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MPACT, DRILL 
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tion of California 

Continuation of application Serial No. 764,975, July 31, 
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5.Claims. (Cl. 255-3) 
My invention relates generally to drills of the type 

used in earth boring, and more particularly to such drils 
that are adapted to provide a series of impacts to the 
drill bit as the drill is rotated. This application is a 
continuation of my copending application Serial No. 
764.975, filed July 31, 1947, now abandoned. 

it has long been recognized that if a rotating drill bit 
is periodically caused to impact against the formation 
being drilled, a much higher efficiency of the drilling 
operation will be secured. In my copending application 
Serial No. 527,179 filed March 20, 1944, for an impact 
Drill, now Patent No. 2,425,012, issued August 5, 1947, 
of which this a continuation-in-part, and in my other 
applications for. Impact Drills, Serial No. 674,526 filed 
June 5, 1946, now abandoned; Serial No. 714,339, filed 
December 5, 1946, now Patent No. 2,635,852; Serial 
No. 734,989, filed March 15, 1947, now abandoned; 
Serial No. 734,990 filed March 15, 1947, now abandoned; 
and Serial No. 753,941 filed June 11, 1947, now aban 
doned, have disclosed various methods of securing 
this result. However, as suggested in my Patent No. 
2,425,012 above-mentioned, and as further, described and 
amplified in various of the subsequent applications, the 
operation of Such an impact drill may be materially 
improved by the addition of various resilient members 
Such as Springs. In some forms, these springs cooperate 
with other elements of the drill to provide a resonant 
system wherein a maximum of drilling efficiency is 
Secured, with a minimum of mechanical energy being 
expended. 

In this present disclosure, I have described some of the 
forms suggested in my above-mentioned: patent, describ 
ing these more fully and completely, and illustrating how 
they may be modified to secure the other benefits flowing 
from the use of a resilient and of a resonant system. 

It is a major object of my invention to provide an im 
pact drill adapted for earth boring wherein the rotary 
motion of the drill stem is used to provide a series of 
impacts which are transmitted to the drill bit to increase 
the efficiency of the drilling operation. 

Another object of my invention is to provide such a 
drill wherein resilient members are used to increase the 
necitanical efficiency and ease of operation of the im 
pact producing mechanism. 

it is a further: object of my invention to provide an 
inpact drill of this general character wherein the prop 
erties of a resonant system are used to reduce the fric 
tional losses occurring between two relatively rotating 
members. 

Stili another object of my invention is to provide a 
drill capable of delivering a series of rather light impacts 
at a relatively high rate of speed, as opposed to the pro 
diction of heavier impacts at a slower rate of speed. 

it is a stili further object of my invention to provide 
such a drill which provides all the previously mentioned 
advantages while being simply and ruggedly constructed 
to withstand the conditions of service to which it will be 

it. 
p These and other objects and advantages of my inven 
tion will become apparent from the following description 
of the various forms thereof, in which: 

Figure 1 is a side elevational view of one form of drill 
built in accordance with my invention; 

Figure 2 is a longitudinal sectional view of the drill 
shown in Figure 1, showing its internal construction; 

Figure 3 is a cross-sectional view taken at 3-3 in 
Figure 2; 
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Figure 4 is a cross-sectional view taken at 4-4 in 

Figure 2; 
Figure 5 is a longitudinal sectional view of another 

form of my drill wherein the rotation producing member 
separate from the hammer or impact producing mem 

er; 
Figure 6 is a cross-sectional view taken at 6-6 in 

Figure 5 to show the method of connecting the impact 
producing member to the rotation producing member; 

Figure 7 is a longitudinal sectional view of another 
form of my invention in which the relative position of 
the driving and driven members is reversed; 

Figure 8 is a cross-sectional view taken at 8-8 in 
Figure 7 to show the method of attaching the driving 
member to the shank; 

Figure 9 is a cross-sectional view taken at 9-9 in 
Figure 7 and showing the mounting and connection of 
the driven member; 

Figure 10 is a longitudinal sectional view of another 
form of my device, based on the form shown in Figure 5, 
but with a resilient mounting for the impact producing 
member, operable to provide a resonant system; 

Figure 11 is a cross-sectional view taken at 11-11 
in Figure 10, showing the arrangement of the various 
concentric members; 

Figure 12 is a cross-sectional view taken at 12-12 
in Figure 10 to show the mounting and connection of 
the impact producing member; 

Figure 13 is a longitudinal sectional view of a drill 
similar to that shown in Figure 12 but based on the 
form shown in Figure 7; and 

Figure 14 is a cross-sectional view taken at 14-14 
in Figure 13 to show the connection, and assembly of 
the impact producing member. 

Referring now to the drawings, and particularly to 
Figures 1 to 4. thereof, the numeral 20 indicates generally 
a shank adapted to be: attached at its, upper end to a drill 
stem or string of conventional construction. (not shown) 
such as is well-known in the art. At its lower end, the 
shank 26 is provided with a coupling or connector 2. 
adapted to receive a drill bit (not shown) the shank and 
coupling being provided with a longitudinally, extending 
hole 22 through which drilling fluid. or mud may be 
forced in the conventional, manner, to remove rock par 
ticles. and other. detritus from the lower, end of the well. 
Immediately above the coupling 21 is an impact receiving 
member 23 that is rigidly, connected to the shank and the 
coupling, and provided with a cam-shaped upper surface 
24. The impact receiving member 23, hereinafter re 
ferred to as the lower or driving cam, will thus be seen 
to have a generally tubular shape. An upper or driven 
cam 25 having a lower cam-shaped face. 26, complemental 
to the cam surface 24, rests upon the driving cam 23 and 
is likewise generally, tubular in shape. 

Rigidly connected to the upper cam 25 is a tubular 
body 30 having a plurality of radially extending vanes 
or blades 31 which, in the form shown, extend longitu 
dinally along the length of the body to engage the 
drilling fluid within the well. An inwardly projecting 
shoulder 32 is attached to the upper end of the body 30 
to aid in maintaining the latter, coaxial with the shank 
20, while a similar flange or coupling, means 33 may 
be provided near the middle of the cylindrical member 
to prevent any bowing or whipping of the latter. While 
the flange 33 might be formed as a portion of the 
cylindrical member 30, for reasons which will become 
apparent later, I prefer to form the flange as an en 
largement of the shank. 20, it being understood that the 
largest section of the flange or coupling may be covered 
with rubber or other suitable material which will act as 
an anti-friction bearing surface when lubricated by the 
drilling fluid. A cross-sectional view taken through the 
flange or coupling member 33 is shown in Figure 3. 
When the drill is lowered into a well and the shank 

20 is rotated, the coupling 21 and the lower cam.23 
will be rotated with the shank since they are rigidly 
connected to it. While the upper cam 25 and the tubular 
body 30 are not rigidly attached to the shank 20, they 
will nevertheless be urged to rotate with it because of 
the friction existing between the cam faces 24 and 26, 
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and because of the friction between the shank and the 
collars or flanges 32 and 33. 
As the shank 20 is slowly rotated, this frictional 

engagement will be sufficient to insure that the tubular 
body 30 will rotate with the shank as though it were 
rigidly connected thereto. However, as the rotational 
speed of the shank 20 is increased, the frictional drag 
of the blades 31 in their passage through the drilling 
fluid will increase until the dragging or restraining torque 
of the blades becomes sufficient to overcome the static 
friction existing between the cam faces 24 and 26 and 
the shoulders and collars 32 and 33. When this occurs, 
the tubular body 30, instead of rotating at the same 
speed as the shank 20, will be slowed or retarded so 
that relative rotation will occur between the body and 
the shank. By reason of the particular shape of the 
cams 23 and 25, the relative rotation between these 
cams will cause the upper cam, together with the tubular 
body 30, to be lifted. When the lobes of the cams 
override, the upper cam 25 will be released to drop 
downwardly and impact against the lower cam 23, and 
this impact is transmitted through the coupling 21 to 
the bit (not shown) to force the latter into the forma 
tion being drilled. 

It will be seen that as the tubular body 30 is re 
ciprocated with respect to the shank 20, the coupling 
or flange 33 will tend to act in a manner similar to a 
piston therein. However, since it is important that 
the body 30 be freely movable with respect to the 
shank 20 at all times, I have provided a series of vent 
or breather holes 34 in the walls of the body so that 
any fluid therein will not be trapped and retard the 
axial movement of the body. 
Where the mass of the reciprocating member, includ 

ing the tubular body 30, the vanes 31 and the upper cam 
25, is not sufficient to produce the desired impact, I 
mount a helical compression spring 35 between the lower 
surface of the flange or coupling 33 and the upper 
surface of the upper cam 25. When the reciprocable 
members are in their lowermost positions, the spring 
35 is compressed a slight amount to exert a downwardly 
directed force urging the upper cam into contact with 
the lower cam 23. As the tubular body 30 is raised 
by the rotation of the cams 23 and 25, the spring 35 
is further compressed until the lobes of the cams over 
ride, whereupon the spring aids the force of gravity in 
starting the downward movement of the cylindrical 
member and providing a greater impact than would be 
secured by gravity alone. In this way, the effective 
mass of the cylindrical member 30 may be quickly and 
easily changed by merely replacing the spring 35 with 
one having a different force constant. 

Description of Figures 5 and 6 
In Figures 5 and 6 I have illustrated another form 

of my invention which is quite similar to that shown in 
Figures 1 to 4, but which is so designed that the tubular 
body 30 does not reciprocate but instead remains sub 
stantially axially immovable while benig free to rotate 
with respect to the shank 20. The upper or driven cam, 
however, while rotating with the tubular body 30, is 
axially reciprocable with respect thereto so that this cam 
acts as the impact member when the drill is being 
operated. 

Considering this form in somewhat greater detail, 
it will be seen that it includes a central shank 20 having 
a coupling member 21 at its lower end to which a drill 
bit 40 is attached in the customary manner, the shank 
and connector having a longitudinally extending hole 22 
therethrough adapted to carry drilling fluid. Mounted 
on the upper end of the connector 21 is a driving cam 
23 having an upper cam surface 24 on which rests an 
upper or driven cam 25a having a lower cam surface 
26. Like the driven cam 25 previously described, the 
driven cam 25a is rotatably and reciprocably mounted 
on the shank 20, and is connected to a tubular member 
30a generally similar to the tubular body 30 previously 
described, but differing in several important respects 
therefrom. 

Near its upper end, the tubular member 30a is pro 
vided with an inwardly extending shoulder 41 adapted 
to bear against a cooperating outwardiv extending collar 
or flange 42 mounted on the shank 2). As indicated, 
the upper surface of the shoulder 41 bears against the 
lower surface of the collar 42 to prevent any upward 
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movement of the tubular member 30a, and downward 
movement is prevented by a helical compression spring 
35 which bears against the lower surface of the shoulder 
41 and against the upper surface of the upper cam 25a. 
The upper end of the driven cam 25a is reduced in 
diameter to form a shoulder 44, and the lower end of 
the tubular member 30a is spaced a sufficient distance 
above the shoulder so that the cam may move its full 
distance upwardly without hitting the lower end of the 
tubular body. The reduced section 43 extends upwardly 
within the tubular member 30a and is provided with 
splines or keys 45 adapted to fit within slots or grooves 
46 formed in the tubular member 30a so that rotational 
motion may be transmitted from the tubular body to 
the cam 25a, while leaving the latter free to reciprocate 
with respect to the tubular body. 
To complete the device, the tubular body 30a is pro 

vided with fluid engaging vanes or blades 47 which 
project radially outwardly from the body as do the 
blades 31, but instead of extending parallel to the axis 
of the shank 20, the blades 47 are given a helical form 
and thus wind around the tubular body 30a. In Figure 
5 I have shown the blades 47 as having a lefthand pitch 
and thus as the tubular member 30a is rotated in a clock 
wise direction as viewed from above, the action of the 
blades on the drilling fluid will be such as to tend to 
lift the tubular body and thereby support a portion 
of the weight normally carried by the spring 35. 

In the operation of this form of my device, the drill 
is lowered into a well and the shank 20 is rotated while 
drilling fluid is forced down the hole 22 to escape through 
holes 50 in the bit 40 near the blades thereof. The fluid 
then returns upwardly in the space between the body 30a 
and the wall of the hole, carrying with it the detritus 
formed by the operation of the drill. As the speed of ro 
tation of the shank 20 is increased, the retarding action 
of the vanes 47 becomes greater until finally the driven 
cam 25a starts to rotate with respect to the driving cam 
23. When this occurs, the driven cam 25a is moved up 
wardly, the keys 45 moving similarly within the slots 46, 
until the lobes of the cams override, whereupon the upper 
cam, under the influence of gravity and of the spring 35, 
quickly moves downwardly to impact against the lower 
can 23. 

Since substantially the entire weight of the tubular body 
30a is carried by the spring 35, this downwardly directed 
force will be applied to the driven cam 25a and hence the 
latter will be caused to impact against the lower cam 23 
with a force which is derived from the weight of the up 
per cam, the weight of the tubular body 30a, and the com 
pression of the spring 35. However, since the mass of the 
reciprocating member, the upper cam 25a, is relatively 
small, the rate at which impacts may be delivered to the 
lower cam 23 may be made quite high while the impetus 
of each of these impacts may be kept at a substantial 
amOutInt. 

Description of Figures 7 to 9 
In my previously described forms, the cam connected 

to the shank 20 has been the lower or impact receiving 
cam, while the cam connected to the cylindrical body has 
been the upper or impact producing cam. This particu 
lar arrangement of parts is not essential to the operation 
of my device, and in Figures 7 to 9 I have illustrated one 
form in which the relative positions of these two cams 
has been interchanged. In this form, a shank 20 is pro 
vided with a coupling member 21 at its lower end adapted 
to receive a bit 40, and the shank and coupling member 
are provided with a longitudinally extending bore 22, 
all as previously described. 
Mounted on the upper end of the coupling 21 for rota 

tion with respect thereto is a driven or impact receiving 
cam 51 having an upper cam surface 52. A driving or 
impact producing cam 53 is slidably mounted upon the 
shank 20 above the driven cam 51, and is provided with 
a lower impact surface 54. The driving cam 53 is con 
nected by splines or keys 55 to the shank 20 for rotation 
therewith and for reciprocation with respect thereto, 
while the driven cam 51 is rigidly connected to a tubular 
body 30b similar to the tubular body previously described. 

Near the upper end of the tubular body 30b I provide 
a coupling 42 or other similar means on the shank 20 to 
hold the tubular body concentric with the shank, and to 
act as a shoulder for a helical compression spring 35 
whose upper end bears against the lower end of the cou 
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pling; with the lower end of the spring bearing againstithe 
upper end of the driving cam 53. In this: way, the entire 
weight; of the tubular body.3)b, and the driven cam 51 is 
..carried; directly by the coupling 21, while the driving cam 
53;is urged downwardly, into contact with the driven cam, 
by the weight of the former, and by the force of the 
spring 35. Helical blades 47a, similar to the blades. 47 
previously mentioned but having a reverse: pitch there 
from, are attached to the outer surface of the tubular 
'body:30b, and act to retard the rotation of the tubular 
body with respect to the shank when the latter is rotated 
within sa well having drilling.fluid therein. 
As relative rotation between the tubular body 30b. and 

the shank 20 occurs, the driving cam moves upwardly, 
compressing the spring 35 until such time as the lobes of 
the cams override, whereupon the spring and the force 
of gravity: move the cam downwardly to impact against 
the lower: driven cam 51, this impact being transmitted to 
the bit 40. 

: In this form, the tubular body 30b does not reciprocate 
but instead retains its same axial position with respect to 
the shank. 20, while rotating with respect thereto. The 
weight of the rotating members is carried by the coupling 
21, while the mass of the reciprocating or impact produc 
ing member 53 is relatively small. , Consequently, the fre 
quency of the impacts delivered by this drill may be much 
higher than those of the previously described, drills, but 
it will be realized that the energy, delivered by each single 
impact will be considerably less. However, by using the 
spring 35 in the manner illustrated, the energy of the in 
dividual impacts may be: considerably increased, and this 
of course - may be varied over rather, wide; limits by re 
placing the spring 35 with one which has aidifferent force 
constant. It will be noted that none of the external parts 
of this form of my invention reciprocate with respect to 
the shank, and this feature may be of considerable value 
in certain applications. 

. Description of Figures 10 to 12 
Where it is desired to provide: an impact system having 

a resonant suspension.adapted to produce a series of light 
but rapid impacts, the drill shown in Figures 10 to 12 
may be used. As previously:mentioned, this formis based 
upon the form shown in Figures'.5 and 6, with certain 
changes made therein to modify the action of the drill. 
As in the previously described forms, the shank 20 carries 
a coupling 2 having a driving cam!. 23 which in turn co 
operates with as driven cam 25a. The tubular body 30a is 
rotatably carried by the shank 20, and the upper cam: 25a 
is provided with a section 43 of reduced diameter hav 
ing keys: 45 therein adapted to fit in slots 46 formed in 
the tubular body. 'Fluid drag, means 31 are mounted on 
the outer, surface of the tubular member 30a, though it 
will be apparent that other forms, such as the helical 
blades 47.or; 47a shown in Figures 5 and 7, respectively, 
may be used if sodesired. 
While the tubular body .30a, may be. supported directly 

by suitable flanges or collars on the shank 20, in Figure 
10. I have illustrated a resilient support for; the tubular 
body...which helps in 'decreasing the friction existing be 
tween the tubular body and the: shank so that the body 
is more freely rotatable thereon. To provide this resilient 
support, I, mount, an inwardly extending shoulder member 
60 near the upper end of the tubular body: 30a, and pro 
vide cooperating flanges or collars 61 and 62 on the 
shank, 20 above and below the shoulder of the tubular 
body. The flanges.61, and 62 are spaced from the shoul 
der: 60, and between these.members Finsert helical com 
pression springs.63 and 64. The lower spring 64-carries 
the entire weight of the tubular body .30a, and the upper 
spring 63 acts as a bumper to prevent the tubular-body 
from being raised a considerable distance above the coun 
terbalancing, spring. 64. In this way, a resilient support 
for the tubular body.30a is provided, and in the normal 
course of its operation, there will be a considerable longi 
tudinal vibration of the body which, as is well known, will 
tend to reduce the frictional drag between the body and 
the shank 20. 

Extending upwardly from the reduced section 43 of 
the driven cam 25a is a tubular extension 65 which just 
clears the inner wall of the tubular body 30a and is spaced 
from the outer wall of the shank 20. A fange 66 is 
formed on the shank 20 substantially midway of the ex 
tension 65, clearing the inner surface of the extension so 
that the latter is freely movable with respect to the shank 
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:20. At fits: uppers end, the extension: 65.is provided with 
an inwardly projecting shoulder 67 that is spaced from 
the shank 20, the shoulder thereby forming an enclosed 
: compartment between its under surface and the upper sur 
face of the reduced section 43. 
Within the space between the shoulder 67, and the 

flange: 66; III:mount av helical compression spring 70; adapt 
ed to support the weight of the driven cam .25a and the 
members...attached thereto, and between the flange and 
the upper surface of the reduced section, 43. I'mount an 
other helical compression spring 71 opposing the action 
of the spring 70 and acting to move: the cam down 
wardly. 
By this method of mounting the impact producing cam 

25a, it will be: seen that a resilient support is provided 
which is capable of mechanical resonance. The use of 
the resonant suspension, as discussed in some of my pre 
viously mentioned co-pending applications, results in a 
system which provides a maximum of impact energy for 
a minimum of rotational energy. 
The operation of this form, of my invention is essen 

tially similar to that of the form shown in Figs. 5 and 6, 
with the exception that the impact producing cam 25a is 
supported by a double spring arrangement instead of the 
single spring; arrangements of the previous form, and 
hence the resonant operation of the present form is more 
easily secured. Since the weight of the tubular body-30a 
is: not carried by the impact producing cam 25a, the 
static forces: urging that cam into contact with the impact 
receiving cam 23 will normally be smaller, and the fric 
tion existing between the cam faces 24 and 26 will like 
wise be reduced. This means that there will be less tor 
sional or rotational force required to start, the upper cam 
oscillating, while the frequency and impetus of the im 
pacts, produced thereby may be readily, controlled by the 
selection of the springs 70 and 71. 

In addition, the resilient mounting of the tubular 
body 30a means that the normal vibration caused by the 
impacts produced by the cams. is transmitted to the tu 
bular body, in such a manner that the vibrations tend to 
cause a slight and momentary separation of the various 
bearing faces "so that rotation of one of the faces with 
respect to, the otheriis. more: easily produced. Conse 
quently, a more efficient, operation is obtained, and a 
smaller: blade, area may be used, or the speed at which 
impacts first occur: will be reduced. 

Description of Figures. 13 to 14 
As the form: shown in Figs. 5 and, 6 may be modified 

to produce the form shown in Figs. 10 to 12, so the 
form shown in Figs. 7 to 9 may be modified to produce 
the form shown in Figs. 13. and 14. In this form, as in 
the form shown in Figs. 7, 8 and 9, a 'shank 20 is pro 
vided with a connector.21, a lower, driven, impact re ceiving: cam:51, an upper, driving, impact producing 
cam:53a, and a tubular body 30b, provided with fluid 
engaging, vanes 31, all as in my previously described 
form. In addition, keys, 55...are mounted in the upper 
can 53a to engage corresponding, slots in the shank 20, 
while a resilient support for the tubular body 30 b is 
provided similar to that shown in Figs. 10 and 12, in 
cluding collar and flanges 60.61 and 62 and helical com 
pression springs 63 and 64. 

Surrounding the 'ishank 20 and extending upwardly 
from the driving cam:53a is a tubular extension 80 which 
carries an outwardly extending collar 81 on its upper 
end, while, an inwardly projecting shoulder. 82 is attached 
to the inner surface of the body 30b at a point approxi 
mately midway bewteen the collar 81 and the upper sur 
face of the driving cam 53a. A helical compression 
Spring 70 is mounted between the collar 81 and shoulder 
82, while ; a similar spring 71 is inserted between the 
shoulder, and the upper surface of the driving cam 53a. 

In this 'form of my device, it will be noted that the 
upward movement of the driving cam 53a tends to move 
the tubular body 30b upwardly by reason of the com 
pression of the spring 71, while the motion of the body 
is restrained or prevented by its attachment to the driven 
can 51. However, when the lobes of the cams 51 and 
53a override each other, the spring 71 tends to move 
the body upwardly while moving the driving cam down 
wardly, but at this instant there is no restraining force 
exerted upon the cam 51 and hence the tubular body 
and the driven cam will tend to rise a slight amount. 
The movement of the tubular body 30b will be much 
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less than the movement of the driving cam 5.3a because 
of the much greater mass of the former. However, any 
movement of the tubular body 30b upwardly will cause 
the driven cam 51 to be lifted from the upper surface 
of the coupling member 21, and hence the impact be 
tween the driving cam and the driven cam will occur in 
mid-air, so to speak, and will not be transmitted directly 
to the coupling member 2. This condition is obviously 
undesirable, and hence in this form of my drill the heli 
cal compression spring 63 extending between the shoul 
der 60 of the tubular body 30b and the flange 61 of the 
shank 20 is made quite stiff. 

In the type of drill shown in Fig. 10, it should be noted 
that the impact producing can is resiliently connected 
to the shank 29, while in the presently described form, 
the impact producing cam is resiliently connected to the 
tubular body. In all of these forms, however, the im 
pact producing member is resiliently mounted in such a 
manner that mechanical resonance may be established so 
that the maximum advantage may be secured from the 
use of a relatively lightweight hammer means produc 
ing impacts at a fairly high frequency. 
From the foregoing, it will be apparent that these 

and other modifications may be made in the various 
forms of the drill which I have shown herein. All of 
these modifications however, fall within the scope of my 
invention as herein defined, and I do not wish to be re 
stricted to the particular form or arrangement of parts 
herein described and shown except as limited by my 
claims. 

I claim: 
1. An impact drill which includes: a shank rotatable 

in a hole having drilling fluid therein, and having a bit 
receiving member attached thereto; a driving can at 
tached to said shank for rotation therewith; a driven 
cam mounted on said shank for longitudinal and rota 
tional movement with respect thereto, said cams coop 
erating to raise said driven cam and then release it to 
impact against said driving cam when relative rotation 
occurs between said cams; a tubular body mounted on 
said shank for rotational movement with respect there 
to, said body being connected to said driven cam for 
movement therewith; retarding means mounted on said 
body and movable therewith to reduce the speed of ro 
tation of said body, whereby the latter and said driven 
cam are caused to rotate with respect to said shank 
while remaining rotatable with respect to the wall of 
said hole; a collar mounted on said shank, spaced from 
said driven cam; a tubular extension attached to said 
driven cam and extending upwardly therefrom, said ex 
tension surrounding said collar, and spaced from the 
latter and from said body; an inwardly extending shoul 
der attached to the upper end of said extension; a heli 
cal compression spring mounted between said shoulder 
and said collar to urge said driven cam upwardly; and 
a second helical compression spring mounted between 
said collar and the upper end of said driven cam to urge 
the latter downwardly, whereby a resonant suspension is 
provided for said driven cam. 

2. A drill as described in claim 1 in which said body 
is mounted on said shank by a pair of resilient helical 
compression springs to provide a resonant support for 
said body. 

3. An impact drill which includes: a rotatable bit 
receiving shank; a body mounted on said shank for rota 
tion with respect thereto; blade means on said body po 
sitioned to engage said fluid and retard the rotation of 
said body with respect to said shank while said body re 
mains rotatable with respect to the wall of said well; 
an impact member mounted on said shank for longi 
tudinal reciprocation with respect thereto; collar means 
on said shank above said impact member; resilient means 
between said collar means and said impact member urg 
ing said impact member downwardly; over-riding cam 
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means operated by the relative rotation of said body with 
respect to said shank to lift said impact member and 
then release it, whereupon said impact member is moved 
downwardly by gravity and by said resilient means to 
produce an impact which is transmitted to said bit; and 
spring means between said collar means and said impact 
member urging the latter upwardly against the force of 
said resilient means whereby a resonant suspension is 
provided for said impact member. 

4. An impact drill which includes: a bit-receiving 
shank rotatable in a well having fluid therein; a body 
mounted on said shank for rotation with respect thereto; 
blade means on said body for engaging said fluid to re 
tard the rotation of said body with respect to said shank 
while said body remains rotatable with respect to the 
wall of said well; an impact member mounted on said 
shank for longitudinal reciprocation with respect thereto; 
resilient means between said shank and said impact mem 
ber urging said impact member downwardly; a lower 
cam; and an upper cam attached to said impact member, 
one of said cams being connected to said shank for ro 
tation therewith, and the other of said cams being con 
nected to said body for rotation therewith, whereby rela 
tive rotation between said shank and said body causes 
said cams to over-ride, lifting said impact member against 
the urging of said resilient means and then releasing said 
member to cause an impact to be delivered to said bit; 
and spring means between said shank and said impact 
member urging the latter upwardly whereby a resonant 
suspension is provided for said impact member. 

5. An impact drill which includes: a bit-receiving 
shank rotatable in a well having drilling fluid therein; 
a body mounted on said shank for rotation with respect 
thereto; a blade mounted on said body to engage said 
fluid and thereby retard the rotation of said body with 
respect to said shank, whereby relative rotation between 
said body and said shank is produced while said blade 
remains rotatable with respect to the wall of said well; 
an impact member mounted on said shank for axial and 
rotational movement with respect thereto, said impact 
member being connected to said body for rotation there 
with, but axially movable with respect thereto; a collar 
fixed to said shank above said impact member; spring 
means between said collar and said impact member urg 
ing said impact member downwardly; a lower cam con 
nected to said shank for rotation therewith and substan 
tially immovable axially with respect thereto; an upper 
cam connected to said impact member for rotation there 
with, said upper and lower cams cooperating to raise 
said upper cam and said impact member against the urg 
ing of said spring means and then release them to im 
pack against said lower cam when rotation occurs be 
tween said body and said shank to transmit an impact 
to said bit, said spring means acting to increase the force 
of said impact; a tubular extension attached to said up 
per cann and extending upwardly therefrom and above 
said collar; shoulder means on the upper portion of said 
tubular member above said collar; and a compression 
spring between said collar and said shoulder means urg 
ing said impact member upwardly whereby a resonant 
suspension is provided therefor. 
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