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'5 Claims. (Cl. 255—-‘4.4) 

This invention relates to rock drills and more partic 
ularly to a multiple drill for use in drilling relatively deep 
holes for water, oil or the like. 
There are two main types of existing rock drills, the 

percussion type and the rotary type. Rotary type drills, 
in which the cutting teeth of the drill grind away the rock 
by, a rotary or oscillating movement, ?nd substantial use 
in the oil drilling industry. These drills are built in var 
ious sizes and are used predominently in deep well drill 
ing. In use, these drills are conventionally operated 
from a prime mover located at the ground'level with a 
long steel bar transferring the rotary movement from a 
turntable at the surface of the earth to the drill at the 
bottom of the hole. , 
The teeth of rotary ‘type drills generally project radially 

outwardly from the axis of rotation of the drill bit and 
must be relatively tough, and cannot be brittle, in order 
to ‘withstand the bending stress applied thereto by rotation 
of the bit against the rock. It is therefore extremely 
di?‘icult to use hard, wear resisting material, such as 
tungsten carbide, in bits of this type since such material 
has been found to be ‘too brittle to withstand this type of 
drilling action. As a consequence, it is usually necessary 
to use a tougher, less wear resistant material in'rotary 
cutting bits with the result that such‘ bits must be fre 
quently replaced when drilling through hard rock. 

Percussion type drill bits, on the other hand, have the 
advantages of being able to use very hard, wear resistant 
teeth since the same are subjected only to impact in the 
drilling process. The cutting ‘teeth of percussion type bits 
are conventionally made of a material such as tungsten 
carbide which has the ability to resist wear to a great 
degree and although brittle, will nevertheless stand up 
under the striking force .applied'to ‘the-bit. 

It is not feasible, however, to attempt to use a single 
impact bit of a size required for large deep holes as com 
monly required in oil and other deep drilling operations. 
The striking force applied to a percussion type bit is usu 
ally transferred through a steel rod from the‘surface of 
the earth. In deep hole drilling it is impractical-to at 
tempt to transfer any sizeable force through a rod over 
several hundred feet long. A large size single percus 
sion bit is also substantially less e?icient than bits of 
smaller sizes. ~ 

A percussion bit, in order to be etfective, must b 
rotated slightly between impacts so that the teeth will not 
continue to hit the rock in the same place. Transmission 
of this rotary motion over along distance into a deep hole 
is particularly difficult and usually results in ine?‘icient use 
of the drill. . 

It is therefore an object of this invention to provide a 
multiple percussion drill for deep 'well drilling. ‘ 

It is anotherobject of this invention to provide a rock 
drill permitting the use of hard, wear resistant cutting 
bits. '- . ' 

Still another object of this invention is the provision 
of a ‘drill for deep, well drilling havingsubstantially lower 
power- requirements than conventional ‘ a 
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It is yet another object of this invention to provide im 
proved means for operating a plurality of percussion type 
bits in a deep well drill. ' ' , 

A further object of this invention is the provision of a 
rock drill having a plurality of bit cutting edges and 
means for impacting said cutting edges against the rock 
being drilled and for varying the orientation of saidgcut 
ting edges between impacts. , 
A still further object of this invention is the provision 

of an improved method of rock drilling. ' 
Other objects and advantages will become apparent 

from the following description taken in connection with 
the accompanying drawings in which: 

Figs. 1A and 1B are side elevational views of the rock 
drill of this invention. , 

Fig. 2 is an enlarged longitudinal sectional view of th 
upper portion of the drill of Fig. 1A; " 

Fig. 3 is an enlarged bottom plan view of the drill of 
Fig. 1B; ' v ' > '7 ‘ 

Fig. 4 is an enlarged, longitudinal sectional view of the 
lower position of the drill of Fig. 1B as seen generally 

Fig. 5 is a cross sectional view as seen 
of Fig. 2; 

Figs. 6A and 6B are longitudinal sectional views simif 
lar to the upper portion of Fig. 2, and showing some'of 
the parts thereabove; ' ' ‘ 

Fig. 7 is a cross sectional view as seen from line 7-—'7 
of Fig. 6A; ' 

Fig. 8 is a cross sectional view as seen from line 8; 
of Fig. 4; - _, 

Fig. 9 is a greatly enlarged side elevational view of 
one of the cutting bits of the drill of Fig. 1B, showing 
means for connecting the cutting bit to its operating 
means; and, ‘ - 

Fig. 10, is a semi-schematic view of the cutting bit 
operating hammers and associated valve control means. 

In detail, referring to Figs. 1A and 1B, the drill of this 
invention comprises an elongated cylindrical body mem~ 
ber generally, designated 1, having a hollow interior 
chamber which may be divided into a plurality of com 
partments 2, 3, 4, 5, 6, 7 and 8 by a plurality of dividers 
9, 10, 11, 12, 13 and 14.. Body memberyl is closed at 
its opposite ends by caps 15, '16. This ‘structure may, 
of course, take a variety of forms but body member 1 is 
preferably assembled from a plurality of tubular sections 
of pipe or the like stacked end to end with'the aforemen 
tioned dividers therebetween. In this manner each of 

‘from line 545 

the compartments is formed by a tubular section and a' 
pair of dividers or a divider in one of the end caps. ’ 
Any suitable means may be used’ to hold the tubular 

sections and dividers and end caps together, such as long 
bolts extending through the stack or by threading each 
successive section or divider on to the preceding one. 
The body sections may also be shrunk ?t together as 
shown. Whatever the speci?c method of assembling the 
drill body the result is an elongated cylindrical housing for 
the drill operating mechanism. ' ' 

Each of the four lower compartments 5, 6, 7, 8 houses 
a drill actuating or hammer means 20, 21, 22, '23.‘. Each 
of said hammer means comprises a generally ‘vertical 
cylinder 24 (Fig. 4) having an upper port 25, and a lower 
port 26 with a piston 27 being mounted in said cylinder 
for reciprocation between said ports. Projectingdown 
wardly from each piston 27 is a hammer 28 which is 
adapted to move in a generally vertical path with pis 
ton 27 for striking the upper end of a stiff rod 29 which 
extends into the end of» cylinder 24_ in the pathof travel 
of hammer 28. Each rod 29, extends downwardly from 
its associated cylinder and projects through. the lower ‘end 
cap 16 of drill body 1, there terminating in a bit pony 

' nector 30. ’ 





5,945,856 
?uid ?ows from chamber 3 through openings 79, formed 
in divider 10, into chamber 4 for operating the hammer 
means in sequence as previously described. 
The ?uid used to operate the drill may be a mixture 

of water containing ?nely pulverized materials such as 
clay or bentonite or graphite, and is commonly referred 
to as drilling “mud.” This ?uid is pumped through con 
duit 75 from the ground surface by conventional pump 
means and serves not only as an operating medium for 
the various ?uid drive mechanisms described, but also 
as a ?ushing medium for carrying out the rock chips 
and other material cut by the drill. 
At times it is found necessary to ?ush out the drill 

hole without operating the drill at the same time. For 
this purpose, conduit 75 is-formed, at its lower end adja 
cent drill body 1, from a pair of telescopically disposed 
pipe sections 104,105 (Figs; 6A, 6B). Lower section 
104 is circular in_cross section and may be ?anged and 
bolted, as at 106, or otherwise secured to the stub of 
conduit 75 which is journalled in bearing 76 on drill 
body 1. Upper section 105 is square or noncircular in 
cross section and is secured tothe remainder of the con 
duit which extends to the surface of the ground. 
The upper end of section 104 is provided with a bush 

ing 107 secured thereto in which section 105 is slidably 
received. The lower end of section 105 has a collar 108 
secured thereto, which collar is slidably received insec 
[lOBi104. ~ A f - ' ‘ ' 

In the position shown in Fig. .6B sections 105, v104 
merely convey ?uid to the inside of drill body 1, as ex 
plained. The lower end of section 105 and thev upper 
end of section 104 are, however, respectively provided 
with ports 109,110, which register with one another 
when section 105 is lifted to bring collar 108 into en 
gagement with bushing 107. When the sections are in 
this position the ?uid in conduit 75 may escape through 
ports 109, @110 to the outside of the drill body 1 for 
flushing out the drill hole. ' ' 

The normal spacing between collar 108 and bushing 
107, perhaps 20 to 30 feet in Fig. 6B, also‘ permits jarring 
the drill bit ‘loose in the‘ event it‘becomes stuck. By 
rapidly liftingsection 105 to impact collar 108 ‘with 
bushing 107 an upward shock may be transmitted through 
section 104 to the drill body 1.to break the latter loose 
from a rock formation in which it may become stuck. 
Bushing 107 and collar 108 thereby act as stop means 
limiting the axial movement of sections 104, 105. 

It will also be noted that the weight of the pipe or 
conduit above section 105 may be supported on the draw 
works at the surface and 'need not rest on the drill body 
or bits, thereby facilitating the: drilling operation. In 
this connection, as drilling progresses section 104 will 
follow the drill body'down the hole until the ports 109, 
110 register." At this time the ?uid pressure will drop 
off from ‘that required to operate the drill, and the opera 
tor, noting this at the surface may then lower the con 
duit and section 105 torthe position of Fig. 6B to con 
tinue drilling. 
As previously described, the lower end of drill body 1 

is closed by a cap 16 through which drill rods 29 project. 
In order to facilitate ‘assembling the drill of this invention, 
cap, 16 is preferably formed in three sections 82, 83, 84 
(Fig. 3) which are sectors of the complete disc. Sec 
tors 82, 83, 84 adjoin each other at the openings through 
which the rods 29 of the bits 31 project through the cap 
16 and said sectors may be joined together by any suit 
able means. 

Since it’ is necessary that the bits 31 be capable of a 
limited vertical movement it would not be practical to 
rest the ‘entire weight of the drill on the cutting bits. 
‘Therefore cap 16 is provided with a plurality of sup 
porting means, generallyrdesignated 85 (Fig. 4) which 
project downwardly from cap [16. Means 85 comprise 
an open ended socket 86 which supports a large ball 
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6 
bearing 87 so the same may rest on the bottom of the 
hole being drilled. 

Socket'86 may be secured to the drill body 1 by means 
of threaded bolts 88 extending through cap 16 and in 
threaded engagement with a lug 89 secured to the inner 
wall of body 1. Each of bolts 88 and lugs 89 may also 
facilitate securing the sectors 82, 83, 84 in place on the 
drill body. The supporting means 85 are arranged inter 
spaced with the drill bits so as to provide su?icient sup 
port for the drill rotating on the bottom of the hole. 
In the speci?c form shown, three ball bearing supporting 
means 85 are arranged equally spaced between the outer 
ring of drill bits 31. 

Bits 31 may be'of a conventional percussion type pro 
viding a threaded socket 92 (Fig. 9) for receiving the 
threaded end 93 of the bit connector 30 provided at the 
end of each drill rod 29. Each bit 30 is provided with 
a plurality of cutting edges 94 (Figs. 3, 9) which are 
directed axially of the drill rods 29. Edges 94 may be 
arranged in a shape similar. to the star shown in which 
said edges radiate from the center of the bit. As seen 
in Fig. 9, the cutting edges are formed similarrto wide 
angle chisel edges. It will also be noted that the outer end 
ot'the bit carrying the cutting‘ edges is ?ared wider than 
the body of thebit carrying socket 92. This facilitates 
the extension of a portion of the outer ring of cutting bits 
radially outwardly of body 1, as previously described. 

In order to prevent bits 31 from becoming accidentally 
disconnected from drill rods'29 the opposed shoulders 
95, 96' of the bit connector,_30 andbit 31, respectively, 
surrounding socket 92 and threads 93, may be provided 
with V notches 97 for receiving the dogs 98 on a pair of 
washers 99, 100 interposed between .said shoulders. In 
e?ect, the notches 97 provide a plurality of shoulders 
which are engageable by dogs 98 to prevent rotation of 
washers 99, and 100 in one direction with respect to' 
shoulders 95, 96.. Forming notches 97 and dogs 98 inv 
opposite direction as shown in Fig. 9 prevents rotation 
between washer 99. and shoulder 95 and between washer 
100 and shoulder 96 in a direction to unthread bit 31 from 
connector 30. The washers 99 and 100 may then be 
spot welded, as at 101, around their outer edges so as to 
prevent rotation between said washers. . 

In this manner a simple locking device is provided for 
preventing the unscrewing of bits 31 from the drill rods 
29. When it is desired to replace bits31 the welds 101 
may be ground off permitting relative rotation between 
washers 99, 101 and removal of the bit from drill rod. 

In order to prevent each of the bits 31 in the outer 
ring (Fig. 3) from striking in the‘ same position as that 
of the preceding bit, said bits are preferably oriented‘at _ 
di?ferent degrees with respect to a diameter of drill body' 
1. This may be easily done by positioning the bits with 
cutting edges 94 of each bit from a different angle with 
a diameter‘of body 1 through the center of the bit. In 
order to so orient the bit, shims or thin washers may be 
sandwiched between the dog washers 99, 100 providing 
for a lesser or greater degree of threaded movement be— 
tween the bit 31 and connector 30. 

In operation the drill body 1 is lowered on the end of 
conduit 75 into the hole. Body '1 rests on the bottom 
of the hole on‘ball bearing support means 85, and fur 
ther lowering conduit 75 to the position shown in Fig. 
6B initiates the ?ow of operating ?uid into chamber 2 and 
thence through the drill body to operate motor 62 for ro 
tating said body at relatively slow speed. A speed of 12 
to 60 revolutions per minute of drill body 1 about the 
aXis'of conduit 75 has been found satisfactory. ’ 

Fluid motor 58 causes rotation of gate member 50 in 
control valve 39 so as to initiate striking’action of the 
hammer means 20, 21, 22, 23 in sequence thereby impact 
ing each of the bits 31 alternately with the others. This 
sequential impacting of each of the bits plus the rota 
tion of drill body 1 to change the position of the bits 
between impacts causes fracturing of the rock in a cir 
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cular path. Since the drill bits 31 project radially out-l 
wardly of the body 1 the hole drilled by said bitsis sufa, 
?ciently'large to permit the body‘ 1 to follow down the 
hole. Space is also provided for the return of the ?uid 
through openings 102 ,(Fig. 3) in the bottom, cap. 16 out 
wardly between the bits to carry away the cuttings and 
rock ships up the outer side of drill body 1 and back to 
the surface. . 

With the drill of this invention the cutting edges 940i 
the percussion type of drill bits 31 may be made of an 
extremely hard wear-resisting material such as tungsten 
carbide. No appreciable bending or shearing stress is 
applied to the drill bits which would tend to fracture such 
brittle material. The major force applied to the drill bits 
is an impact force directly against the cutting edges which 
is easily withstood by such a wear-resistent material. 
Therefore, the drill bits may be used for a considerable’ 
period of time before su?icient wear,‘ is incurred to neces 
sitate replacement. ' V 

The drill of this invention may be made in any desired 
size ‘using any number of a plurality of drill bits; in a 

. variety of arrangements, ' 

Although the invention has been described and illus 
trated" in'detail, such isi'not to, be taken as restrictive 
thereof since it is obvious that modi?cations could, be‘ 
made therein without departing from the spirit and scope 
of the invention. , ‘I I . ' 

. '_ I > ' 

TI. claim: . ' ' 

f1; 'A ‘rock drill comprising: an elongated cylindrical 
J > body, having closed ends and a hollow chamber between 

said‘ends'a '?uid conduit connected to said’ body and 
; ,Vprovided with'apertures communicating with said cham 

' ,7 her, means connected to said conduit and said body for 
rotating. said body, a plurality of ?uid operated, recip 
rocable hammerspmounted in said chamber and each 

10 

having its own path of'travel, means for operating said . 
hammers in sequence,’ a stiff rodprojectin'g'from a posi 
tion in'the path of travel of each of said hammers through 
the other end of said body and terminating in a bit con 

', ' nector, and a cutting bit secured to each of said rods at 
. said connector, each of said bits having a’ plurality of cut 
'ting; edges directed axially of said rod and radiating from. 
a central point of said bit. ' ' . ' 

2. A rock drill‘ comprising: an elongated cylindrical 
. 7 body having closed’ ends and a hollow chamber between 

' said ends,’ a coaxial‘ hearing at one end of said body open-v 
.ing into saidchamber, a ?uid conduit received in said 
bearing and provided with apertures communicating. with 
said chambena ?uid motor in said chamber connected to 

‘ said conduit and said body ,for rotating said body, a-plu 
rality of ?uid operated, reciprocable hammers mounted; 
in said chamber and each having its own path of travel,’ 

1 'rneans for operating said hammers in sequence, a stiff rod 7 
, projecting from a'po‘sition in the path of travel of each 
' oi'said hammers through the other end of, said body and 
terminating in a' bit connector; and :a. cutting: bit secured 
to each of said rods at said connector,- each of'isaid bits. 

7 having a plurality of cutting edges directed axially of said 
rod and radiating from a central point of said'bit,.'at_least 
a portionqof said cutting edges of said bits extending ra 
dially; outwardly of said body. 1 ' a 

3. A rock drill comprising: ‘an elongated cylindri 
cal *body'having closed'ends'and a hollow chamber be 
tween said' ends, a‘ 'coaxial'bearing ‘at one end 'of said 
body‘ opening into said chamber, 'a ?uid conduit received 
in said bearing and provided with apertures communicat 
ing with said chamber, a 'iiuid motor in said chamber 
connected 'to said conduit and said body for rotating said 
body, a plurality of ?uid operated, reciprocable hammers 
mounted in said chamber and each' having its own path 
of travel, means for operating said hammers in sequence, 

pwith said chamber, a fluid motor in ‘said chamber. cone . 

to 
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a stiff- rod projecting from a position in the path of 
travel of each of said hammers through theother end 
of said body and terminating in a bit connector, and 
cutting bit secured to each of saidrods at said connector, 
each of said bits having a plurality of cutting edges di 
rected axially of said rod and radiating from a central 
point on said bit, said bits being arranged so that the 
orientation of the cutting edges of each bit ‘with respect 
to a diameter of said body varies from the others of 
said bits. 

4. A rock drill comprising: an elongated cylindrical 
body having closed ends and a hollow chamber between 
said‘ ends, a coaxial bearing at one end of said body 
opening into ‘said chamber, a ?uid conduit received in 
said bearing and provided with apertures communicating 
with said chamber, a ?uid motor in said chamber-icon 
nected to said conduit and said body for rotating said 
body, a plurality of fluid operated, reciprocable hammers 
mounted in said chamber and each having its own path 
of travel, means for operating said hammers in sequence, 
a stiff rod projecting fromia position in the path of 
travel of each of said hammers through the other end 
of said body and terminating in a'bit connector, a cut 
ting bit secured to each of "said rods at said connector, 
each of’ said Ebits ‘having a ‘plurality of cutting edges di 
rected axially of said rod ‘and radiating from a central 
point on said bit, said operating.meansrincluding a multi 
ple' valve mounted in said chamber and having a plu 

. rality of ports each connected to one of s'aid'hammers, 
3O . and a moveable gate member adapted to openi and. close 

said ports in'sequence, and motor means'connected to 
said gate member for moving the same. .. 

5. A rock drill comprising: an elongated’ cylindrical 
body having closed ends anda hollowchamber between 
said ends, a coaxial heating at one end of said body 
opening intojsaid chamber, a ?uid'conduit' received in 
said bearing and provided'with apertures communicating 

nected to said conduit and saidbody for rotating said 
body, a plurality of ?uid: operated'reciprocable ham~ 

'r'ners mounted in said chamber and each having its own 
path, of travel, means for operating saidihammers in 

7 sequence, a stiff rod projecting froma position in the 
> path of travel. of each of said hammers through the other 

50 

60 

end of said body and terminatihglin a bit connector, a' 
cutting bit secured'to each of said rods at'said connector, 
each of said bits having .a-plurality of cutting edges di-' 
rected axially-of said rod and radiating from a'central 
point on said bit, said conduit including a pair of tele 
scopically disposed sections axially'slidable with respect 
to each other and each provided with-ports opening out 
wardly therethrough and registering with each other in 
one axial position, stop means-on said sections engage; 
able with each other'for limitinglaxial- movement of‘ said 
sections in one direction to's'aidY'one position and sup, 
portingrfeet projecting from'saidlother end of said body 
for supporting said body'on' the'bottom of the drill hole.’ 
in a position to, allow limited’ axial movement of said 

" bits. 7 7 
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