As before, the bit 17
may be provided with orifices 18 whereby circu-
lation fluid 19 forced downward through the bore
of the drill stem {3 and the bore 21 of the shank
I can escape-into the hole being drilled adja-
cent the cutting edges 23 of the bit 17, Such
circulation of the fluid 19 may be effected as by
any convenient means (not shown). ¥Fluid {9
thus supplied to the bit 1T flows upwardly there-
from through the hole which has been drilled and
into the sump, carrying with it the detritus which
has been cut away from the formation being

* drilled.
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In this form of my invention, the lower cam
28a instead of being fixed to the operating head
14 is mounted for free rotation upon the upper
surface thereof about the lower end of the shank
il. In cooperative engagement with the cam
surface on the upper end of cam 28a is an upper

-cam 3{a connected to the shank {1 to be rotated

thereby but for free axial movement with respect
thereto, as by one or more feather keys 43.  Re-
liance may be placed solely upon the weight of
the upper cam 3la to urge it into engagement
with the lower cam 28a, or a spring 56 may be
employed under compression between the upper
cam 3fa and the sub 12 in a manner similar to -

- that shown in Fig. 5.

55
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As stated, the lower cam 28a is free to rotate
upon the shank {1 and in this modification of
my invention, the tubular body 36 is therefore
rigidly attached to the lower cam instead of the
upper one. The tubular body 36 is preferably
of sufficient length to enclose the compression
spring 66 and the sub 12, the latter of which
can be relied upon with convenience to act'as
a gulde for the upper end of the tubular body
permitting rotational movement thereof without
any material radial movement. As before, the
tubular body 36 is provided with a plurallty of
perforations 39 and carries a plurality of vanes or
blades 31’ extending radially outwardly. from the
body 36 but not so far as to permit them to.en-
gage the wall 38 of the drilled hole. ' It is apparent
therefore that the only medium engaged by the
blades 31’ during operation of the tool is the cir-

- culation fluid {9 and any material which' it car-

78

ries.
The blades 37 in this form of my invention are i
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of helical form' and the pitch of these blades is
in that direction which causes the blades, as
they rotate, to impose g thrust{ upon the clrcu-
lation fluid 19 in its direction of flow. Inasmuch
as the blades 31’ are carried by the tubular body
36 which in turn is affixed to the lower cam 28a,
it is apparent that rotation of the lower cam will
. be retarded because of the engagement of the

" blades 31’ with the circulation fluid 19. How-
ever, the tubular body 36 and its associated cam
28a, being free to rotate upon the shank f{l,
are caused to rotate only through frictional en-
gagement which occurs principally at the cam
faces. This permits full advantage to be taken
of the variation in the degree of resistance to
movement of the vanes or blades 37’ through the

fluid in proportion to their speed. If the drilling

operator desires that the drill bit rotate without
any impsact action, he should rotate the drill stem
at such low speed that the resistance to rotation
of the tubular body and its associated cam mem-
ber is less than that of the frictional resistance
between the two cams which urges the lower
cam and tubular body to rotate. On the other
hand, if drilling conditions are such that the de-
velopment of percussive sction is desirable in ad-

8

 1ty, the speed at which the drill develops per- .

v cussive action can easily be determined.’

The modification of Figs. 12-15 further differs

_ from that of Pigs. 8-11 in that the tubular body

10

36 carrying the blades 31’ is connected to the
upper cam 3{d to rotate therewith as by spline
connections 42. The lower cam 28 ig' rigid with
the operating head i4, and accordingly, also rigid
with the drilling bit I'l Consequently, when a
rotational differential develops between the drill
stem {3 and the tubular body 36, the upper cam

*31b will be caused to rotate with respect to the

- lower cam 28; and the splined driving connec-

15
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" dition to the rotary motion of the drill, the oper- .

ator has merely to increase the speed of rotation
of the drill stem until the resistance to rotation
of the lower cam, which is developed by impinge-
ment of the circulation fluid against the blades
31, is greater than the frictional interengage-
ment between the two cam faces. When these
conditions obtain, the tubular body 36 will lag,
i. e. will not rotate as fast as the drill stem, thus
causing the lower cam 28a to rotate at a lower
speed than the upper cam 3la.

Because of the sloping nature of the interen-
gaging surfaces of the cams, the upper cam 3ia
will be lifted as relative rotation between the
.two cams occurs, compressing the spring 86 until
such time as the shoulder of one cam passes the
corresponding shoulder of the cooperating cam,
whereupon the upper cam 3la will drop sharply,
due to its own weight augmented by the force of
the spring -56. This downward motion of the
upper cam 3la is sharply arrested when the cams
come together again, thereby imparting a shock
- or impact to the lower cam 28a and through it

tothedrill bit 11, .

" Due to the fact that the helica.l blades 31" ex-
ert 8 thrust against the circulation fluid in the
same direction as that in which the circulation
" fluid is fowing, it is apparent that in this form
of my invention, the operator will have to rotate
his drill at a relatively higher speed in order to
develop the frictional resistance to rotation of
the blades which is necessary to overcome the
friction at the cam surfaces.  Figs. 12-15, how-
ever, show a modified form of construction where-
in the direction of angularity of the helical blades
31’ is opposite to that shown in Figs, 8-11 al-
ready described. In the modification of Figs.
12-15 the drill bit is intended to operate at rela-
tively lower rotational. speeds since the blades
37’ in this case exert a thrust against the circu-
lation fluid in the direction opposite to that in
which the Aluid is fiowing, with the result that
they do not need to rotate as fast in order to
develop the same amount of resistance to rota-
tion. It is apparent therefore that the tool can
easily be designed to have its. critical speed at any
predetermined value, i. e. by varying the angu-
larity of the spiral blades, or in some cases by
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tion between the tube 36 and the upper cam 3tb
will permit the upper cam to reciprocate axially
upon the shank {f thus permitting the cams to
override each other, The collar 46 fixedly
mounted in tubular body 36 is supported against
collar 42 of shank I3 by spring §6. Thus, when
tubular body 86 rotates slower than shank {3, cam
31b overrides cam 28, and oscillates axially on
shank 13. Inasmuch as body 38 cannot oscillate,
cam 31b slides on keys 42 up and down in body
36 against and under the impress of spring 56.
Key 42 has the function -of rotating cam 3ib with
body 36 while at the same time permitting cam
31b to reciprocate with respect to body 36. The
cams are urged toward each other as before by
a suitable spring 56 with the result that as this
overriding action occurs the cams will come to-
gether with considerable shock, thereby impart-:
ing sufficient impact to the drill to increaee its
drilling efficiency materially.

As stated, the impact-actuating means in each
case has sufficient clearance to avoid all contact
with any part of the walls or bottom of the drilled
hole and is caused to operate solely by its engage-
ment with the circulation fluid and material
borne by that fluid. When the fluid-engaging
means is of helical form, in addition to being
operable by rotation of the drill within the fluid,
it is also responsive to movement of the fluid it-
self in an axial direction.

The helical form of the blades causes them-to
exert a thrust against the fluid in an axial di-
rection; and the extent or magnitude of the thrust
thus developed is readily subject to control, which
in turn facilitates the design of the drill to con-
fine its critical speed between relatively narrow
limits, ‘If the direction of the thrust exerted by
the helical blades is the same as that in which

‘the circulation fluid is flowing, the drill must be

operated at a higher rotational speed before the
cams are caused to operate, On the other hand,
if the blades be oppositely inclined then the im-
pact action of the drill will commence while the
drill is being rotated at a considerably lower
speed. Purthermore, it is believed that the heli-
cal blades will be materially more efficient in de-
veloping the frictional resistance to rotation be-
cause of the eddy currents which they tend to
set up in the circulation fluid as a result of which
adjacent particles of the filuld are forced to im-
pinge against each other -and thereby develop
friction within the fluid itself in addition to that
which develops at the surfaces of the blades and
the tubular body which carries them.

While the particular apparatus herein shown
and described in detail is fully capable of attain-
ing the objects and providing the advantages
hereinbefore stated, it is to be understood that
it is merely illustrative of the presently preferred
embodiment of my invention, and that I do not -

actually reversing the direction of that angular- 7§ mean to limit myself to the detalls of construc-~



2,425,012

9

tion or design herein shown, other than as de-
fined in the appended claims. .

Iclaim:

1. A combination rotary and impact drill hav-
ing impact means adapted to be operated by ro-
tation of said drill in a fluid, comprising a rotat-
able shank, a bit mounted upon said shank, means
for attaching said shank to a rotating means,
a body revolubly mounted upon said shank,
means between said body and said shank for
maintaining coaxial relation therebetween, cam
means interposed between said body and said
shank for imparting reciprocatory motion to said
body with respect to said shank when rotation
therebetween occurs, said cam means comprising
a cam on said shank and & cam on said body, and
means associated with said body extending into
and engaging said fluid to retard rotation of said
body when said drill is rotated in said fluid where-
by said body cam reciprocates and impacts upon
sald shank cam to deliver impact to said bit.

2. A combination rotary and impact drill com-
prising a shank, means for attaching said shank
to a rotary drill stem, a body revolubly mounted
on said shank, cams between said body and said
shank, one of said cams being rigid with said body
and the other of said cams being rigid with said
shank, said body cam being adapted to impact
upon said shank cam when rotation therebetween
occurs, a tubular structure upon said body, bear-
ing means between said tubular structure and
said shank for maintaining coaxial alignment
therebetween, and fluid-engaging means upon
said tubular structure extending radially into said
fluld to resist rotation of said tubular structure

within said fluid -and thereby retard rotation of:

sald body with respect to said shank.

3. A combination rotary and impact drill com-
prising a shank, means for attaching said shank
to a rotary drill stem, a body revolubly mounted
on said shank, cams between said body and said

shank, one of said cams being rigid with sald

body and the other of said cams being rigid with
said shank, said body cam being adapted to im-
pact upbon said shank cam when rotation there-
between occurs, a tubular structure upon said
body, and fluid-engaging means upon said tubular

structure extending radially into said fluid to re- .

sist rotation of said tubular structure within said
fluid and thereby retard rotation of said body
. with respect to said shank.

4, In g drill having impact means adapted to
be operated by rotation of said drill in o fluid, a
shank, means for attaching said shank to a rotary
drill stem, impact means upon said shank com-
prising a cam rotated by said shank, and a free
cam rotatable with respect thereto, said free cam
being urged to rotate with said shank cam by
virtue of frictional engagement between the faces
of said two cams and said cams being adapted to

10

15

20

25

30

35

50

10
tary drill stem, impact means upon said shank
comprising a cam rotated by said shank, and a
free cam rotatable with respect thereto, said free
cam being urged to rotate with said shank cam by
virtue of frictional engagement hetween the faces

. of said two cams and said cams being adapted to

impact when rotated with respect to each other,
and fluid-engaging means revolubly mounted on
said shank and engaging said free cam comprising -
a tubular structure and a helical blade extending
into engagement with said fluid, said helical blade
being adapted to urge adjacent fluid upwardly in
the drilled hole when rotated by said free cam, .
and to retard rotation of said free cam with re-
spect to said shank when resistance to rotation
of said blade through sald fluid becomes greater
than friction between the faces of sald two cams.

6. In g drill having impact means adapted to
be operated by rotation of said drill in g fluid, a
shank, means for attaching said shank to g rotary
drill stem, impact means upon sald shank com-
prising a cam rotated by said shank, and a free
cam rotatable with respect thereto, said free cam
being urged to rotate with said shank cam by
virtue of frictional engagement between the faces
of said two cams and said cams being adapted to
impact when rotated with respect to each other,
and fluid-engaging means revolubly mounted on
sald shank and engaging said free cam compris-
ing a tubular structure and a helical blade ex-
tending into engagement with said fluid, said hel-
ical blade being adapted to urge adjacent Auid
downwardly in the drilled hole when rotated by
said free cam, and to retard rotation of said free
cam with respect to said shank when resistance to
rotation of said blade through said fluld becomes
greater than friction between the faces of said
two cams.

7. In g combination rotary and impact drill
having impact means adapted to be operated by
rotation of said drill in a fluid, a shank, means.
for attaching said shank-to g drill stem, a body
revolubly mounted on said shank, a cam rigid

'with said body, a second cam upon said body cam,

said second cam being adapted to impact against

said body cam when rotation therebetween oc-
curs, coupling means between said second cam
and said shank whereby said second cam recip-
rocates with respect to said shank and rotates
therewith, and fluid-engaging means associated
with said body and adapted to. retard rotation of
said body with respect to said shank and com-
prising a tubular structure and fluid-engaging -

- elements extending radially from said tubular

60

impact when rotated with respect to each other,

and fluid-engaging means revolubly mounted on
said shank and engaging said free cam compris-
-ing a tubular structure and a helical blade extend-
ing into engagement with sald fluid, said helical
blade being adapted to urge adjacent fluid axially
with respect to said shank when rotated by said
free cam, and to retard rotation of said free cam
with respect to said shank when resistance to ro-
tation of said blade through said fluld becomes
greater than friction between the faces of said
two cams.

5. In a drill having impact means adapted to

be operated by rotation of said drill in s fluid,
* a shank, means for attaching said shank to a ro-

structure into said fluid-and adapted to resist
rotation therein whereby the rotation of said body:
is retarded with respect to said shank and said
second cam impacts upon said body cam.

8. A combination rotary. and:impact drill hav-
ing impact means adapted to be operated by rota-
tion of said drill in a fluid, comprising a shank,
means for attaching said shank to a rotary
means, a body revolubly mounted on said shank,

. impact means between said body and said shank‘
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comprising a cam rigid with said body and g cam
rigid with said shank, said body cam being adapt-
ed to impact upon said shank cam when rotation .
between said bedy and said shank occurs, and -
fluid-engaging ‘means associated with said body ,
and adapted to retard rotation of said body with

‘respect to said shank comprising a tubular struc-

ture, coupling means between salq tubular struc-
ture and said body whereby said body may re-
ciprocate axially with respect to said tubular
structure and is rotated with said tubular struc-
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ture, and fluid-engaging elements extending
radially from said -tubular structure into sald
fluid and adapted to resist rotation in said fluid
and retard rotation of said body with respect to
said shank,

8. A rotary impact drill for earth boring, which
includes: a shank adapted to have & bit attached
thereto; means for attaching sald shank to a
rotary drill stem whereby sald shank and bit can
be rotated in a hole having drilling fluld {herein;
8 driving cam mounted on sald shank and rotat-
able therewith; a driven cam mounted on said
shank and adapted to be rotated by rotation of
said driving cam, one of said cams being recipro-
cable on said shank; and means rotatable with

said driven cam extending into an engaging said -

fluid sufficiently to retard rotation of said driven
cam by engagement with said fluid to thereby

10
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_ establish relative rotation between said cams and -

cause said reciprocable cam to reciprocate and
produce an impact on said shank, sald fluid en-

' 'gaging means remaining rotatable with respect
to the wall of sald hole.

10. A rotary impact drill for earth boring,
which:includes: a shank adapted to have a bit
attached thereto; means for, attaching said shank
to a rotary drill stem whereby said shank and bit
can be rotated in a hole having drilling fluid
therein; a driving cam mounted on said shank
and rotatable therewith; a driven cam mounted
on s&id shank and adapted to be rotated by ro-
tation of said driving cam, one of said cams being
reciprocable on sald shank; and a body rotatable
with saild driven cam provided with a radially
‘extending blade of substantial size to sufficiently
retard rotation of said driven cam by engagement
with said fluid to thereby establish relative rota-

. tion between sald cams and cause said recipro-
cable cam to reciprocate and produce an impact
on said shank, said body remaining rotatable with
respect to the wall of said hole.

11. A rotary impact drill for earth boring,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to a rotary drill stem whereby said shank and bit
can be rotated in a hole having drilling fluid
therein; a driving cam mounted on sald shank
and rotatable therewith; a driven cam mounted
on sald shank and adapted to be rotated by ro-
tation of sald driving cam, one of said cams he-

- ing reciprocable on said shank; and a body ro-
tatable with said driven cam provided with a
radially extending helical blade extending into
and engaging said fluid sufficiently to retard ro-
tation of said driven cam by engagement with
said fluld to thereby establish relative rotation
between said cams and cause said reciprocable
cam to reciprocate and produce an impact on saild
shank, sald body remaining rotatable with re-
spect to the wall of said hole.

12. A rotary impact drill for earth boring,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to a rotary drill stem whereby said shank and bit
can’ be rotated in a hole having drilling fluid
therein; a driving cam mounied on said shank
and rotatable therewith; a driven cam mounted

20

establish relative rotation between sald cams and
cause sald.reciprocable cam to reciprocate and
produce an impact on said shank, said body re~
maining rotatable with respect to the wall of said
hole.

13. A rotary impact drill for earth boring,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to a rotary drill stem whereby said shank and bit
can be rotated in a hole having drilling fluid
therein; a driving cam mounted on said shank
and rotatable therewith; a driven cam mounted
on said shank and adapted to be rotated by rota-
tion of sald driving cam, one of said cams being
reciprocable on said shank; and a body rotatable
with said driven cam provided with a plurality of
radially extending helical blades disposed at dif-
ferent angles and of sufficient size to materially
retard rotation of said driven cam by substantial
engagement with said fluid to thereby establish
relative rotation between said cams and cause

. said reciprocable cam to reciprocate and produce
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an Impact on said shank, said body remaining
rotatable with respect to the wall of said hole.

14, A rotary impact drill for earth boring,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to a rotary drill stem whereby said shank and
bit can be rotated in a hole having drilling fluid
therein; a driving cam mounted on said shank
and rotatable therewith; a driven cam mounted
on said shank and adapted to be rotated by rota-
tion of said driving cam, said driven cam being
reciprocable on said shank; and means rotatable
with said driven cam extending into and engag-
ing said fluld suficiently to retard rotation of said
driven cam by engagement with said fluid to
thereby establish relative rotation between said
cams and cause said driven cam to reciprocate
and produce an impact on said shank, said fluid
engaging means remaining rotatable with respect
to the wall of said hole.

15. A rotary impact drill ror earth horing,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank

- to a rotary drill stem whereby said shank and bit

50

on said shank and adapted to be rotated by rota- -

tion of said driving cam, one of said cams being

70

reciprocable on said shank; and a body rotatable

with said driven cam provided with a plurality
of radially extending blades of sufficient total
area to materially retard rotation of said driven
cam by engagement with said fluld to thereby

can be rotated in a hole having drilling fluid
therein; a driving cam mounted on said shank
and rotatable therewith; a driven cam mounted
on said shank and adapted to be rotated by rota-
tion of said driving cam, said driving cam being
reciprocable on said shank; and means rotatable
with said driven cam extending into and engag-
ing said fluid sufficiently to retard rotation of said
driven cam by engagement with said fluid to
thereby establish relative rotation between said
cams and cause said driving cam to reciprocate
and produce an impact on said shank, said fluid
engaging means remaining rotatable with respect
to the wall cf said hole.

16. A rotary impact drill for earth boring
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to a rotary drill stem whereby said shank and

5 bit can be rotated in a hole having drilling fluid

therein; an impact member rotatably mounted on
said shank and movable axially thereof to deliver
impact thereto; means on said shank cooperating
with means on said impact member tending to
rotate said impact member with said shank and

to reciprocate said impact member when relative .- ’

rotation between it and said shank is established;

and means rotatable with said impact member
extending into and engaging said fluid sufficiently
to retard rotation of said impact member by en-

%
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gagement with said fluid to thereby establish rel-
ative rotation between sald impact member and
sald shank, said fluid engaging means remaining
rotatable with respect to the wall of said hole,

17. A rotary impact drill for earth boring
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank

t0 a rotary drill stem whereby said shank and -

‘bit can be rotated in & hole having drilling fiuid
therein; an impact member reciprocably mounted
on said shank and rotatable therewith for deliv-
ery of impact thereto; means on said impact
member cooperating - with means rotatably

10

mounted on said shank for reciprocating sald - -

impact member when relative rotation between
sald shank and said rotatable member is estab-

18

lshed; and fluid engaging means operable with -

said rotatable member adapted to retard rotation
thereof solely by engagement with said fluid to

thereby cause said relative rotation, said fluid

engaging means remaining rotatable wlth respect
to the wall of said hole.
18. Apparatus for delivering impact to a drill

bit being rotated in a hole having drilling fluid -

therein, which includes: an impact member re-

ciprocably mounted with respect to sald bit and-
adapted to deliver impact thereto; means oper-

-ably associated with said bit and impact member
for reciprocating the latter; and actuating means
rotatably mounted with respect to said bit but
urged to rotate therewith, adapted to actuate said
reciprocating means when relative rotation is es-

25

tablished between said actuating means and said

bit, said actuating means having blade means
extending into and engaging said fluid sufficiently
to retard rotation of said actuating means with

respect to said bit while permitting it to remain

rotatable with respect to the wall of said hole.

35

19. Apparatus for delivering impact to a drvll’ )

bit being rotated in e hole having drilling ﬁuid;
therein, which. includes: an impact member re-

40

ciprocably mounted with respect to said bit-and

adapted to deliver impact thereto; means associ-
ated with said bit and impact member for recipro-
cating the latter, said means including ‘a member

45

rotated with said bit, and a cooperating member -
rotatable with respect to said bit but frictionally. =
urged to rotate therewith by said first member; - -

and fluld engaging blade means of extensive area

connected to said rotatable member and extend-

ing . into and engaging said fluid sufficiently. to

retard rotation of said rotatable member solely. =

in response to the drag of said fluid on said blade

-means, to thereby reciprocate said impact mem- -

-ber, said fluid engaging means remaining rotat-
able with respect to the wall of said hole. :

20. A rotary impact drill for earth boring which -

includes: a shank adapted to have a bit attached

" thereto and to be rotated in a hole having drilling
fluid therein; impact means reciprocably mounted:.
‘on sadid shank; fluid drag means of extensive. .
area rotatably mounted on said shank but adapt-. -
ed to be rotated by said shank; and means respon-:-
. sive to relative rotation bétween sald shank and. .

: said drag means for operating said impact means,
while said fluid drag means is rotating with re-
spect to the wall of said hole.

21. A rotary impact drill for earth boring which

14

sald fluid thereon for operating said impact
means even though sald fluid engaging means is
rotating with respect to the wall of said hole..

22. In a drill having impact means adapted to
be operated by rotation of said drill in a fluid,
a shank, means for attaching a bit to said shank,
means for attaching said shank to a rotary drill
stem, impact means upon said shank comprising
a cam rotated by said shank, and a free cam ro-
tatable with respect thereto, said free cam being
urged to rotate with said shank cam by virtue
of frictional engagement between the faces of said
two cams and said ¢cams being adapted to impact
when rotated with respect to each other, and
fluid-engaging means rotatably mounted on said
shank and fixed to said free cam comprising a
tubular structure and a blade fixed thereto ex-
tending. into engagement with said fluid, said
blade being adapted to retard rotation of said free -
cam with respect to sald shank when resistance
to rotation of said blade through said fluid be-
‘comes greater than friction between the cam
faces, said fluid engaging means remaining rotat-
able with respect to the wall of said hole,

23. A rotary impact drill for earth boring,
which ‘includes: a shank adapted to have a bit
attached thereto; means for attaching said shank -

_to a'rotary drill stem whereby said shank and bit -

can be rotated in a hole having drilling fluid
therein; a tubular impact member reciprocably
mounted on' said shank coaxially therewith; a
pair.of overriding cam members coaxially mount-

-ed on sald shank for reciprocating said impact

member, one of sald. cams being rotatable with
said shank, and the other being rotatable there-
on but frictionally urged to rotate therewith; and
a tubular body rotatably mounted on said shank
and provided with blades extending into said fluid
to engage the same and be sufficiently retarded
thereby to cause relative rotation between sald
cam members and reciprocation of said impact

_member while said body is rotating With respect
‘to the wall of said hole.

24. A rotary impact drill for earth boring which
includes: a shank adapted to have a drill bit
attached thereto; means for attaching said shank
to a drill stem for rotation in a hole having drill-
ing fluid therein; a tubular body mounted co-
axially on said shank and rotatable thereon; a

‘blade on the outside of said body extending into
-said fluld and having a maximum radius of rota-
-tion less than the radius of rotation of said bit

.-and. an area sufficient to retard rotation of said
.- body with respect to said shank due to the drag
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‘of said fluid against said blade becoming greater
than the frictional urge tending to rotate said

- body with said shank; and impact means between

: said body and shank including complemental cam

‘includes: a shank adapted to have a bit attached

_thereto and to be rotated in a hole having drilling

fluld therein; impact means reciprocably mount--

~ed on said shank; and fluid engaging means nor-
mally urged to rotate by and with said shank;
and ) means responsive to the retardation of said
fluid engaging means due solely to the drag of

N
~
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means, one part of which is rotatable with said
shank and the other part of which is rotatable
with said body, said cam parts being adapted to
override and actuate sald impact means: when

" said body is retarded by the engagement of said
. blade with said fluid.

25. A combination rotary and impact drill com-
prising a shank adapted to have a bit attached
thereto, means for attaching said shank to a ro-
tary drill stem, a body revolubly mounted on sald
shank, cams between said body and said shank, -
one of said cams being rotatable with said body
and the other of said cams being rotatable with

sald shank, said body cam being adapted to im-
_pact upon said shank cam when rotation there-

between  oceurs, 8 tubular structure upon said

body, and fluid-engaging means upon said tubu-
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lar sttucture extending radially into said fluid
to resist rotation of sald tubular structure with-
in said fluid and thereby retard rotation of sald
body with respect to sald shank,

26. A combination rotary and 1mpé.ct. drm com- .
prising & shank adapted to have & bit attached

thereto, means for attaching said shank to & ro-
tary drill stem, a body revolubly mounted on said
shank, cams between said body and said shank,
one of said cams being rotatable with said body
and the other of said cams being rotatable with
said shank, one of said cams being adapted to
impact on the other when rotation therebetween
occurs, & tubular structure upon said body, and
fluld-engaging means upon said tubular structure
extending radiall> into said fluid to resist rota-
tion of said tubuh v structure within said fluid
and thereby retard rotation of said body with
respect to said shank.
27. A combination rotary and impact drill hav-
ing impact means adapted to be operated by ro-
“tation of sald drill in & fluid, comprising a ro-
tatable shank adapted to have a bit attached
thereto, means for attaching said shank to & ro-
tating means, a body revolubly mounted upon
said shank, cam means interposed between said
body and said shank for imparting reciprocatory
motion to said body with respect to said shank
when rotation therebetween occurs, said cam
means comprising a cam on sald shank and a
cam on sald body, and means assoclated with
said body extending into and engaging said fluid
to retard rotation of sald body when sald drill
is rotated in said fluid whereby said body cam
reciprocates and impacts upon said shank cam
to deliver impact to said bit. |
28. In a drill having impact means adapted to
be operated by rotation of sald drill in a fluid,
& shank adapted to have a bit attached thereto,

means for attaching said shank to a rotary drill.

stem, impact means upon said shank comprising
a cam rotated by sald shank and-a free cam ro-
tatable with respect thereto, said free cam being

16

" fluld becomes greater than friction betWeen the -

10

faces of said two cams,

30, In = combinatiom rotary and .fmpact drill
having impact means adapted to be operated by
rotation of said drill in a fluid, & shank adapted
to have & bit attached thereto, means for attach-
ing sald shank to a drill stem, a body revolubly
mounted on said shank, a cam rotatable with said
body, a second cam upon said body cam, one of
said cams being reciprocable and adapted to im-
pact on the other when rotation therebetween
occurs, coupling means between said second cam
and said shank whereby said second cam rotates

. with said shank, and fluid-engaging means associ~
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urged to rotate with said shank cam by virtue of -

frictional engagement between the faces of said
two cams, said cams being adapted to impact
when rotated with respect to each other, and
fluld-engaging means revolubly mounted on said
shank and fixed to said free cam comprising a
tubular structure and a blade extending into en-
gagement with said fluid, said blade being adapt-
ed to retard rotation of said free cam with respect
. to sald shank when resistance to rotation of said
blade through said fluid becomes greater than
friction between the faces of said two cams.

29. In a drill having impact means adapted to
be operated by rotation of said drill in a fluld;
_& shank adapted to have a bit attached thereto,
means for attaching said shank to a rotary drill

stem, impact means upon said shank comprising

& cam rotated by said shank and a free cam
rotatable with respect thereto, said free cam be-
ing urged to rotate with said shank cam by virtue
of frictional engagement between the faces of said
two cams, said cams being adapted to impact
when rotated with respect to each other, and
fluld-engaging means revolubly mounted on said
shank and fixed to said free cam comprising a
tubular structure and longitudinally extending
blade means having sections separated by spaces
and extending into engagement with said fluid,
said blade being adapted to retard rotation of
said free cam with respect to said shank when

resistance to rotation of said blade through said.
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ated with said body and adapted to retard rota-
tion of said body with respect to said shank and
comprising a tubular structure and fluid-engaging
elements extending radially from said tubular
structure into said fiuid and adapted to resist ro-
tation therein whereby the rotation of said body
is retarded with respect to said shank and sald
cams are caused to impact, said body remaining
rotatable with respect to the wall of said hole,
31. A rotary impact drill for earth boring,
which ‘includes: a shank adapted to have a bit

attached thereto; means for attaching said shank

to a rotary drill stem whereby said shank and bit
can be rotated in a hole having drilling fluid
therein; a driving cam coaxially mounted on said
shank and rotatable therewith; a driven cam co-
axially mounted. on said shank and adapted to
be rotated by said driving cam, one of said cams
being reciprocable on sald shank and adapted to
impact upon the other of said cams; and means
rotatable with said driven cam extending into said
fluid and adapted to sufficiently retard rotation
of said driven cam by engagement with said fluid
to thereby establish relative rotation between said
cams and cause said reciprocable cam to recipro-
cate and impact upon the other of said cams, said

-body remaining rotatable with respect to the wall

of said hole.

32. A rotary impact drill for earth boring,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to a rotary drill stem whereby said shank and bit
can be rotated in a hole having drilling fluid
therein; a driving cam: coaxially mounted on said
shank and rotatable therewith; a free cam co-
axially mounted on said shank and adapted to
be rotated by said driving cam, one of said cams
being reciprocable on said shank; and means ro-
tatable with said free cam in permanent engage-
ment with the fluid in said hole and adapted to

-sufficiently retard rotation thereof by  engage-

ment solely with said fluld to thereby establish
relative rotation between sald cams and cause
said reciprocable cam to reciprocate and produce
an impact on said shank, without engagement
with the wall of said hole. .

33. A rotary impact drill for earth boring,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to a rotary drill stem whereby said shank and
bit can be rotated in a hole having drilling fiuid
therein; a driving eam coaxially mounted on said
shank and rotatable therewith; a free cam co-
axially mounted on said shank and urged to
rotate by said driving cam, one of said cams
being reciprocable on said shank; and means ro-
tatable with said free cam of sufficient fluid-
engaging area to offer resistance to rotation of
said free cam greater than the force urging it to
rotate with said driving cam to thekeby retard
rotation thereof solely by engagement with said
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fluid to thereby establish relative rotation be-
tween said cams and cause said reciprocable cam
to reciprocate and produce an impact on said
shank, without engagement with the wall of said
hole.

34. A rotary impact drill for earth boring,
which includes: a shank adapted to have a bit
attached thereto; means for attaching said shank
to 2 rotary drill stem whereby said shank and bit
can be rotated in a hole having drilling fluid
therein; a driving cam coaxially mounted on said
shank and rotatable therewith; a free cam co-
axially mounted on said shank and adapted to
be rotated by said driving cam, one of said cams
being reciprocable on said shank; and a body
rotatable with said free cam provided with a
radially extending blade of less radius than that
of said hole adapted to materially retard rota-
tion theregf by engagement with said fluid to

10
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8 .
thereby establish relative rotation between said
cams and cause sald reciprocable cam to re- -
ciprocate and produce an impact on sald shank,
while said body remains rotatable with respect
to the wall of said hole.
. ROBERT E. SNYDER.
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