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- To all whom it may concern:

15

Be it known that I, JoEN C. SWAN, a citi-
zen of the United Sbates residing at Mar ietta;
in the county of Washmdnon ‘St,a,te of Ohio,
have invented certain new and useful - Im-
provements in Drilling Apparatus, of which
the following is a descuptlon reference be-
ing had to the accompanying drawings.and to
the characters of reference marked thereon.

My invention relates toapparatus for drill-
ing oil, Artesian, or other wells, and has for
its objeet to provide an apparatus for such
purposes which shall be capable of effecting
all the operations necessary in drilling, shall
be simple and comparatively inexpensive in

- construction and economical in operation,
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which shall be readily manipulated and con-

trolled by the driller, which shall be suffi-’

ciently light to be reddlly transportable, and
shall be capable of drilling a number of
wells.

The drilling-rig commonly in use of the
walking- beam or allied type, known in the
art as the ““standard” rig, is with compara-
tively slight changes the same that was in
use forty years ago. It is heavy and cum-
bersome, involving in its construection thou-
sands of feet of lumber and heavy and ex-
pensive rig-irons, and requiring several days
and the labor of a number of workmen to set
it up. It occupies a considerable ground
space, and wherever, as is very often the
case, the surface about the well is uneven
this ground space must be cleared and graded.
It requires an engine of large power for the
drilling operation an_d expensive belting for
eonuecting the engine with the drilling ap-
paratus. Much of the energy necessary for

raising the drilling-tools is stored in the bal-
ance-wheel on the dow nstroke, and when the

tools stick while drilling at any point near.

the surface the dmlhncr-cable is'apt to e

parted before the engine. can be stopped..

The wear on the wokav parts is such that

belting and other parts are in frequent need

of repair and often must be replaced by new
parts in order to finish a single deep well.
Sach a rig ean seldom be used for drilling
more than one well and cannot be moved for
more than a short distance without taking it
to pieces.. As the rig is largely constructed
of tlmber it is not adapted for usein regions

‘stéam to the main eylinder.

(No model.)

where by reason of lack of moisture in the
atmosphere timber becomes dried to such an
extent as to impair its strength.

The invention hereinafter described is in-
tended to obviate the above disadvantages
and difficulties, as well as many others which
are 1nseparable from the use of the drilling-
rig commonly used.’

The apparatus hereinafter described is in-
tended to be made almost wholly of metal and
is therefore not readily affected by climatic
or weather conditions and may be used un-
der climatic conditions where timber con-
struction cannotbe used and may be operated
under weather conditions which would ne-
cessitate the shutting down of the ordinary
rig. Among the other featares of the appa-
ratus hereinafter described are the direct
vertical lift given to the tools, its rapidity of
operation, the ready change of length of
stroke without stopping the drilling opera-
tion, the freedom of the appatatus from ma-
chine momentum, permitting the instanta-
neous stopping of the drilling operation, the
unlimited stroke which may be used, the pos-
sibility of either accelerating or retarding
the downstroke, and the certainty of indica-
tion which it gives of the conditions under
which the tools are operating. X

Other features of the invention will be here-
inafter pointed out.

In the drawings, Figure 11is a general view

showing the drilling apparatus arranged in
position in a derrick. Fig. 2is an elevation,
partly in section, showing the portion of the
drilling apparatus by which the drilling-tools
are operatéd. Fig. 3 is a side view of the
same apparatus, showing the parts in a dif-
ferent position. Fig. 4is a side elevation of
the apparatus for supplying liquid to the
tool-actuating and uptake eylinders. Fig. 5
is a horizontal section showing the same ap-

-paratus as Fig. 4, the view being taken on

the plane of the centersof the cylinders. Fig.
6 is a plan view of the apparatus shown in
Figs. 4 and 5. Fig. 7 is a vertical sectional
detail view on a longitudinal plane showing
the valve which controls the admission of
Fig. 8 is a sec-

tional view taken on the line a a of Fig. 7.
Fig. 9 is a sectional view.taken on the line
b b of Fig. 6, showing the cross-head and
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trough connecting the steam-cylinder with
the fluid-cylinder. Fig. 10 is a detail show-
ing the track and roller on which the drilling
apparatus is carried, the view being taken on
the line ¢ ¢ of Fig. 3; and Fig. 11 is a detail
view showing the means for locking the drill-
ing apparatas in position and is taken on the
line d d of Fig. 3. TFig. 12 shows the drilling
apparatus arranged in position to begin the
drilling of a well.

Referring to the drawings, 1 is a derrick of
usual construction, carrying the usual bull-
wheels2in bearingssecured to the framework
in any suitable manner. Mounted on the
sills of the derrick, so as to be level with the
floor, are tracks 3, preferably constructed, as
shown in detail in Figs. 10 and 11, of two
channel-beams placed with their flanges in-
ward and secured by bolts to a lower plate 4,
their upper flanges being so arranged as to
leave a space between them for the guiding-
flange 5 of the rollers 6, carried by the drill-
ing apparatus. The drilling apparatus com-
prises two side cylinders 7, each having con-
nected therewith or preferably cast integral
therewith a base 8 of sufficient length to give
the apparatus a firm support. In this base
are journaled the wheels 6, above referred to,
and each base is provided with one or more
locking-bolts 9, which extend between the
flanges of the plates which form the track
and bave heads adapted to engage the under
side of these flanges. Nuats 10 on the upper
end of these bolts serve to draw the heads of
the bolts into contact with the under faces of
the flanges, and thus lock the drilling appa-
ratus in position. ’

The side cylinders 7 for a portion of their
length are made of sufficient diameter to re-
ceive pistons 11. To the upper end of these
eylinders are secured tubular extensions 12.
To 1he pistons 11 are secured piston-rods 13,
preferably made hollow to avoid excessive
weight. These piston-rods extend through
and are guided by the tubular extensions 12.
To the upper ends of these piston-rods 13 is
secured a cross-head 14. This cross-head is
preferably made in two parts, bolted together,
the parts being so shaped as to form a clamp,
in which is secured the upper end of a cylin-
der 15, in which is carried the main plunger
16, by which the tools are actuated. The
lower end of the cylinder 15 is secured to a
cross-bar 17, provided at its ends with col-
lars 18, which surround and are adapted to
travel on the tubular extensions 12, secured
to the eylinders 7. The cross-bar 17 is con-
nected with the cross-head 14 by rods 19 and
diagonal braces 20, so as to form with the
cross-head a rigid structure. .

To the upper end of the main plunger 16 is
secured a cross-head 21, arranged.at right
angles to the cross-head 14, to which are se-
cured on opposite sides the vertical rods 22.
These rods extend a sufficient distance below
the cross-bar 17 to permit of a full stroke of
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the plunger and at their lower ends are s6-
cured to a cross-head 23. Through this eross-
head 23 extonds a pin 24, on the end of which
is earried, by means of a swivel 25, a rope-
clamp 26, which may be of the usual con-
struction employed in well-drilling apparatus.

For the purpose of guiding and steadying
the movement of the vertical rods arms 27
are seeured to the cross-bar 17, provided with
collars through which the rods move freely.
For the purpose of bracing the framework
against movement the tubular extensions 12
are provided, preferably at their upper ends,
with collars 28, preferably formed integrally
therewith, and to these collars are secured
the upper ends of brace-rods 29, the lower
ends of which are secured to the outer ends
of the base 8. For the purpose of tightening
these brace-rods 29 they are preferably pro-
vided with turnbuckles 30.

Immediately below, the cross-head 21 a
spring 31, preferably of rubber, is provided,
surrounding the plunger, and adapted to
strike the upper end of the eylinder, so0 as to
prevent the possibility, through breakage of
any part of the apparatus, of injury to the
lower end of the cylinder by making it im-
possible for the lower end of the plunger to
strike the bottom of the cylinder. At the
upper end of the cylinder and surrounding
the plunger packing 32, compressed by a
gland 33, is provided. The packing and
gland may be of any desired construction,
but must be of such character as to sustain
the pressure and prevent leakage of the lig-
uid introduced into the cylinder below the
plunger.

Near the bottom of the cylinder 15 a port
34 is provided, through which fluid may be
foreed tolifs the plungerin the cylinder. To
this port is connected a flexible tube or hose
35. This flexible tube leads from the fluid-
cylinder 36. Within the fluid-cylinder 36 is
a piston 87, to which is connected a piston-
rod 38, the other end of which extends into a
steam-cylinder 39 and is provided with a pis-
ton 40. The fluid-cylinder 36 and steam-cyl-
inder 89 are arranged in line and are prefer-
ably formed in one piece, the portion between
them being cut away, as shown in Figs. 4 and
5, to form a trough 41.

The steam-cylinder and fluid-cylinder are
preferably arranged horizontally. Atitsend
farthest from the fluid-cylinder the steam-
eylinder 39 is provided with a valve 42, by
which steamn may be admitted to force the
piston 40 toward the fluid-cylinder, carrying
with it, by means of the rod 38, the piston 37,
foreing the fluid contained in the fluid-cylin-
der through the flexible tube 35 into the cyl-
inder 15 beneath the lower end of the plun-
ger 16, lifting the plunger and, through the
cross-head 21 and rods 22, the rope-clamp 26.
As the valve 42 is shifted, permitting the
steam to be exhausted from the cylinder 39,
the piston 40 and piston 37 will be free to re-
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turn, permitting the fluid forced into the eyl-
inder 15 to return through the flexible tube
35 into the fluid-cylinder.

The valve 42 is steam-operated in order to
insure its quick operation.

with the valve 42 by rods 44, the heads being
preferably of the same diameter as the valve
42. Thevalve is carried in a cylindrical cas-

ing45,having an inlet-port 46 connected with

the steam-supply 180 and exhaust-port 47,

also connected by port 48 with the.steam-cyl-.

inder 39. The ends of this casing 45 are pro-

-vided with springs 49 to take up the shock of

the heads 43 as the valve is shifted. The

casing is also provided with a central drain--

age- cock 50 and alsonear its ends with drain-
age-cocks 51.

Above the casing 45 is arranged a valve-
casing 52, in which is located a D-valve 53.
The D-valve 53 is arranged to slide over ports
54, 55, and 56, of which the port 54 leads to

one end of the main valve-casing 45, the port’
56 leads to the other end of the main valve--

casing, and the port 53 leads to an exhaust-
port. Steam is-admitted to the valve-casing
52 from the main valve-casing by a passage

57. The D-valve 53 is operated by a rod 58,

extending through a stuffing-box 59, as shown
in detailin Fig. 8. Asthe D-Valve 53 is shift-
ed by means of the rod 58 steam from the
main valve-casing through the passage 57 en-

tering the valve-casing 52 will be directed al-
ternately to the opposite ends of the main:

valve-casing through the ports 54 and 56,
causing the valve 42 to be quickly shifted to
put the port 48 in communication alternately
with the steam-port 46 and the exhaust 47.
The valve-rod 58 is operated through a bell-
crank lever 60 and rod 61 by a tappet 62, car-
ried by a eross-head 63, secured to and trav-
eling with the piston-rod 38. The rod 61 car-
ries two collars 89 and 90,adapted to be struck

* by the tappet 62 to cause the movement of
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the valve-rod 58. 'The collar 89 is fixed on
the rod 61 and, if desired, may be welded to
it. The collar 90is made adjustable by means
of a set-screw 91, which is preferably provided
with a large head or handle to permit the col-
lar to be readily shifted while the apparatus is
in operation. The position of the collar 90 de-
termines the length of the forward stroke of
the piston 40, and consequently determines
the distance to which the plunger 16 is actu-
ated in lifting the tools. The collar 89 being
fixed onthe rod 61 insures the necessary move-
ment of the valve-rod 58 to admit steam to the
steam-cylinder 39 at the end of the rearward
movement. of the plston 40..

The cross-head 63 is preferably made in
two parts, as shown, secured together by
bolts:to clamp it firmly on-the piston-rod 38.
The c¢ross-head preferably slides: on the up-
per edges of the trongh 41, extending between
the stedm -cylinder 59 and fluid- cyhnder 36.
To the steam-cylinder 39 are bolted auxiliary
pump - cylinders 67, provided at their rear

The valve is pro-.
vided at either end with a head 43, connected

o
i

ends with ports 68 and 69. The lower port

68 is provided with an mwaldly opening
check-valve 70, and the upper portis provided

with an outwardly-opening check-valve 71.
At their forward ends the auxiliary pump-

cylinders are provided with stuffing-boxes 66,

and through these stuffing-boxes move the
plungers 65, which are secured at their for-
ward ends to the ends of the cross-head 63.
From each of the ports 63 and 69 a pipe 72
leads to a point preferably below the steam-
cylinder 39, and the two pipes 72 are there
connected to a pipe 73, which leads to the bot-
tom of a storage-reservoir 74. The pipe 73 is
provided with a valve 75, operated by a lever

76, to which is connected a rod 77,leading to

a point within the derrick in convenient reach
of the driller. To the upper port 69 of the
auxiliary pump-cylinders are connected pipes
78, which in:turn are connected at a point
above the steam-cylinder 39 with a main pipe
82, to which are connected fléxible tubes 84,
which lead to ports 85 at the base of. the cvl-
inders 7 beneath the plstons 11.

To the main pipe 82 is connected a by-pass
pipe 79, leading from the bottom of the stor-
age-reservoir 74 A by-pass valve 80 is pro-
vided in pipe 79, and this valve is arranged
to be opérated by means of a cord 81, which

leads to a position within the derrick in con--

venient reach of the driller.

When the valve 75 is open, the fluid con-
tained in the storage-reservoir 74 is free'to
enter the auxiliary pump-cylinders through
ports. 68 as the plungers 65 are moved for-
ward by the cross-head 63. Asthe plungers
move rearward on the return stroke the fluid
which has entered the pump-cylinders will be
forced through the ports 69 into the main
pipe 82 and through the flexible tubes-84 will
enter the cylinders 7, lifting the pistons 11
and through nhelrnonnecmons lifting the drill-
ing apparatus a distance eorrespondmg with
the length of stroke given to the plungers 65
as measured by the displacement area of the
plunger 65 compared with the area of the
cylinder 67.

‘When it is desired to lift the dnlhnfr appa-
ratustoany desired distance within the limits
of its travel, the tool being disconnected and
the apparatus af rest, the by-pass valve 80 is
opened, permitting fluid from the reservoir
74 to enter the main pipe 82 and through its
action on the pistons 11 elevating the appa-
ratus to the point desired. .

"The fluid contained in the storage- reservoir
74 1s maintained consmntly under pressure.
If the fluid used is a liquid, the pressure. is
maintained by means of air or gas compressed
above the surface of the liquid. Instead of
compressed air or gas steam-pressure may-be
used, if desired. . If preferred,the fluid may
be air or gas or steam under pressure. .

The pressure maintained within thestorage-
reservoir should be sufficient toraise the dr 111-

ing apparatus when the drilling-tools are dis-
conneeted from it without the use of the anx-
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iliary pump 67. The fluid-cylinder 36 is pro-
vided at its rear end with a spring or cushion
86, preferably of rubber, unless the liquid
used in thiseylinder,ashereinafter described,
is of such character as to injuriously affect
rubber. This cushion or spring takes up the
shoek of the piston 37 as it moves rearwardly
to the limit of its stroke, and thus prevents
injury to the head of the eylinder.
Nearitsrear end the cylinder 36 is provided
with an opening or port 87. This opening or
port is preferably arranged on the side of
the cylinder. Connected with the opening
or port 87 is a pipe provided with a stop-cock
88. 'This pipe is preferably extended upward

beyond the stop-cock 88 to form a funnel for-

the introduection of liquid, as hereinafter de-
scribed. The fluid-eylinder also has prefer-
ably on its upper side near its rear end a
port or opening 95, to which is connected a
short pipe provided with a stop-cock 96. To
the upper end of this pipe is connected a
pressure-tank 97, preferably provided on its
closed upper end with an escape-cock 93. In
the operation of this Auid -cylinder, if de-
sired, the stop-cock 88 may be left open, in
which case as the piston 37 is reciprocated
it will alternately draw in air at atmospheric
pressure and forece it out through the cock.
If the stop-cock 88 is closed when the piston
has reached the forward limit of its stroke,
the air between the piston and the rear end
of the eylinder will be compressed, resisting
to some extent the rearward motion of the
piston, and consequently resisting the return
of fluid from the cylinder 15, checking the
rapidity of the drop of the plunger 16 and
the string of tools connected with it. If it
is desired to still further increase the resist-
ance to rearward movement of the piston 37,
liquid of any kind desired may be introduced
into the cylinder through the stock-cock 88,
and, if desired, air under pressure may be in-
troduced into the pressure-tank 97. Thecock
96 being opened, the rearward movement of
the piston 37 will force the liquid into the
pressure-tank as the piston moves to the rear
on its return stroke. By properly adjusting
the pressure any desired resistance may be
given to the rearward movement of the pis-
ton 37.

The steam-eylinder is provided near its for-
ward end with a port or opening 99. With
this port or opening is eonnected a pipe pro-
vided at one end with an inwardly-opening
check-valve 100 and at the other end with a
stop-cock 101, Ifitisdesired to resist the for-
ward movement of the piston 40 in the steam-
cylinder, the stop-coek 101 will be closed,
and as the air contained in the cylinder in
front of the piston 40 is prevented from es-
caping by the check-valve 100 it will as it is
compressed by the movement of the piston
tend to resist thismovement, and as the valve
42 is shifted, as before described, to open the
exhaust the air compressed in front of the
piston will act as a spring to aid in returning

rick in convenient reach of the driller.
«drill-rope 115 will, as in the usual drilling-rig,

726,111

the piston 40 to place. If it is not desired to
thus resist the movement of the piston 40, the
stop-cock 101 will be opened, and as the pis-
ton is reciprocated air will be drawn in and
forced out freely. '

Guides 102 and 103 are provided on the
ends of the cylinders 39 and 36, respectively,
to guide the rod 61.

At a convenient point, preferably in rear
of the steam-cylinder 39 and the parts con-
nected with it, a steam-engine 104 of any con-
venient type is placed. This engine will be
provided with the usual throttle-valve 105,
arranged to be operated by a cord 106, ex-
tended to a point within the derrick in con-
venient reach of the driller. It will also
be provided with the usual reversing-lever
107, arranged to be operated by a rod 108, ex-
tended to a position within the derrick in con-
venient reach of theoperator. The shaft 109
of the engine will be provided with a pulley
110, connected by belt or rope 111 with the
bull-wheel 2. Also on the shaft of the en-
gine will be arranged the sand-reel 112, to
which may be connected the usual sand-line
running to a pulley at the top of the derrick.
The sand-reel will be provided with the usual
controlling means 113, arranged to be oper-
ated by a lever 114, located within the der-
The

be led over a pulley at the top of the derrick

-and thence downward to the bull-wheel 2.

Fig. 12 shows the arrangement of the drill-
ing apparatus for ‘“‘spudding in”—that is,
drilling the first few feet of the well. For
this purpose the drilling apparatus is shifted
on the tracks to a position out of line with
the hole to be drilled and locked in position
by the locking-bolts 9. The drill-rope 115,
carrying the string of drilling-tools 116, is
led over a pulley 117 at the top of the der-
rick 1, which is shown of reduced height for
convenience of illustration, and thence down
under a pulley 118, preferably so construect-
ed that the rope may be readily inserted from
the side, as in what is known as a ‘‘snatch-
block,” secured to the sill of the derrick or
to other permanent support and upward to
the clamp of the drilling apparatus. The
drilling apparatus in spudding in will be
operated in the same manner as in the sub-
sequent drilling,

As soon as the spudding-in operation is
completed by drilling the hole sufficiently
deep to permit the drilling-tool to be buried
below the derrick-floor the drill-rope is re-
moved from pulley 118, and the drilling ap-
paratus is shifted to its nmormal position di-
rectly above the hole and secured in position
by means of the locking-bolts 9, which also
serve to prevent the possible upsetting of the
apparatus whether in position or in its move-
ment to and from position. By opening the
by-pass valve 80 fluid is admitted to the eyl-
inders 7 to elevate the framework which car-
ries the drilling-cylinder 15 and its plunger 16,
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preferably to the full limit of the movement
The extent of movement |

of the pistons 11.
of the pistons 11 prefembly corresponds with
the length of the main serew of the ‘ temper-
screw” commonly in use in drilling appara-
tus.
drill-rope is secured in the rope-clamp 26, and
the apparatus is ready for the drilling opera-
tion.

131, admitting steam to the steam-cylinder
39, the valve 42 being open. The steam en-

‘tering the steam-cylinder forces the piston

40 forward and with it the piston 37 of the
fluid-cylinder 36. As the piston 37 moves
forward it forces fluid through the flexible
tube 35 into the cylinder 15 of the drilling

apparatus beneath the planger 16, lifting the

plunger and through its connections to the
drill-rope lifting the drilling-tools. As the
piston 40 continues to move forward fAuid is
forced into the eylinder 15 until the tools are
lifted the desired distance, the movement of

the plunger being reoulated by the position:

of the adjustable eollar 90 on therod 61. As
the tappet 62 strikes the collar 90 the valve-
rod 58, earrying the D-valve, is shifted, per-
mitting steam to enter the valve-chamber 45
through the port 54, causing the valve 42 to
be shifted, opening the exhaust-port, and in-

_stantly rellevmﬂ the piston 40 from pressure

~and pelmwtmw the piston 37 of the fluid-
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cylinder to return to initial position. The
plunger 16 being no longer sustained by pres-
sare on the fluid in the flaid-chamber begins

instantly to.descend under the weight of the.

drilling-tools and ‘drill-rope, permitting the
tools to drop freely by force of gravity. The
downward movement of the plunger 16 forces
the lignid in the eylinder 15 back through the
flexible tube 35 into the fluid-cylinder 56 Te-
turning the piston 37 and piston 40 to initml
position. The piston 37 as it reaches the
limit of its rearward movement strikes the
cushion or spring 86 and is brought to rest
before the plunger 16 reaches the bottom of
the cylinder15, the volume of fluid being such
that a portion of it remains in the eylinder
15 when the plunger 16 has reached the limit

_of its downward movement, the admission of

steam to the cylinder 39, as hereinafter de-

seribed, also serving as a cushion to bring the
Just before the plunger'16

piston 37 to rest.
reaches the limit of its downward movement,
foreing the pistons 37 and 40 back to initial
posmon the tappet 62, carried by the cross-
head 63, strikes the fixed collar 8 on the rod
61, causmv the valve 42, through the control-
ling means above described, to be shifted to
again adinit steam to the steam-cylinder 39,
causing, as above described, fluid to be again
forced into the cylinder 15 to again iift the
plunger16,and with it the drilling-tools, with-
out appreciable pause. As the drilling pro-
gresses a suitable portion of the fluid in the
cylmders 7, which, through the pistons 11,

The framewox k bemu thus elevated the

.in the ordinary drilling-rig.

5

sustains the framework carrying the cylin-
der 15 and plunger 16, is permitted to return
to the storage-reservoir 74 by opening the
by-pass.valve 80, the weight of the tools and

.drilling-rope beingsufficient to o,_vercomeft,he
pressure in the storage-reservoir.

As the
fluid passes.out from below the pistons 11 the
position of the eylinder and plunger and the

| drilling-tools is lowered the distance desired.
The apparatus beingin position, the driller,
by means of the cord 132 opens the throttle.

The cylinders 7.in the operation of lowering

“the tools correspond to and take the place of

the main sérew on the temper-screw used
The descent of
the plunger 16 is retarded to some extent by
the resistance of the pistons 37 and 40 and

"hV the resistance to the passage of fluid
through the flexible tube_ 33, due to the fact
that it forms a restricted passage; but this

retardation will not under oz'dinaryvcirc}um-
staneces be sufficient to preventthe tools from
following in their drop fthe well-known law
of falling bodies. If for any -reason it is
found’ deelml)le to lessen this retardation,

the stop-cock 101 at the end of the steam-

cylinder 39 may be closed, in which case the

forward movement of the piston 40 will com-

press the air in front of it, and when the
valve 42 is shifted to open the exhaust the
air so compressed will act as a spring to

force the piston rearward, drawing with it

the plston 37 of the fluid- eylmder 36, and by

_eausing a partial vacuum in the ﬁmd -cylin-

der exert suction on the fluid in the eylin-

.der 15.

Ordmarily it will be found desirable to in-
crease rather than lessen the retardation of
the downward movement of the plunger 16.
Such retardation may be caused by closing
the stop-cock 83 when the piston 37 of the
fluiG-eylinder is at the limit of its forward
movenient, so that as the piston 37 returns
it will compress the air contained in the cyl-
inder and by the resistance of the air tocom-

_pression will be checked in.its rearward

movement. Still greater retardation maybe

.produced by introducing liquid into the

fluid - eylinder 36 in rear of the piston 37,
closing the stop-cock 83, and opening the
stop-cock 96. In such case the piston 37 on
its rearward movement will force the liguid
contained in the cylinder in its rear into the

_pressure-tank 97 against the force of the air
contained therein.

( By closing the cock 96
when the piston 37 is at its rearward posi-
tion and opening the cock 88 air will be

~drawn into the eylinder as the piston moves
forward, and by closing the cock 88 and

opening the cock 96 when the piston reaches
the limjit of its forward movement the pres-
sure in the pressure-tank 97 may be increased
to any amount desired.

In any case the retardation of the plunger
16 will not be such as to prevent, as above

stated, the drilling-tools from following the

well- known law of falling bodies, for the rea-
son that at no time would a practical driller
interpose.such counter-pressure as, taken
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with the frictional resistance of the recipro-
cating parts, would more than counterbal-
ance the weight of the drill-rope or other con-
necting means between the drilling-tools and
the drilling apparatus.

By meauns of a pressure-gage 133, connect-
ed with the pressure-reservoir 97, the driller
is informed of the pressure upon the back of
the piston 37 and may reduce this pressure
by opening the relief-cock 98 or increase it
in the manner above described.

In order to elevate the drilling-tools against
obstruction in the well-hole above them, as
in what is known as ‘‘ jarring up,” the valve
75 will be opened by means of the lever 76,
permitting fluid from the storage-reservoir
74 to enter the auxiliary pumps 67, and as
the plunger 16 descends on its return stroke
it will cause these pumps to force fluid into
the cylinders 7, elevating the framework car-
rying the eylinder 15 and plunger 16, so that
the next upward stroke will start from a
higher point, the cylinders 7 and their con-
nections being thus adapted to take the place
of the temper-screw used in the ordinary
rig both for *‘taking-up screw” in the jar-
ring-up operation as well as, as above de-
scribed, for *“‘letting-out screw” as the drill-
ing-tool advances in the ordinary operation
of drilling. In thus operating the auxiliary
pumps 67 the plunger 16, carried down on its
return stroke by the weight of the drilling-
tools and drilling-rope, forcing the piston 37
rearward, as above described, and carrying
with the piston the piston-rod 38 and cross-
head 63, drives the plunger 65 into the pump-
cylinders 67, forcing the fluid contained in
these pump-cylinders into the main pipe 82
and through the flexible tubes 84 into the
cylinders 7 beneath the pistons 11. :

A pressure-gage 134, arranged at any con-
venient point on or in connection with the
main pipe 82, serves to inform the driller of
the pressure effected on the fluid in the eyl-
inders 7 by the weight of the drilling-tools
and drill-rope when the tools are hanging
free in the clear hole and by its changes to
indicate positively and clearly the conditions
under which the tools are operating at any
period of their stroke.

In the use of the ordinary form of drilling-
rig the driller is unable to know with cer-
tainty the conditions under which the drill-
ing-tools are operating and must depend for
such information upon observation of the
working of the drilling-engine and the move-
The gage 134 thus
gives certain information as to conditions
which it has been possible heretofore only to
estimate.

By shifting the position of the collar 0 on
the rod 61 the stroke of the plunger 16 in the
cylinder 15 may be regulated as desired, and
by means of the set-serew the length of the
stroke may be changed without stopping the
operation of drilling, which cannot be done
in the drilling-rig in ordinary use.

The ¢ylinder 15 and piston 16 being located
directly above and inline with the well-hole,
the drill-rope is given direct vertical move-
ment instead of movement in the arc of a
circle, agin the ordinary drilling-rig, in which
the drilling-rope is secured to the end of a
walking-beam oscillating upon a pivot. By
reason of this direct vertical movement wear
of the drilling-rope on the top of the casing
is avoided.

In the use of the drilling apparatus as above
described the reversal of movement of the
plunger 16 is practically instantaneous at
both ends of its stroke, and it attains its full
rate of movement immediately upon reversal.
In its upward stroke its rate of movement is
graduaily slower as it approaches the highest
point of the stroke, and in its downward
stroke its rate of movement may be varied
by regulation of the retarding means, as
described; but the change of rate of move-
ment will in any case be constant. In the
ordinary drilling-rig, in which the walking-
beam is actuated by means of a crank rotat-
ing about its axis at substantially the same
angular velocity throughout asingle rotation,
the rate of movement of the walking-beam at
the extremities of the stroke is less than at
the middle of the stroke by reason of the
fact that the movement of the crank through
a given angle as it approaches and passes the
opposite ends of a vertical diameter produces
less vertical movement of the walking-beam
than it does when approaching and passing
the ends of a horizontal diameter. Thusin
the ordinary drilling-rig the tools are lifted
slowly from bottom and are prevented from
dropping quickly as they are permitted to
fall.

In the apparatus above described the drill-
ing-tools are raised quickly from bottom and
are free to fall instantly upon the plunger 16
reaching the limit of its upward stroke. By
reason of this fact it will be found possible
to use a substantially inelastic means, such
as a wire rope, for conneeting the drilling-
tools with the apparatus.

The drilling apparatus being mounted on
a movable carriage, it may be readily shifted
out of line with the well-hole to permit the
bailing out of the hole by means of the ordi-
nary bailing devices carried by the sand-line
or to permit of the insertion or withdrawal or
coupling up of casing.

As the drilling devices are nof driven by
the engine 104, this engine need be of only
sufficient power to operate the bull-wheel for
hoisting and pulling out the drilling-tools or
casing and to operate the sand-reel. The
engine may consequently be of much less
power than the engine needed in connection
with the ordinary drilling-rig and may be of
any desired type of hoisting-engine.

While I have described the framework car-
rying the vertically-arranged eylinder 15 and
plunger 16 as mounted on tracks laid on a
level with the derrick-floor, it will be ‘under-
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stood that these tracks maV be on eny suit-
able level and may be of any suitable eon-
struetion.  If desired, the tracks may be dis-

pensed with and. the i‘xamework arranged to
be movable directly upon the derrick-floor or’

other suitable snpport within the detrick.
So, too, if.desired, the framework may be

pivoted at any point of its base, so as to-

swing upon its pivot into and out of position.
The fluid - cylinder and steam - eylinder,
while preferably arranged horizontally, as
shown, may be drranoed vertlcally or other-
wise, it desired.
It w1ll be understood that the detalls of con-
struction may bevaried from those shown and

_ described. For instance, any other suitable
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form of valve for alternately opening and clos-
ing the admission and exhaunst ports of the
steam -cylinder may be used in place of the
valve shown, a piston may be used in place

of the plunorer 16, and plungers may be used

in place of the plqtons 37 and 40. Instead of
having the cylinder 15 fixed and the plunger
16 movable thearrangement may be reversed,
in which ca’s’e‘the»drilling-rope would neces-
sarily be.counected with the cylinder. Many
other changes in construction and arrange-
lnent may be made without departmw fxom
the spirit of the invention.

Having thus described my 1nVentxon what
I claim as new, and desire to secure by Let-
ters Patent, is—

1. Ina well dmlhndappamtus a vertxeally—

arranged cylinder, having one end closed, a

plunger arranged within the cylinder, means
for supporting one of these parts, the other
being movable, means for introducing floid

nnder pressure between the plunger and the-

closed end of the cylinder to raise the mov-

= able part relative to the other, and a rope-

clamp connected to the movable part and lo-
cated below its lower end in line with its cen-
ter; substantially as described.

2. In well-drilling apparatus, the combina-
tion of a vertically-arranged cylinder and
plunger, means for supporting one of these
parts, means for raising the movable part
relative to the other by fluid-pressure, and a
rope-clamp connected to the movable part
and located below its lower end in line with
its center,and a movable earriage forsustain-
ing the eylinder and plunger; substantially
as described.

3. In well-drilling apparatus, the combina-
tion of a vertically-arranged cylinder and
plunger, means for supporting one of these
parts, means for raising tbe movable part
relative to the other by fluid-pressure,and a
rope-clamp connected to the movable part
and located below its lower end in line with
its center, a movable carriage for sustaining
the e¢ylinder and plunger, and means for lock-
ing thecarriage against movement; substan-
tlally as deseribed.

4. In well-drilling appalatus the combina-
tion of a Vertlcally arranged cylinder and
plunger, means for supporting one of these

parts, and means for raising the movable parf
relative to the other by fluid-pressure, com-

prising a fluid-eylinder connected with the

vertically-arranged cylinder, a piston within

the fluid-cylinder, and means for operating

7‘;

70

the piston to foree fluid into the vertically- .

arranged cylinder, a drilling-tool and flexible
suspending means for the drilling-tool, the
flexible suspending means being connected

'to the movable part at a point below its lower
end and iu line with lts center, substantially.
-as described.

5. In well-drilling apparatus, the combina-
tion of a vertically -arranged cylinder and
plunger, means for supporting one of these
parts and means for raising the movable part
relative to the other by ﬂllld -pressure com-

prising a fluid-cylinder of larger cross-sec-

tional area than that of the vertically-ar-
ranged cylinder, connected with the verti-

'cally arranged cylinder, a piston within the

fluid- cyhnder and means for operating the
piston to force fluid into the vertically-ar-
ranged cylinder, a drilling-tool and flexible
sguspending means for the drilling-tool, the
flexible suspending means being connected
to the movable part at a point below its lower
end; substantially as described.

6. In well-drilling apparatus, the combina-
tion of a vertlcally arranged cylinder, and
plunger, means for supporting one of these
parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means being connected to the mov-
able part at a point below its lower end and
in line with its center, and means for raising
the movable part relative to the other by fluid-
pressure, comprising a fluid - eylinder con-
neécted with the vertically-arranged cylinder,
a piston within the fluid-eylinder, means for
operating the piston to force fluid into.the
vertically-arranged cylinder and means for
releasing the pressure on the piston at the
end of its stroke to permit the drop of the
tools; substantially as described.

7. In well-drilling apparatus, the combina-
tion of a vertically-arranged cylinder, and
plunger, means for supporting one of these
parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means be1n<r eonneeted to the mov-
able part at a point below its lower end and
in line with its center, and means for raising
the movable part relative to the other by fluid-
pressure,comprising a fluid-cylinder of larger
cross-sectional area than the vertically-ar-
ranged cylinder, connected with the verti-
cally-arranged cylinder, a piston within the
fluid-eylinder, means for operating the pis-
ton to force fluid into the vertically-arranged
cylinder and means for releasing the pres-
sure on.the piston at the end of its stroke to
permit the drop of the tools; substantially as
described.

8. In well-drilling apparatus, the combina-
tion of a vertically-arranged cylinder and
plunger supported by a movable carriage,
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means for supporting one of these parts,a
drilling-tool and flexible suspending means
for the drilling-tool, the flexible suspending
means being connected to the movable part
at a point below its lower end and in line with
its center, and means for raising the movable
part relative to the other by fluid-pressure
comprising a stationary fluid-cylinder con-
nected with the vertically-arranged cylinder
by a flexible tube, a piston within the fluid-
cylinder, and wneans for operating the piston
to force fluid into the vertically-arranged cyl-
inder; substantially as deseribed. .

9. In well-drilling apparatus, the combina
tion of a vertically - arranged cylinder and
plunger supported by a movable carriage,
means for supporting one of these parts, a
drilling-tool and flexible suspending means
for the drilling-tool, the flexible suspending
means being connected to the movable part
at a point below its lower end and in line with
its center, and means for raising the movable
part relative to the other by fluid-pressure
comprising a stationary fluid - eylinder of
largercross-sectional area than the vertically-
arranged cylinder, connected with the verti-
cally-arranged cylinder by a flexible tube, a
piston within the fluid-eylinder, and means
for operating the piston to force fluid into the
vertically-arranged cylinder; substantially
as described.

10. Inwell-drillingapparatus,the combina-
tion of a vertically - arranged cylinder and
plunger, means for supporting one of these
parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means being connected to the mov-
able part at a point below its lower end and
in line with its center, and means for raising
the movable part by fluid-pressure compris-
ing a fluid-eylinder connected with the verti-
cally-arranged ceylinder, a piston within the
fluid-cylinder, means for operating the piston
to foree fluid into the vertically-arranged eyl-
inder and means for regulating the stroke of
the piston; substantially as deseribed.

11. Inwell-drillingapparatus,the combina-
tion of a vertically - arranged cylinder and
plunger, means for supporting one of these
parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means being connected to the mov-
able part at a point below its lower end and
in line with its center, and means for raising
the movable part by flunid-pressure, compris-
ing a fluid-eylinder of larger cross-sectional
area than the vertically-arranged cylinder,
connected with the vertically-arranged cylin-
der, a piston within the fluid-cylinder, means
for operating the piston to force fluid into the
vertically-arranged cylinder and means for
regulating the stroke of the piston; substan-
tially as described.

12. Inwell-drillingapparatus,the combina-
tion of a vertically -arranged cylinder and
plunger, means for supporting one of these

726,111

parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means being connected to the mov-
able part at a point below its lower end and
in line with its center, means for raising the
movable part by fluid-pressure comprising a
fluid-cylinder, connected with the vertically-
arranged cylinder, a piston within the fluid-
cylinder, means for operating the piston in
one direetion to forece fluid into the vertically-
arranged eylinder and means for yieldingly
resisting the return movement of the piston;
substantially as described.

13. Inwell-drillingapparatus, thecombina-

tion of a vertically-arranged cylinder and
plunger, means for supporting one of these
parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means being connected to the mov-
able part at a point below its lower end and
in line with its center, means for raising the
movable part by fluid-pressure comprising a
fluid-cylinder of greater cross-sectional area
than the vertically-arranged cylinder, con-
nected with the vertically-arranged cylinder,
a piston within the fluid-cylinder, means for
operating the piston in one direction to force
fluid into the vertieally - arranged cylinder
and means foryieldingly resisting the return
movement of the piston; substantially as de-
seribed.
- 14. Inwell-drilling apparatus, the combina-
tion of a vertically-arranged cylinder and pis-
ton, means for supporting oue of these parts,
a drilling-tool and flexible snspending means
for the drilling-tool, the flexible suspending
means being connected to the movable part
at a point below its lower end and in line with
its center, means for raising the movable part
by fluid-pressure, and means for adjusiing
the vertical position of the cylinder and pis-
ton by fluid-pressure; substantially as de-
scribed.

15. In well-drilling apparatus, the combina-
tion of a vertically-arranged eylinder and pis-
ton, means for supporting one of these parts,
a drilling-tool and flexible suspending means
for the drilling-tool, the flexible suspending
means being connected to the movable part
at a point below its lower end and in line with
its center, means for raising the movable part
by flaid-pressure, means for reducing the
fluid-pressure to permit the drop of the tools
and means for raising the eylinder and pis-
ton as the tools are dropped; substantially
as described.

16. Inwell-drilling apparatus, the combina-
tion of a vertically-arranged cylinder and pis-
ton, means for supporting one of these parts,
a drilling-tool and flexible suspending means
for the drilling-tool, the flexible suspending
means being connected to the movable part
at a point below its lower erid and in line with
its center, means for raising the movable part
by fluid-pressure, means for reducing the
fluid-pressure to permit the drop of the tools
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ahd means for raising the-cylinder and pis-
ton by fluid-pressure as the tools are dropped
substantially as deseribed. .

- 17, In well- dmlhngapparabus the combma—
tion of a vertically-arranged eylinder and pis-
ton, means for supporting one of these parts,
a drlllmd-tool and flexible suspending means
for the drilling-t'ool, the flexible suspending
means being connected to the movable part
at a point below its lower end and in line with
its center, means for raising the movable part
by fluid-pressure, means for reducing the
fluid-pressure to per mit the drop of the tools
and means for raising the cylinder and pis-
ton by fluid-pressure as the tools are dropped,
comprising eylinders and pistons and means
for foreing fluid into the eylinders; subamu-
tially as described.

18. Inwell-drilling apparatus,the eombma-
tion of a.vertically-arranged cylinder and
planger, means for supporting,one,of these
parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means being-conneected to the moy-
able part at a point below its lower end and in

line with itscenter, afluid-cylinder connected

with the vertically-arranged cylinder, and
means for-forcing fluid from the fluid-cylin-
der into the vertically-arranged eylinder, the
connection between .the two cylinders being
such that the. .fluid foreced from the flnid-
cylinder will be returned therato by the drop
of the drilling-tool ;substantially as described.

19. In well drllllng apparatus the combina-
tion of a vertically - arranged cylinder. and
plunger, means for supporting one of these
parts, a drilling-tool and flexible suspending
means for the drilling-tool, the flexible sus-
pending means being connected to the mo¥y-
able part at a point below its lower end and
in line with its center, a fluid-cylinder con-
nected with the vertically-arranged cylinder;

a piston within the fluid-cylinder, and means-

for moving the piston in one direction to force
fluid from the fluid-cylinder into the verti-
cally-arranged cylinder, to_lift the drilling-
tools, the arrangement of the two cylinders
being such that the drop of the drilling-tools
will return the fluid.to the fluid-cylinder, so
that the same fluid may be used lepeatedly
substantially .as described.

20. In well-drilling apparatus in eom blntt-
tion with a drilling- tool and flexible suspend-
ing meanstherefor, means forlifting the drill-
ing -tools comprising a vertically - arranged
cylinder and plunger, means for supporting

one of these parts, the flexible suspending

means for the drilling-tool being eonnected to
the movable part at a point below its lower
end and in line with its center, a flnid-cyl-
inder, a connection between the two cylin-
ders, means for maintaining pressure upon &
body of tfluid within the fluid-eylinder, means
for increasing the pressure in the flnid-cylin-
der to force fluid into the vertically-arranged

-eylinder to effect the lifting of the tools and

for reducing the pressure to permit the tool

S

to drop and the fluid to return to the fluid-
eylinder; substantially as described.:

21. Inwell-drillingapparatus,the combma-
tion of a drilling-tool and flexible suspending
means for the tool, a vertically-arranged eyl-
inder and plunger for lifting the drilling-tool,
meauns for supporting one. of these parts, the
flexible suspending means for the drilling-
tool being connected to the movable part at
a point below its lower end and in line with
its center, a fluid-cylinder, means connecting
the two cylinders, a piston within the fluid-
eylinder for fordnw fluid from the fluid-eyl-
inder into the vertically-arranged cylinder,
comprising a steam-cylinder in hne with the
fluid-eylinder, means for admitting steam to
the steam-cylinder to operate the piston of
the fluid-eylinder in one direction and for re-
leasing the steam-pressure to permit the re-
tarp of_ the piston of the fluid-cylinder; sub-
stantially as described. ' '

22. Inwell- drillingapparatus,the combina-
tion of a drilling-tool and flexible suspending

means for the tool, a vertically-arranged eyl-

inder and plunger for lifting the drilling-tool,
means for supporting one of these parts, the

flexible suspending means for thedrilling-tool

being counnected to the movable. part at a
point below its lower end and in line with its
center, a fluid-cylinder, means connecting the
two ,cylmders a piston within the cylinder
for foreing fluid from the fluid- -cylinder into
the Vertleally arranged cylinder, comprising
a steam-cylinder in Ime with the fluid-eylin-
der, and of greater cross-sectional area than
the Auid- -ey lmder, means for admitting steam
to the steam-cylinder to operate the,piston of
the fluid-eylinder in one direction and for re-
leasing the steam-pressure to permit the re-
turn of the piston of the fluid-cylinder; sub-
stantially as' deseribed. | .. )
23. Inwell-drilling apparatus the combina-
tion of a drilling- tool and flexible suspending
means for the. tool a vertically-arranged cyl-
inder and plunger for lifting the, drlllmg—tool
means for supporting one of these parts, the
flexible suspending meansfor thedullmd-tool
being connected to the movable part at a
point below its lower end and in line.with its
center, a fluid-cylinder, means connecting the
two cyhuders, a piston within the fluid- cylm-
der for forcing fluid from the flaid-eylinder
into the vertlr'ally -arranged cylinder, means
for operating said piston, comprising a steam-
eylinder in line with the fluid-cylinder, a.pis-
ton in the steam-eylinder connected with the
piston in the fluid-cylinder, a steam-supply
and a steam-operated means controlling the
admission and exhaust of steam to the steam-
eylinder; substauntially as described.

24. In Well-drillingapparatus,thecombina-
tion of a driiling-tool and flexible suspending
means for the tool, a vertically-arranged eyl-
inder and plunger for lifting the drlllm‘r tool,
means for supporting one of theseé p(nts ’ohe
flexible suspending means for the drilling-tool
being connected to the movable parb at a
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point below its lower end and in line with its
center, a fluid-eylinder, a connection between
the two cylinders, a piston within the fluid-
eylinder for forcing fiuid from the fluid-eylin-
der into the vertieally - arranged eylinder,
means for operating said piston, comprisinga
steam-cylinderin line with the fluid-cylinder,
a piston in the steam-cylinder, connected by
a piston-rod with the piston in the fluid-cyl-
inder, means for controlling the admission
and exhaust of steam from the steam-eylin-
der, and means for actuatiog the econtrolling
means from the piston-rod connecting the two
pistons; substantially as deseribed.

25. Tn well-drillingapparatus,the combina-
tion of a drilling-tool and flexible suspending
means for the tool, a vertically-arranged cyl-
inderand plunger for lifting the drilling-tool,
means for supporting one of these parts, the
flexiblesuspending means for the drilling-tool
being connected o the movable part at a
point below its lower end and in line with its
center, a flunid-c¢ylinder connected with the
vertically-arranged cylinder, means operated
by a steam-cylinder for forcing fluid from the
fluid-eylinderinto the vertically-arranged eyl-
inder, and means for regulating the amount
of fluid forced into the vertically-arranged eyl-
inder; substantially as desecribed.

26. Inwell-drilling apparatus,the combina-
tion of a drilling-tool and flexible suspending
means for the tool,a vertically-arrangedeyliin-
der and plunger for lifting the drilling-tool,
means for supporting one of these parts, the
flexible suspending means for the drilling-
tool being connected to the movable part at
a point below its lower end and in line with
its center,afluid-¢ylinder connected with the
vertically-arranged eylinder, means operated
by a steam-eylinder for forcing Auid from the
flaid-eylinder into the vertically -arranged
cylinder,and meansforregulating theamount
of fluid forced into the vertically-arranged
cylinder, capable of operation while the parts
are in motion; substantially as deseribed.

27. Inwell-drillingapparatus,the combina-
tionof a drilling-tool and flexible suspending
means therefor, a vertically-arranged cylin-
der and plunger for lifting the drilling-tool,
means for supporting one of these parts, com-
prising a vertically -adjustable framework,
fluid-pressure devices for adjusting and sus-
taining the framework, and a pressure-gage
connected with said fluid-pressure devices,
means for raising the movable part relative
to the otherhy flnid-pressure, the flexible sus-
pending means forthe drilling-tool being con-
nected to the movable part at a point Lelow
its lower end and in line with its center; sub-
stantially as deseribed.

28. Inwell-drillingapparatus,thecombina-
tion of a drilling-tool and flexible suspending
means therefor, a fluid-pressure device for
lifting the drilling-tool, comprising a eylin-
derand plunger, one of which is movable rela-
tive tothe other, carried by a framework, and
fluid-pressure devices for adjusting and sus-
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taining the framework, the flexible suspend-
ing meansforthedrilling-tool being connected
to the movable part at a point below its lower
end and in line with its center, means actu-
atedin one direction to force fluid into the de-
vice for lifting the tool, and actuated in the
other direction by the drop of the tool to force
fluid into the devices for adjusting and sus-
taining the framework; substantially as de-
seribed.

29. Inwell-drilling apparatus,the combina-
tion of a drilling-tool and flexible suspending
means therefor, a flunid - pressure device for
lifting the drilling-tool, comprising a cylin-
der and piston, one of which is movable rela-
tive to the other, the flexible suspending
means for the drilling-tool beingconnected to
the movable partat a point belowitslower end
andin line with its center, means actuated in
one direction to force fluid into the device for
lifting the tool arranged to be returned to ini-
tial position by the drop of the tool, and
means for accelerating the return of the ac-
tuating means to initial position; substan-
tially as described.

30. Inwell-drillingapparatus, the combina-
tion of a drilling-tool and flexible suspending
means therefor, a fluid - pressure device for
lifting the drilling-tool, comprising a e¢ylinder
and piston, one of which is movable relative
to the other, the flexible suspending means
for the drilling-tool being connected to the
movable part at a point below its lower end
and in line with its center, means actuated
in one direction to force fluid into the device
for lifting the tool, arranged to be returned
to initial position by the drop of the tool, and
means for retarding the return of the actuat-
ing device to initial position; substantially
as described. :

31. Inwell-drilling apparatus, the combina-
tion of u drilling-tool and flexible suspending
means therefor, a vertically-arranged cylinder
and plunger one of which is movable relative
to the other for lifting the drilling-tool, the
flexible suspending means for the drilling-
tool being connected to the movable part at
a point below its lower end and in line with
its center, a vertically-adjustable framework
carrying said ecylinder and plunger, fluid-
pressure devices for adjusting and sustain-
ing the framework, means for forcing fluid
into the vertically-arranged eylinder, and
means for forcing fluid into the fluid-pres-
sure devices for adjusting and sustaining the
framework actuated by the drop of the drill-
ing-tool; substantially as described.

32. Inwell-drilling apparatus, the combina-
tion of a drilling-tool and flexible suspending
means therefor, avertically-arranged eylinder
and plunger one of which is movable relative
to the other for lifting the drilling-tool, the
flexible suspending means for the drilling-
tool being connected to the movable part at
a point below its lower end and in line with
its center, meauns for supporting the verti-
cally-arranged cylinder and plunger, com-
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prising a vertically - adjustable framework
carried by pistons movable. in vertically-sta-
tionary eylinders, a storage-reservoir contain-
ing finid under pressure, and connections be-
tween thestorage-reservoirand the vertically-
stationary cylinders for admitting fluid to the
cylinders to raise the framework; substan-
tially as deseribed.

33, Inwell-drilling apparatus, the combina-
tion of a drilling-tool and flexible suspending
meanstherefor,a vertieally-arranged cylinder
and plunger one of which is movable relative
to the- other for lifting the drilling-tool, the
flexible suspending means for the drilling-
tool being connected to the movable part at
a point below its lower end and in line with
its center, a fluid-cylinder connected with
the vertically-arranged eylinder, a piston in
the fluid-eylinder, arranged to be driven in
one direction to force Auid into the vertically-
arranged cylinder and to be returned to ini-
tial position by the drop of the tool, and a
cushion or spring arranged to receive the im-
pact of the piston on its return to initial po-
sition; substanmally as deseribed.

34. In well-drilling apparatus, the combina-
tion of a drilling-tool and flexible suspending
means therefor, a vertically-arranged cylinder
and plunger one of whichis movablerelative
to the other for-lifting the drilling-tool, the
flexible suspending means for. the drilling-
tool being connected to the movable part at
a point below its lower end and in line with
its center, a fluid-cylinder connected with the
vertically-arranged cylinder, a piston in the
fluid-cylinder, arranged to be driven in one

direction to force fluid into the vertically-ar-.

ranged eylinder and to be returned to initial
position by the drop of the tool, and a cush-
ion or spring within the fluid-cylinder, ar-
ranged to receive the impact of the piston on
its return to initial position; substantlally as
described.

35. Inwell-drillingapparatus, the combma—
tion of a drilling-tool and flexible suspending
means therefor, adriving-piston, a driven pis-
ton moving synchronously therewith, a plun-

ger and means for connecting the plunger:

with the flexible suspending means for the
drilling-tool, and a confined body of fluid be-
tween the driven piston and plunger, where-
by the plunger and driven piston are caused
to move synchronously; substantially as de-
seribed.

36. Inwell-drillingapparatus, the combina-

tion of a drilling-tool and flexible suspending
means therefor, a vertically-arranged cylinder
and a plunger, movable in the cylinder, and
connected with the flexible suspending means

for the drilling-tool at a point below its lower

end and in line with its center, means for
foreing the plunger upward to lift the drill-

ing-tool, and a cushion or spring arranged to

receive the impact of the downward move-
ment of the plunger to prevent injury to the
cylinder; substantially as deseribed.

37. Inwell-drilling apparatus, the combina-

i

tion of adrilling-tool and flexible suspending
meanstherefor, a vertically-arranged eylinder
and a plunger, movable in the cylinder, and
connected with the flexiblesuspending means
for the drilling-tool at a point below its lower
end and in line with its center, means for fore-
ing the plunger upward to lift the drilling-
tool, and & cushior or spring secured about

the upper end of the plunger and arranged to

receive the impact of the downward move-
ment of the plunger to prevent injury to the
cylinder; substantially as described.

38. Inwell-drilling apparatus, the combina-
tion of a drilling-tool and flexible suspending
means therefor, a vertically-arranged cylinder
and a plunger movable in the ¢ylinder, a
cross-head carried by the plunger, and con-
nections between the cross-head and the flexi-
ble suspending means for the drilling-tool at
a point below the lower end of the plunger,
means for forcing the plunger upward to lift
thedrilling-tool, and a cushion orspringinter-
posed between the cross-head and the top of
the cylinder adapted to receive the impaect of
the downward movement of the plunger to
prevent injury to the cylinder; substantially
as deseribed.

. 89. Inwell-drilling apparatus, the combina-
tion of a vertically-arranged eylinder and
a plunger, movable in the cylinder, conneec-

‘tions between the plunger and the well-drill-
ing tools, means for forcing the plunger up-

ward to lift the drilling-tools, and means for
sustaining the cylinder, comprising a cross-
head to which the eylinder is secured, oppo-
sitely - arranged vertical cylinders, pistons
movable in these eylinders, means for forcing
flaid into these cylinders beneath the pistons,

-and connections between the pistons and the

cross-head; substantially as described.

40, In Well -drilling apparatus, the combina-
tion of a vertically-arranged cylinder and
a plunger, movable in the cylinder, connec-
tions between the plunger and-the well-drill-
ing tools, means for foreing the plunger up-
ward to lift the drilling-tools, and means for
sustaining the eylinder, comprising a cross-

head to which the eylinder is secured, oppo-
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sitely - arranged vertical cylinders, pistons .

movable in said cylinders, means for forcing
fluid into these cylinders beneath the pis-
tons, piston-rods connecting the pistons with
the cross-head, and tubular extensions se-
cured to the eylinders surrounding the pis-
ton-rods; substantially as deseribed.

41. In well-drilling apparatus, the combina-
tion of a vertically-arranged cylinder and
a plunger, movable in the ¢ylinder, connec-
tions between the plungerand the well-drill-
ing tools, means for forcing the plunger up-
ward to lift the drilling-tools, and means for
sustaining the cylinder, comprising a cross-
head to which the cylinder is secured, oppo-

.sitely - arranged vertical cylinders, pistons-

movable in said cylinders, means for forcing

flaid into these ¢ylinders beneath the pis-
"tons, piston-rods connecting the pistons with
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the cross-head, and tubular extensions se-
cured to the cylinders surrounding the pis-
ton-rods, and means for bracing the tubular
extensions against sidewise movement; sub-
stantially as described.

42, To well-drilling apparatus, the combina-
tion of a vertically-arranged eylinder and
a plunger movable in the cylinder, connec-
tions between the plunger and the well-drill-
ing tools, means for forcing the plunger up-
ward to lift the drilling-tools, and means for
sustaining the cylinder, comprising a cross-
head to which the cylinder is secured, oppo-
sitely-arranged vertical eylinders, each pro-
vided with a broad base, pistons movable in
said cylinders, means for forcing fluid into
these cylinders beneath the pistons, piston-
rods connecting the pistons with the cross-
head tubular extensions secured to the cyl-
inders surrounding the piston - rods, and
braces secured at their lower ends to the
bases of the cylinders, and at their other ends
to the tubular extensions; substantially as
described.

43. Inwell-drillingapparatus,thecombina-
tion of a vertically-arranged cylinder and a
plunger movable in the eylinder, connections
between the plunger and the well-drilling
tools, means for forcing the plunger upward
tolift the drilling-tools,and for sustaining the
cylinder, comprising a cross-head to which
the cylinder is secured near one end, a cross-
bar to which the eylinder is secured near
the other end, connections between the cross-
head and ecross-bar, forming a rigid frame-
work, means connected with the cross-head
for vertically adjusting and sustaining the

framework, and means connected with the

eross - bar for preventing horizontal move-
ment of the lower end of the eylinder; sub-
stantially as deseribed. '

44, Inwell-drillingapparatus,the combina-
tion of a vertically-arranged cylinder and a
plunger movable in the eylinder, connections
between the plunger and the well-drilling
tools, means for forcing the plunger upward
to lift the drilling-tools, and means for sus-
taining the ¢ylinder, comprising a eross-head
to which the cylinder is secured near one end,
a cross-bar to which the cylinder is secured
at the other end, oppositely-arranged verti-
cal eylinders, pistons movable in said eylin-
ders, piston-rods connecting the pistons with
the cross-head, tubular extensions secured
to the eylinders surrounding the piston-rods,
collars secured to the cross-bar, and adapted
toslide on the tubular extensions, and means
for forcing fluid into the vertical cylinders;
substantially as described.

45, In well-drillingapparatus,the combina-
tion of a vertically-arranged cylinder and a
plunger movable in the cylinder, connections
between the plunger and the well-drilling
tools, means for forcing the plunger upward
to lift the drilling-tools, and means for sus-
taining the ¢ylinder, comprising a eross-head
to which thecylinder is secured near one end,
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a cross-bar to which the cylinder is secured at
the other end, connections between the cross-
head and ecross-bar forming a rigid frame-

work, oppositely-arranged vertical eylinders,

pistons movable in said eylinders, piston-rods
connecting the pistons with the cross-head
tubunlar extensions secured to the cylinders
surrounding the piston-rods, collars secured
to the cross-bar, and adapted to slide on the

tubular extensions, and means for forcing

fluidinto the vertical cylinders; substantially
as deseribed.

46. Inwell-drilling apparatus,the combina-
tion of a vertically-arranged cylinder and a
plunger, movable in the ¢ylinder,connections
between the plunger and the well-drilling
tools, means for forcing the plunger upward
to lift the drilling-tools, and means for sus-
taining the eylinder, comprising a cross-head
to which the cylinder is secured near one end,
a cross-bar to which the cylinder is secured
at its other end, oppositely-arranged vertical
cylinders provided with bases, pistons mov-
able in said eylinders, piston-rods connect-
ing the pistons with the cross-head, tubular
extensions secured to the cylinders surround-
ing the piston-rods, collars secured to the

cross-bar and adapted to slide on the tubu-

lar extensions, braces secured at their lower
ends to the bases of the cylinders, and at
their upper ends to the tubular extensions,
and means for forcing fluid into the vertical
cylinders; substantially as deseribed.

47. In well-drillingapparatus,the combina-
tion of a vertically-arranged cylinder and a
plunger,movablein the cylinder, connections
between the plunger and the well-drilling
tools, means for forecing the plunger upward

“to lift the drilling-tools, and means for sus-

taining the cylinder, comprising a cross-head

‘to which the cylinder is secured near one

end, a cross-bar to which the eylinder is se-
cured at its other end, connections between
the cross-head and cross-bar forming a rigid

‘framework, oppositely-arranged vertical cyl-

inders provided with bases, pistons movable
in said eylinders, piston-rods connecting the
pistons with the cross-head, tubular exten-
sions secured to the cylinders surrounding
the piston-rods, collars secured to the cross-
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bar and adapted to slide on the tubular ex-

tensions, braces secured at their lower ends
to the bases of the e¢ylinders, and at their up-
per endstothe tubular extensions, and means
for forcing finid into the vertical cylinders;
substantially as described.

48. In well-drillingapparatus,the combina-
tion of a vertically-arranged main cylinder
and a plunger movable in the cylinder, means
for sustaining and adjusting the cylinder,
comprising a framework to which the cylin-
der is secured, oppositely-arranged vertical
cylinders, pistons movable in said cylinders
and conuected with the cross-head,and means
for forcing fluid into said eylinders, & cross-
head secured to the plunger, vertical rods se-
cured to said cross-head, extending below the
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framework carrying the main cylinder, and
a rope-clamp secured to the vertical rods, and
means for forcing fluid into the main eylin-
der to lift the planger; substantially as de-
scribed.

49. Inwell-drillingapparatus,the combina-
tion of a vertically-arranged cylinder and a
plunger, movablein the cylinder, connections
between the plunger and the well-drilling
tools, means for forcing the plunger upward
to lift the drilling-tools, and means for sus-
taining the cylinder, comprising a cross-head
to which the eylinder is secured, oppositely-
arranged cylinders provided with bases, pis-
tons movable in said eylinders, connections
between the pistons and the cross-head, and
means for forcing fluid into said eylinders,the
cylinder-bases being provided with wheels;
substantially as described.

50. Inwell-drillingapparatus, the combina-
tion of a vertically-arranged ecylinder and a
plunger movable in thecylinder, connections
between the plunger and the well-drilling
tools, means for foreing the plunger upward
to lift the drilling-tools, and means for sus-
taining the eylinder, comprising a eross-head
to which the cylinder issecured, oppositely-
arranged cylinders provided with bases, pis-
tons movable in said cylinders, connections
between the pistons and the cross-head, and
means for foreing fluid intosaid eylinders, the
cylinder-bases being provided with wheels
and locking devices, and a track on which
the wheels are adapted to run and with which
the locking devices are adapted to codperate
to lock the apparatus in position; substan-
tially as described.

51. Inwell-drilling apparatus,the combina-
tion of a drilling-tool and flexible suspending
means therefor, a vertically-arranged main
cylinder and a plunger, movablein the eylin-
der, the flexible suspending means for the
drilling-tool being connected to the plungerat
a point below its lower end and inline with its
center, means for sustaining the cylinder, a
fluid-cylinder connected to the main ¢ylinder,
a piston in the fluid-cylinder for forcing finid
intothe main cylinder to lift the drilling-tools,
an opening in the fluid-cylinder near its rear
end, and a stop-cock controlling said opening;
substantially as described. ,

52. Inwell-drillingapparatus,the combina-
tion of a drilling-tool and flexible suspending
means therefor, a vertically-arranged main
cylinder and a plunger, movable in the c¢ylin-
der, the flexible suspending means for the
drilling-tool being connected to the plunger at
a point below its lower end and in line with its
center, means for sustaining the cylinder, a
fluid-cylinder connected to the main eylinder,
a piston in the fluid-ecylinder for foreing fluid
intothe main cylinder tolift the drilling-tools,
an opening in the fluid-cylinder nearits rear
end, a stop-cock controlling said opening, a
second opening in the fluid-cylinder also near
its rear end, a pressure-reservoir connected
with said second opening, and a stop-coek be-

i

tween the fluid-eylinder and the pressure-res-
ervoir; substantially as described.

53. Inwell-drillingapparatus,the combina-
tion of a drilling-tool and flexible suspending
means therefor, a vertically-arranged main
cylinder and a plunger movable in the e¢ylin-
der, the flexible suspending means for the
drilling-tool being connected to the plungerat
apoint’below its lower end and in line with its
center, means for sustaining the cylinder, a
fluid-eylinder connected with the main eylin-
der, a piston in the fluid-cylinder for forecing
fluid into the main eylinder tolift the drilling-
tools, anopening in the fluid-cylinder nearits
rear end, a pressure-reservoir connected with
said opening, and a cock between the pres-
sure-reservoir and the fluid-cylinder; sub-
stantially as described.

54. In well-drilling apparatus,the combina-
tion of a drilling-tool and flexible suspending
means therefor, a vertically-arranged main
eylinder and a plunger movable in the cylin-
der, the flexible suspending means for the
drilling-tool being connected tothe plunger at
a point below its lower end and in line with its
center, means for sustaining the cylinder, a
fluid-cylinder connected with the main eylin-
der, a piston in the fluid-cylinder for forcing
fluid into the main cylinder tolift the drilling-
tools, an openingin the fluid-cylinder near its
rear end, a pressure-reservoir provided with
an escape-cock, connected with said open-
ings, and a cock between the pressure-reser-
voir and the fluid-eylinder; substantially as
described.

55. In well-drilling apparatus, the combina-
tion of a drilling-tool and flexible suspending
means therefor, a vertically -arranged main
cylinder and a plunger movable in the ¢ylin-
der, the flexible suspending meauns for the
drilling-tool being connected to the plunger
at a point below its lower end and in line with
its center, means for sustaining the eylinder,
a fluid -eylinder, connected with the main
cylinder, a piston in the fluid-cylinder for
forcing fluid into the main cylinder tolift the
drilling-tools, an opening in the fluid-eylin-
der near its rear end, a pressure-reservoir,
provided with an eseape-cock, and a pressure-
gage, connected with said opening, and a
cock between the pressure-reservoir and the
fluid-cylinder; substantially as deseribed.

56. In well-drilling apparatus, the combina-
tion of a vertieally-arranged main cylinder
and a plunger movable in the cylinder,connec-
tions between the piunger and the well-drill-
ing tools, means for sustaining the main cyl-
inder, a fluid - cylinder connected with the
main eylinder, a piston movable in the fluid-
cylinder, a steam-cylinder, a piston movable
in the steam-cylinder connected with the pis-
ton in the fluid-cylinder, means for admitting
steam to the steam-cylinder to operate the
piston in one direction, and means for caus-
ing the piston of the steam-cylinder to com-
press air when driven forward to accelerate
its return; substantially as described.
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57. In well-drilling apparatus, the combina-
tion of a vertically-arranged main eylinder,
andaplungermovablein theeylinder,connec-
tions between the plunger and the well-drill-
ing tools, meaus for sustaining the main cyl-
inder, a fluid - eylinder connected with the
main cylinder, a piston movable in the fluid-
eylinder, a steam-cylinder, a piston movable
in the steam-cylinder connected with the pis-
ton in the fluid-eylinder, means for admitting
steam to the steam-cylinder in rear of the
piston to operate the piston in one direction,
an opening in the steam -cylinder near its
forward end, and an inwardly-opening check-
valve controlling the opening; substantially
as described.

58. In well-driliing apparatus, the combina-
tion of a vertieally-arranged main eylinder,
and a plunger movablein the eylinder,connee-
tions between the plunger and the well-drill-
ing tools, means for sustaining thie main eyl-
inder, a fluid -cylinder connected with the
main cylinder, a piston movable in the fluid-
cylinder, a steam-cylinder, a piston movable
in the steam-cylinder connected with the pis-
ton in the fluid-c¢ylinder, means for admitting
steam to the steam-cylinder in rear of the
piston to operate the piston in one direction,
an opening in the steam -cylinder near its
forward end, an inwardly - opening check-
valve controlling the opening, and a stop-
cock connected with the opening; substan-
tially as described.

59. Inwell-drilling apparatus, the combina-
tion of a vertically-arranged main cylinder,
and a plunger movable in the cylinder, con-
nections between the pluanger and the well-
drilling tools, means for sustaining the main
cylinder, a fluid-cylinder connected with the
main eylinder, a piston movablein the fluid-
cylinder, a steam-eylinder, a piston movable
in the steam-cylinder connected with the pis-
ton inthe fluid-eylinder, means for admitting
steam to the steam-cylinder to operate the
piston in one direction, comprising a valve-
casing provided with supply and exhaust
ports and connected by a port with the steam-
cylinder, a steam-actuated valve in the valve-
casingadapted toalternately connect the sup-
ply and exhaust ports with the cylinder, an
auxiliary valve controlling the admission of
steam to the valve-casing to effect the move-
ment of the main valve, and means for shift-
ing the auxiliary valve; substantially as de-
seribed. '

60. Inwell-drillingapparatus,the combina-
tion of a vertically-arranged main eylinder,
and a plunger movable in the cylinder, con-
nections between the plunger and the well-
drilling tools, means for sustaining the main
cylinder, a fluid-cylinder connected with the
main eylinder, a piston movable in the fluid-
eylinder, a steam-cylinder, a piston movable
in the steam-cylinder connected with the pis-
ton in the fluid-cylinder by a piston-rod, a
steam-actuated valve adapted to connect the
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steam-cylinder alternately with the steam-
supply and with the exhaust, an auxiliary
valve controlling the movement of the main
valve, and means for- shifting the auxiliary
valve, comprising arod provided with collars,
and means carried by the piston-rod adapted
to contact with the collars; substantially as
described.

61. Inwell-drillingapparatus,the combina-
tion of a vertically-arranged main cylinder,
and a plunger movable in the cylinder, cor-
nections between the plunger and the well-
drilling teols, means for sustaining the main
cylinder, a fluid-eylinder connected with the
main eylinder, a piston movable in the fluid-
eylinder, a steam-cylinder, a piston movable
in the steam-cylinder connected with the pis-
ton in the fluid-eylinder by a piston-rod, a
steam-actuated valve adapted to connect the
steam -cylinder alternately with the steam-
supply and with the exhaust, an auxiliary
valve controlling the movement of the main
valve, and means for shifting the auxiliary
valve, comprising a rod provided with collars,
each having a spring connected therewith,
and means carried by the piston-rod adapted
to contact with the eollars; substantially as
described.

62. In well-drilling apparatus, the combina-
tion of a vertically-arranged main eylinder,
and a plunger movable in the eylinder, con-
nections between the plunger and the well-
drilling tools, means for sustaining the main
eylinder, a fluid-cylinder connected with the
main eylinder, a piston movable in the fluid-
cylinder, a steam-cylinder, 4 piston movable
in the steam-cylinder conuected with the pis-
ton in the fluid-eylinder by a piston-rod, a
steam-actuated valve adapted to connect the
steam-cylinder alternately with the steam-
supply and with the exhaust, an auxiliary
valve controlling the movement of the main
valve, and means for shifting the auxiliary
valve, comprising a rod provided witha fixed
collar and an adjustable collar, means by
which the adjustable collar may be shifted
while the apparatus is in operation, and a
tappet carried by the piston-rod adapted to
contact with the collars; substantially as de-
scribed.

63. In well-drilling apparatus, the combina-
tion of a vertically-arranged main cylinder,
and a plunger movable in the cylinder, con-
nections between the plunger and the well-
drilling tools, means for sustaining the main
eylinder, a fluid-cylinder connected with the
main cylinder, a piston movablein the fluid-
cylinder, a steam-cylinder, a piston movable
in the steam-cylinder connected with the pis-
ton in the fluid-eylinder by a piston-rod, a
steam-actuated valve adapted to connect the
steam-cylinder alternately with the steam-
supply and with the exhaust, an auxiliary
valve controlling the movement of the main
valve, and means for shifting the auxiliary
valve, comprising a rod provided with a fixed
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collar and an adjustable collar, and a tappet
carried by the piston-rod adapted to contact
with the collars; substantially as described.

64. In well-drillingapparatus, the combina-
tion of a vertically-arranged main cylinder,
and a plunger movable in the eylinder, con-
nections between the plunger and the well-
drilling tools, means for sustaining the main
cylinder, a fluid-cylinder connected with the
main eylinder, a piston movable in the fluid-
cylinder, a steam-cylinder, a piston movable
in the steam-cylinder connected with the pis-
ton in the fluid-cylinder by a piston-rod, a

- steam-actuated valve adapted to connect the
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steam-cylinder alternately with the steam-.

supply and with the exhaust, an auxiliary
valve controlling the movement of the main
valve, and means for shifting the auxiliary
valve, comprising & rod provided with collars,
and a tappet carried by the piston-rod adapt-
ed to contact with the collar, the rod being
also provided with a handle for moving it to
shift the auxiliary valve; substantially as de-
seribed.

65, Inwell-drillingapparatus, the combina-
tion of a vertically-arranged main cylinder,
and a plunger movable in the cylinder, con-
nections between the plunger and the well-
drilling tools, means for sustaining the main
cylinder and adjusting its position, compris-
ing fluid-pressure devices, means for supply-
ing fluid to the fluid-pressure devices, com-
prising a storage-reservoir for fluid under
pressure,a main pipe connected with the fluid-
pressure devices, and an auxiliary pump con-
nected with the storage-reservoir and ar-
ranged when operated to force fluid into the
fluid-pressure devices to lift the main cylin-
der and plunger, and means for operating the
auxiliary pump; substantially as described.

66. Inwell-drilling apparatus, the combina-
tion of a vertically-arranged main eylinder,

and a plunger movable in the eylinder, con-.

nections between the plunger and the well-
drilling tools, means for sustaining the main
cylinder and adjusting its position, ecompris-
ing fluid-pressure devices, means for supply-
ing fluid to the fluid-pressure devices, com-
prising a storage-reservoir for tinid under
pressure,amain pipeconnected with the fluid-
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pressure devices, and an auxiliary pump con-
nected with the storage-reservoir and "ar-
ranged when operated to foree fluid into the
fluid-pressure devices to lift the main eylin-
der and plunger, a valve controlling the ad-
mission of fluid from the storage-reservoir to
the pump, and means for operating the auxil-
iary pump; substantially as deseribed.

67. Inwell-drilling'apparatus, the combina-
tion of a vertically-arranged main cylinder,
and a planger movable in the eylinder, con-
nections between the plunger and the well-

drilling tools, means for sustaining the main

cylinder and adjusting its position, compris-
ing fluid-pressure devices, means for supply-
ing fluid to the fluid-pressure devices, com-
prising a storage-reservoir for fluid under
pressure,a main pipe connected with the fluid-
pressure devices, and an auxiliary pump con-
nected with the storage-reservoir and ar-
ranged when operated to force fluid into the
fluid-pressure devices to lift the main cylin-
der and plunger, a valve controlling the ad-
mission of fluid from the storage-reservoir to
the auxiliary pumps, means for operating the
auxiliary pumps, and a by-pass pipe connect-
ing the main pipe.directly with the storage-
reservoir, and a valve controlling the by-pass
pipe; substantially as deseribed.

68, Inwell-drillingapparatus, the combina-
tion of a vertically-arranged cylinder and
plunger, movable in the cylinder, means for

sustaining the cylinder in position, means for

forcing fluid into the cylinder beneath the
cylinder, and means for connecting the plun-
ger with the drilling-tools, comprising a rope-
clamp and drilling-rope, a pulley fixed in po-
sition below the level of the cylinder and
plunger, and a guide-pulley adapted to re-
ceive the drilling-rope, and a second guide-
pulley above the drilling apparatus, also
adapted to receive the drilling-rope; substan-
tially as described.

In testimony whereof I affix my signature
in presence of two witnesses.

JOHN C. SWAN.

Witnesses:
GRAFTON L. MCGILL,
R. P. GUNLEY.
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