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UNITED STATES PATENT OFFICE.

OTHO C. DURYEA AND MORRIS C. WHITE, OF Los ANGELES, CALIFORNIA, ASSIGNORS
OF ONE-TENTH TO JAMES R. TOWNSEND, OF L.0OS ANGELES, CALIFORNIA.
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Spéciﬁcation of Letters Patent.

Application filed August 6, 1308, Serial No. 4'47,316.

To dlwhom it may concern.:

Be it known that we, Orro CroyMwEIL

“Duryrxand Morzris Contapus ‘Ware, both

citizens of the United States, residing at
Los Angeles, in the county of Los Angeles
and State of California, have invented a
new and useful Internal-Combustion Tool,
of which the following is a specification.

Our invention relates to improvement in
the construction of internal - combustion
rock-drills, hammers and other tools of the
general natare which perform work through
Inpact .or pressure by power generated in
the tool. . : '

One of our objects is to provide an in:
ternal-combustion tool of an improved con-
straction which renders it particularly easy
to regulate at will the force of the blows of
ity work-performing member, as well as the
force, if cﬁesired, with which said member is-
retracted between blows, :

Another object is to provide an internal-
combustion tool so constructed that it may
be employed with great advantage and econ-.

‘omy in connection with compressed air sup-

plying apparatus of pneumatic . drill, or
blace of the purely
pneumatically - dpel'ute(‘l{ “tools hitherto em-
ployed in this connection. : .
Still another object is to provide a tool,
such as a drill or hammer, “which may be
worked as a pneumatic tool, by the force of
air generated at a compressor, particularly
during the iniual operations, and then
worked as an internal-combustion tool, re-
quiring therefor air under a pressure and
volume much less than is necessary for op-
erating the device simply as a pneumatic
tool. :
The accompanying drawings illustrate
the invention m one form of embodiment.
Figure 1 is a plan of a pneumatic tool
adapted to be used as a rock-drill embody-
ing the principles of our invention. Parts
are broken to show the pressure-regulator.
Fig. 2 is an axial section on line 22, Figs, 1,
3, 6 and 7. Tig. 3 is a transverse section on
line #° Figs. 1,2 and 4. Fig. 4 is a broken
Jlan section on plane indicated by" @t—as,
Pige. 2 and 8, to show the ports and the
controlling-valve actio.. Fig. 5 is an en-
larged detail of one of the pressure-regu-
lator valves and of the igniters on the same
plane as Fig. 4, showing a different position
of parts. - Fig. 6 is a section on line o, in

I

|

K

‘mounted thereon;

“ate said valve Intermittingly, and an

" features,

-adjacent to the

Patented June 3,1913.
Renewed November 4, 1912, Serial No. 729,468,

Figs. 2, 4 and 5. Fig. 7 is a section on the
line &%, in Figs. 9, 4 and 5, Figs. 8, 9, 10
and 11 are diagrammatic views showing the
paths of the compressed air and explosive
mixture, the automatic valves, the pressure-
regulators, and the igniters, for the purpose
of showing their changing positions ‘and
their codperation. :

_The tool shown in the drawings is pro-
vided with a shell 1; cylinder 2 slidingly
feed-screw 3 connecting
the cress-head @ of the shell to the nut § of
the cylinder; feed-handle 4; piston-rod 5;
chuck 6 for holding the drill or work-per-

 forming member; piston-heads 7, 8, con-

nected by a ritle-bar 9 working through a

ratchet-clutch 10; duplicate inlet-ports 11,

125 spool-valve 13 to supply the same; tap-
pet 14 operable by the piston-heads to oper-
air-
port 15 to deliver air from a’source of com-
pressed air to the spool-valve. AJl these
parts are similar to the parts of 2 common
pureumatic tool. '

16 designates fuel-supplying means intro-
duced in the air-line 17 that supplies the
speol-valve 13. The fuel-supplying means
may be variously constructed. - The - form
shown in the drawings is at present deemed
preferable for general use. Air alone, en-
tering the port 15 under a head of pressure
necessarily provided. in purely pneumatic
rock-drill plants,
5 and perform the work of a pneumatic tocl
witheut inferference from the additional
“hereinafter described, which we
have provided for the burpose of convert-
ing the device into an internal-combustion
tool. These additicnal features, as illus-

- trated in the drawings, consist, briefly stated,

will reciprocate the shaft -
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in a gasclene supplier Interposed in the pipe-

line, a sparker, or eléctric. igniter, located
end of each cylinder, and

sparker-actuating  regulator-valves mter-

posed in passages -extending between the

main valve 13 and cylinder-ports 11 and 19.
The regulator-valves. are ~held normally
closed, in the direction of the said ~Imain
valve, by springs equipped with tensioning
means under ready control of the operator,
The pressure of the explosive mixfure en-
tering at the port 15 must, at all times in
practice, exceed the resistance against open-
Ing movement of the regulator-valves.

en, through the operstion of the main
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valve, the mixture is directed toward one of.

the cylinders, the fluid-pressure is first ‘ex-
erted against the respective regulator-valve

to open the passage to the cylinder whereby

the mixture enters the cylinder. When the
back-pressure of the fluid in the cylinder ex-
ceeds the resistance of the. regulator-valve
spring, the said valve is given a further

_ movement by the incoming fluid-pressure

10

_ The cylinder exhaust-passage is also con-

15

. haust-port, while in any position away from
-niormal it cleses the exhaust-port.

20

whereby it closes the passage to the cylinder,
thereby trapping the charge in the cylinder.

trolled by the said regulator-valve. In the
normal position of the regulator-valve, to
which it is pressed by its spring to-close the
cylinder-supply passage, 1t opens the ex-

In the
movement of the regulator-valve from its
position of opening the supply passage to
the cylinder to that of trapping the mixture

_in the cylinder, it operates the sparker to

- 25

30

- 35

40

45

50

55

60

65

ignite the trapped charge in the cylinder
and produce an explosion. The force of the
explosion in each Instance in either cylinder
depends upon the pressure of the charge in

_the cylinder at the time its sparker is oper-

ated. This pressure is governed by the re-

‘spective regulator-valve spring, and means

are provided wherehy the tension of the
spring may be varied by the operator, at

will, to vary the force of the explosion. The.

force of each blow -of the work-performing
member and the power applied for its re-
turn is thus under the direct control of the
operator. .

18 is a receptacle provided with an eye 19
by which the receptacle is hung on a nipple

'20 that is screwed into a part of the cylinder

2 to connect the compressed-air line 17 with
the supply-port 15 leading to the chamber
921 of the spool-valve 13. The receptacle 18
is provided with an outlet 22 controlled by a
vertical needle-valve 24, and leading through
a channel 25 around the nipple 20 through
ports 26 in said nipple 20 and ports 27 in
bushings 28 having a constricted passage
through which the air from the air-line 17
is introduced through ‘the supply-port 15

into valve-chamber 21, thus to carry gas into.

said chamber along with the compressed air.
The compressed air is admitted to the recep-

tacle 18 through the port.18’ to balande the:

pressure so that when the compressed -air
passese through the constricted opening 27
an atomizer 1s established to introduce the
gas into the compressed air, said gas being
derived from gasolene, or the like, in the
receptacle 18.

29 and 30 are electrical igniters which’

may be of the ordinary make-and-break
type, and are arranged in the ports 11 and

12 so that the sparking chambers will be

scavenged and the explosive mixture wiil
come in contact with the.igniters and the

. ,1,083,868°

igniter-points will be surrcunded by fresh

explosive mixture at the time of ignition.

81 and 32 designate two pressure-regulat-
ing valves to control the ports 11 and 12 re-
spectively, -which supply the explesion-
chambers 33 and 34. Springs 35, 35", nor-
mally hold the valves 31 and 32 in position
to close the ports 11 and 12.

36, 36", are forward and rear ports con-

trolle‘d by the main spool-valve 18 and lead- :
"ing to the regulator valve.chambers 37, 37/, -

which communicate with the external 'air
through exhaust-ports 388, 38" that are con-
trolled by the pressure-regulating valves
31, 32.

Referring to Fig. 8, compressed air is
coming from the air-compressor 39 thvough
the air-line 17; the carbureter 16 is dis-
charging gas into the compressed air, and

-the explosive mixture is passing through

the port 15 to the main spcol-valve cham-
ber 21. An explosion has just taken place
in the forward explosion-chamber 33, while

‘the gas in said chamber was trapped by the

pressure-regulating valve 31. 'The pistons
7 and 8 have moved backwardly, bringing
the piston 8 into the rear end of the ex-
plosion-chamber 34. On the backward
movement the piston 7 has moved the tappet
14 to shift the main spocl-valve 13, and the

exhaust is now passing from the explosion-

chamber 84 through the rear port 12 and
conduit 39’, behind the regulator-valve 32,
through-the port 38".- The passage from
the valve-chamber 21 to the forward port
36 is closed by the spool-valve 13, and the
passage from the -explosion-chamber 33
through the forward port 11 and conduit

40 to the port 36 is closed by the regulator-

valve 31.. The explosive mixture is passing
through the port 15 toward the vear port
86’, and is pressing against the forward
end of the regulator-valve 32 fu overcome
the tension of the spring 35" behind said
valve.

Referring now to Figs. 2, 4 and 5, the
valve-chambers 87, 37’,.are bored from the
outer. ends of the castings 41 and 42, and

“cylinders 43 and 44 are fitted into these

chambers from their outer ends, being serew-
threaded at 45 and 46 to connect the cylin-

-ders to the castings. The enlarged end-por-

tiocns 47, 48 of the cylinders bear against
the ends of the castings or tubes 41, 42 to
insure the proper positioning therein of the
cylinders. The cylinders are shorter than
the bores in the castings, so as to leave the

" inner ends.of the valve-chambers 37, 37,
| enlarged. The ports 36, 86’, lead to these

enlarged ends. In boring the chambers in
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the castings 41 and 42, annular enlarge- .

ments 49 and 50 are formed in position to

be covered by the inner ends of the cylin-
ders 43 and 44. These enlargements respec- -
tively, communicate with the conduits 39"

i
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and 40. Short distances outside of these
enlargements 49 and 50 are similar enlarge-
ments 51 and 52 communicating with the ex-
haust ports 38 and 3%’ Slots are cut
threugh the cylinders to communicate with
the enlargements 49, 50,51 and 52. The regu-
lating valves 81 and 82 fit operatively with-
in the cylinders 43 and 44, said valves be-
ing of cylindrical form and reduced in
diameter at two places to form two pas-
sages arcund each valve; viz.,—the passages
53, 54, to communicate through the slots
with the enlargements 49 and 50 and ‘the
conduits 39" and 40; and the passages 55,
56,  to communicate through the slots with
the enlargements 51 and 52, and the ex-
haust-ports. The outer ends of the valves

31 and 82 are counterbored, there being
hemispherical heavines 57 and 58 at the.
] & .
bottoms and centers of the counterbores to |

receive tlie hemispherical heads on the con-
necting-rods 59 and 60, cperating she igniters
29 and 30. - Caps 61 and 62 are slidingly
nmoeunted in the cuter ends of the cylinders
43 and 44, there being openings through the
heads of the caps to allow the connecting-
rods te vibrate, and the’ expansive coll-
springs 35 and 35" are inserted Detween the
Lemispherical heads upon - the: connecting
reds 59 and 60 and the caps 61 and 62; said
eaps serving as seats for the, outer ends
of the springs, and said heads serving as
seats for the nner ends of the Springs; the
feree of the springs being exerted to throw.
the
springs being flaring
provide rcom for the
necting-rods 59 and 60,

at their puter ends to

Shgrt shafts 63

and 64 are mounted through one wall of the

shell, and eccentries 65
the inner ends of the
engage the caps 61 and
ing handles 67 and 68 ave cennected to the
outer ends of the shafts by spring-arms 69
and 70 so that by operating the handles 67
amd 68 the eccentries 65 and 66 are operated
to move the caps 61 and 62 mwardly to com-
press the springs or to allow the
move outwardly and the springs to expand.
Ping 71 and 72
67 and 68 to engage seats in the index-

and 66 are fixed upen

their adjusted pesitions. The cuter ends of
the bores in the cylinders; 43 and 44 are
reduced in size.to form staps 75 and 76 to
limit the outward motion ¢f the regulating-
alves, b ,

In Fig. 9 the continned operation of the
machine has progressed

ing-valve 32 is overcoming the.
and is moving said valve slightly so that
the valve-face 77 between the opening - 54
and the inner end of the valve is in the en-

‘/

1'eguluto,f;vall\_;eg;. dnwardly, and said:

vibration ‘of the con-.

shafts in position to
625 and adjust-.

caps to, |

are carried by the handles.
_ ‘ ndpx- .| shown in Fig. 11.
plates 73 and 74 to held the eccentrics’ in. :

. starts.the machine as a pneumaticitool.

. mixture that passes
‘chambers, and is trapped, ignited and ex-
‘ploded in rapid-succession. The handles 67

slightly from the.
pesitions shown in Fig. 83 the pressure of:
the explosive mixture agiainst the regulat-:.
spring -35”

8

larged inner end of the valve-chamber 37/,
thereby allowing the explosive mixture to
pass around the valve-face 77 to the open-
Ing 54 and then to the conduit 39’ through
the port 12 to the chamber 34. At this time
the valve-face 78 on' the valve 81 has moved
inwardly so that the valve closes the port
36 and the valve-face 79 is moved to a posi-
tion'inside of the conduit 40 so as to allow
sald conduit 40 to communicate with the ex-
haust-port 38. The valve-face 80 upon the

valve 32 serves to close the ccnnection be-

tween. the conduit 89’ and the exhaust-port
88’ The valve-faces 81 and 82 upon the op-
posite sides of the openings 55 and 56 frem
the valve-faces 79 and 80 serve to hold the
exhanst from passing to the spring-cham-
bers 35 and 35", (See Figs. 4 and 5.) The
valve-faces 77, 80 and 82 are peripheral
faces left on making the passages 54 and 56
and likewise the valve-faces 78, 79 and 81
are left on making the passages 53 and 55,
Pockets 83 and 84 are formed at the ends
of the valve-chamber 21, and the valve ex-
haust port 85 leading outwardly from the
pocket 83 serves as a relief or exhaust, port
for the main valve 13 there being an open-
ing 86 leading through the valve 13 to con-
nect the pocket 84 to the pocket 83 so that
the pressure from both ends of the valve ex-
hausts through the valve exhaust port 85,
When the valve 81 moves inwardly te re-
lease the exhaust from the explosion-cham-
ber 33 and the main valve 13 moves back-
wardly, the compressed explosive mixture in
the port 36 escapes through the pocket 83
to the valve-exhaust-port 83. The explo-
sive mixture continues to flow into the ex-
plosion-chamber 34 wuntil the valve-face 77
contacts with the cylinder 44, thereby shut-
ting off the force of the air-compressor and
trapping the gas in’the explosion chamber,
as shown in Fig. 10. This outward move-

ment of the valve 82 operates the connect-

ing-rod 60 to operate the igniter and canse
the explesion.  Then the piston 8 moves for-
wardly, hits the tappet 14, moving the main
valve 13, thereby shutting off the air-pres-

sure and allowing the valve 39 to move for-
wardly, thereby opening the exhaust, as

In practical operation the air-compressor
39 forces air through the air-line-17 past
the: carbureter, to the supply-port 15, and
The
carbureter’ introduces gas into the com-
pressed air, thereby producing an explosive
thence to the explosion

and 68 are independently operable to. regu-
late ‘the force of each explosion chamber
separatelv. The carbureter is adjustable to
regulate the flow of gas to the air. ‘Thus we

‘have combined with a pneumatic tool, means

v
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_ of introducing gas into the compressed air',v'

‘means of trapping the gas in thefexplosion
chambers, means for adjusting the pressure
~in each explosion chamber independent of
5 the other, and means for igniting the gas in
the explosion chambers; the tool being
adapted for starting as easily as an air:

drill and for continuous operation with the

power of a gas engine. The fuel used may
10 be-gas made in a carbureter eperated and
controlled by the compressed air, or may be
natural or domestic gas,+er-.gas from any
source of supply. Any suitable means for
trapping the gas in the explosion chambers
15

and igniter shall be controlled and operated
. by .the’ compressed explosive mixture. We
have also provided means for adjusting and

20.regulating the flow of gas into the com-

- pressed alr, and means for adjusting and!

regulating the flow of the compressed ex-
plosive mixture to the explosion chambers,
so-as to control the force of the strokes.
This adjusting and regulating is effected
manually, and may be varied as desired.
We have shown and described our inven-
tion as applied to a pneumatic rock-drill,
but the same principles are applicable to a
hammer operable like a steam-hammer and
to various other tools employing one or more

25

30

may be employed, and any suitable igniter.
may be employed. We prefer that the valves

pistons and cylinders, one movable with re--

lation to the other to operate a work-per-,

forming member. |,

35. - Our invention may be applied to machines

as now in use with air-compressors deriving

their power from a steam-plant or from any
other suitable source; but in new work an
electric-motor and air-compressor may be
40
- new plant we will have a pneumatic tool,
means_for introducing gas to increase the
power of the pneumatie tool, and a compara-
tively small gas or electric air-compressor
furnishing compressed air direct to the tool.
Tt is obvious that the tool will start and
operate from the compressed air alene. By
the introduction of gas and by adjusting
and regitlating the gas, the power.of a given
“machine may be increased many times, and
to any desired extent within the range.
We claim: - ‘
1.’In an internal-combuition power -de-
viee, the combination of a supplier for ex-
plosive fluid under presstre, a piston-cylin-
der having an inlet port and a passage com-
municating with said port, means for di-
. recting explosive fluid from the supplier in-
termittently into said passage, and a regula-
tor-valve governing said port. and exposed
to pressure from said supplier in said pas-
sage to’move when the pressure against it
exceeds a predetermined limit to close said
/ port. . ‘ o
© 66,2, In an ‘internal-combustion power de-

45

50

60

substituted for the old systems so that'in a

1,063,868"

viee, the combination of a supplier for ex-

.plosive fluid under pressure, a piston-cylin-

der having a port, a passage communicating
with- saifl port and an exhaust opening,

means for-directing explosive fluid from the-

supplier intermittently into said passnge;
and a regulator-valve normally closing said
passage and opening comimunication be-
tween said port and exhaust and exposed to
pressure from said supplier in said passage
to be moved thereby to first close the ex-
haust and open said port to the supplier and
then, by further movement, to close said port

| and trap the charge in the cylinder.

3. In an internal-combustion power de-
vice, the combination of a supplier for explo-
sive fluid ander pressure, a piston-cylinder
having an inlet port and a passage commu-
nicating with said port, means for directing
explosive fiuid from the supplier intermit-
tently into. said passage, and a spring-
pressed regulator-valve governing said port
and exposed to pressure from said supplier

‘in said pascage to move when the pressure

against it exceeds the resistance of its spring
to clese said port and trap the charge in the
cylinder. = .

. 4. In an internal-combustion power de-
vice, the.combination of -a supplier for ex-

plesive fluid under pressure, a piston-cylin-

der having a port, a passage communicating
with said port and an exhaust opening,
means for directing explesive fluid from the
supplier intermittently into said passage,
and a spring-pressed regulator-valve nor-
mally closing said passage and opening com-

.munication between said port and exhaust,

and exposed to pressure from said supplier
in said passage to be moved thereby against
the resistance of its spring to first close the
exhaust and open said port to the supplier
and then, by further movement, to close said
port and trap the charge in the cylinder.

5. In an-internal-combustion” power de-
vice, the combination of a supplicr for ex-
plosive fluid under pressure, a piston-cylin-

80
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cler having a port, a passage communicating

with said port and an exhaust opening,
means for directing explosive fluid from the
supplier intermittently into said passage, and

| & spring-pressed regulator-valve normally

closing said passage and opening com-
naunication between- said port and ex-
baust and exposed to pressure from said
supplier in-:said: passage to be moved
thereby to first close the exhaust and open
said port to the supplier, and then, by fur-
ther movement, to close said port and trap
the charge in the cylinder, and means fqr

changing the tension of said spring to vary.

the pressure of the axplosive charge in the
cylinder, for the purpose set forth.

6. In an internal-combustion power-de-
vice, the combination with o cylinder having
sn inlet passage and an exhaust-port, a pis-

116
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ton in the cylinder,
fluid under pressure, a charge-igniter in+the
cylinder, and intermittingly-actuated means
for directing the fluid from the -supplier
through said passage
ulator-valve mechanism interposed 'in said
Passage in the path of said fluid to the cylin-
der governing the opening and closing of
said passage and operatively connected with
said igniter to actuate the same and operat-
ing under pressure from the supplier when
the same is directed to said passage and after
the charge has entered the cylinder to close
said passage and actuate the igniter,

7. In an internal-combustion power de-
vice, the combination of a supplier for ex-
plosive fluid under pressure, a piston-cylin-
der having an inlet port and a Ppassage com-

‘2_ - municating with said port, means for direct-
0.

ing explosive fluid from the supplier inter-
mittently into said passage, an igniter, a
regulator-valve, operatively connected with
the igniter, governing said port and ex-

posed to pressure from said supplier in said
- passage to move when the pressure against

.1t exceeds a predetermined limit to close said

#0

35

port and actuate the igniter. .

8 In an internal-combustion power de-
vice, the combination of a supplier for ex-
vlosive fluid under pressure, a piston-cylin-
‘2r having a port, a passage communicating

ith said port and an exhaust opening, a
Garge-igniter in the cylinder, means for
«uirecting explosive fluid from -the supplier
shiermittently into said passage,
lator-valve, operatively connected with the

igniter, normally closing said passage and

a supplier for expl’osiv;e openiﬂi
i ‘and exl 3
said. supplier in said passage to be moved 4

to.the cylinder, of reg-

niter..

and a regu-.|

S

‘communication between said port
paust, and exposed to pressure from
thereby to first close’ the exhaust and open
said-port to the supplier, and then, by fur-
ther movement, close said port, ta trap the
charge in the cylinder, and actuate \the ig-

C o 45

9. In an internal-combustion device, the
combination of a supplier for explosive fluid
under pressure, a piston-cylinder having a
port, a passage communicating with said
port and an exhaust opening, a charge-igni- 50
ter in the cylinder, means for directing ex-
plosive fluid from the supplier - intérmit-
tently into said passage, a spring-pressed
regulator-valve, operatively connected with
the igniter, normally closing said passageand 55
opening communication between said port
and exhaust, and exposed to pressure from
sald supplier in' said passage to be moved

 theréby against the resistance of its spring,

to first close the exhaust and open said port 60
to the supplier, and then, by further move-
ment, close said port, to trap the charge in
the. cylinder, and actuate the igniter, and
means for changing the tension of said
spring. o ' 65
- In testimony whereof, we have hereunto

set our hands at Los Angeles, California,
this 1st day of August, 1908.

OTHO C. DURYEA.
" MORRIS C. WHITE.

In presence of—
James R. Townsenp,
‘W. Beurar TowNseND.

Coples of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D. G.”




