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UNITED STATES

Patent Orrics,

HERMAN HAUPT, OF CAMBRIDGE, MASSACHUSETTS.

IMPROVEMENT IN PNEUMATIC DRILLS.

Specification forming yart of Letliers Patent No. 46,668, dated March 7, 1865.

To all whom it may concern: _

Be it known that I, HERMAN HOAuPT, of
Cambridge, Massachusetts, have invented cer-
tain new and nseful Improvements in Pheu-
matic Drilling Machinery ; and I hereby de-
clare that the following, taken in connection
with the accompanying drawings, is such a
full, clear, and exact description of the same
as will enable others to make and use the same.

In the said drawings, Plate 1 represents
views of my improved drill. TFigure 1 is a
sectional elevation of the same ; Fig. 2, a top
view of the same with the valve-box removed,
and Fig. 3 a cross-section of the same through
the axis of the valve-box.

-The drill subject of this patent consists of a
cylinder, 1, in which steam or air is admitted
to work a piston. The piston-rod 2 is hollow,
passing through stuffing-Doxes 3 3 at both
ends of the cylinder. The drill-rod 4 is passed
through the piston-rod from either end and is
advanced by a peculiar mechanism to be here-
inafter described. As the drill penetrates the
rock the drill-eylinder is stationary; the drill-
rod alone moves forward. The mode of mount-
ing is peculiar and admits of motion in any di-
rection while occupying the smallest possible
amount of space.

‘With this gencral idea of the formn of the
drill, a detailed description will be given of the
parts as arranged in the latest and most im-
proved form. The first drills were constructed
with the ordinary slide-valve as used on high-
pressure engines; but the operation of this
valve was unsatisfactory.for various reasons.
It was worked by means of an arm projecting
from the piston-rod, which, coming in contact
with rings or stops on the valve rod, moved it
from one side to the other to open or close the
ports. The force of the blow upon the rings
was relieved by springs. The result was not
very satisfactory, as the springs and rings

. were frequently broken by the force of the
‘blow, and in commencing the movementit was
necessary to drive the valve either to one end
or the other of the steam chest by pounding
on the valve-rod in order to start the machine.
It was also desirable that the valve-rod when
struck should oppose as little resistance as
possible to the motion of the piston, and that
the valve should shift rapidly. All difficulties
were obviated and all desired conditions ful-

filled by the ‘invention of an equilibrated
spring-valve, applicable notonly to drilling en-
gines,;butalsoto allotherengines,and to steam,
water, and gas meters. A description of the

_valvelscontained in the specification accompa-

nying an application for Letters. Patent now
pending, and will not be herein repeated. The
cylinder in- the drills which have been con-
structed have been made of cast-iron, the in-
terior diameter four inches, the length eight
inches, the stroke four one-half inches, leav-
ing a space of nearly an inch at each end to
form a steam-cushion. On the top of the cyl-
inder are ports for steam-passages, and on the
exterior are trunuions to admit of rotation in
a vertical plane.. It is not essential that the
cylinder shonld be made of cast-iron, and a
machine has been designed for drilling a row
of holes at one and the same time by using
wrought-iron pipesin pieces 6 or 8 inches long
instead of the ecast-iron cylinders, and dis-
pensing with steam chest or valves, the mo-
tion of the piston in these small cylinders be-
ing effected by pipes communicating with a
larger cylinder of sufficient capacity to supply
them, which larger eylinder is furnished with
a balance or other valve to adnit the steam
alternately to each side of the piston; or the
valve may be worked by independent mech-
anism.. This is a novel aud may be a very use-
ful contrivance. A single cylinder, with its
valve and rods oreven a single valve without
a cylinder “worked by hand or by any other
power,may communicate motion to the pistons
of any number of small ¢ylinders which have
no valves simply by pipes leading from a
steam-chest or from the ends of the larger cyl-
inder to the corresponding ends of the small
cylinders through which the steam and ex-
hanst may pass; in fact, the small cylinders
may be considered as parts of a larger cylin-
der operated Ly one valve. To prevent too
rapid motion of the piston in the larger eylin-
der, springs may be inserted, the compression
of which will retard the motion of the larger
piston until a sufficient pressure of steam has
beenaccumulated to operate the small pistons.
Such a machine, which is merely an extension
of’ the principle involved in this drill, would
be applicable to drilling a row of small holes
at the same time for the purpose of splitting
rocks of for separating masses in tunneling or -
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for pounding or crushing minerals. The pis-
ton does not present any peculiarity. Itiscon-
structed of two or more metallic packing-
rings, 6, (see Fig. 8,) sprung into position,
which, expanding by their elasticity, com-
pensate for wear and keep the parts in contact.
The piston-rod is hollow, the cylinder is sta-
tionary, and the drill.rod becomes the only
part of the drill which-advances, feeding for-

ward in proportion as the rock is penetrated.’

By this arrangement the end of the cylinder
may be placed within six inches of the face
of the rock, while in the Mount Cenis drills
the distance must be several feet. This is
a very important consideration in tunneling,
. as it permits the operation of drilling to be
resumed immediately after a blast without
waiting for the removal of the material
previously blown down. The-stuffing-boxes
through which the piston-rod passes present
no peculiarity, and are constructed in the
usual manner. The drill-rod consists of two
portions—an iron- cylindrical rod at least
equal in diameter to that of the hole to be
drilled and a steel drill attached thereto by
welding or otherwise. The portion of the
drill-rod which passes into the piston-is made
cqual to or greater than the diameter of the

liole to be drilled, chiefly to secure two im-"
portant objects: TFirst, alarge surface to pre-

vent the grippers 7, (see Fig. 7,) which are
smooth pieces of steel, from slipping along the
rod, and, scécond, to permit the drill-rod to be
readily inserted or removed from the back
end without stopping other drills working in
the same gang in case a drill should break or
it should become necessary from any other
cause to remove it. There are two forms of
drills, which ditfer from each other only in the
drill-rod, and not in' any other parts of the
engine. In-the first the drill is securely
attached to the drill.rod and moves forward
and back with it on the principle of the
churn-drill. In the second form a blow'is
struck on the end of the drill by an enlarge-

ment of the end of the drillrod forming a

bammer or sledge, the rotation being effected
by a projection on drill 8, Fig: 4, fitting into
a cavity, 9, in the drill-rod, and prevented
from turning therein by a feather, 10. In the
first drills constructed the feed was given by
means of a large screw, through which the
drillrod passed, and which in its rotation
moved forward slowly by passing through a
a‘nut, which maintained a fixed position in re-
gard to the cylinder; but a screw-feed was
found objectionable for the reason that it was
constant, while the rate of penetration of the
drill was variable. This variation was due to

the varying hardness of the rock and to the

condition as to sharpness of the edge of the
drill. If the feed were too rapid, the piston
would shorten stroke at each revolution and
finally stop, when it would becoine necessary
to take out the serew, adjust it, and start the
machine anew, causing much trouble and de-

lay. To obviate these difficulties the momen-
tum feed was designed, of which a deseription
will be given. The piston 5 being supposed
at the forward end of the stroke and the
steamn admitted to commence the backward
movement, the collar 11 on therear end of the
piston rod . is moved over the space 12, and
comes in .contact with the ends of the sicel
grippers 7. These grippers consist of eight .
(moreorless) pieces of steelmoving on inclined
surfaces in the inside of an octagonal box, 13,
the outside of which is eylindrical.. These in-
clined surfaces form the faces of the frustum

“of an octagonal pyramid, along which the

eight gripper-pieces are driven by the press-
ure of the piston acting on the collar 11.
They are consequently brought in contact with
the drill-rod 4 with great force, and hold it
firmly, drawing it backward until the end of
thie stroke is reached.. When the motion is
reversed and the piston is. on the forward
stroke, the grippers are not relaxed, for the .
outer cylinder of the gripper-box 14, being at-
tached to the piston-rod,is suddenly thrown
forward before the inertia of the drill-rod is
overcome and the gripper-box 13 is pressed
against the grippers 7, holding them firmly
in contact with the rod.. At the instant when
the piston reaches the end of the stroke the
gripper-box is suddenly checked in its for-
ward movement by coming in contact with a
ring of metal, 15; but as the drill-rod has ac-
quired a great momentum it continues its mo-
tion, relaxes the hold of the gripper-pieces 7,
and strikes a forcible blow upon the rock. On
the backward motion the drill is rotated and
on the forward stroke the blow'is repeated.
The number of blows per minante may be from
two hundred to one thousand, according to
the force of the steam. . :
To diminish the force with which the grip-
per-box 14 comes in contact with the metallic
ring 15, the latter is divided and a ring of vul-
canized rubber packing, 16, interposed be-
tween. © The metallic ringisalso made adjust-
able, so that the collar of the gripper-box
comes in c¢ontact with it at the proper mo-
ment. This adjustment is effected by means
of spiral slots in the cylinder 17, so'arranged
that when the ring 15 is turned its distance

‘from the eénd of the cast-iron cylinder 1 is

varied.

The gripper-box, the ratchei-wheels, and
other working parts are surrounded by a
light wrought-iron cylinder, 17, which per-
forms several very important offices. It gives
a firm support to the metallicring 15,1t holds,

. the back ratchet 18, it:contains the spiral rod

19, by which tlie rotation is -effected, and it
effectually  covers all the parts, excluding
dust, dirt, and stones.

. A design was made for a drill on which
were two gripper-boxes, one in front and one
in rear, so arranged thatby varying the spaces
between the ends of the gripper pieces and
the ‘collars in the piston-rod an -adjustable
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feed was obtained- which could: be regulated:
to the thousandth part of an inch; but such
nicety is of no practical value, and the ar-

rangement for feed which has bcun described
is preferable.

To cause the drill to rotate, a long slot is
made in the drill-rod 20. In this slot slidesa
steel-piece, 21, which is attached to and forms
part of the ratchet-wheel 22. (See Fig. 5.)

To move the ratchet-wheel, a rod, 19, is
screwed spirally around the iuner surface of
the external eylinder, and over this slides a
notch or fork, which moves the ratchet by
means of the -steel piece 23.. This piece is
pressed against the ratchet by means of a
spring, moves itin one direction, butslips over
the teeth without turning them when the mo-
tion is reversed. The rotution is given on the
back stroke, ’ )

To prevent the drill-rod from turning in the
wrong direction, to enable it to retain firmly
in the forward movement all the rotation given
to it in the back stroke, and to crush any peb-
bles or pieces of stone that it may encounter

without being turned from its course, a second

ratehet, 18, is provided, which permits motion
onlyin onc direction, and by means of astrong
dog, 29, attached to the exterior cylinder, pre-
vents any motion except in the direction in
which the drill is design:d to rotate. (See
Fig. 6.)
~ The whole length of the drilling engine,
with alliits parts complete and in position,
scarcely exceeds two and a half feet. The
width from out to out of trunnions is eight
and a half inches, and the height nine inches.
A rectangular box thirty inches long and nine
.inches square in section would contain the
whole engine, which develops from three to
four horse-power, and weighs about one hun-
dred and fifty pounds. )

In driving the heading of a tunnel it is in-
tended to mount four of these drills on a frame,
of which a description will now be given.

The supports of the frame consist of four
pieces -of wrought-iron pipe two and a half
inches in diameter and about five feet long,
when the gallery is intended to be six feet high.
In the ends of these four vertical pipes are in-
serted eight steel screws with pointed ends.
The screws are turned by meauns of a bar
passed through holes in the head. Thesharp
points are forced into the rock at top and bot-
tom, and the screws are prevented from loos-
ening by rods passed through the holes of
each pair, locking them together. By this
means the frame is securely attached to the
rock at the top and bottom of the gallery.
The four vertical pipes which sapport a gang
of drills are connected at top and bottom by

eight pieces of horizontal pipe forming an iron
irame These pipes serve the double purpose
of forming a frame and furnishing steam-pas-
sages, so that the utmost degree “of compact-
ness 18 secured. The steam passes up one

pair of vertical pipes and the exhaust escapes
On one of

downward through the other pair.

“these frames are placed four drills, Tach drill

is attached to the vertical pipes by means of
two pieces of boiler-plate about four inches
wide, which are bent to conform to a cylind. r
of which the intersections of the diagonal
planes through the vertical pipes would form
the axis.” Each of these pieces of boiler plate
is slotted horizontally to admit of a horizontal
movement of the drill to the extent of about
thirty degrees on each side of a vertical plane,

while the trunnions oun the drill-cylinder per-
mit motion Vertically around the entire cir-

cumference. The drills can also be placed at
any desired clevation by sliding the slotted
pieces of boiler-plate up or down the vertical
pipes, and clamping them DLy means of the
clamps in any desired position.

It will be perceived from this description
that the drills have the following movements,
first, in a vertical plang around the entire cir-
cumfercnce; second, in a horizontal plane a
movement of sixty degrees; third, they can
be fixed at any elevation.

The whole width of the frame with the four
drills attached is but fifteen inches, and three
feet in the length of the tunnel, measured
from the face of the rock, will be sufficient to
-give them room to work exclusive of the pro-
jection of the driil-rod at the commencement
of the movement. The first drills construeted
were mounted on two columns, but four are
preferred. Withequal weightthey givegreater
stiffness and reduce the width of the frame
three inches, besides increasing threefold the
extent of the horizontal range. A small
stream of water must be forced into eéach hole
while the operation of drilling progresses.
This is accomplished by conveying the water
in pipes from a head of fifty or sixty feet out-
side the tuannel, and allowing the pressare of
this head to forge a stream throuoh an orifice
one-tenth of an inch in diameter mrectly into
thehole. Small tubesof tin or copper clamped
to the pipes which form the frame, and con-
nected with the water-pipe by means of small
piecesof rubber hose,will fulfill every condition
desired. The form of point which is preferred
is one which presents vertical chisel-shaped
edges on each side of the center, as in 30,
Fig. 9. Other forms of points may be used—
for instance, diamond points, which it is be-
lieved are more durable and attack the hard-
est kind of rock. The diamond used for this
purpose is the common black diamond, the
points of which are inserted in the edgesof a
soft wrought-iron tube or pipe which forms
the drill. The drill operates in this lnbtance
by rotation, cuts out an annualar cavity, leav-
ing a core of stone in the middle which is eas-
ily broken off. To carry this into effect, I use,
instead of the solid drill-rod passed through
the hollow piston, a wrought.iron pipe en-
larged at the end, which may be fitted with
any kind of cutting-tool, the diamond point,
steel saw-teeth of file hardness, emery, vul-
canite, or any other cutting device. - Rotary
motion is imparted by means of a pair of
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spiral slots or grooves in the tube opposite
to each other, and- a pair of projecting studs
in the lower end of the piston-rod fitted
into these slots or grooves. Reciprocatory
motion of the piston will cause the rotation
back and forth upon the axis of the drill-rod.
The steam is conveyed from the boilers to the
drills, a distance of about two hundred feet.
Of this distance one hundred and seventy-five
feet may be an iron pipe laid on the floor of
the gallery and close into the corner, so as to
be out of the way. The remainingtwenty-five
feet should be of very strong but flexible hose,
and across the end of the gallery, and close to
the face of the rock,is laid another piece of
metallic pipe, with which connections are made
to each gang of drills by screwing on short
picces of hose. The steam-pipe connects with
the boiler by another piece of flexible hose, 80
as to prevent strain upon the joints when the
boilersaremoved forward. Theexhaust-pipes,
which carry off the exhaust-steam, are of larger
diameter than the steam-pipes, but similarly
constructed.  They convey the exhaust into a
vacuum-pipe, in which a current is prodnced
by one or more exhaust-fans placed near the
end of the tunnel. When a blast is to be
made, the flexible hose and the short piece of
metallic pipeconnected therewith arelaid back
along side of the pipes of which they form the
continuation, and are covered with logs. To
prevent injury from the blasts, a single log
rolled on top of the pipesis sufficient. There
areseveral otherequivalentarrangements, but
that which has been described is considered
to be most simple and practical. In connect-
ing each gang of drills with the steam and ex-
haust pipes. it is only necessary to serew one
hose-nut for each of the {wo pipes: In a gal-
lery fifteen feet wide and six feet high it is

proposed'to.use five gangs of four drills each, .

making twenty drills, each drill making one
hole of twenty-four inches in about twenty
minutes, forming the number required for one
blast; or the same number of holes may be
made by a smaller number of drills by repeat-
ing the operation. The steam is supplied by
one or more boilers of the tubular form similar
to those used in locomotives. The Dboilers are
placed on wheels or rollers, and are moved for-
ward daily as the work advances, Giffard’s
injector is best to supply the. boilers, but a
small steam-pump may be used. The water is
taken from a tank mounted on wheels, which
follows the boiler as a tender follows a loco-
motive. The tankissupplied from a head out-
side the tunnel. The draft for the boilers is
supplied by means of a vacuum-pipe. -This
pipe is made of wood or sheet-iron twelve to
eighteen inches in diameter. It extendsfrom
the outside of the tunnel, where it 1s connected
with one or more vacuum fans of large diam-
eter.. ‘The air through the grates and tubes-of
the boilers is- drawn into this pipe and the
smoke, gases, products of combustion, exbaust:

steam, powder-smoke, vitiated air, and all im-"

purities are drawn through this pipe and

_ejected from the tunnel without being nermit-
: ted to contaminate the atmosphere. 1tisonly
by the use of such a vacuum-pipe that the ap-
:plication of steam to tunneling ispossible; but
‘with it all difficulties in the application of
.steam tosuch-purposes are overcomeand great
advantages are secured in economy, efficiency,
and rapidity of progress. The whole appa-
ratus will not cost-one-tenth part as much as
the apparatus for compressed air used at the
tunnel of the Alps, and the progress will be
much morerapid. Thepower required to com-
press air into reservoirs as is now employed at
the tunnel of the Alps is many times greater
than the useful effect obtained from the air
when compressed. The draft of air through
the boilers into the vacuum-pipe is regulated
by dampers. The vacuum-pipe affords the
most perfect  system of ventilation possible.
Assuming the gallery to be fifteen feet wide
and six feet high, which was the size of the
advanced gallery or the Hoosac Tunnel ; that
twenty drills representing three horse-power
each are at work in the heading and twenty
more in the enlargement to thefull size, mak-
ing one hundred and twenty horse-power, re-
quiring two thousand one hundred and twenty-
three cubic feet of air per minute; also, that
eighty men and forty lamps must be supplied
with air, the total amount will be four thou-
sand three hundred and thirty six cubic feet
per minute, while one vacnum fan ot four feet
diameter,driven with apower of twelve horses,
will exhaust nine thousand one hundred and
twenty-eight cubic feet per minute through a
pipe twelve inches in diameter, which is re-
placed by fresh air from the outside. Thesup- .
ply of air therefore would be double the great-
est possible consumption, and would produce
a current in the gallery of one hundred linear
feet per minute.- The use of the vacuum-pipe
for the double purpose of creating a draft in
steam boilers in minesand tunnels and for ven-
tilation is one of the most important points in
my improved system of mining and tunneling..
After the holes have been drilled to the proper
depth they are loaded with cartridges previ-
ously prepared on the plan' discovered and
patented by George W. Beardslee. 'The tamp-
ing is effected by the use of :a sand car-
tridge followed by a plug of wood or clay,
or by wood alone, strongly compressed and
driven into the hole after dipping in water®
to cause it to swell. - The wires which pro-
ceed from .each cartridge are connected with
other wires, which are attached to a Beards-
lee ‘magneto-electric apparatus, by means
of which the instantaneous ignition of all the
charges is effected or the successive ignition
of rows of chargesmay be effected if preferred.
In arecent experiment forty-seven blasts were
ignited at the same time with an apparatus
only one-third as powerful as is proposed to
be used in tunneling. After a blast the powder
smoke is immediately drawn into the vacoum-.
pipe and the operation may be resumed with-:

out delay. The hollow piston-rod is not essen:

>
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tial to the construction of a compact drilling

engine; in fact, the length of the apparatus
may be shortened nine inches and without any

increase in depth, by using the ordinary solid
piston-rod and suspending the drill therefrom
by twoshortarmsin which thedrill-rod rotates.
This arrangement, which involves precisely
the same valve movements and the same de.
viees for feed and rotation as in the plans pre-
viously described, is represented in Plate 2, in
which Figs. 1 and 2 are transvérse and longi-
tudinal sections of an apparatus constructed
in accordance with this modification, and Figs.
3,4, and 5 detail views of the same. The
piston-rod 2 is of iron, to which the piston is
attached in the ordinary manmner. The grip-
per-box 13 is suspended from the ends of the
piston-rod by means of two suspenders, 31,
which embrace the tubes which form the ex-
tension of the gripper-box and permit rotation
at the points of support. The rotation is
effected by means of a strap, 32, around the
gripper-box connected with an arm, 33, which
moves in an ineclined slot, 34, on the under
side of the cylinder. Stiffness will be increased
by making the tube which is supported by
and turns in the suspenders 31 continuous
between the supports; but this is not neces-
sary, as the short pieces of tube on each side
may be simply inserted into the ends of the
gripper-box without passing through. Inthis
case the gripper-box is precisely similar to that
which has been described, and ‘the grippers
would consist of eight pieces; but if the tube
is continnous the number of gripper-pieces
should be reduced to four, and four slots or
openings, 35, must bemadein the tube through
which the grippers act. The stop to check
the motion of the gripper-box and detach the
drill is made by extending the cylinder-head
36 and placing a piece of gum, 37, on the
surface which receives the blow. The cylin-
der-head may be of wrought-iron. This form
of drill will work equally well in an inverted
position, so that it is better adapted than the
form with the hollow piston to drilling hori-
zontal holes very close to the floor or roof of
a tunnel. A hole can be drilled in a perfectly
horizontal direction within an inch and a half
of the floor or roof. It would be difficult to
drill so closely by hand, and impossible with
any other form of machine.

The drilling-engine described is applicable
also to boring wells, subject of course to some
variations in the details.

In Plate 3 I have shown in the several
figures the manner in which the principles of
my drill may be applied to well-boring, The
balance spring-valve and the momentum feed
with the steel or iron grippers sliding along
inclined planes are common to both. The ro-

tation is different, and is effected by means of
a strap of steel surrounding the boring rod,
which tightens when moved in one direction
and loosens when movedin the opposite direc-
tion. The strap is riveted to the steel pieces
&3, which move in inclined slots in the guides

34, which guides are bolted to the head of the
cylinder. While drilling, the movements are
in every respect similar to those of the rock-
drill, except that thecylinder must be of larger
diameter, so that the pressure of steam upon
the piston will always be sufficient to raise
the rod, and the stroke should be larger.
When the rod is to be removed, a peculiar
mechanism is required to effect the removal
rapidly. On the upward stroke of the piston
the rod is raised, and when the stroke is com-
pleted it is necessary that the boring-rod shall
be held firmly to keep it from falling back, and
also that the grippers should be detached
from the rod. The rod is held by clotches
38, which are attached to a strongring of iron,
39, and grasp the rod on four sides. One of
these rings should be placed near the surface
of the ground and another above the engine, -
80 as to afford greater security against slip-
ping. To detach the grippers 7 at the end of
the upper stroke, the follower 40 is screwed
down, so as to compress the spiral spring 41,
which acts on a ring, 42, resting on the ends
of the grippers. Two small clutches, 43, are
also thrown into position against the rod, so
as to prevent the grippers from sliding along
the rod without moving it. By these arrange-
ments fifty feet or more of rod may be run
out per minute. When rods areused,a wooden
tower may be erected over the well, and from
the top a block and pulley suspended, by the
aid of which forty or fifty feet of rod may be
added or removed at once. In lowering the
rodsbreaks should be employed in addition to
the pulley, and the rods descend by their own
weight.

Instead of rods, the boring tools may be
supported by a wire rope passing around a
dram, the reciprocating motion and the rota-
tion being communicated by mechanisn simi-
lar to that which has been described. The
wire rope for a length of ten or fifteen feet
should be clasped by two semi-cylinders of
wood, clamped at top and bottom, so as to
present a cylindrical surface of the proper
diameter to the action of the grippers. As
the boring progresses, these pieces must be
occasionally moved upward.

When the wire rope is to be withdrawn, the
steam-cylinder by a very simple mechanism
can be made to revolve the drum upon which
it winds.

Having thus fully described my invention
and the manner in which the same is or may
be performed, I claim—

The method of and apparatus for drilling
rock for mining, tunneling, and boring pur-
poses, substantially as hereinbefore deseribed.

In testimony whereof I have signed my
name to this specification before two sub-
seribing witnesses. ’

» H. HATUPT.
Witnesses

. JABEZ A. SAWYER,
MrcEAEL R. MULLEN.



