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- WELL DRILLING EQUIPMENT

James G. Scott, Simi, Roland A. Fl_'eeman, Santa Menica,

and Reese T, Houston, Simi, Calif., assignors to Ameri-
can Percussion- Tool Company, S;m Francisco, Calif,,
a corporation of Caiifornia

Application August 27, 1954, Serial No. 452,522 .
7 Claims. (Cl. 255—4.4)

This. invention relates generally to the drilling of oil,

gas, water or like earth wells, and to equipment for such;,

drilling operation.
In our co-pending application Serial No. 445,666,
_filed July 26, 1954, and entitled Well Drilling Equipment
and Method, there is disclosed drilling equipment em-

ploying a rotary drill head and an electrical actuator.

adapted to apply impact to the head at a constant fre-
. quency. The housing which carries the rotary head and
mounts the actuating means is adapted to be attached to
the lower end of a rotary drill stem. In operation the

drill stem is rotated in accordance with conventional,.

rotary earth drilling practice, the actuator is energized
to apply impacts to the drill head to thereby effect per-
cussion drilling, and at.the same time rotary mud is cir-
culated through the head for the removal of cuttings. In

some . instances it is not desirable to employ a conven-.

tional “drill ‘stem, together with- other parts of a con-
ventional rotary drilling. eqmpment including the table

~ at the surface of the well for turning the stem.:
It is an object of the presemt invention to provxde a

drilling eqmpment and method making use of the- 1nven-:

tion dlsclosed in said copending application, but which in-
corporates all of the operating parts in an assembly which
can be lowered into a well by a cable.

Another object of the invention is to provide novel

equipment of -the above character which' provides for-

the circulation of rotary drilling mud within the well.

Another object of the invention is to provide equip-
ment of the above character in the form of a -self-con-
tained assembly adapted to be lowered into a well to carry
out efficient 'and - rapid cutting by- impacter percussion
action, while at the same time including means for ro-
tating the head upon-the formation, for circulating drill-
ing mud, and for the continual removal of cuttings from
the area of the drill head.

Additional objects and features -of the invention will.

appear from the following description in which the pre-
ferred embodiment has been set forth in-detail in con-
junction with the accompanying drawing.

Referring to the drawing:

Figure 1 is a side elevational view partly in section,.

schematically illustrating an earth well with our equip-
ment being employed for drilling operations.

Figures 2A to 2J, inclusive, taken-together, form-a
side elevational view in section illustrating the upper

part of a complete assembly which is lowered into. the.

- well. for -drilling operations.

Figures 3 and 4 are cross sectional details taken along
the lines.3—3 and 4—4 respectively, of Figures 2I and
27,

Figure 5 is a-detail in section showing the spline .con-
nection between the assembly housing and the drill head.

Figure 6.is a circuit diagram showing connections to
the windings. of the electrical actuator.

In Figure 1 we have schematically illustrated our
equipment applied to.an earth well for drilling operations.
The.equipment forms a complete assembly 9 which .op-
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- the bar 34, and a recoil spring.- As.shown particularly
. in Figures 21 and 27 this structure consists of concentric
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. gether. I » : )
- illustrate equipment -as -disclosed in-our aforementioned
10

2

erates at the bottom of the well, and which carries a
drill head 10. The assembly 9 is carried at the lower
end of a cable 8, which extends down from the surface
of the well,-and which at the well surface is passed over
suitable means such'as the conventional crown block 13
of a well derrick; and wound on a drum H.

Assembly 9-is illustrated in Figures 2A-2J taken-to-
Referring first to Figure 2H, 2I and 2J, they

copendmg application.- The drilling head 10 in this in-
stance -consists- generally of a body 16 carrying a-plural-
ity of toothed rotary -cutter assemblies 17. Such drilling
heads are well known-to those familiar with oil and-gas

_ drilling methods,_ and-are manufactured. in various. types
15-

and »sizes for different kinds of drilling cenditions. - The
threaded shank 18-of the head. is. engaged with-the head
mounting member 19, which in turn is located within the
lower part-of the tubular housing-11. The lower annular
portion - 20 ~of -member- 19 is slidably.received in..the

- bushing 21,- which:can be made of.suitable material, such

as-bronze.: - A suitable torque transmitting connection.is
formed between these parts, and may consist of a plu-
rality. of -splines. 22 formed on the member 19.and. slid-
ably engaging slots:-23 formed in the bushing 21. The
bushing..21:is. attached by suitable. means such: as .the
screws 24 to.the ring 26, the latter being suitably secured,
.as by welding, to.the lower end of the housing 11.

A suitable. seal is formed between the. head and the
ring 26..to. prevent entrance. of mud or cuttings. : For
this purpose we have shown a diaphragm 27 of flexible
material 'such. as fabric re¢inforced.-natural -or.synthetic
rubber, having -its.inner peripheral edge.clamped . to. a
gasket.ring 28, .and its outer margin clamped between the
end piece of .the ring 26 and the annular washer 29.: The

. clamping . washer;29-is held in place .by.the ring.31,

which is internally threaded and engaged with the threaded
exterior. of ring.26.- The inner margin of the gasket ring
28 is tightly clamped between the -shoulder 32 :on.the
head and the opposed end face: 33 .of member 19.

The upper end of .the member 19 is attached -to: the
with the axis of ,the housing 1. _As” will be pres_eg_tly _ex-
plained it is the upper end -of this bar that receives im-
pacts from the electrical actuator.

Interposed between the member 19 and. the electrical
actuator there is a structure.including guide means for

tubes 36 and 37, which have their upper ends attached
to a mounting ring- .38,.and their lower .ends attached to
a similar member 39. These tubes are fixed to the hous-
ing 11 as by means of the weld connection 40. The space
41 between these itubes serves to conduct dnllmg mud
and is connected with the mud receiving space 42 in the
shank 18 of the.drill head. For this purpose, space 41

. is shown cc“lmuniceiting with a plurality of pipe. fittings

43, which in.turn are connected by the flexible hose sec-
tions 44 with pipe fittings 46.. The latter fittings directly
connect through-the .member 19 to deliver mud intg the
space 42. In accordance with. customary practice. the

- cutter head is provided -with ducts -(not shown). which

conduct the mud to the area being drilled, whereby chips
or cuttings are removed. .

‘The bar 34 is slidably fitted. within the.bushing 47,
which in turn_is fitted within the end casting 48. This
casting has a lower flangs 48 which is clamped to the flange
51 on the lower end of tube 37, by suitable means such as
the screws 53. Suitable lubricant sealing means such as
the resilient O-ring seals 54 and 56, can be provided at the
upper and lower.ends of the bushing 47. Also suitable fit-
tings 57 can be provided for the introduction of lubricant.

- The Jower end casting 48 seats an upper annular body
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] 58 and the latter is bored and fitted with the bushm° 59.
The upper end.of body 58 is provided with a flange 61 that
overlies the ring 38.

. - The-members.48 and-59 provide space. for accommo-
dating the loaded recoil spring 62. One end of this spring
seats upon member-48, and the other upperend seats upon
the collar 63, which is loosely fitted about the bar 34.- Col-
lar €3 normally engages- the annular shoulder 64.on the
upper end of bushing 58 to resist the normal loading of the
spring.” Immediately above the collar 63 the rod 34 has
an enlarged annular portion 66 -to form the abutment
shoulders 67 and 68. When no,]oadjng is being. applied

. to the drill head, shoulder 67 is urged against the opposed

- face of the collar 63, by the force of the loaded spring 62.
" The upper part 69 of the rod 34 forms what can be re-
ferred to as an-anvil portion. It is slidably fitted within a
bushing 71 that is carried by the sleeve 72. :The sleeve 72
is assembled within a bore 73 formed in the upper part
of member 58, and is provided with-a flange 74 adapted to
seat upon the cooperating shoulder face 76. The flange 74
is urged against the shoulder face 76 by suitable means
such as a Belleville washer 77.: A suitable arrangement
of ducts 78 and 79 can be provided for introducing lubri-
cant to the area between the -bushing 71 and the anvil
portion 9.

The electncal actuator is preferably constructed as fol-
lows: It employs .4 field comprising two electromagnet

assemblies 124 and 126, which serve to-operate a central -

piston-like core 81.. The assemblies 124 and 125 can each
consist of laminated cores 82 disposed radially about the
axis of the central core, and provided with windings 83.
- The pole pieces 84 and. 86 of each laminated core termi-
" nate at the boundary of a cylindrical passage 87, ‘within
- which the central core 81 optrates.
~ nated cores are shown separated by the mounting plate 88,
" and have their outer portions set interposed between the
channels 89. The passages 91 formed by these channels
permit passage of mud. This arrangement brings the drill-
ing mud into heat exchange relation with the magnetic
cores and windings,.thus providing for dissipation of heat.
The lower ends of channels 89 are sealed with respect
to ring 38, and passages 91 have their lower ends in
free communication with the passage 41 between the tubes
36 and 37. Filler rings 92 and 93 are interposed between
the pole pieces 84 and 86 of each electromagnet assembly,
“and the filler ring-93 is mterposed between the two. sets
. of pole pieces 86. E
" The central plston-hke core-81 is. prov1ded with lower

" and upper axial extensions 94 and 95 of reduced: diameter y

which form ‘impact or hammer elements. The hammer
“-¢lement 94 delivers impacts to the-anvil portion 69 of ‘the
‘bar 34. A bearmg assembly for element $5 can consisi-of

The two sets of lami-

10

15

20

4
in spaced relauonshlp with the plate 106 by the tabular
shroud 113 and the interposed plate 114.” The inner mar-
gin of the plate 114 forms an abutment shoulder 115 for
the thrust receiving member 168.

As will be presently explained the windings of the elec-
tromagnet assemblies are energized by current pulsations
whereby ‘the central core 81 is caused to reciprocate a pre-
determined number of complete strokes per minute. The
weight of the moving parts; the strength and pre-loading of

‘the recoil springs, and the frequency of excitation of ‘the

windings is such that the core reciprocates at -a'constant
frequency. When no downward force is being-applied to
the drill head, the force of the downward stroke of the
core'is absorbed by the lower recoil spring 62. 'However
as the load is applied to the head an increasing amount of
the impact energy is transmitted through the bar 34 to the
head and to the formation, until a maximum optimum

-loading is reached, which is equal to the force.of the

loaded spring 62. By way of example, thls may. be, of thP
order of 30,000 pounds.
. A suitable circuit arrangement for exciting the windings.

" of the electromagnet assemiblies is shown. in Figure 6.

The lines L1 and 1.2 are connected to a suitable sourte

. of alternating current, such as- 150 volts at 30 cycles at

25

30

the surface of the well.
.linés through an electrical cable which extends concen-

The power is délivered to:the

tric with the cable 8 through the assembly, the mud motor

13, and either member 143 or 147 (the latter portion of

the path not-shown in the drawing). The windings 83
have a common point of connection which connects with

" one line L1. The other terminals of the windings 83
_connect with the rectifiers 116, which have a common point
_of connection to the other line L2, With this arrangement

» " rectifying pulses ars supplied alternately to the two sets

35

40

45

a sleeve 96 which is mounted upon the laminated cores for

- the upper -electromagnet assembly, and which serves fo

* mount the bushing 97. This bushing is bored to receive -*

“the element 95, and is-also provided with suitable means"
A similar-

such -as ducts 98, for introducing lubricant.

- bearing assembly is formed-for the lower elemeént 94. It

- -consists of a sleeve 99 (corresponding to sleeve 26) serving

" to mount the bushing 161 (corresponding to bushing 97).
Here again the bushing can be provided with lubricant
recelvxng ducts 102. At its Jower end face the bushing
101 is in direct engagement with the upper end face of

- the sleeve 72. Also the lubricant ducts 102 can be 1n
communication with-ducts 78.

Overlying the upper electromagnet assembly 124 there
is an annular plate 106 that is fitted within the channels
89. Above this plate there is a second recoil spring 167
and mounting means for the same.

- spring 167 seats upon the impact receiving member 168,
which has its end face 189 aligned with and opposed to the

* end face of the impact element 95, The member 108 is

" guided by the bushing ring 111:which is fitted in the

“upper- portion of the. sleeve 86 The upper- end -of the

sprmg 107 seats upon a member-112, which is maintained

The lower end of

60

-magnet assemblies.
. rigid secaled -connection -with -the member 1i2.

of windings, whereby for a current frequency of 30 cycles
per second, the central core 81.is reciprocated at a fre-
quency of 3600 complete strokes per minute, thus deliv-
ering 1800 impacts per minute. The rectifiers 116 may
be of the dry selenium.type, the mercury vapor type, or
any other type suitable for the current carrying capacity

-required.

Referring again to Figures 2H and 21, rectifier units
116 of the dry selenium type are shown dxoposed within
a space 117 provided for this purpose. This space is
formed within a tubular housing 1318 that is disposed

in the upper portion of the main tubular housing 11.
_ The lower closure 119 for the housing 118 can be pro-

vided with a sealed fitting 122 to accommodate the con-
ducting wires leading to-the. windings of the electro-
"Also the end member 119 has . a
Thus
member 112 has an upwardly extending cylindrical por-
tion 122, which has a threaded engagement 123 with-a
dependmo cylindrical portion 124 of the end closure 119

.-Suitable ‘means such as the 0-_1‘1110 seals 126 provide . a -

fluid tight seal between these: parts.  The upper ends of
channels 89 are attached ‘o the lower edge of a tubular

‘section 127 that surrounds the tubular. portion 122,-and

which abuts the lower.end face of the tubular portion

. 324 Also -a ported seating ring 128 can be provided

about the tubular sectlon 127 and against. which  this

- section may seat.

-To -maintain the parts . of the electrical actuator in

- assembled- relation, “we havée shown a plurality - of tie

bolts 129, which at ons end engage the member 113,
and at the other end éngage the member 38.-
By reference to 'Fi'gure 2T it -will be seen that the

B angular passage 91 for circulating mud coatinues up-

~wardly past the closed housing 118 to the space 131 - '
~which overlies-the upper end 132 -of the housing 1i8.
“Spacé 131:communicates: with the:lower end of that part

of the complete. assembly ilhistrated in Fiﬂures 7A—'7G )

* inclusive.

75,

‘Referring now to 1*1gures 2A—’7G inclusive, they shsvv
an tpper coupler part- 136 for- maklnn connection” thh
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the. suspending cable, a bailer 137 for. the removal.-of
cuftings, a pump 152 for the circulation.of dnlhng ;mud,
and a mud motor 138 for driving the lower part. of the
equipment, namely that part illustrated in qures 2H-27,
inclusive.

Referring particularly to that part .of the..assembly
illustrated in. Figure 2@G, the drive means.138-consists
of a suitable fluid pressure operated motor.141 which-is
mounted within the tubular housing . 142. - This motor
can be one of the positive displacement type suitable
for operation on drilling mud. . At the lower end of the
housing 142.there is a closure 143 which. serves . to
journal the central rotatable shaft 144. This. shaft is op-
erably connected to the drive shaft of thé motor 14%, as
by means of suitable speed reduction gearing 146. .. The:
shaft is internally threaded as illustrated in Figure 2G,
thereby enabling it to be coupled upon the male cou-
pling part 147, formed at the upper end of the assem-
bly shown in Figure 2. The upper end of the motor
is"coupled to the mud piping 1474, whereby drilling mud
is délivered to the motor from the pumping means pres-
ently described. At the other end. of the motor there
is' a direct coupling from the motor discharge ports to
the passage through the shaft 144, whereby the mud is
delivered into the space 131 of that part of the assembly
illustrated in Figure 2H.

The pumping means 137 illustrated -particularly . in
Figures 2D, 2E and 2F consists of an electrical motor
153, together with a multistage centrifugal pump 152.
The electric motor can be of any suitable construction
but should be designed to provide the necessary power
together with compactness. The stator 153 ‘of the mo-
tor is enclosed within the housing shell 154. At its
lower end the motor shaft 156 is carried by a suitable
thrust bearing 157.. This assembly is carried by the
casting 158, which is attached to the end casting ‘£59
of the motor housing by suitable means such as the

threaded rods 160. A depending extension 161 of. the
motor housing shell has its lower end closed by plate
162, and is retained by the central tie bar 163.-
chamber 164 formed by the housing extension 181, has
its lower end connecied to tube 166 and also serves
to enclose the oil reservoir 167.

At its upper end the motor shaft 156 is connected by
coupling 168 to the shaft 16% of the centrifugal pump
152. Adjacent the coupling 168 the motor housing 154
is terminated by the closed casting 171, which may serve
to mount the terminal connector 172. The leads to the
stator winding of the motor connect with the terminal
device 172.

The lower end of the pump shaft 169 is carried by
the journal 173, which in turn is mounted upon the cast-
ing-174. 'The space 176 enclosed by the casting 174,
encloses the coupling 168. The pressure equalizing tube
166 makes connection with space 176.

The centrifugal pump consists of a multistage centrifu-
gal impeller 178 (Figure 2D) which is carried by the
shaft 169, and which operates within the cooperating
pump housing 179. The inlet passage 181 at the Iower
end of the housing (Figure 2E) communicates with the
interior of the strainer 182. The strainer is provided
with screened openings 183, through which mud may
flow for delivery upwardly into the inlet passage 181
of the pump.

The pump discharges into a chamber 184 at its upper
end, and this chamber in turn connects with the pipes
186, These pipes are bent to extend downwardly about
the pump housing, below which they connect with the
pipes 147a. 1t will be evident that these pipes are ac-
cemmodated within the space between the pump and mo-
tor housings and the outer tubular housing 142.

With the arrangement described above, the pump
delivers mud to the fluid pressure operated motor 141,

" thus causing this motor to supply sufficient torque for

ctation of the drill head through the gearing 146. At-:

The

10:

"vided -with-a tapered central bore.

é

_ the.same, time, the.. mud, discharged. from the. motor-.141
“is.delivered downwardly through,the; passages of the drill

head..
- Mud is caused. to:flow;:through the bailer or cuttings

~separator 137 before entering the strainer and.the pump.

Thus referring to Figure.2C, the upper end.of the outer
tubular ‘housing 142 .mounts a;closure. 191 that. is pro-
This- bore seats the
tapered. extension 192 .from the casting .193,  the latter

.forming the lower end of the bailer 137; and being at-

tached to the bailer housing 194.. The upper end of the
bailer housing 194 is provided with,slots.126 for inflow

- of.mud from. the well,; whereby-such mud:flows down-
» \Val‘dly through the housmo 194, and. partlcularly through

the space. 197 between. the, housing and the inner per-
forated strainer conduit-198.  The lower end of conduit

_-198 communicates. with: the passage..199 in the casting
. 193, and. this in turn discharges the mud into the outer
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erator at the surface -of the well. .

tubular housing 142 which surrounds the pump and the

-electric motor, whereby such mud fills the spaces between

the pump and motor housings and the outer housings 142,
and is delivered to the.screened openings- 183 and to
the inlet passage 181 .of the pump.

The lower part of the-bailer housing 194 is preferably

‘prov1ded with .openings.: 201 normally closed by the

gates 202. In operatlon cuttmgs which are too -coarse. to
pass through the openings in the perforated conduit 198
accumulate in the lowerportion of the housing 194. How-
ever, when the assembly-is raised to the surface of the

-well, such cuttings can be flushed .out by opening the

closures. 202.

The terminal device 172 for the electric motor is con-
nected to a cable 203 (Figure 2E) which must be sup-
plied with current from a.suitable current supply or gen-
In practice the cable
203 can be extended upwardly through- various parts of
the equipment, to. ultimately extend through the coupling
device 136. The cable 204 for suspending the entire as-
sembly can consist .of a hollow. wire-cable of sufficient
strength to support the load, together with a central core

. 206 which forms in effect an extension-of the cable 263,

and which includes the requisite number of electrical
conductors. At the top of the well the cable can connect
with a suitable device:207 which makes connections with

.the various conductors, and which permits them to con-

nect with the various sources of current supply. As pre-
viously explained, the actuator for applying impacts. to
the drill head can be supplied with 30- cycle alternating
current at a suitable voltage. ‘The electric motor can
be supplied with current of the same frequency, and
from the same supply circuit, although if desired it can be
supplied with a separate circuit at a frequency of, say,
60 cycles per second.

At some convenient point along the .assembly suitable
means is provided to engage the side walls of the well
and prevent rotation of the assembly. As-shown in
Figure 2G, said means can consist of arcuate shoes 208
for engaging the side walls of the well and . urged out- .
wardly by the pressure of the mud on the pistons 289.

"It will be noted that to simplify the drawing, portions
of the assembly have been omitted which would other-
wise appear between. the several Figures 2A-~J inclusive.
By way of example, in practice the over-all height of the
assembly shown in Figures 2H--2J can be of the order of
ten feet, and the over-all height of the complete assembly

~ comprising Figures 2A~27J, inclusive, can be of the order

70

of forty feet. The weight of the parts comprising-the
assembly can be such as to provide (when immersed in
mud) a downward force upon the drill head sufficient for
proper loading and for most efficient transfer of impact
energy to the formation. Assuming an actuator operat-
ing with 1800 impacts per minute, this load. may, for ex-
ample, be of the order of 30,000 pounds.

In Figure 1 it is assumed.that both the electrical actu-
ator and the motor are being supplied with current. from
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4 -common generator G. - This generator éan bé driven by
.- suitable means such as an engine-M of the internal com-
bustion. type, The current supply connections from the
-.generator to the device 207 have been shown through a
- suitable control panel 211, which may 1r.1d1cate current,
" voltage, frequency and like -data.
- 'Over-all operation of the equlpment descnbed above
~is as follows: The entire assembly- 9 ‘is lowered into a
-well until the- drilling head 10 comes to rest-on the bottom
formation. It will be understood that in this process it
may be desirable to provide a suspending cable in sec-
tions, which can be coupled together to provide a cable
- of ‘the requisife length. .- The various couplings can be
- provided with means for making connections-between the
electrical conductors. = Sufficient drilling mud of proper
- consistency is introduced into the well to completely sub-
- merge the equipment. Power is now supplied to the elec-
trical ‘motor and the electrical -actuator, whereby the
"motor delivers mud at a relatively high pressure to the
fluid pressure operated motor 138, thereby operating this
motor to drive the drill head at speed comparable to
.ordinary rotary drilling. 'Energization of the electrical
actudtor applies impacts to the drill head at a constant
" frequency to effect percusswn drilling.. The-drilling mud
circulates -through the ducts in. the drill head, and then
flows upwardly around the housing 142 with the cuttmgs,
ultimately to be delivered into the bailer 137.~ Here coarse
cuttings are removed and the mud permitted “to return
to the intake side of the pump.  After a period of drill-
ing the assembly can be raised to the-surface of the well
and the cuttings removed by uncovering the openings 201.
" In general, the present invention has all of the attributes
- of the equipment and method described in the “above
-mentioned copending application. Assuming -that the

drill head is operated upon a relatively hard rock forma- -

" tion, the rate of drilling with the actuator in ‘operation is
many times the rate for the same equrpment -operating

-under the:same conditions, but without operation. of ‘the
actnator. By way of example, where the drilling rate in
a rock formation is of the order of 1 inch: per hour,
with the actuator in operation the drilling rate is of the
order of 10 feet or more per hour.  This remarkable in-

- crease in drilling speed is obtained without excess power
consumption. No -great- amount of power is Tequired

- for turmng the ‘drill head, because with the present as-

: semb’y it is not necessary to turn along drill stem extend-
ing down - through "the" casing. Furthermore, the -im-
pact. dactuation of:the drill -head reduces the torque re-
quiremients for turning the head relanve to the rest of
the assembly. -

“The wear upon the cutfers of the -drill head is not pro-
portional to the increase in drilling speed -attained. Tt
appears that for a given amount of- eﬁectlve drllhno the

. wear upon the cutting teeth using our invention is sub-
stantially less ‘than for conventiomal rotary drilling:

‘A further advantage of the drilling . equipment’ “and
method described herein is that it is highly effective in
drilling through difficult formations,- which otherwise
might make it neceasary to abandon a well. -“Although
faultmg presents serious difficulty for conventional drill-

- ing rigs, with our invention faultmg has Iittle if any effect
upocn dl‘llhn"' efficiency; and the drjll head proceeds along
the -desired direction without tending to cause breakage
of the cutters or drill head, and w1th llttle if any. tend—

~ ency toward deviation.-

Ancther advantage pernted out in sard copendmg ap- :

plication- is -that- convertional Totary equipment is ‘fre-
quently. susceptible ‘tc uneven or contoured drilling pat-
terns upon the bottom formations, which greatly decrease

drilling e’ﬁmency, and which cause excessive wear and .

“-possible drill breakage. - Here again our.equipment is re-
~markably effective under such conditions. Where a-for-
- mation is encountered Whlch under normal condmons,

- would aevelop such an uneven or contoured pattern, with.
- our method and apparatus such a pattern ddes not develop,,
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“-and af:all times the pattern remains even -and for mini-

- conventional equipment.
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~mum possibility of drill breakage

This result is obtained
without the use of expenswe cutterheads such as. have
been- developed for use in conventional rotary dnl]mg,
to minimize development of such patterns.

- Under some circumstances it may be desirable to cor-

-rect an umeven or contoured drilling pattern, as for ex-

ample where the pattern has been developed by use of
In such ap event our inven-
tion can be applied to remove the unevenness: Siitable

procedure is to slowly lower the drill head after: initial

light ‘contact with the bottom formation. This is of

course accompanied by rotation of the drill head, and

operation .of the electric actuator and mud circulating

pump. - The cutters gradually cut away the high areas

of the pattern due to the percussion and .chipping action

of the head as the assembly is gradually lowered, and
all unevenness has disappeared.

When_ drilling through clay, or other soft formations,
the electrical actuator may or may not be put into opera-
tion, depending upon the choice of the operator.. How-
ever, even under such conditions use of the actuator gen-
erally facilitates drilling, particularly in that it eliminates -
tendency towards balling- adjacent to the dril]l head, and
it generally makes possible a high drilling speed.

The frequency of impacts upon the bottom formation
is independent of other factors, such as the operation of
the mud circulating pump. .Thus efficient drilling .con-
ditions can” be maintained .at all levels and mdependent
of mud circulation.

Although in the foregoing we have referred to 1mpacts-
frequency of the order of 1800 impacts per -minute, 1t

- will be evident that this can be varied depending upon
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drilling’ ccndmons, the size of the eqmpment and the like.
We believe that in all instances it-is desirable to keep
this frequency above about 1000 - impacts per minute.
Itis antxcxpated that in some applications it may be desira-
ble to increase the frequency to, say, 2000 impacts per
minute, or more.

We claim:

1. In well drilling equipment, mountmg means adapted
to be lowered into "an earth well, a cutter head includ-
ing mud circulating ducts carried at.one end of the mount-'
ing means and adapted to operate on the bottom forma-
tion, electromagnetic means serving to apply impacts to
the head at a substantially-constant frequency, said means
including- an electromagnetic assembly  carried by the
mounting means and a piston-like core adapted to be
actuated by said assembly to  apply impacts to the head,
a mud circulating pump having inlet and outlet passages
carried by the mounting means, electrical motive means .
serving to operate said mud cuculatmg pump, a mud pas-
sage communicating at one end with the exterior of said
mounting means and at its other end with the inlet pas-
sage of said pump, motive means servmg to rotate the head
relative to the mounting means comprising a motor of the -
fluid pressure operated type having inlet and outlet ] pas-
sages, ducts connecting the outlet passage of said pump
to the inlet passage of said motor, and ducts serving to
connect the outlet passage of said motor to the mud cix-
culating ducts formed in the head.

2. Eqmpment as in claim .1 in which the pu.mpmg
means comprises a multi-stage centrifugal pump. -

3..Equipment as in claim 2 together with a bailer car-
ried by the mounting means and serving. to remove cut-
tings from the mud delivered to the pump, said bailer
having openings communicating with the exterior of said
mounting means and connected to the mud passage, said
bailer also including a plurality of gates which are adapted
to be opened:whereby accumulated cuttmgs can be fiushed
from the bailer when the eqmpment is raised to the

‘surface.

4. In well dnlhng equiipment, mountmg means adapt-
ed to be lowered info a well, a cutter head including mud-

circulating ducts carried at one end of the mounting means
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and adapted to operate on the bottom formation, elec-
tromagnetic means serving to apply impacts to the head at
a substantially constant frequency, said means including
an electromagnetic assembly carried by the mounting
means and a piston-like core adapted to be actuated by
said assembly to apply impacts to the head at a substan-
tially constant frequency to effect percussion drilling, a
mud circulating pump having inlet and outlet passages
carried by the mounting means, electrical motive means
serving to operate said mud circulating pump, a mud pas-
sage communicating at one end with the exterior of said
mounting means and at its other end with the inlet pas-
sage of said pump, a motor of the flnid pressure oper-
ated type having inlet and outlet passages serving o
rotate the head relative to the mounting means whereby
the head is rotated against a formation simultaneously
as impacts are applied thereto, ducts connecting the outlet
passage of said pump to the inlet passage of said motor,
and ducts serving to connect the outlet passage of said
motor to the mud circulating ducts formed in the head.

5. In well drilling equipment, mounting means adapted
to be lowered into a well, a cutter head including mud
circulating ducts carried at one end of the mounting
means and adapted to operate on the bottom formation,
electromagnetic means serving to apply impacts to the
head at a substantially constant frequency, said means
inclnding an electromagnetic assembly carried by the
mounting means and a piston-like core adapted to be
actuated by said assembly to apply impacts to the head
at a substantially constant frequency to effect percus-
sion drilling, a mud circulating pump having inlet and
outlet passages carried by the mounting means, electrical
motive means serving to operate said pump, means for
engaging the side wall of the well to prevent rotation
of the mounting means comprising finid pressure oper-
ated shoes, said shoes including a piston in contact with
the circulating mud and adapted to be urged outwardly
by the pressure of the mud on the pistons, a motor of
the fluid pressure type having inlet and outlet passages
serving to rotate the head relative to the mounting means,
a mud passage communicating at one end with the
exterior of said mounting means and at its other end with
the inlet passage to said pump, ducts communicating
between the outlet passage of said pump and the inlet
passage of said motor, 'said ducts having a portion in
communication with said pistons, ducts serving to con-
nect the outlet passage of said motor to the mud circulat-
ing ducts formed in the head, and a cable adapted to
extend down into the well for supporting the equipment.

6. Apparatus as in claim 5 wherein said means serving
to engage the side walls of the well to prevent rotation
of the mounting means comprises a plurality of shoes
serving to engage the side walls of the well, a piston
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associated with each of said shoes, cylindrical openings
in communication with the circulating mud and serving
to slideably receive the pistons whereby the mud pressure
urges the shoes outwardly against the side wall of the well.

7. In well drilling equipment, mounting means adapted
to be lowered into an earth well, a cutter head including
mud circulating ducts carried at one end of the mount-
ing means and adapted to operate on the bottom forma-
tion, eleciromagnetic means serving to apply impacts to
the head at a substantially constant frequency, said means
including an electromagnetic assembly carried by the
mounting means and a piston-like core adapted to be
actuated by said electromagnetic assembly to apply
impacts to the head at a substantially constant frequency
to effect percussion drilling, 2 mud circulating pump hav-
ing inlet and outlet passages carried by the mounting
means, electrical motive means serving to operate said
mud circulating pump, a bailer carried by the mounting
means and serving to remove cuttings from the circulat-
ing mud, said bailer including a plurality of gates which
are adapted to be opened whereby accumulated cuttings
may be fiushed from the bailer when the equipment is
raised to the surface of the earth, said bailer communi-
cating with the exterior of said mounting means, a mud
passage communicating at one end with the bailer and
at its other end with the inlet passage of said pump,
means for engaging the side walls of the well to prevent
rotation of the mounting means, said means comprising
a plurality of shoes serving to engage the side walls
and a piston associated with each of said shoes, cylin-
drical openings communicating with the circulating mud
and serving to slideably receive the pistons whereby the
mud pressure against the pistons urges the shoes out-
wardly against the side walls of the well, motive means
comprising a motor of the fluid pressure type having inlet
and outlet passages serving to rotate the head relative
to the mounting means, ducts interconnecting the outlet
passage of said pump, said cylindrical openings and the
inlet side of said motor, and ducts serving to connect
the outlet passage of said motor to the mud circulating
ducts formed in the head.
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