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1

This invention relates to well drills and more
particularly to a deep well drill combining the
advantageous features of rotary and reczprocat-
ing drill mechanisms.

An object -accomplished by my invention is
the provision of a well drill which combines in
a novel manner the more desirable features of
rotary and reciprocating types of drills. A fur-
ther object accomplished by my invention is the
provision of a well drill having increased effec-
tiveness against hard rock formations. Another
object -accomplished by my invention is the pro-
vision of a drill of the character described, hav-
ing incorporated therein g fluid-operated mech-
anism for delivering blows to the bit without
substantially interrupting the flow of  fluid
through the bit. Still another object accom-
plished by my invention is the provision of a ro-
tary-reciprocating type well drill of such design
that there is no reverse flow to any part of the
mechanism tending to carry cuttings from the
well into the drill. A still. further object ac-
complished by my invention is the provision of a
well drill of such design that the effect of “hy-
draulic hammer” is diminished, but advantage-
ously used in some degree to actuate the hammer
mechanism. A still further object accomplished
by my invention is the provision of an impact-
type drill characterized by a valve-operated ham-
mer of such a nature and construction that the
hammer may become unseated from the valve
without shock. Other objects appear herein-
after.

. My invention is illustrated by the accompany-
ing drawings and the descriptive matter relating
thereto. Referring to the drawings,

. PFig. 1 is a longitudinal cross section taken
through the upper portion of a preferred embodi-
ment of my drill;

Pig. 2 is a longitudinal section taken through
the intermediate portion of the drill shown in
Fig. 1;

Fig. 3 is a longitudinal section taken through
the ‘lower portion of the drill shown in Figs. 1
and 2 and the bit attached thereto;

‘Fig. 4 is a transverse sectional view taken along
line 4—4 of Fig. 1;

Fig. b is a transverse sectional view taken a.long
line 5—5of Fig. 1;

Tig. 6 is a transverse sectional view taken along
line 6—6 of Fig. 2;

Fig. 7 is g transverse sectional view taken along
line 7--7 of Fig. 3;

Figs. 8 through 13, inclusive,.are diagram-
matic representations illustrating various phases
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in the operation of my drill shown in detail in

the preceding figures;

Pig. 14 illustrates an embodiment showing an-
other method of engagement between hammer {9
and valve 24;

Fig. 15 diagrammatically illustrates another
embodiment of my drill using a casing ring, with
the hammer in an intermediate position; and

Fig. 16 is another view of the embodiment
shown in Fig. 15, with the hammer engaging the
casing ring.

A description of my drill is as follows:

Referring to Fig. 1, adapter ! serves to connect
the drilling assembly with a drill pipe (not shown)

and is provided with a central passage 2 for the -

purpose of introducing drilling fluid under pres-
sure into the drill mechanism. Adapter { is
screwed into an adapter base 3 which also has &
central passage 4 therein fo accommodate the
pressure fluid. This adapter base is threaded into
a drill housing or casing 5 in which are located
the operative parts of the drill. The lowermost
portion of casing 5 is provided with a bushing 6,
shown in Fig. 3, which serves to retain the in-
ternal assembly of the drill as well as to provide
a driving torque for a bit-stem 7 slidably disposed

-within casing 5 and guided therein by means of

replaceable sleeves 8. This driving torque be-
tween bushing 6 and bit-stem 7 is accomplished
by means of keys 9 inserted in keyways between
the two elements, as shown in Figs. 3 and 7, or
by other well-known means, such as splines or a
hexagonal or square fit between the elements 6
and 1. Bit-stem 7 contains a central passage 10
for the drilling fluid which connects with the cen-
tral passage |1 of a bif 12 attached to the end of
bit-stem 1. Bit 12 is further provided with pas~
sages {3 connecting central passage {{ with the
well bore to facilitate the removal of cuttings and
chips therefrom by means of flushing action of
the drilling fluid. The upper portion of bit-stem
1 is threadedly connected to an anvil {4, shown in
Fig. 2, which is also slidably disposed within cas-
ing 5 and guided therein by means of a replace-
able sleeve 15. Parts T and 14 are suitably dis-
posed to accommodate the base (6a of an eduction
tube 16 which is sealed and retained between the
two members by a compressible washer 17, and
may be keyed to anvil 14 if desired. This educ-
tion tube 16, having a central passage {8 connect-
ing with passage (0 in bit-stem 7, extends through
anvil {4 and thereabove into a considerable por-
tion of casing 5. A reciprocable ram or hammer
19, suitably disposed from casing 5 to form annu-

85 lar passage 21 and guided therein by means of lugs
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20 welded to the hammer, as shown in Figs. 2
and 6, is provided to produce percussive blows
upon anvil I4 which in turn transmits the re-
sulting shocks through the remainder of the drill
mechanism to the drill bit 12. Both hammer and
anvil may be provided with hardened bushing in-
serts to resist wear at the point of impact be-
tween the two elements. = A central passage 22 is
provided within hamrmer {9 connecting with pas=-
sage 18 in eduction tube {6 to provide a further
path for the operating fluid. - Anvil 4" is pro-
vided with a recessed portion 23 adapted to-agc-
commodate a valve 24 which is slidably disposed
on eduction tube 16. The annular surface of

anvil 14 exposed to hammer blows is prov1ded,

10

15

with passages 25 to form & connecting path for -

the pressure fluid in passages 21 to recess 23 in
the anvil.. Valve 24 is provided with a shoulder
26 adapted to engage the bottom of hammer 9
when the body of valve 24 has sufficiently entered
the hammer bore in which it has a close sliding
fit. . The shoulder 2§ of valve 24 is further pro-
vided with slots 27 and a taper clearance 28 at the
Jower-énd of the valve sothat pressure fiuid within
recess 23 may be communicated to beneath the
valve toprovidean actuating force therefor. The
upward movement of valve 24 on eduction tube
16 islimited by means of a helical spring 29 dis-
poséd -gbout the eduction ‘tube and retained
thereon ‘by ‘means of locking nuts 39. However,
a valve stop, such as a tubular valve stop extend-
ing over the upper portion of eduction tube 16
and beneath spring 29, could be advantageously
used in addltlon to limit upward movement of
valve 24. ‘At the upper end of hammer 19, shown
in -Fig. 1, fluid communication is prov1ded bhe-
tween the inside and cutside thereof by means of
holes ‘31, shown in Figs. 1 and 5, so that in the
position of the parts as shown, pressure fluid will
flow through the central passage 22 of hammer 19
and out through the bit. The upper portion of
hammer 19 is received by a cylinder tube 32 which
is ¢losed at its top by cap 83 sealed thereto, as
shown in Figs. 1.and 4. Tube 32 is suspended in
casing 5 by means of lugs 33a¢ welded to cylinder
32 and held against shoulder 34 of the casing by
adapter base 3 screwed against cap .83. Cylinder
32 is suitably disposed from casing 5 by meang of
the aforeméntioned lugs 33a as well as lugs 35
welded to the lower portion thereof such-that
annular passage 36 is formed between the cylinder
and ‘casing. Cap 33 is shaped to form passages
317 connécting passage 36 with central passage § of
theaddapter base 3. Thelower portion of cylinder
32 is provided with a replaceable bushing 38 to
accommodate hammer 18 and form a good seal-
. ing but freely sliding fit therefor, so that upon
slight upward movement of - hammer 19 with re-
spect to cylinder 32, passages 31 will become sealed
off. ' The inside of cylinder 32 is provided with
a helical spring 39 cooperating with -hammer {9
to decelerate and return the hammer when it has
been elevated.

The operation of the above descrlbed drill is as
follows:

The entire unit will be suspended vertically
in-a well bore with an ordinary rotary drill pipe
attached to adapter | such that the 'bit will be

situated several feet above the bottom of the

hole. 'In this position, bit-stem T and anvil 14
together with the attached parts will be in their
lowermost. positions as retained by bushing €.
Hammer (9 resting on, anvil 14 will also be in
- its Jowermost position so that holes 30 near the
top of the hammer will be uncovered. In other
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4
words, all parts will be in the positions as shown
in Figs. 1, 2 and 3 of the drawings. It is usually
desirable to “rotate in” when a new bit has been
attached to insure that the hole is full size, and
to flugh out sediment and cuttings which may
have settled to the bottom while bits were being
changed. This is accomplished merely by
establishing the circulation of: drlllmg fluid
downward thiough the “céntral passage of the
driil stem and rotating the bit while it is lowered
through the last few feet to the bottom of the
well bore. During this “rotating in” process,
fluld will be circulated through passages 2, 4,
37,736, 31,22, 18, 10, I{ and out through passages
i3 of the bit returmnd up the hole outside of
the drill housing 5. It should be noted that no

flow. occéurs between hammer (8, valve 24 and

anvil |4 because the passages provided by holes
31 will ‘sufficiently bypass enough pressure fluid
to the well bore.. Since all the passageways are
open, no pressure differential exists,-and accord-
mgly valve 24 ‘and: hammer 19 will not be-actu-
ated at this stagé of ‘operation. “Thus, hammer-
ing will not take place to endanger the drill pipe
or other parts as the drill is'lowered. ‘This stage
of operatlon is shown diagrammatically in Fig.'8.
In Figs. 8 to 13 the arrows indicate the action of-
the pressure ﬁu;d in operating-the device. Upon
continuing to lower the mechanism while rotat-
ing -casing § 'thus“prOduc'ln‘g rotation of bit-stem
1 and bit 12, the nose or cuttlng edge of ‘'hit. 12
will eventually ‘tolich " the bottom of the hole.
Further lowering of ‘the drill pipe and attached
parts - will ‘then cause changes in the - reldtive
nosn;lons between casing b and the internal parts

L4 and 9. Since cyhnder 32 is integral with
casmg 8, ‘the cylmder will ‘eventually close off
passages 31 from ﬂuld flow. - The parts  will
essentially then be in’ the positions 4as ‘shown
dlagrammatlcally in Fig.’9.” ‘Due to the fact that
there is'no iramediate ‘outlét for the fluid being
supplied under pressure from surface pumps, thé
pressure ‘will” build ip within- passage 21 ‘and
will” be transmlttﬂd through passages 25 and
recess 23 and slots 21 to beneath valve 24. The
upper surface of .valve 24 is exposed to a pres-
sure -substantially equivalent to the static -head
of ‘the fluid in the well bore at the depth of the
valve, -since the upper.surface of ‘the valve is
afforded commiunication with the well bore
through passages 22, (8, 10, 1 and (3. There
is, ‘therefore, -a -differential -pressure existing
across valve 24. Because the pressure beneath
the wvalve ‘is .greater than that exerted on 'its

‘uppersurface, the valve will rise within the bore

of hammer “$9° until ‘shoulder 26 of the valve
engages the lower surface of the hammer. The
parts:will then be in‘'the positions as shown dia-
grammatically in Fig. 10. The continued appli~
cation -of fluid pressure ‘beneath the valve and
hammer will raise valve 24 ‘and hammer {9 as
2 unit. This is due to the fact that a differential
pressure also eXists across:the hammer, the upper
surface of hammer 19 being in communication
with the well bore ‘through central passage 22
af the hammer and passages 18,10, il and 13,
through which passages the ﬂmd -inside the
haramer-198 and.cylirider 32 is dlscharged to the
annular space outside the drill. It is apparent
that a’large area is-provided at the base of the
hammer for initial acceleratlon of ‘the hammer
upward: 'Thig first stage of acceleration con-
tinues until the parts reach the relatlve posi-
tions as shown d1agrammat1ca11y in Fig. 11, at
which ‘time ‘the ‘upward travel of valve 24 will
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be arrested by the: compression of spring 29.
However, a pressure differential still exists across
the hammer and fluid pressure will still be ap-
plied. to the lower surface thereof, although it
is apparent that the effective hammer area acted
upon by such pressure is reduced because valve
24 is now restrained from further upward move-
‘ment. The hammer will therefore continue to
move upward, and this second stage of accelera-
tion will be of such a degree that the momentum
of the hammer will continue to carry it upward
and away from valve 24 until it is decelerated
and returned downward by the forces of gravity
and spring 39. -The relative positions of the
parts after hammer {9 has become disengaged
from valve 24 and immediately before descent of
the hammer are shown in Fig. 12, Referring
to Fig. 12, it can be seen that a free flow of pres-
sure fluid will take place around the base of the
hammer into the upper end of eduction tube
16, and thence through the remaining lower parts
outward into the well bore. The internal pres-
sure exerted on the upper and lower surfaces
of both hammer {9 and valve 24 will be approxi-
mately equalized so that the forces of gravity
and springs 38 and 29 will be permitted to
accelerate hammer {9 and valve 24 downward,
respectively. Valve 24, having already had its
upward movement arrested, is quickly returned
to. its lowermost posifion as shown in Fig. 13,
while the upward momentum of hammer (9 is
overcome by the action of spring 39 (and grav-
ity) and is then returned to its lowermost posi-
tion. The downward acceleration of hammer
{9 and the momentum resulting therefrom will
produce a considerable impact upon anvil (4
when the hammer comes in contact therewith,
and this impact will be transmitted through the
remaining lower parts of the drill to the cutting
edge of bit 12, resulting in a percussive blow
against the formation at the bottom of the hole.
The slight overlap shown in Fig. 2 between
hammer i9 and valve 24 is not sufficient to mate-
rially retard the hammer or cushion the percus-
sive blow because valve 24 represents in fact an
almost instantaneously-yielding outlet and relief
for pressure fluid. The fluid pressure in the
region 23 begins to rise as soon as hammer 19
overlaps with valve 24, and this early pressure
rise is helpful in accelerating valve 24 upward
and in developing the necessary pressure for the
upward acceleration of the hammer for a new
cycle of operation so-that a rapid succession of
blows exerted against the formation being drilled
will result. Due to the fact that the entire drill
is slowly rotated, the various percussive blows
exerted on the well formation will be made at
points angularly displaced from one another by

several degrees so that the drill bit will chip out

the formation between successive points of im-
pact. Flushing fluid from the drill will con-
tinuously be discharged from the bit into the
well bore to carry the chips to the surface of
the well. Continuous operation of the drill will
therefore completely remove material from the
hottom of the hole and result in advance of the
drill through the formation. )

Certain modifications which may be made are
deserving of specific mention. It will be noted
that the lower inside portion of cap 33, shown
in Fig. 1, is provided with a tapped blind hole

33b. This hole permits the attachment of spacer.

discs (not shown) within cylinder 19 above spring
39, if desired, to increase the spring pressure.
The tapped hele »330 on_tljble upper side of cap 33
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is provided simply for pulling purposes, i. e., 50
that cap 33 may conveniently be removed when
disassembling the mechanism. It is important
to note that, as explained below, both spring 29
and spring 39 may be eliminated from the drill
without rendering the drill inoperative. With
respect to the elimination of spring 39, it has
been found by experimental observation that the
force of gravity alone is sufficient to decelerate
hammer 19 after it has been raised by fluid pres-
sure and is sufficient also to return it to strike
a blow on anvil 14 with substantial force. How-
ever, to speed up the return of hammer {9 and
increase the number of blows per minute, spring
39 has been provided so that hammer 19 may be
more quickly decelerated and returned. Spring
39 may be a partial or bumper spring within
cylinder 32 or a full length spring as shown in
Fig. 1, with or without initial compression when
installed. With respect to the elimination of
spring 29, tests have shown that under certain
conditions the force of gravity alone is sufficient
to effect return of valve 24 after it has become
elevated and hammer {9 has broken away there-
from. However, to assure proper return of valve
24 in heavy drilling fluids, spring 29 has been
provided. Spring 29 may also be a partial or
bumper spring so as to give merely initial return
impetus to the valve after it has been raised to
the upper limit of its travel, or spring 29 may
be a full length spring as shown in Fig, 2.

It should be noted that the means provided

for engagement between valve 24 and hammer {9
may be variously modified. For example, valve
24 may be so constructed as to engage a shoulder
{8q located within hammer {9, as shown in Fig.
14. In such an embodiment, the anvil {4 need:
not -be recessed to accommodate the valve but
may be flat, as shown. The base of hammer 9
would then be provided with slots {§b to permit
operating fluid under pressure to circulate be-
neath a taper provided on the lower end of valve
24 when hammer {8 rests on anvil {4, so that
valve 24 may be actuated by operating fluid.
+ In another embodiment (not shown) no shoul-
der may be provided, either in hammer {9 or on
valve 24, so that valve 24 will reach the end of
its travel before the hammer is forced upward,
following which the hammer will be lifted up-
walrd from the valve in one stage of acceleration
only. . :

Another embodiment of my drill is shown sche-
matically in Figs. 15 and 16 wherein I provide
an annular projection or casing ring 40 within
casing § so that the outer periphery of the ring
forms a continuous seal with the casing. The
ring may be secured to the casing by boring holes
through the casing and welding to the ring in-
side the hole, or by other suitable means. An
outer shoulder {9c¢ is provided on hammer {9 so
that when the hammer becomes fully elevated,
as in Fig. 16, a seal will be provided against op-
erating fluid under pressure entering the drill
above the hammer. However, the ring is pro-
vided with suitable running clearances over the
shoulder of the hammer, and the inner periph-
ery of the ring is tapered so that the upper end
of the hammer can be readily guided there-
through from below during assembly. = When the
hammer is not fully elevated, as in the position’
shown in Fig. 15, sufficient clearance exists be-
tween the upper portion of the hammer and the
casing ring to.assure free circulation of operating
fluid to the base of the hammer. The purpose of

- the casing ring is to utilize the hydraulic force
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of the operating fluid to limit the upward ‘travel
of the hammer, and. further, to -accelerate it
downward. Thus, the .use of a casing ring cuts
down on the time lost when the hammer is de-
celerated on its upward stroke, and at the same
time reduces excess fluid loss through the educ-
tion tube ocecurring during the interval that the
hammer was being decelerated and returned.
The net effect is to increase the operating fre-
quency of the drill. In one series of tests the
operating frequency was increased from 400
strokes per minute to over 700 strokes per minute:
by simply adding a casing ring as desecribed
hereinabove.

The sequence of .operations of the drill is not
substantially affected by the use of a casing ring.
When hammer (9 becomes sufficiently elevated
to become -disengaged from valve 24, shoulder
t9c on hammer {§ will form a seal against casing
ring 40, resulting in a sudden increase in .pres-
sureghove the ring and hammer shoulder. The
system. -will then resemble the action of a piston
in g cylinder, and this pressure will arrest the
upward travel of hammer 19 as well as provide
considerable hydraulic force to accelerate it
downward. When shoulder I8¢ engages casing
ring -48 the flow of fluid through the rest of the
drill will be momentarily cut off. In contrast
to this, it is recalled that in the other embodi-
ments of my drili where no casing ring is pro-
vided there is a free flow of fluid over hammer
{8 and out through eduction tube 16 during the
entire time that hammer 19 is disengaged from
valve 24.  However, this interruption of fluid flow
when employing a casing ring is so slight and
takes place so quickly that it amounts to only
a flicker in the fluid discharge from the bit.
Furthermore, there is sufficient compressibility
in the fluid column so that, considered with the
Ymited rate of shock-wave propagation in the
fluid,; no -excessive “hydraulic hammer” results
by using the.casing ring. In fact, over-all opera-
tienn is more smooth when the ring is used. In
addition, over-all operating pressure may be
somewhat lower because the required rate of
fluid flow is reduced by the casing ring.

In the embediment of Figs. 15 and 16 there is
shown an annular projection on the casing in the
shape of an:annulus or ring 49. It is to be under-
stood however that such shape is by way of illus-
tration only and that any means may be used
having :a shape so as to cooperate with & corre-
sponding shape on the hammer {9 to interrupt
the flow of operating fluid to the base of the ham-
mer wlhien elevated.

One of: the advantages.of my drill is that fuid
flow through the bit is never substantially inter-
rupted, even while delivering blows to the bit,
thus permitting maximum utilization of the
effects of flushing fluid. As described above,
when-a casing ring is used there is a slight inter-
ruption in fluid flow, but this occurs for only a
fraction of each cycle. Another advantage is

that direct communication of fluid pressure is’

provided between the well bore and the hammer
actuating cylinder through ‘the bit, so that -all
fluid pumped down the drill stem is effective in
removing cuttings. The upward acceleration of
the hammer is effected in two stages, the first
stage being that during which ‘the valve 24 and
the hammer (¢ are raised together and the
second stage being the subsequent one during
which only the hammer 18 is raised. The first
stage, -due to the larger pressure ares of both
hammer .and valve, provides a relatively large
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impetus to the hammer at-the sfart of its upward
motion with minimum pressure rise in the op-
erating fluid. ‘Transition to the second stage of
hammer acceleration, which is somewhat smaller
than the first stage, ocecurs with minimum shock
at the moment the valve 24 pulls away from the
hammer (9 since no large differential pressure

. exists across the valve at the moment its move-

ment is arrested and it leaves its seat in the
hammer. The alternative method of operating
my drill without springs, wherein the maximum
effect .of gravity is utilized, is advantageous where
the use of springs is considered undesirable. It
is to be noted that fluid fiow through the mech-
anism is everywhere unidirectional and at no
fime is there any reversal of fluid flow in any
portion.of the drill mechanism which would tend
to carry cuttings into the drill and produce op-
erational failures. This advantageous feature is
made possible becguse the power fluid supplies
“make-up"” Auid behind the hammer in the actu=
ating cylinder 232 so that “makse-up” is not re-
quired from the well bore, and further, because
continuous flow is maintained through the bit
in an outward direction. A still further ad-
vantage les in the automatic relief provided
for “hydraulic hammer” and the beneficial utili-
zation of pressure rise resulting therefrom to
sffect initial operation of valve 24 and hammer
19, Another advantage is that the stroke of
the hammer may be varied by adjusting the
operation and travel of the hammer-actuating
valve 24, e. g. by adjusting the position of the
spring-retaining nuts, changing springs, insert-
ing valve stops of .different lengths or valves of
different lengths or changing the location of the
valve shoulder, etc. or length of ‘eduction tube {6.

It will be apparent to those skilled in the art
who have familiarized themselves with this dis-
closure of my invention that numerous modifica-
tions in -additien to those hereinabove set forth
may be made without departing from the spirit
of the invention. Furthermore, the preferred
embodiments specifically described herein are
intended to be merely illustrative of my inven-
tion, and in no manner should they be consid-
ered as limitations thereof or as limiting the
scope of the appended claims hereinafter made.

What I claim is:

1. In a fluid-operated deep well drill, the
combination comprising a tubular casing, an in-
verted cup-like cylinder longitudinally mounted
In said casing, means affording operating fluid
access to the lower end of said cylinder, an
elongate annular ram slidably disposed -in and
seeled against the inside -of said cylinder and
having a longitudinal central passage, an an-
nuiar anvil block in the path of said ram slid-
ably disposed in and sealed -against the inside
of said casing below the open end of said cylin-~
der, a downward extension rigidly connected to
said anvil block and adapted to be rotated by
rotation of said casing and to carry a drilling
tool, said extension having a longitudinal central
passage connecting with the interior of said anvil
biogk, an eduction tube extending upward from
said anvil block into. the interior of said ram
and ‘having ‘a central passage connecting with
the interior of said anvil'block, an annular valve
slidably disposed outside of and sealed against
said-eduction tube and-adapted to seal the central
passage of said ram when in engagement there~
with, means permitting operating fluid access
o the bottom face of said valve, and an abutment
carried on the outer surface of said eduction
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tube and spaced from said anvil block by an
amount which limits the upward travel of said
valve to an amount which is smaller than the
upward travel of said ram. ’ '
2. In a fluid-operated deep well drill, the
combination comprising a tubular casing, an in-
verted cup-like cylinder longitudinally mounted
in said casing, means affording operating. fluid
access to the lower end of said cylinder, an elon-
gate annular ram slidably disposed in and sealed
against the inside of said cylinder and having
a longitudinal central passage, a compression
spring retained in the interior of said cylinder
with its upper end against the upper end of
said cylinder and its lower end providing a
return for said ram -upon- being elevated, an
annular anvil block in the path of said ramn
slidably disposed in and sealed against the in-
side of said casing below the open end of said
cylinder, a downward extension rigidly con-
nected to said anvil block and adapted to be
rotated by rotation of said casing and to carry
a drilling tool, said extension having a longi-
tudinal central passage connecting with the in-
terior of said anvil block, an eduction tube ex-
tending upward from said anvil block into the
interior of said ram and having a central pas-
sage connecting with the interior of said anvil
block, an annular valve slidably disposed out-

side of and sealed against said eduction tube :

and adapted to seal the central passage of said
ram when in engagement therewith, means per-
mitting operating fluid access to the bottom face
of said valve, and an abutment carried on the

outer surface of said eduction tube and spaced :

from said anvil block by an amount which limits
the upward travel of said valve to an amount
which is smaller than the upward travel of
said ram.

3. In a fluid-operated deep well drill, the com-
bination comprising a tubular casing, an inverted
cup-like cylinder longitudinally mounted in said
casing, means affording operating fluid access
to the lower end of said cylinder, an elongate
annular ram slidably disposed in and sealed
against the inside of said cylinder and having a
longitudinal central passage, an annular anvil
block in the path of said ram slidably disposed
in and sealed against the inside of said casing

below the open end of said cylinder, a downward ;

extension rigidly connected to said anvil block
and adapted to be rotated by rotation of said
casing and to carry a drilling tool, said exten-
sion having a longitudinal central passage con-

necting with the interior of said anvil block, an

eduction tube extending upward from said anvil
block into the interior of said ram and having
a central passage connecting with the interior
of said anvil block, an annular valve slidably
disposed outside of and sealed against said educ-
tion tube and adapted to seal the central pas-

sage of said ram when in engagement therewith,.

means permitting operating fluid access to the
bottom face of said valve, an exterior abutment
carried on the upper end of said eduction tube,
and a compression spring retained on the exterior
of said eduction tube with its upper end acainst
said abutment and its lower end providing a
return for said valve upon being elevated, said
abutment and said spring being dimensioned
to limit the upward travel of said valve to an
amount which is smaller than the upward travel
of said ram.

4. In g fluid-operated deep well drill, the com-

bination comprising a tubular casing, an inverted- *
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cup-like cylinder longitudinally mounted in said
casing, means affording operating fluid access
to the lower end of said cylinder, an elongate
annular ram slidably disposed in and sealed
against the inside of said eylinder and having
a longitudinal central passage and a passage
through the wall connecting the interior and
exterior of said hammer, an annular anvil block
in the path of said ram slidably disposed in and
sealed against the inside of said casing below the
open end of said cylinder, a downward exten-
sion rigidly connected to said anvil block and
adapted to be rotated by rotation of said casing
and to carry a drilling tool, said extension having
a longitudinal central passage connecting with
the interior of said anvil block, an eduction tube
extending upward from said anvil block into
the interior of said ram and having a central
passage connecting with the interior of said anvil
block, an annular valve slidably disposed out-
side of and sealed against said eduction tube
and adapted to seal the central passage of said
ram when in engagement therewith, means per-
mitting operating fluid access to the bottom face
of said valve, and an abutment carried on the
outer surface of said eduction tube and spaced
from said anvil block by an amount which limits
the upward travel of said valve to an amount
which is smaller than the upward travel of said
ram.

5. In a fluid-operated deep well drill, the com-
bination comprising a tubular casing, an in-
verted cup-like cylinder longitudinally mounted
in said casing, means affording operating fluid
access to the lower end of said cylinder, an
elongate annular ram slidably disposed in and
sealed against the inside of said cylinder and
having a longitudinal central passage, a constric-
tion on the inner surface of said casing, an en-
largement on the outer surface of said ram
cooperating with said constriction whereby when
said ram is elevated the operating fluid is con-
fined thereabove and a downward impetus im-
parted to said ram, an annular anvil block in
the path of said ram slidably disposed in and
sealed against the inside of said casing below
the open end of said cylinder, a downward ex-
tension rigidly connected to said anvil block and
adapted to be rotated by rotation of said casing
and to carry a drilling tool, said extension having
a longitudinal central passage connecting with
the interior of said anvil block, an eduction
tube extending upward from said anvil block
into the interior of said ram and having a central
passage connecting with the interior of said
anvil block, an annular valve slidably disposed
outside of and sealed against said eduction tube
and adapted to seal the central passage of said

- ram when in engagement therewith, means per-
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mitting operating fluid access to the bottom face
of said valve, and an abutment carried on the
outer surface of said eduction tube and spaced
from said anvil block by an amount which limits
the upward travel of said valve to an amount
which is smaller than the upward travel of
said ram.

6. In o fluid-operated deep well drill, the com-
bination comprising a tubular casing, an inverted
cup-like cylinder longitudinaily mounted in said
casing, means affording operating fluid access
to the lower end of said cylinder, an elongate
annular ram slidably disposed in and sealed
against the inside of said cylinder and having a
longitudinal central passage, an annular anvil
block in the path of said ram slidably disposed
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in. and sealed against the-inside of said casing
below the open end-of said eylinder, a.downward
extension rigidly connected- to. said anvil. hlock
and adapted to be rotated by rotation of said
casing and. to.carry a drilling tool, said extension
having a longitudinal central passage: connected
with the interior of said anvil block, an eduction
tube extending upward. from. said anvil block
into the interior of said ram and having a cen-
tral passage connecting with the interior of said
anvil block, an. annular valve slidably disposed
outside. of and sealed against said eduction tube
and adapted to partially penetrate and seal the
lower end. of said ram, means permitting operat-
ing fluid access to the bottom: face of sald. valve,
and. an abutment carried on:' the outer surfiace
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of said eduction: tube and spaced. from said
anvil block by an amount which limits the up-
ward travel of said valve to an.amount which is
smaller than the upward.travel of said.ram.
EDWARD TOPANELIAN,; Jx:
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