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UNITED STATES

PATENT OFFICE.

JAMES D. BUTLER, OF NORTH ADAMS, MASSACHUSETTS.

IMPROVED ENGINE FOR OPERATING ROCK-DRILLS.

Specification forming part of Letters Patent No. 47,39, dated April 25, 1865,

To all whonv it may concern: ‘

Be it known that I, JAMES D. BUTLER, of
North Adams,in the county of Berkshire and
State of Massachusetts, have made an inven-
tion having reference to rock-drilling engines
to be worked by compressed air, steam, or gas;
and I do hereby declare the same to be fully
described in the following specification and
represented in the accompanying drawings.

The engine is of the class in which the drill,
by means of a teciprocating piston, is alter-
nately thrown against and withdrawn from the
rock to be drilled.

The machine is represented as adapted for
the use of compressed air, which by means of
a conduit is to be led into it from the reservoir
in which such air may be confined.

In the accompanyingdrawings, Figure 1rep-
resents a longitudinal section of the machine;
I'ig. 2, asideelevation, and Fig. 3 an end view,
of it. Fig. 4 is an end view of its cylinder-
cover, piston-rods, & Fig. 5is an end view
of its cross-head and slides. Fig. 6 is a trans-
verse section taken through the line 0 0 of
Fig. 2. Tigs. T and 8 are detailed views of
the annular packing - segments; and Figs.
9, 10, and L1 represent detailed projections of
the spring eateh and attachments for the main-
valve stem. .

In Figs. 1,2, 3, 4, 5, and 6, A represents the
engine-cylinder, baving withinitapiston-head,
B, from opposite ends of which two tubular
piston-rods, C D, are projected through the
Leads of the cylinder. Within the hollow rod
C is an auvxiliary piston, E, from which runs a
tubular piston-rod, ¥, which goes axially
within the hollowrod D and through another
piston, G, to which it is fastened, a nut, H, be-
- ing serewed on such piston-rod F. A hollow
cone, I, arranged on the rod F, bears against
the nut H. There is a packing box, b*, around
the piston-rod If, and in the main piston B.
The rod T bas lateral openings made through
it for reception of certain gibs J:J, which are
arranged as shown in Figs. I, 3, and 4. The
piston G works in a short cylinder, K, which is
fastened to the hollow piston-rod D, and -by
means of such rod. is also counected to' the
main piston B. A hollow eone, L, surround-
ing the gibs J J, is fixed to the end of the cyl-
inder K and arranged relatively thereto, as
represented in Fig. 1.

In order to prevent the two cones I L from

N

revolving about their axis with reference to
each other, the two gibs J J may be extended
a short distance into grooves made in such
cones. The piston G and its rod I should be
kept from revolving in the cylinder K and rod
B by means of pins k %, extended from the
cylinder and into slots ¢ g made in the piston
G. Upon the exterior of the cone Iis aspring,
M, which takes into one of a series, &, madein
the nut H, as shown in Figs. 1, 3, and 4. In
the piston-rod D are holes d, opening into the
annular space between the rods D and F. In
the piston-rod O there are holes ¢ ¢/, opening
juto the annular space between the rods or
tubes C and T\ : ‘ ,

N is a drill which passes between the gibs
J J, and also through the rods C and T, and a
collar, Q/, carried by across-head, Q. The two
points or places of support of the said drill
arebetween the gibs and the cross-head collar.
In the collar the drill bears at two opposite
coruers, ¢’, (see Fig. 5,) the other two being
somewhat cut away to allow the wings n of
the cutting-edge of the drill to pass through
it from the farther end of the machine at which
the drill is inserted. The gibs J, when the ¢n-
gine is in operation, open and close alternately
upon the drill, forming, when closed so tightly
upon it that it shall not-slip between them, a
connection betiwveen the main piston-head and
the drill, through the cone L, the cylinder K,
and the piston-rod D, that the drill shall par-
take of the motion of the piston-head. The
cylinder A, from « to ¢/, is reduced in diam-
eter of bore, and there receives a part, b ¥/, of
the main piston which fits to it. The cylinder-
cover A’ is hollowed out at X to a diameter
less than that of the main part of the cylinder,
and to the proper depth, ¢’ a’”’, the end b/ '/
of the main piston being turned down to fit
into the space X. ‘

In the eylinder-bead A’7 is the packing-
box for the piston-rod C. There are two
pieces or rings of leather or other suitable
material, pp' and p” p”/; each in the shape of a
ring, with one portion turned over toform a.
sortofflange. They encompass thepiston:rod,
and liave between their flanged ends another
piece of leather or suitable material, p*, which -
bears against the outershell, A’ of the pack-
ing-box. Each of the leather rings is sup-
ported by Sets of wedges or segments of one
of twoconical rings, P P/, one of which is fully
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shown in Figs.7and:8:  These! segments: are
placed within hollow cones, one of whichis in
-the packing-box proper; and- the other inthe
follower A’. The bringing up of the follower
~upon the packing-box-acts through the seg-
ments to squeeze the leather rings against the
piston-rod and crowd their flanges together,
and on the packing p% between these flanges,
foreing it out against the shell and making the
box tight all around. ' The packing p* is mntro-
ducedito prevent leakage around the outside
of the segments. . The segments are 'set; with
small spaees p% (see Iigs. 7 and 8,) between
theirends, such spaces being necessary in order
toallow the contraction of the segmentsinto a
smaller circle as the packing issetup. As
they are represented, the holes-in the eylin-
der:cover and in ithe follower for reception
of the piston-rod C are formed: considerably
largerin diameter than that of the said piston-
rod.:  Thusithe rod will be.guided by thepack-
ing simply. It:may be thought best to have
the said holes so made that :their sides shall
bein contact with therod throughout the
whole circumference, or. in spaces at regular
intervals on it, so that the rod may be guided
by the holes or parts thereof. ‘The other pis-
ton-rods may be packed in the same way as
the above, or all: may be packed in any of the
known: ways.  The outer end of the piston:
rod, C, is brouglt up against: the ‘eross-liead
Q, and kept there by three screws, e, (see
Tigs. 1 and 5,) which screw into the rod, and
projeet: in rear of a ‘shoulder, ¢, of the cross:
Lead. '

By inspection of Fig. 1. it will be seen that
the part of the cross-head which projects in-
to the piston-rod has a diameter: somewhat
less than that of the bore of the rod; also,
that the inner ends of the screws ¢ do not
touch the cross-head, so that there is al-
- Lhwed a free transverse motion between the
piston-rod and cross-head, while yet no mo-
tion is permitted in the direction of thelength
of the piston, and the cross-head is kept per-
pendicular to the axis of the rod. The part
of the cross-head to which the attachment of
the piston-rod is made being cylindrical, a
freedom of motion between the two about the
axis of the rod is also secured. The cross-
head runs upon guides Q, attached firmly to
the main cylinder of the engine. The collar
Q'fits inthe cross-head, butis free to turn in it.

V is a valve-stem (see Figs. 1, 2, 3, 9, 10,
and 11) which has in it a pin, U’, with a bev-
eled end, as shown, projecting into the slot V/
in theslide-bar V. This slide-bar is attached
at u’ to the cross-head of the engine, and re-
ciprocates with it. Itis guided by the blocks
S and T, moving between them. Across the
valve-stem U is put the yoke U”, whose two
arms are let into grooves in the stem where
they embrace it. A spring, W, fastened at w,

and «’ to the valve-chest bears upon the

yoke U”. In the spring are two holes, w/’
w'", into either of which the pin U on the
valve stem will enter, In the slidebar V is

a ledge, v v, whose npper surface is beveled
to the same angle as the end of the pin T,

‘the same being as shown in Fig. 11, . Its outer

edge is'at a depth from the face UY, less
than that'to which the longer side of the pin
reaches, while:its lower corner is at a' deptl
Jjust excecding the lengthof the 1in sufficient
to allow the proper elearance.

The! hole : for the: admission of thé com:
pressed air to themachine is represented at
Rin Fig. 1. From. this point: there isa free
passage: to'one end of the cylinder through
the :port # 7, (see Fig. 3,) so that a :constant
pressurc is ‘exerted upon the end 05 1 b°
of the!piston.: The iconstant-pressure’ space
in the cylinder with the pistoniin the position
shown' is represented by the blue tinting of
Fig. 1., From R the passage R’ runs iuto the
valve chest | R. ! In this ehestiis  a common
slide:valve, R, ‘acting' to ' alternately: ‘admit
the compressed: air from' the chest into the
port 7/, and through it into the cylinder: and
uponithe end b* '/ b bt of the pistou, and to
discharge it' throngh 'the exhaust passage #//
and R/ into: the atmosphere.  The area of
the ‘end b* &7 1" b is made larger: than that
of the end ¥ ¥/ b’ 1% : The pressure upon the
end of »° U’ 1'% being constant, will ‘move
the pistonibefore:it when there is'no pressure
upon: ¥ 4 Y LEy but whien pressure is ‘ex-
erted apon b* b b b it will drive the piston
before it in oppositionto the constant press-
ure. The area of b* 17 V" b* effective for the
moving of the piston isithe difference be-
tween its full area and:that of 0% " ' 15,
Thus by having a constant pressare on one
end of -the piston and an intermittent :oue
on the larger ‘opposite lend ‘a' reciprocating
motion:is given, :

In the working of the machine an inter-
mittent rotary feed motion about its axis is
given to the drill as has been usaal in drilling-
engines heretofore nsed. The drill being held
firmly at times by the gibs J, it is sufficient
at these times to give to the piston and its
attachments such a rotary motion as is re-
quired for the drill. This is accomplished by
the ordinary means of a ratchet and pawl,
the ratchet used in this machine being fixed
on the cylinder K. )

In using the machine it is placed with the
cross-head end toward the rock to be driiled.
The points ¢* of the slides may be sct against
the rock, so as to give a point of support for
one énd of the machine, while the other end
may be held by chains or any convenient fast-
ening,

When desired, the machine may be entirely
supported by being bolted to a frame, which
shall be brought up near to the face of the
rock.

The machine may be set in any position—
horizontal, vertical, or oblique.

The machine being in place, the drill may
be inserted from the end of the machine that
is farther from the rock, through the gibs, the
hollow piston-rods and the cross head collar.
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The nut H is turned neaily off, so as to allow
the cones to separate and the gibs to epen
widely, so that there may be abundant room
for the drill to pass through easily.  When
the drill has been inserted, the nut is turned
as far up as possible, thus tightening the
gibs upon the drill. From this position it is
to be turned back as much as‘may be thonght
best to allow a little play between the gibs
and cones'and the loosening of the gibs upon
the drill. The spring M is then snapped into
one of the notches %, thus holding the nut in
place and preventing it from turning and
shaking off from the rod. Asthe cone I sim-
ply bears against the nut H without being at-
tached to it and the hole in the cone through
which the rod passes is considerably larger
than the rod, the cone is allowed a free trans-
verse motion within certain limits with ref-
erence 1o the rod.. The effect of this arrange-
ment is that, while the cone may be thrown
to one side or the other throngh irregularity
in the gibs, the rod is relieved from trans-
verse strain, which wonld tend to cause wear
in and leakage around the pistons G E, at-
tached to it.

In the drawings the piston is represented
near one end of a full stroke. The edge of the
drill is supposed to be agamst the rock. The
gibs are lying loosely Dbetween the hollow
cones and upon the drill, so that the piston
will move along the cGrill without taking it
with it. "When, however, the edges ¢/ of the
hole ¢ pass the edge p ol the packing in the
pcking box,the compressedairrushesthrough
these holes into the annular space between C
and T, and, acting upon the piston I, gives
motion to it in the direction toward the cross-
head, and through it to the rod F, the piston
G, the nut H, and the cone 1. This cone I
being drawn toward the cone L, the gibs are
crowded upon the drill, taking a firm hold
upon it. The drill, being thus seized, takes
the motion of the main piston Ly which it is
withdrawn from the rock. This firm hold upon
the drill continues uutil in the return-stroke
the holes d in the piston-rod D come through
the packing-box in the eylinder-head into the
cylinder, which is now filled with the com-
pressed air. Through these holes the air
passes into the annular space between the
rods D and T, and through it into the eylin-
der K, acting upon the piston G. This pis-
ton, it will be remembered, is connected
through the tube F with the piston E, which
is of a larger area, and consequently. takes a
greater pressure. The pressureupon the two
pistons being opposite, the effect of that upon
(+ is to neutralize in part the action of that on
I, wlereby the grasp of the gibs upon the
drill is somewhat eased. The piston E may
be called the “mnain-clatch piston” and G the
weounter-cluteh piston.” The light hold of the
clutches upon the drill is maintained until the
edges ¢’/ of the holes ¢/ pass the edge p’’ of
the packing, when the compressed air escapes
into the atmosphere and the pressure is taken

from the piston E.  The pressure on the pis-
ton G is relieved with that on the main piston
by the escape of the compressed air throuyh
the main valve into the atmosphere. The
aibs now lie loosely on the drill, moving with
the piston on it until the edges of the holes
pass the edge of the packiung on the return
stroke, as heretofore explained.

As the machine keeps the same position
with reference to the rock, it is necessary that
the drill be fed along through the piston as
the hole in the rock is deepened. -Thisisac-
complished by making the distance between
the outer edges, ¢’ ¢/, of the holes in the pis-
ton-rod less than the length p p’/ of the pack-
ing. Now, as we have seen, the drill is re-
leased from the reciprocating parts of the ma-
chine when in the outward stroke the edges
¢ of the holes ¢/ pass the edge p'// of the.
packing. If, on the return-stroke, it was
seized by the clutches when these edges passed
each other,it would Dbe in the same posi-
tion with reference to the reciprocating parts
as when it was released. It is therefore evi-
dent that the motion which the reciprocating
parts take beyoud this point before seizing
the ‘drill is the measure of the feed of .the
drill for each stroke,-and is equal tothe ex-
cess of the length of the packing-box over the
distance between the outer edges of the holes
in the piston-rod. - This feed is made greater
than the usual advance of the drill into the:
rock, and the difference is taken up by the
slip of the clutches upon the drill before re-
leasing their -liold. In order that this slip
may take place easily, and-thereby the recip-
rocating parts of the machine be relieved
from the shock .of the Dblow of . the. drill
upon the rock, the grasp of the clutehes upon
the drill is eased just before the drill strikes
by the use of the counter-cluteh piston, as
above explained. This easy grasp of the
clutehes upon the drill could of course be se-
cured by the use of a direct-clutch eylinder
simply, (as has been employed in machines
heretofore constructed,) the area of which
should be equal to the difference between the
areas of the direct and. counter clutch pistons
here used; but this easy hold is not permis-
sible to any great extent. It is necessary
that the drill should be firmly grasped for its
withdrawal from the rock, for otherwise the
clutches might slip upon it for a considerable
and yet doubtful distance from' the point at

which they were set to seize it, and thus an

element of uncertainty be introduced, which . -
would be fatal to economical and efficient
working. It is also necessary that the drill
should be firmly held when the motion of the
main piston is reversed at the end of the
stroke the farther from the rock, else the mo-
mentum of the drill might cause it'then to
slip in the clutehes, and thus another element
of uncertainty be introduced. - The light hold
of the clatches which is needed to give the
slip when the drill strikes is safe only when
the drill hias been withdrawn from the rock

~
. . . Yo
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and fairly sct in motion with the piston to-
ward it. This easy liold of the drill is better
than its full release, since in the latter case it
would recoil to a greater or less distance.

In its working the drill has a decided tend-
cney to glance and change its line of direction
when striking upon the face of the rock
obliquely, or upon a vein of quartz, or upon
any stratum of a greater or less degree of
hardness than the body of the rock. In the
guiding of the drill, therefore, considerable
strain is likely to be thrown upon its points
of support in the machine, which are, as has
been explained, between the gibs and in the
cross-head collar. Evidently the most strain
will come upon the point of support in. the
cross-head, that being the nearer of the two to
the rock, Now, the cross-head is guided by
the slides Q" and is altogether independent
of the piston-rod with reference to transverse
strain or motion, because of the peculiarity of
their attachment already desecribed. It has
been customary to have the two points of
support of the drill at the two ends of the pis-
ton-rod, or to have the drill slide through
holes in stationary blocks. In the first case,
the whole strain is thrown upon the piston-
rods and their packing-hoxes, causing serious
wear, and thereby considerable leakage be-
tween them. Inthe second case, the arrange-
ment is awkward, and the drill, if unfinished,
-is likely to soon wear the hole so that it shall
ran too loosely in it tobe guided with any pre-
cision. Thecross-head, beingheld in the slides,
cannot partake of the rotary motion given to
the piston-red and drill. For this reason the
Jjoint between the rod and head is made so as
to allow them to turn upon each other, and
the collar is so applied to, as to be capable of
turning inthe cross-head, 1t may, however,
be preferred to have the cross-headin the form
of a piston running in a cylinder instead of
upon slides such as represented. Inthatcase
it may rotate with the piston and drill, and
the collar in'the cross-head be dispensed with.
1f care is taken to make the cross-head slides
exactly in line with the piston, it will not be
necessary to provide for freedom of transverse
motion between the cross-head and piston-rod,
since the cross-head, even when subjected to
transverse strain, will be kept by its own
guides in line withthe piston and no strain be
thrown upon the latter.

In order to check the motion of the piston
at the end of the stroke within the narrowest
convenient limits, it has been not uncommon
to allow the piston to pass the port by which
the compressed air has been already admitted
to the cylinder, and thus confine the coms-
pressed air without opportunity to escape be-
tween the piston acd eylinder head. The air
50 confined offers a constantly-increasing re-
sistance to the motion of the piston, thus act-
ing to stop it sooner than if its initial press-
ure in the cylinder simply had Leen exerted.
There is, however, the objection to runnping
the pistou-packing over the port—that is, it

“eut

the cylinder through the port /.

is likely to become in this way badly worn or
and should there be water coming over
with the compressed air, (as there perhaps
would be if the air was very damp before

-compression,) it would, when brought between

the moving piston and the cylinder-head with-
out chance of escape through the port, trans-
mit the full blow of the piston to the cylinder-
head.  Now, in order to avoid the necessity of
running the packing over the ports to get the
cushioning required, the piston-head projects
at each end the desired length beyond the
packing which is on the face b* I,

The arrangement made for keeping the
water from the cushioning-spaces requires for
its properaction that the machine should be
used with the openings » #/ of the ports into
the cylinder on the lowest side of the cylinder,
and the end of the cylindernear the port #’ not
much lower than the other. The ends of the
piston projecting beyond the packing are
made of reduced diameter, and the bore from
a «/, made to fit one end and the hollow in the
cylinder-head A the other, ‘as already ex-
plained. It will be seen that if any water is
thrown upon the end of the piston through the
port /it will run off into the annular space
around b’/ b'", which space is always open to
the port, while the cushioning is upon the area
b° b° of the piston. If any water comes through
the port #/, it will settle in the annular space
between the piston-rod C and the small part
of the cylinder at @ a’, and from it be driven
back through the port when the piston strikes
it.  'While, as has been said, this arrange-
ment for the escape of ‘water will not act to
advantage in some positions of the machine,
it yet has no disadvantages even in these po-
sitions over the ordinary plan, and the ma-
chine will be used in all positions, freeing it-
self in the. proper way, as above explained,
when it can, and choking with water like
those heretofore used when it must,

It has been explained that the slide-l ar V
has a reciprocating motion with the piston.
As the engine makes its stroke from the end
near which it is represented in the drawings,
the inclined partw of the slot in the bar strikes
upon the pin in the valve stem and moves it
toward the valve-chest, thereby opening the
main valve so as to let the compressed air into
On the re-
turn-stroke the incline V? strikes the pin, mav-
ing the valve half‘way over and cutting off
the compressed air, and yet not opening the
exhaust. The longer edge of the pin U (see
Tigs. 9, 10, and 11) strikes upon the side o of
the ledge v v/, by which it is kept from going
too far over. When the led ge has passed from
behind the pin U/, the latter is struck by the
incline V¥, and the valve is moved over and
opens the exhaust. The stroke of the piston
is now changed, and, on returning, the ledge
on the slide-bar passes just clear of the end
of the pin U/, the end of the longer side of
which comes opposite the narrowest part of
the ledge. Although the slide bar moves the
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valve, it does not always hold it after it is
moved. The holding of the valve, that it may
not shake out of place, is through the cateh-
ing of the spring upon the pin «. When the
vaive is to be moved, the spring is lifted from
the pin by the action of the yoke U’, upon
which it bears, one side-of which, as u, being

raised by the pushing of the slide-bar under

its beveled end. Thisuncatching of thespring

being fairly accomplished, the incline in the
bar reaches the pin U/, and through it moves
the valve-stem and valve and the yoke, carry-
ing the end of the yoke off the bar, allowing
the spring to catch upon the pin in the new
position of the valve.

I do not claim a cylinder, a piston, a tubu-
lar piston rod,(extendingin opposite directions
from the piston and entirely through both ends
of the cylinder,) a set of gibs at or near each
or either end of such piston-rod, and mechan-
ism for operating such gibs, this latter mech-
anism being set in action by the pressure of
the air in the cylinder, and its purpose being
to cause the sets of gibs to alternately seize
and release the drill, in order to enable it to
be operated by the piston during its longi-
tudinal movements. Nor doI claim the valve-
chest, valve, and air-passages, as arranged
and apphed to the cylinder A, in manner sub-
stantially as hereinbefore descmbed

‘What I claim as my invention, and desire to
secure by Letters Patent, is—

1. The combination and airangement of the
piston E, the openings ¢ ¢/, the piston-rod I,
its packing b*, the piston G, and the openings
d with the cylinders K A, the tubular piston-
rods C D, and the hollow cones I and L and
the gibs T J, the whole being constructed in
manner and bO as to operate substantially as
" described.

2. The combination of the cross-head Q and
the slides Q' (constructed and operating sub-
stantially as described) with the drill N and the

‘tubular piston C, and the combmatlon of the

collar Q' therewith, the same being for the
purpose specified.

3. The connection of the cross-head Q with -
the piston-rod C in such manner that there
may be a freedom of transverse and rotary
motion with reference to one another, as and -
for the purpose hereinbefore described. :

4. The comDbination of the cushioning-space
X and the piston-extension b b/, or their
equivalents, with the port »/, arranged in the
cylinder and with reference: to such space,
substantially in manner-as specified.

5. The construction of the cylinder A with
the reduction of bore, as shown at a a’, and
the piston B, with the part b V', to opemte in
such I‘GdllCthIl the port 7 being dlsposed with
reference thereto, as speciﬁed.

6. The combination of the spring M, the nut -
H, and the series of notcheshk,or their equiva-
Ients with the hollow cone I, the same being
substantlally as and for the purpose descnbed

7. The combination of the segments P P/ of
a conical ring, the cylinders p p’ and p” p*/,
the ring p% and the hollow coues in the head
A’ -and the follower A’"/, the whole being sub-
stantially as and for the purposes set forth.

8. The combination of the spring W, the
pin u, and the yoke U’ with the valve-stem
U and the slide-bar V, construeted, arranged,
and operating substantially as described.

9, The combination as well as the arrange-
ment of the piston E, the piston-rod T, its
packing U*, and the plston G.

10. The combination of the 'openings ¢ ¢
and d, the piston-rods D I, (arranged with a
tubular space between them,) the pistons B
and G, and the packing b*, the whole being
arranged substantially as described.

JAMES D. BUTLER.

Witnesses:

R. H. IppY, -
F. P. HALE, Jr.




