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UNITED STATES PATENT OFFICE.,

JOEN V. RICE, JR., OF EDGEWATER PARK, NEW
- ALBERT EDWARD TOWER. O POUGHKEEPSIE, -NEW

10 FRED E. TASKER, Op

NEW YORK, N. Y.

JERSEY, ASSIGNOR OFR ONE-EIGHTH TO

YORK, AND SEVEN-EIGHTHS

GAS-ACTUATED ROCK-DRILLI.

No. 862,847,

Original application ﬁlerd June 8, 1895, Serial No. 552,163,  Divi

To all whom it may concern - |

Be it known that I, Jou~x V. Ricg, Ir., a citizen of
the United States of America, and a resident of Edge-
water Park, county of Burlington, State of N ew Jer-
sey, have Invented certain new ana useful Improve-

ments 1n Gas-Actuated Rock-Drills, of which the fol-

lowing is a specification.

This invention has reference to an improvement in
gas, explosive, or othep Internal combustion engines,
for various uses, and especially for uge with rock-drills
and similar 'cutting mechanism foy operating upon
hard substances such s stone, coal and the like, the

- object of the invention being to provide a simple and
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effictent mechanism whereby a
substance may be permitted to
vices, : | ,
The subject matter of the present application relates
to the general structure of the engine or motor that

actuates the drill, and it is g division of

5as er other explosive
actuate the drilling de-

June 8th, 1895, Serial Number '552',16_3; which applica-
tion resulted in the issue of my Letters Patent 'No.
749,324, dated January 12, 1904, “entitled Improve-
fnents in electric sparking ignition apparatus for oas
rock drills.. o - ‘

The invention therefore consists |
construction, arrangement and ‘combination of parts
substantially as will be herejnafter more fully de-
scribed and then particularly pointed out in the ap-
pended claims. | R

In the annexed drawings illustrating my invention,
Figure 1 is atop plan view of my new and improved
gas-actuated rock-drill.” Fig. 2°is g longitudinal sec-

tional view of the same with certain parts in elevation. -

Fig. 3 1s an enlarged end elevation. Fig. 4 is a trans-
verse sectional view. Tig. 5 is another transversge sec-
tion and shows the atrangement. of ratchet and pawls
for rotating the drill. Fig. 6 is an enlarged detail sec-
tional view of one of the gas igniting devices. - |

Similar letters of refererice
parts throughout all the different hgures of the draw-
ing. - L
My drill mechanism consists essentially of a double
acting gas, explosion, or internal combustion motor, as
hereinafter described and - claimed, for-_,aetuating )
drill.  There may be oné or more cylinders, and one
Or more pistons, arranged in a variety of ways. The
particular specimen of nechanism illustrated and de-
scribed is given by way of example only. .

A A designates two cylinders of substantially the
same form, character and size, said cylinders being
placed in rectilineal alinement with each ‘other so as
to constitute together in reality a single body or cylin-
der, having an intermediate division in order o pro-

b

another ap- .
plication for Letters Patent filed by me originally on

designate corresponding

Specification of I.'etters Patent,

[

essentiafly in the ¥

[

-ings in the end of cylinder

‘the reference letter ¢
be noticed that the passages ¢ are preferably inclined

vide two separate bores or chambers for

of two separate free Pistons or piston heads, that are

positively connected together by means of some suit-

able connegtor o connecting rod, it being further
noted that these chambers serve as combustion cham-
bers wherein the explosions of the gas take place for

the purpose of imparting the necessary impulses to the |

pistons for operating the dril} mechanism; and in each

‘cylinder there is g charge-receiving or compression

chamber and g separate explosion chamber, the two
chambers being separated from each other by a free
piston, which may - he considered as g self-balanced
piston. Within these cylinders A Al is g longitudinal
piston rod B whicl runs through suitable packed bear-

tween the cylinders, and
power to the drill.

18 employed to transmit
To the outer end of rod B the drill

the reception

A and In the division. be-
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proper is attached at Bt any suitable meang being em-

ployed (o effect the attachment,. The cylinders A Al
are jointly supported in the same casing carried by
sonme suitable supporting frame, as Q> on which, they,
together with all the other connected parts, .are ad-
Justable by means of g screw, as
or by some other equivalent and

I wish it understood that I do

convenient device.

particular form in the making of .the genera] frame-
work of my device, but I reserve the liberty of con.
structing and arranging all such parts 1n whichever

made preferably integral with rod B, and likewise on
rod B within tylinder A! jg 4 similar piston ¢!, thege
pistons C (¢ being of proper size to neatly fit the bore

of the respective cylinders within whigh they are sit-,

nated. The pistons are both provided with passages
running-tra.nsversely through thenl,__- which passages are
arranged in a circulay series, see Fig. 4. - The passages
in piston C have the reference letter ¢, and in piston C!,

By observing piston ¢ it will

inwardly from each side 6f the Piston, so that one half
of each passage has an inclination at an angle to the
remaining half, it being thought that this form.or di-
rection of passage is preterable for many reasons. In

Q, having handle Ql
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the piston C! the passages ¢/ are straight and parallel to |

the axis of the piston. It is Immaterial, however, what
the form, direction or number of these piston passages
may be, it being only essential

% quick, easy transit for the gas or other explosive mix-
ture from one side of the piston to the other from the
cha.rge-reéeivin‘g chamber to the explosion chamber in
& manner to be presently more tully explained. = Eae

that they shall provide

105
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of the plstons is provided with a valve plate or rmg
for controlling the passage of the gas through the atore-
sald passages.

The pision C 1s prov lded at its left hand mde with the
valve plate or ring B, which is of annular form, and is

loose upon the piston rod B and is consequently slid-
“able thereon. _
left hand end of thé several passages c.

The valve ring E is adapted to cover the
In addition to
being loosely mounted upon the piston rod "B it is fur-

ther held by means of the rigid pins or headed studs d,
that are fixed in the adjoining face of piston C and

which pass loosely through Slllt&ble openings in the
valve ring E. Said studs d serve the purpose of pre-
E from rotating and-also of limiting its

venting the ring

movement away from the face of the piston C.

The ring E is provided with a series of circular holes

or perfomtlons ¢ that are not co-incident with the pas-

“sages ¢ but alternate- therewith as shown in Fig. 4, s

20

~a’so pass through the openings e in the ring

29

-that when the valve ring .
the piston C the passages ¢ will be closed, hut whenitis

% 1s closed against the face of

removed slightly from the end of said passages, then
the gas can not only pass thlough the pﬂeqaﬂes ¢ but can
E. and thus
¢ an be transferred from one side to the other of the pis-

oon. This movement of the gas takes place in exhaust-
ing. ‘When the piston C moves to the left hand, see
Fig. 1, it will carry with it the ring E, which will, of.

course, be in close contact with the piston C and will
cover the passages ¢, but when piston € is moving to-

ward the right hand the vatve ring E will no longer be

.'Cloge against the face of piston C, but being loose

upon the rod BB, as we have seen, it will fall back clear
of the piston € and against the heads of the studs d,

- thereby allowing the passages ¢ to be opened, and con-

- toward the right hand the gas or other explosive mix-

o ture has 2 free 0pp01tun1ty t-c} pass through the openings
" in the piston and the valve thereof.

ff.fnatmn may be made with regald to the valve E!, be-

40:

longing to the other piston C'.

located at the r}ght hand side of piston C! instead of at
“jts left, as is valve ring E with respect to piston C. The
";'-f:arranggment and operation of valve ring Ei, however,
7 jg exactly similar to that of valve ring E, and hence fur-

45 '.

ther explanation of the same is unnecessary at this time.

cylinder A! is made hollow 1o provide a tubular cavity
"} to receive the grooved rod D which 1z made integral

o()
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with the disk. D! and the ratchet wheel R, see Figs. 2

and 5. The ratchet wheel R ig'situated in a recess in
the right hand head of cylinder Al and is engaged by

two pawls 7 7, which pawlsare kept in engagement with
the teeth of thre ratchet wheel by means of the springe
/. These pawls 7 7, whlle they permit the rotation
of the ratchet wheel one direction, effectually pre-
vent it from rotat ing in the other.- The spiral grooves
cut in the rod D are engaged by the lun or tugs b/, or by
internal ribs as the case may be on the inside of the

cawty balr eady referred to.
fore, that in consequence of this arrangement of the

piston rod wath the ratchet mechanism, said piston rod

will during one reciprocation be permitted to pursue a

rectilineal movement without rotating, while at the
next reciprocation it will not only pursue a rectilineal |
movement but will 2180 rotate to a greater or less ex-{

sequently when the piston € 18 pursuing its movement

A stmilar expla~

‘Said valve ring E! 18

The pmtwn of the piston rod B which lies within the .| side thereof.

Tt will be evident, there-

862,847

| tent in order to accomplish the necessary shifting of the

. drill at the end of each stroke, in like manner with the. .

customary operation of rock- dulls For instance, when
the piston rod moves to the left the rod D will in conse-

‘quence of its connection with the piston rod rotate
loosely and the ratchet wheel R will slip idly over the

70

teeth of the pawls, but on the reverse movement when

“the piston rod moves up-or works to the right the pawls

r 1 will keep. the- 1atchet wheel from rotating, thereby
causing the rod D to remain stationary, and the result

will follow. that the piston rod will be rotated to a
greater or less extent. |

At each end of my iwaproved drill machine is a as

79

ipniting device which is preferably electrically oper-

ated. One of these devices is located, therefore, at the
outer end of each of the cylinders A AI. I will now pro-
ceed to describe the construction and arrangement of
the parts of the gas 1gn1t1ng mechanism.

J denotes a casing which is screwed into the side of
the cylinder A and is closed by the outer cover J 3 fas-

suitable devices. At the center of the cover J3a pipe K
is attached thereto which leads to the cylinder A! and
enters the wall thereof at a point a short distance from
the right hand end of said cylinder, see Fig. 1. On the
wall of the cviinder-A* at a point about 0pp031te to the

point of entrance of pipe K is situated a casing J* simi-

lar in form and function to the casing J and similarly
attached to the cylinder.

point approximately oppomte to the casing J, see Fig. 1
and also Fig. 3. . |
The casings J and J! bemﬂr of similar construction, an

explanation of one of them will be sufficient for both.

By referring to Fig. 6; it will be seen that the casing
J is divided interiorly into two compartlimnts by means
of o flexible diaphragm M, which 1s held in place by
having its edge inserted between the casing J and the
cover J3. This diaphragm is made ‘of any suitable
flexible or yielding material, such as, for instance, a
thin steel plate, and is preferably corrugated in order
to increase the contact surface of the gas therewith, as
well as to improve its resilient power. The gas which

‘enters the casing J through the pipe K acts against one

side of the diaphragm M but does not pass to the other
On this latter side are two electric wires
or conductors, L, L, running from some suitable point
and ‘passing through the casing § until they enter the

adjoining cylinder A or A! as the case may be, where -

the two points or electrodes; L' L, at. the ends of these

From the casing J! a pipe K}
leads to the cylinder A and enters the wall thereof.at a
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“tened to casing J by means of the screws j or any other =
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two wires, are situated in close contact with each other . -.
and adapted to give a good spark when the electric cir-

cuit is” closed. One of the wires L,
is broken into-two parts, having two inclined contact
ends, I I/, the end !/ being carried by the flexible dia-
phragm M, while the end [ is stationary on casing J.
Tt will be observed that a pressure against the opposite
side of diaphragm M will cause the wire end I to come

‘into contact with wire end [, although these two ends
‘are normally out of contact with each other, being sep-
-arated for a short distance in order that the electric cir-
cuit may normally be open.
‘these ends 1 I/ inclined-as shown is of importance in

‘maintaining an accurate contact between them for the

The feature of hfwing

which passes
through the casing J, is a continuous wire but the other -
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are located. Thus

862,847

necessary length of time after contact has once been
made. When contact hetween these ends is 5o made
as stated, it will be evident that by conductivity a
spark will be produced between the electrodes T, L,
which spark will necessarily ignite the volume of gas
within that part of the cylinder where the clectrodes
we have a pas igniting device for
each cylinder which will ignite a volume of gas at the
end of each piston stroke in order to give the necessary

impulses to the piston, as will be hereinafter more fully .

explained. R |

At the adjoining ends of the cylinders A A! are the
ports I, which are induction ports, and through which
the gas or other explosive mixtures or combined gas
and air enters the respective cylinders for use therein.
the cylinders A Aly the side
walls thereof are provided with the outlet or eduction
ports T T through which the exhaust takes place.
Also at a point, say about midway between the induc-
tion ports I and the eduction ports T are situated the
auxiliary outlet ports ¢, through which the gas passes to
act on the diaphragm that operates the exhaust valve.
In connection with the inlet ports I are arranged suit-
able inlet valves, and in connection with the ports T

are arranged suitable exhaust valves.

I will now explain the construction and arrangement
of my improved exhaust valves, |

N and N! designate small chambers which are secured
upon the wall of said cylinder A, there helng a similar
pair of chambers on the cylinder A!'. The port T es-
tablishes communication between the bore of cylinder

A and the chamber N , and the port ¢ establishes an en-

trance from the bore of cylinder A to the chamber Nt
- The exhaust valve O is located within the

chamber N,
and preferably has a beveled periphery in order that
1t may fit more accurately upon a beveled seat. The
valve O is secured upon the valve stem 7 one end of
the stem is supported in 2 recess in the wall of casing N,
while the ot'her‘end_ passes through g bearing in the
wall of the casing N* and is attached to the flexible
disphragm P, which is secured transversely across the
interior- of the chamber N!. A flat spring » is carried
by the rod # and bears against the outer side of casing

- N at a point contiguous to the seat of valve O. On the

45

50

35,

60

65

rod » i8 a nut o, engaging a screw-threaded portion of
sald rod and acting to adjust the tension of the Spring
p. - It will be evident that a pressure within the cham-
ber N! upon the diaphragm P will move the rod n and
open the valve O. When this pressure is relaxed the
tension of the diaphragm P will restore the valve O to
its closed position, and the spring p will assist in the
restoration, and will also keep the valve closed unti] o

‘Pressure.again acts upon the diaphragm P.

I will now explain the construction and operation of
the valve mechanism for admitting gas, vap.-. a 1mix-
ture of gas and- air, or some othor sultable explosive

*

compound, into the two cylinders through the inlet

~porta I 1.

F denotes ﬁ ga.s supply pipe running_from some suit-
able gas supply. L o
At the end of the pipe I are the two elbows f £, which

- connect with the two valve casings G G, which are con.

structed similarly to eac’h other and are both ‘secured
upon the aforesaid cylinders.

The pipe F is provided with a valve F! for graduating |

| or régulating the supply of air whicl

r‘ wardly against the pressure of the

3

‘he pipe F may
deliver to the casings G . These casings G G are pro-
vided with-lateral openings &/ %, which dmit air to
mingle with the gas 1n order that the com pound may
be delivered to {he ports 1. |

~  H denote valves which are situated: in t1-¢ upper
ends of the casings G G and are adapted to oper: |

dowi-
spiral spring. { ten-
sioned beneath these valves. " Each valve H s placed
loosely upon a vertical rod 4, which has a bearing in g

‘horizontal part integral with the body of the casing (x,
said part consisting simply

of open work webs or Doy
between which the fuel cap pass.

To the lower end of the rod I 1s rigidly attached g gec.-
ond valve H! which likewise opens downwardly and
has arranged beneath it g spiral spring 7/, which is ten.
sioned against the base of casing (3, adjacent to the port
I. The upper end of cach stem 2 has a head which IS
above the valve H , and which, when
down, pulls against the valve H and causes the latter to
These inlet valves may operate
either as suction valves or they may be forced open by
the entering gas. It will Ie evident that, as each pls-
ton or piston head moves away from the port I with
which it operates, a suction will be produced which
wiil open the inlet valve and draw gas and air into the
Cha.rge—receiving chamber of said cylinder
of the piston. When the valve ! opens, therehy com-
pressing the spring ¢, the stem .4 will be drawn down-
ward -to a certain extent through its bearing, and this
will result in the drawing down and opening of the
valve H, therehy compressing the spring ¢, and, of
course, as soon as the valve H is opened, gas will pass
from the elbow f downward through the port T , and the
air which enters the casing G through the latera] open-
ing H! will mingle with the gas and enter with it into
the cylinder. It will also he observed that the pressure
of the gas upon the valve H Hay cause the latter to open
independently and
through the opening 4’.  Thus the valve | may
and the valve H! remain closed The
ate obviously to close the valves 1o which they respec-
tively belong, when the opening force is removed.
though I have herein shown and described these injet
valves, yet I distinctly wish it un derstood that T do not
intend to he confined to their use. They are presente(d
here merely by way of example, and I reserve the Ji}.-
erty of employing such substitutes therefor as experi-
ence and good judgment may suggest,.

I will now ‘describe the operation of my mmproved
roek-drill.  Suppose, for instance, that the parts are in
the position shown in ¥ig. 2, and that the pistons begin
to reciprocate toward the left under the impulse of an
explosion occurring in the explosion chamber at the
right hand end of piston O1. As the piston © travels to-
ward the left, the pas in advance thereof will he com-
pressed and as soon as the Piston passes the port there
can obviously bhe no longer any effect upon the dia-
phragm: P of the exhaust valve, and consequently said
valve will remain for the time being firmly cloged.
Also in consequence of the movement of the piston C
toward, the left, a suction will be created at the right,

open
Springs ¢ i oper-

“hand end of said piston, which will draw 2as into the.

charge-receiving end of cylinder A through the port 1.
At the same time that gas 18 being drawrn in through

allow a certain pressure to escape
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port I into eylinder A, port I belonging to cyl'iﬁdgr Al ]

will not admit gas because the inlet valve at'that point

will be closed, there being, as has already been 'shown,

a reverse a.rrangemelit of all the parts belonging to cyl-
cder Al from what appertains with respect 1o cylinder

A, As the piston Ol moves toward the left, the gas in

advance thereof will also be compressed, and also the
valve ring E will be released Irom. the passage ¢/, and

" hence the store of zas at the left of piston C, which en-

10
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25

to the other side of the valve E'.

tered cylinder A! duri

ton C! will pass through the passages ¢’ ¢ and also
through theperforationsin the valve ring B! until it gets

travels past the port ¢, the increase of pressure due to the

explosion will act through the port ¢ and-against the dia-
phragm P, opening valve O, so that the spent gas may
exhaust therethrough. At the moment thatthe piston .
(! passes the mouth of

the pipe K; see Fig: 1, the in-
crease of pressure just mentioned will pass quickly

through said pipe K into chamber J, where it will oper-

ate upon the diaphragm, and cause a spark in the end
of the cylinder A in the midstof the volume of gas, which

I have just said.was being compressed in the explosion
chamber of ‘cylinder A by the advance movement of
piston C. An explosion will immediately ensue which .
will thrust the piston C, and consequently the piston

1, rapidly in the reverse direction, and the same.opera-

 tion will take place in the various parts of the apparatus
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" tween chambers

as has just taken place durmg the reciprocation of the
piston in the opposite direction. | g

I wish it distinctly understood that what I have here-

" in described and illustrated is to be taken sim ply as'an

example of my ‘avention. Ireserve the liberty of vary-

ing from the precise structural details and peculiarities

-

of arrangement herein shown so far as it may be neces-
sary to do so'In giving ample scope 10 My claims, and m.
securing to me the broadest posible protection in the
- manufacture and use of my invention. ~ - . B

Having thus described my invention, whaﬁ I claim

as new and desire to secure by -L'etters-lfatent’,..ié_:-‘f o

1. In an e_xplosive engine, the comhingltiéh with a ;ey}.--

chamber, of an inlet port near
presstire-actuated valve means controlling said -port, an
intermediate lateral port. between thé two. ends for the
outlet of pressure gasSeEs
hetween the churge-repeiving-and the explosion  chambers,
<aid piston having valve means
plosive mixture from the charge-receiving chamber to.the
explosion chamber, and means £ causing an electric spark
to explode the gas to propel the piston alternately in op-
posite directions. )

%5 A penr -compression interpal combustion motor hav-
ine a double-acting unignited charge compressing free pis-
ton. and a free power transmitting element conpected
thiereivith. S |

. A motor having a self-balanced piston situated be-
for confined compressed explosive.charges
of gas or vapor, and power
with such pistom. |

J. A plurality of compressing chambers and separite

explosion chambers, free connected piston heads. in the ex-

plosion chamlers, and means for supplying e:i;plgs._ive
charges from .the compressing to the-*e::plﬂsioﬁ- chambers

. and firing the same t0 propel said piston heads reciprocally

70

in both directions. . -

5. Avplurality of compressing and explosion chambers,
free piston heads therein, positively connected for mutua]
reciproention, means for supplying explosive charges 1o

and exhaust ports, free piston heads

. by the piston heads.

ng the previous movement of pis-

Also.as the piston Gt

. heads, one for

_each explosion chamber;

| can
‘spectively, and & free power transmitting

“free pistun heads
reciprocations, and

to acluate said means, a piston

transmitting means connected.

862,847

the cnmpressing'chamber_s, transferring the charge. to the
explosion chamber and firing the same therein 1o propel
the piston heads reciprocally in both directions.

¢. A plurality of explosion chambers each having inlet
in said chambers
positively connected for mutual reciprocation to open and
close said ports and to supply explosive charges to said
chambers through said inlet ports, means for firing said
charges and -a free power transmitting element actunted

7. Explosion chambers, means for supplying unignited
explosive charges of gas or vapor to and ﬁriné the same
in said chambers, free piston in said ¢hambers positively
connected for mutual reciprocation, an axially moving free
power transmitting element connected with said piston
heads and a guide for said element, | -

Q. Separate charge compressing and explosion chambers

in pairs, free piston heads, one for each pair, means Posi-

“tively eonnecting the piston heads for mutnal reciproca-
“fiop, a .free power {ransmitting element connected . with
|. the- pisten heads, and means for causing the compression

and explosion of 4 charge by and against each piston head

. af each complete reciprocation,

9. The combination with separate charge compressing
and explosion chambers arranged in pairs, of Iree piston
each pair, means positively conuecting said
and means for causing the compression and

piston heads

- explosion of a charge by and _ngniust—_éach piston head at

caech complete reciprocation.
10. In -an explosion engine,” a- body provided with sep-

=i - . ;- -
‘arate charge compressibng and explosion- chambers, & free

piston Between said chambers, and i free power trans-

" mitting element connected with the piston.
" 11. A body having separate charge compressing- and ex-
- plogion chambers
a-compression chamber with an. explosion chamber, an inlet

in pairs, supply. ports, each connecting
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for each compression chamber and an exhaust port for

free piston heads for said pairs

respectively, positively conrected for mutual reciprocation,

each. closing the supply and exhaust. ports of its explosion

chamber  quring compression and explosion ;- means for
ﬁng explosions  for propelling the piston heads ve-
' element con-
nected with the piston heads. |
12. A body pl'(}vided'with-a plurality of separate charge
compressing chambers and éxplosion chambers respectively,
therein, positively connected for mitual
a free power transmitting element con-
nected with the piston heads. -
13, A hody provided

pers, . positively copnected for mutual reciprocation, and
.q free power transmitting element connected with' the
‘piston heads and arranged in axinl
| chambers. - -

4L A body provided with a plurality of alined sepﬂrﬁte
~charge compressing chambers and explosion chambers re-

for transferring the ex- ‘| spectively and « Learing ; free piston heads in the cham-

alinement wit_h- tlie

hers, an axially movable element in the bearing and means
for positively connecting the element with the piston heads.
- 13.- Separate charge compressing and explosion- cham-

- bers, piston heads therefor. positively connected for mutual

. recdiprocation and having variable termination of stroke at

both ends; means Ior supplying explosive charges to said

with a plurality of alined separate
-vharge ‘comptessing chambers and explosion chantbers re-

\nder having a charge-receiving chamber and an explosion: | Spectively. axially- alined free piston heads.in said cham-

| one end;-valve means com-,
troiling gaid p{}]_'t,_ﬂ'u EK_hﬂ.'llﬁt I}Dl‘t- near the GPDGSitEf Eﬂd,
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explosion chambers throuweh said compression chambers,

and means for firing the charges in each explosion-chamber
when the piston head therefor ig. within the zone of its
stroke termination. o B ‘ |

16. A plurality of axially alined close-ended separate
charge compressing and explosion chambers In pairs, a

free piston head for each -pair, a cgnnector positively con-
neeted with said piston heads, and a free power trapsmit-
ting element connected with | | |

the connectol.
© 17. Bxplosion chambers, means for supplying unignited
explosive charges of gas or vapor to and firing the same in

said chambers, -free piston heads in said chambers rigidly
. connected- for mu tual reciprocation,

LL] o free power transmit-
ting element connected with said piston heads and a ruide

for. said element.

-
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145
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18. A casing, a cylinder, a piston therein, a second cyl- |

inder, a piston therein, a piston rod connecting sald pis-

tons, means for holding a tool connected to said piston rod,

means to cause an explosion of gases against first one and

then another of said pistons to reciprocate the same, said
cylinders being connected to said casing, said casing being

stidably mounted in a frame, .mc] means to stide said cas-
ing along said frame.

19, 4 plurality of cylinders, each of said cylinders COTL-
taining a piston, said pistons being connected, mealns fov

connecting a drill or other tool to said pistons, means for

causing an explosion of gages against first one of said pis-

tons and then against anotier of said pistons to recipro-

cate the same, a casing, said cylinders being mounted
said easing, a frame, said casing being slidably mounted in
sald frame, and means to move said casing along said

frame.

~20. A plurality of cylinders, each of said cylinders con-
faining a piston, said pistons being connected, means for
connecting a drill or other tool to said pistons, means for

causing an explosion of gases against first one of said pis- -

tons and then against another of said pistons, means for
cushioning said pistons throughout the length of their

stroke, a caging, said cylinders being mounted in said cas--

ing, a frame, said casing being slidably mounted in said

frame, and means to move said casing ailong said frame,
21. Two pistons connected by a piston rod and arranged

in their respective cylinders, means for connecting a drill

or tool fo said piston rod, means to cause an electric spark .

and explode a gas alternately against cach piston at the

- end of each stroke, a casing, said cylinders being mounted

in sald caaing, a frame, said casing being slidably mounted
in sald.pflame, and means to move-sald casing along said
f1ame d

29. A'piurality of oppositely arranged cylinders, & pis-
ton in each-cylinder, said pistons being connected, a charge
receiving-chamber in each cylinder, each piston sliding in

one of said charge receiving chambers, an explosion cham-

ber oppusite-eaqh charge receiving-chamber, but separated

f

o

therefromn by a piston, means for ecausing an electric spark
alternately in each explosion c¢hamber to cxplode a gas
therein to propel the adjacent piston, a casing,.said cylin-
ders being muun‘md in said casing, a fmuw «ald casmg he-
ing al1{h1hlv mounted in said frame, and weans to move
said casing along said frame. | |

2o

nuders in rectilineal alineimment with each other,
det
chamber,
anged in their respective eylinders, means for connecting
a dritl or (ool to said piston rod, gas.dntel porls on the wall
of the evlinders, double-cluibered and diaphragm-operaied
exhaust. valves likewise on the walls ol the cylinders, sce-
ondary exhaust ports intermediate between the inlet porls
and the exhaust valves, and valve means on the pistons
for transferring the explosive mixture from the inlet
of the pistons to the
forth. _

24, In an exp]omu, engine, the combmatmn with a e¢ylin-

cach c¢ylin-

le}lﬂﬁiﬂn side,” substantially as sct

der, having a charge-receiving chamber and also an explo-

sion chamber, a piston in the eylinder between the two
chambers;, valve mceans on said piston for transferring the
explosive mixture from the charge-receiving chamber-to
the explosion chamber. an igniting means for firing the
mixture so as to propel the piston alternately in opposite
directions, an exhaust ‘valve casing having. two compart-
ments together with the exhaust valve construction having
a valve proper located within one of the said compart-
ments, & stem whieh passes through both compartments,
and a diaphragm in the other compartment connected to
and operating said stem, both of said compartments com-
municating with the explosion chamber of the cylinder
through lateral ports, substantially as described.
Signed at New York this 30th day of Sept. 1902,

JOHN V. RICIL, In.

Witnesses :
JOHN . HAZBELTON,
¥Yrep I, TASKLR.

In an explosive engine, {he {ouﬂnn‘nmn of two eyl

having a charge-receiving chamber and an explosion
lwo pistons connected by a pistou rod and ar-

side .
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