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To all whom it may concern:

Be it known that I, MiLAN C. BULLOCK, of
Chicago, in the county of Cook and State of
Illinois, have invented certain new and useful
Improvements ina Hydraulic Feed for Drill-
in rr-\Iachmes, andIdoherebydeclare thatthe
following is a full, clear, and exact description
thereof, reference bem(r had to the accom-
panying drawings, and to the letters of refer-
ence marked thereon, which form a part Off
this specification.

"This invention relates to anovel feed mech-
anism for revolving or diamond drills used in
rock or earth boring, and more especially to
improvements in that class of feed devices
known as a “hydraulicfeed,” or that in which
the drill is fed or carried forward by the
pressure of water or other fluid which is
pumped or forced into a cylinder behind a
piston which acts upon the- drill-rods to ad-
vance the same.

The invention consists in the matters here-
inafter described, and pomted out in the ap-
pended claims.

. In theaccompanying drawings, 1lh.strat1ng
my invention, Figure 1 is a view in elevation,
with partsin sectlon of adrilling-machine pro-
vided with a feed mechamsm mdde in aceord-
ance with my invention. Fig.21s a side ele-
vation of the pressu_lfe;-gyl.i‘-nder and connected
parts of the hydraulic'feed. Fig. 3 is a plan
Fig. 4 is an enlarged de-

Fig. 5 is a detail section taken upon line 5 5
of Fig.4. Fig.6 isatop or plan view of a form
of gear for dctuatmo the piston of the press-
ure- (,ylmder, dlffennv somewhat from that
shown in Figs. 1 to 5. Fig. 7 is a side eleva-
tion of the same. Fig. 8 is a side elevation of
the same, with the parts adjacent to the pis-
ton-rod in central vertical section.

As shown in said drawings, A indicates the

machine and hoisting-engine of ‘a kind com-
monly used in well- bormo and prospecting.
A? A? indicate the ﬂteam eylinders of the-
engine, and ¢ the main or cmnk—shaft-, which
is provided with abevel gear-wheela’, through
which motion is communicated from the shaft

Bisa tubmm driving-spindle, which is pro-

the drill-rod-B’, which is fed downwardly
through the spindle, is attached to the same.
Said spmdle B is supported below the gear-

wheel ¢’ in a bearing a? upon the machme-.

frame, and rotary motlon is given thereto
fromthe said gear-wheel by means of a bevel-
gear e, which intermeshes with the wheel o/,
and is attached to a sleeve C, through which
the spindle B passes, and which is provided
with a spline or feather engaging alongitudi-
nal groove 0’ in the shaft. The sleeve C is
mounted in a stationary bearing ¢’ upon a
cross-piece ¢, suitably sustained upon the
machine-frame, in the instance illustrated by
means of the feed-cylinders of the machine.

D D are the feéed-cylinders, which are lo-
cated at opposite sides of the spindle B and
parallel with the latter. Said cylinders may
be attached to or supported upon the frame
A in any suitable manner. As herein illus-
trated, they are attached at their lower ends
to the upper part of the Veltleal frame-stand-
ard of the machine.

D’ D’ are piston-rods which pass through
the lower ends of the cylinders and are at-
tached to pistons D? within the cylinders in
the usual manner. The said pistons are at-
tached at their lowerends to a cross-head D3,
which is connected at its central part with the
lower end of the revolving: spindle B by a
thrust-bearing D4 arranged to transmitdown-
ward pressure from the cross-head to said
spindle. Said thrust-bearing may be of any
preferred character, but is preferably a roller-
bearing, as indicated in dotted lines.in the
drawings.
vided wibh a central hub through which the
spindle B passes, said spindle being provided
with a shoulder 4% which engages the top of
the hub, so that'the spindle is moved or car-
ried with the cr oss-head in both its up and
down movements.

E is a pressure-cylinder;which is located at
any convenient point adjacent to the drilling
apparatus. The said pressure-cylinder may
be mounted on the same frame with other
parts of the apparatus, butis herein shown
as separately sustained. The pressure-cylin-
der is connected at its.opposite ends with the
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G is a piston within the eylinder E, and G’
is a piston-rod attached thereto and extend-
ing through a gland in one end of the cylin-
der. Attached to said piston-rod is a eross-
head G?, which slides at its ends upon station-
ary guide-bars H H, which are preferably at-
tached to the end of the cylinder. At their
ends remote from the eylinderthe said gnide-

bars are attached to a rigid cross-head H’..

The piston-rod G’ is extended outside of or
beyond the sliding cross-head G* and passes
through the %tatlonary cross-head H’, and the
part of said piston-rod outside of the sliding
cross-head is screw-threaded, agsshown. Wlth-
in the cross-head H’ is located a revolving
feed-nut I, which is engaged with the screw-
thread of the piston-rod. Said feed-nut is
held from endwise movement in the cross-
head, while free to revolve therein, so that
when the nut is turned the piston-rod will be
moved endwise, and the piston thereby actu-
ated within the cylinder. Attached to the
nut I is a gear-wheel I’, through which rotary
motion is transmitted to the said nut. The
nut is held from endwise movement in the
cross-head by suitable anti-friction thrust-
bearings, herein shown as having the form
of roller or ball bearings located at both sides
of the cross-head, so as to take the endwise
pressure of the nut in moving the piston in
either direction. " In the particular construe-
tion illustrated the nut I is eylindric and en-
gages two bearing-rings &}, inserted in the
éross-head H’ from opposite sides thereof.
Said bearing-rings are provided at their outer
ends with flanges* between which and oppos-
ing shoulders ¢ ¢ on the nut I anti-frietion
rollers 7* #* are located. ‘The shoulder 7 is
formed on the end of the nutI adgdcent to the
wheel I/, while the shoulder ¢’ is formed by
a sepaJlate ring secured on that part of the
nut which extends outside of the cross-head
by a serew-threaded connection.

J is a shaft arranged transversely to the
plston~rod G’ and prov1ded with a worm J7,
Fig. 3, which intermeshes with the wheel I'
Sald shaft J 1% prov1ded with a plurality of
gear-wheels j §7 72 of different sizes, of which
three are shown in the drawings. X is asec-
ond shaft arranged parallel wwh the shaft J
and provided Wlth aplurality of gear-wheels’%
L' k% intermeshing with theoear-vvheels j]’j
The gear-wheels T &' 72 are loose npon the
shaft K and are adapted to be separately con-
nected therewith by a clutch device herein-
after described. Such shaft K is also pro-
vided with a sprocket-wheel K/, through which
motion is given to said shaft K. The shaft
K is actuated by suitable intermediate gear-
ing from the engine or other motor used or
from one of the’ revolV ing parts by which the
drill-rod is fed and rotated so that the motion
of the said shaft K and the piston can be
made to correspond with that of the drill-rod.
In other words, the parts are so arranged that
when the speed of the drill-rod varies a cor-

responding variation will take place in the

464,182

speed of the piston automatically. The de-
viee for transmitting motion from thedrilling-
machine to the shaft K (herein shown) con-

sists of a sprocket-chain L, passing over a

sprocket-wheel on the drive-shaft a of the
drilling-machine and over the sprocket-wheel
K’ upon said shaft K.

The cluteh device for connecting either one
at will of the gear-wheels & &’ k* to the shaft
K is made as follows: Said shaft K is made
tubular or hollow from its end remote from
the sprock(,t-wheel to a point opposite the
gear-wheel which is nearest said sprocket-
V\heel Within the hollow or tubular shaft
is placed a longit udmally-movable rod or
spindle M, Fig. 4 Said spindle is provided
with plOJQLtan lugs or pins m m, which pass
through slots %° &? in the shaft K and enter
slots It 7? kS, formed in the inner or bearing
surfaces of the gear-wheels & &/ k2, parallel
with the axis.of the shaft. The not(,hes Ietin
the gear-wheel & remote from the open end of
the tubular shaft K are extended only part
way through the thiekness of the wheel, but
are of sufficient len gth to fully admit the pins
m m. In the other wheels %’ and %k* annular
recesses &7 k® ave formed in the inner surfaces
of the wheels adjacent to one side of the same,

said annular recesses bemfr of suitable size to

receive the said pins m m. The rod M will of
course turn with the shaft K by reason of the
engagement of the pins m m with the longi-
tudmdl grooves of the shaft, and that one of
the gear- “wheels % &’ 12 the notches of which
are engawed by said plns m m will also tarn
with the shaft. By moving the rod M end-

wise of the shaft, therefore, the pins m m may

be interlocked w1th e1ther oneé of the gear-
wheels at will, so that either of said wheels
may be ca,used to turn with the shaft, as de-

sired. The annular recesses &7 are to en-

able the pins m m to be easily shifted from
the notches of one wheel to tliose of another,
it being entirely obvious that in the absence
of such recesses such shifting could only take
place when the notches in the two contignous
wheels were in ahfrnment with each othex ‘

The shafts J and K are herein shown as
having bearings in a frame-piece or bracket
N, attached to the cross-head H’; but they

may be 0therw1se mounted or %uppoxted as-

found convenient or desu'able

For convenience in operatmfr the clutch-
rod M devices are herein provided as follows:
0, Figs.1 and 2, is a bell-crank lever pivoted
upon the cross—head H’. One arm of said
bell-crank lever is connected with a sw1ve1ed
head M’ upon the end of the rod M by means
of a pin o,inserted through the swiveled head
and engaging slots in the forked end of the
lever. Sald sw1ve1ed head is herem shown
as conneeted with the rod M .by means of
pins m/ in the head, which engage an annular
groove in the rod, and thus prevent relative
endw1se movement of the parts while allow-
ing the rod to turn freely in the head.
other arm.of thebell-cranklever O is attached
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to a rod O’, which extends to and is connect-
ed with a hand-lever O arranged in position
convenient forthe operator. The hand-lever
is preferably provided with a clamp-screw o,
engaging a slotted segment O3 by means of

“which the hand-lever may be secured in any

desired .position. By shifting said hand-le-
ver either one of the gear-wheels & k¥ &* may
obviously be made to turn with the shaft, as

‘desired, and said gear-wheels being of differ-

ent sizes the speed at which the piston is
driven, as compared with the speed of rota-
tion of the drill, may be varied as desired.
At the opposite ends of the feed-cylinders
and in communication with both of the same
are located pressure-gages P P’,said pressure-
gages being for convenience attached to_the
pipes f ' at points adjacent to the e¢ylinders.
‘When the apparatusis in readiness for op-
eration, both of the feed-cylinders are filled
upon both sides of the pistons with water or
other liquid, and the pressure-cylinder is
similarly filled at both sides of the piston
therein. When the several cylinders are
thus filled, the obvious effect of moving the
piston G of the pressure-cylinder by power
applied to the piston-rod will be to force the
liquid into one end of each feed-cylinder and
allow the outflow of fluid from the opposite
end of each cylinder, thereby moving the pis-
tons in said feed-cylinder to either advance
or retract the drill-rod. The water or other

liquid used being practically non-compressi-.

ble, the feed thus produced will be positive.
After the piston G has been moved thelength
of its stroke in one direction, thereby earry-
ing the spindle B through a distance equal to
the stroke of the pistons within the c¢ylinders
D D, the direction of motion of the said pis-
ton G is changed and it is returned to its
starting-point. Inthe construction shown in
Figs. 1 to 5 the reversal of the movement of
the piston is accomplished by the reversal of
the engine, and the piston is moved back-
wardly at the same rate of speed as it is ad-
vanced. This is objectionable, however, in-
asmuch as it involves much loss of {ime in
running the piston slowly bacl, and the use of

a gear arranged to give greater speed in run-

ning back the plston is therefore desirable.
A dewee of this kind is shown in the draw-
ings, Figs. 6, 7, and 8, wherein isshown a gear
by Whlch the direction of motion of ‘the pis-
ton G may be reversed and a higher rate of
speed given the piston in its 1eturn move-
ment. In a construction of this kind of
eourse the driving-engine is not reversed for
reversing the movement of the piston G. In
this instance the nut I is provided with a
gear-wheel I’, arranged in the same manner
as herembefore described.

R is a shaft arranged transversely to the
piston-rod and pr 0v1ded witha worm R’,which
engages the gear-wheel 1”in the same manner
as does the worm J/ on the shaft J, hereinbe-
fore described. Said. shaft R is provided
with a plurality of gear-wheels » 7" 7% Said

shaft R is supported at its end remote' from
theé gear-wheel I’ in a bearing #%,-which is
pivotally supported upon the bracket N by
means of a vertical pivot 74, and the end of

70

said shaft R adjacent to the said gear-wheel -

I’ is sustained in a laterally-sliding bearing
75, which rests and slides upon the horizontal
top surface of the bracket N and is held in

place thereon by a bolt 7% passing through a.
“slot in said bracketin the manner illustrated,

Figs. 6 and 7. This construction enables the
end of the said shaft Rnearestthe gear-wheel
I’ to be swung or shifted toward and from
said gear-wheel, so that the worm-wheel may
be engaged with and disengaged from said

gear-wheel, as desired.
S is a shaft arranged parallel with the shaft

R and prov1ded with a plurality of gear-

wheels s s’ &% intermeshing with the gear-

wheels » ' 7% Said shaft S is ‘mounted in

75

8o
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stationary bearings s®s* on the bracket N and -

is provided at its end nearest the shaft G’
with a beveled gear-wheel 8, which inter-
meshes with a beveled gear I, attached to the
nut I. At the opposne or outer end of the
shaft S is secured a sprocket-wheel 8%, over
which is placed a sprocket-chain by which
motion is transmitted to the said shaft.  The
gear-wheel 8’ is mounted ‘to turn upon the
shaft S and is adapted for detachable connec-
tion therewith by means of a sliding clutch
8%, which is splined to the shaftand provided
with teeth or projections engaging corre-

sponding teeth or projections on the hub of

said beveled wheel 8’ in the usual manner.
T is & vertical shaft mounted at itssupper
end in the bracket N and at its lowerend in
a bearing at the top of the cylinder E and
having at its lower end a hand-lever T, by
Wthh it may be turned or osc'lllatcd _At the
upper end of the said shaft is attached arigid

arm T% the outer end of which is forked and '

p10V1ded with pins ¢ ¢ engaging -a groove in
the sliding cluteh $% in a Familiar manner.

Said rock- shaft T is also provided with asec-
ond rigidly-attached arm T3 the outer end

of which is connected with the sliding bear-
ing 7% of the shaft R, the connecting devices
helem shown con:-nstmo of a link t’ These
parts are so arranged That when the hand-
lever T is actuated to turn the shaft T in a
direction to carry the elutch 82 away from or
free from the beveled wheel S’ the worm R’
will be carried toward and engage with the

gear-wheel I’, while the turmna of the shaft

in the opposwe direction w111 ‘engage. the
cluteh with the beveled gear- wheel and Te-
lease the worm from the O'ear-wheel T.

The"
ghaft S being driven dlrectly from the engine -
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when the beveled wheel S’ turns with the -.

shaft,the nutI will be given a relatively-rapid
mov ement and one which is much faster than

that obtamed whensaid nutisdriventhrough
By’

the medium of the worm R’ and gear I’.
the use of the construction descl ibed, there-
fore, the piston G may be advanced slowly

and with great power by throwing the worm.
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R’ into gear with the gear-wheel I. When
the cluteh S° is released from the beveled
wheel 8/, said piston may be retracted rapidly
by releasing the worm from the gear-wheel I’
and engaging said clutch with the beveled
gear-wheel. :

A clatch device may be used in connection
with the gear-wheels » +/ 72 for connecting
either of said wheels at, will to the shaft R, of

the same character as that illustrated in Figs.
4 and 5. The drawings illustrate the said

shaft R as provided with a head M/, which is
attached to a spindle running through the
hollow interior of the shaft and is actuated
by a bell-crank lever O, to which is connected
an operating-lever O’, all of these parts being
constructed in the same manner as the corre-
sponding parts shown in Fig. 2 and in said
Figs. 4 and 5.

Q is a safety-valve, which is located in and
controls the passage leading from the lower
ends of the feed-cylinders to that end of the
pressure-cylinder which is in eommunication
with the said lower ends of the feed-cylin-
ders. Said safety-valve is herein shown as
located npon the pipe I’ near the pressure-
cylinder; but it may be otherwise located, as
may be found convenient or desirable. The
pressure within the lower end of said feed-
cylinders at any one time obviously depends
upon the weight of the drill-rods in use at
that time, the drill-rods when not working or
resting on the bottom of the hole obviously
being sustained solely by the pistons within
the feed-cylinders. Said safety-valve willbe
set or adjusted to allow the escape of liquid
from.-the lower parts of the feed-cylinders
into the pressure-cylinder and thereby per-
mit the descent of the drill-rod only when the
pressure in the lower parts of the feed-cylin-
ders due to the weight of the drill-rods is ex-
ceeded. In other words, the drill-rods will

be prevented from descending by their own |

weight, so that the weight thereof has no ef-

fect whatever upon the speed at which the

drill is advanced; but such speed is deter-
mined solely by the movement of the piston
of the pressure-cylinder. The object of such
safety-valve, therefore, is to- bring the rate
of feed entirely under the control of the feed-
ing devices and to prevent the drill from ad-
vancing rapidly or plunging ahead through
soft or easily- penetrated strata under the
weight of the drill-rods. A by-pass g, pro-
vided with avalve Q’, serves to allow the free
backward flow of water from the pressure-
eylinder to the lower parts of the feed-cylin-
ders during the upward stroke of the pistons
in said feed-cylinders.

Feeding devices for drills acting by hy-
draulic préssure have heretofore been made;
but in such feeding devices, as far as I am
aware,the pressure to accomplish the advance
or feed of the drill has been obtained by a
feed-pump operating independently of the
machine by which the drill is driven or ro-
tated. A feed-pump working independently

in this manner will always advance the drill
with a definite and uniform pressure whether
the roek is hard or soft, so that the drill is ad-

vanced rapidly through softstrata and slowly"

through harderrock. A constantload is thus
maintained on the drill-engines, whether the
drill is penetrating only one-half inch a min-
ute, as when workingin quartz, or boring at
the rate of twenty-four inches in thirty-five

seconds, as when boring through soft brown"

sandstone. The load in this case being con-

stant, the speed of rotation on the drill-engine

is uniform. Consequently the operator can-
not tell by the action of his engine whether
the drill is working in a hard or soft stratum,
and is only able to determine the character
of the rock by observing the speed at which
the drill-rod is advanced. This gives no re-
liable means of estimating the speed of the
drilling,and if the operator relaxes his atten-
tion the drill may jump or plunge through a
soft stratum, such as coal, hematite iron ore,
or other soft material, in passing from hard
rock into the same without attracting his at-
tention, so that he may fail to arrest the speed
of the drill or take any steps to determine
the extent and character of the soft stratum.
In advanéing rapidly through soft material
in this manner the core is liable to be broken
up or destroyed, thereby making it impossi-
ble to determine the character of the soft de-
posit bored through. In boring throughhard
broken rock the drill, actuated by such feed
deviece, will jump ahead into eracks or crev-
ives, thereby breaking or destroying the core
or injuring the diamonds on the. drill-head.
On the contrary, in the device herein illus-
trated, in which the flow of waterto the feed-
cylinders is effected by means actuated by
direct connection with the parts by which the
drill is revolved, the feed is as positive as a
mechanical or screw-feed, and the drill can-
not jump forward. The rate of advance of
the drill-rod is in practice figured outso as
to give a definite advance movement for a
certain number of revolutions of the drill,
such as is found to produce desirable results
in practice. .

Tomore fully illustrate the utility of the con-
struction described and of the safety-valve @,

thefollowing may be stated: Suppose theline

of drill-rods weighs one thousand pounds, and
a-drill is used which in hard blue lime-stone

requires a load of fifteen hundred pounds on.

the pistons to feed thedrill forward one inch
for three hundred revolutions of the spin-
dle. With the old form of hydraulic feed
this would require a load of five hundred
pounds on top of the pistons in addition to
one thousand pounds weight of the rods, to
drill at the same speed in the limestone; but
if the drill of an apparatus thus arranged
passed from the limestone to a coal-shale,
which requires a pressure of two hundred or
three hundred pounds to feed the drill an
inch for two hundred revolutions thereof, the
drill would run at exactly the same speed,
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but would penetrate about five times as fast.
With'the apparatus herein shown under the
same conditions if the safety-valve is set for
& pressure on the piston slightly above the
weight of the drill-rods—say ten hundred and
fivepounds—apressureof fifteen hundred and
five must be carried on the topof the pistons
toobtain apressure of fifteen hundred pounds
to feed the drill forward one inch for two hun-
dred revolutions of the drill. When the drill
is at work under these circumstances, the up-
per gage will show a pressure of fifteen hun-
dred and five pounds and the lower gage a
pressure of ten hundred and five pounds. If
the drill operating in the limestone under the
conditions named suddenly passesinto a coal
shale requiring only three hundred pounds
pressure to feed one inch in three hundred
revolutions, the pressure on the upper gage
willdrop from fiftéen hundred and five pounds
to thirteen hundred and five pounds, and the
engines will increase their speed, as the work-
ing load will have largely diminished, and
Lhe rate of feed will be eorrespondmvly in-
creased.
positive indications of the entrance of the
drillinto a soft stratum—namely, the increase
of speed and decrease of pressure. Further-
more, the drill will be prevented from plung-
ing forward in soft material, because it can
advance only when the pressure of ten hun-
dred and five pounds, for which the safety-
valve is set, is. overcome by the {pressure
on the upper ends of the feed-cylinders, and
even at that time the speed islimited by that
of the piston of the pressure - e¢ylinder, the
movement of which piston is controlled by
the drilling-engine, which in turn is under
the control of the operator. Thebreaking up
of the core in soft material and injury to the
diamonds in hard broken fissured rock will
thus be prevented.

All of the above-named matters are of great
advantagein machines for prospecting, where
the sole object is to obtain full information
astothecharacter of the strata passed through
by the boring-tool.

Any kind of a motor may be employed in
place of the steam-engine shown, and the pis-
ton of the pressure-cylinder may be actuated
by any suitable driving connection with one
of the moving parts of the drilling-machine

or any moving part actuated by -the motor

without departure from my invention, which
is not therefore limited to the details of con-
struction illustrated,except as pointed outin
the appended claims,

I claim as my invention— .

1. The combination, with a rotary drill and
a motor for actuating the same, of a feed
mechanism' comprising a feed-cylinder pro-
vided with a piston, and a pressure-cylinder
which isimmediately connected with the feed-
cylinder and which is provided with a piston
actuated by or from the motor, said pistons of

the feed-cylinder and pressure-cylinder being

The operator will thus have two

l

ot

constructed to move in unison in the advance
of the drill, substanually as described.
. The eombmatlon, with a 10ta1y Ariving-
pmdle, gearing giving rotary motion to sa.ld
spindle, and a motor, of a feed-cylinder pro-
vided with a piston acting to give endwise
movement to the said spindle,and a pressure-
eylinder which is immediately connected with
the feed-cylinder and pr0v1ded with a piston
actuated by or from the motor, said pistons
of the feed-cylinder and pressure-cylinder be-
ing constructed to move in unison in the ad-
vance of the drill, substantially as deseribed.
3. The combination, with a drill and a mo-
tor for actuating the same, of a feed-cylinder

‘provided with a piston, a pressure-cylinder

immediately connected with the feed-¢ylin-
der and which is provided with a piston actu:
ated by or from the motor, said pistons of
the feed-cylinder and pressure-cylinder being
constructed to move in unison in the advance
of the drill, and pressure-gages located at op-
posite ends of said feed- cylmdel substantlally
as described.

4. The combination, with a drill and a mo-
tor for actuating the same, of a feed mechan-
ism comprising a feed-cylinder, a pressure-
cylinder connected with the opposite ends of
the feed-cylinder and provided with a piston
actuated by or from said motor, a safety or
regulating valve in the passage connecting
the lower part of the feed-cylinder with the
upper part of the pressure-cylinder, and a
valved by-passextending around said mfety-
valve, substantially as descrlbed

The combination, with a drill and.a mo-
t01 for actuating the same, of a feed mechan-
ism eomprising a feed-cylinder, a pressure-
cylinder, and gearing connecting the said mo-
tor with the movable part or piston of the
pressure cylinder or pump embracing a
change-speed mechanism, substantially as de-
scribed.

6. The combination, with a driving-spindle,
gearing giving rotary motion to said spindle,
and a motor, of two feed-cylinders arranged
at opposite sides of the said spindle, a cross-
head connecting the piston-rods of said eylin-
ders with the said spindle, and a pressure-
cylinder connected with opposite ends of said
cylinders, the moving part of said pressure
cylinder or pump being actuated by or from
the said motor, substantially as described.

7. The combination, with a rotary driving-
spindle and a motor actuating the same, of a
feed-cylinder, a pressure-cylinder, a piston
therein, a piston-rod attached to the piston

.and screw-threaded on ils part which pro--

trudes from the cylinder, and a revolving nut
engaging the screw-threaded part of the pis-
ton 10(:1 Sdld nut being driven from or by the
motm subqtantlaﬂy as described.

The combination, with a drilland a mo-
tor for actuating the same, of a feed mechan-
ism comprising a feed-cylinder, a pressure-cy!-
inder, a piston therein, a piston-rod provided
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with serew-threads on its outer part, anuten-
gaging the screw-threaded part of the piston-
rod, and gearing connecting said motor with
said nut embracing a change-speed mechan-
ism, substantially as described.

9. The combination, with a drill and a mo-
tor for actuating the same, of a feed mechan-
ism comprising a feed-cylinder, a pressure-
cylinder, and gearing connecting said motor
with the movable part or piston of the press-
ure-cylinder,said gearingembracinga change-
speed mechanism consisting of two parallel
shafts, gear-wheels of different sizes affixed
to one of said shafts, gear-wheels of different
sizes mounted loosely upon the other shaft,
and a longitudinally-sliding rod mounted in
said last-named shaft and provided with .a
lug or pin engaging one of said loosely-mount-
ed gear-wheels, substantially as described.

10. The combination, with a drill and a-mo-
tor for actuating the same, of a feed mechan-
ism comprising a feed-cylinder, a pressure-cyl-
inder, a piston in thelatter, a piston-rod screw-

threaded on its part outside of the cylinder, a’

revolving nut engaging the screw-threaded
part.of the piston, a worm-wheel attached to
said.nut, a shaft provided with a.worm engag-
ing said worm-wheel, gear-wheels of several
sizes upon said shaft, a second shaft parallel
with the first, gear-wheels loosely mounted.in
said second shaft intermeshing-with those on
the first shaft, gearing connecting the motor
with the second shaft, and a clutch device de-
tachably connecting either one of said loosely-
mounted gear-wheels with the shaft support-
ing them, substantially as described.
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11. The combination, with a drill and a mo-
tor for actuating the same, of a feed mechan-
ism eomprising a feed-cylinder, a pressure-cyl-
inder, a piston in the latter, a piston-rod screw-
threaded in its part outside of the eylinder, a
revolving nut engaging the screw-threaded
part of the piston-rod, a worm-gear for turn-
ing the nut to-advance the piston, said worm-
gear embracing means by which it may be
thrown out of operation, and a separate gear
embracing a cluteh device for retracting the
piston, substantially as described.

12. The combination, with a drill and a mo-
tor for actuating the same, of a feed-mechan-
ism comprising a feed-cylinder, a pressure-cyl-

inder, a piston.in the latter, a piston-rod serew-.

threaded in its part outside of the cylinder, a
revolving nut engaging the screw-threaded
part of the piston-rod, said .nut being .pro-
vided with a worm-wheel and with a gear-
wheel, a shaft provided with a worm-engaging
the Worm-wheel,‘said_shaftbeing bodilymov-
able toward and from the same, a shaft pro-
vided with -a gear-wheel infermeshing with
the gear-wheel of -the nut, .a .clutch connect-
ing the said shaft with the gear-wheel thereon,
and connections between, said worm-shaftand
the clutch by which both are moved at the
sawme time, substantially as-deseribed.

In testimony that I claim the:foregoing as
my invention I affix my signatnrein presence

of two witnesses.
MILAN C. BULLOCK.

Witnesses: ,
C. CLARENCE POOLE,
HARRY .COBB KENNEDY.
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