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UNITED STATES

PATENT OFFICE.

JOSEPH BOYER, OF ST. LOUIS, MISSOURI.

PNEUMATIC HAMMER.

<P uUIFICATION forming part of Letters Patent No. 667,863, dated February 12, 1901.

Application filed May 20,1389, Serial No.717,5669.

[0 all whom it may concern:

Beit knownthatl, JOSEPH BOYER, a citizen
of the United States of America, residing at
St. Louis, in the State of Missouri, have in-
vented acertain new and useful Improvement
in Pneumatic Hammers, of which the foliow-
ing 1s a description, reference being had to
the accompanying drawings, for'mmﬂ* a part
of this specification.

My invention relates more pa,i*tlcularly to
that class of tools, commonly known as ““pneu-
matic hammers, » in which a reciprocating
piston operates as a hammer or striker to de-

liver blows upon a chisel or other working

tool ingserted in or carried by the front end
of the eylinder; and it has for its principal
object the provision of means whereby the
piston may be permitted a longer stroke, and
thereby enabled to strike a harder bDlow, than
has heretofore been usual in devices of this
character. This I accomplish in the manner
and by the means hereinafter described by
reference to the accompanying drawings, in
which—

Figure 1 represents a middle longitudinal
section of a pneumatic hammer embodym@
my invention and equipped for operation as
& riveter or riveting-hammer; Kig. 2, an en-
larged detail view siz_nilz;'w e Fig. 1 with the
front and rear end of the structure and also
a portion of its middle broken away to ac-
commodate the view to the length of the sheet
and with the piston approaching the forward
ond of its stroke; Kig. 3, a detail view, corre-

sponding to Fig. 2, of the rearend of the ¢yl-
inder, showing the piston approaching the

rear end of 1ts stroke and the rear valve in
rearward position; Fig. 4, a detail view, cor-
responding to Fig. 2, of the front end of the
cylinder, showing the piston at the front end
of 1ts stroke and the forward valve shifted
rearward; and IFig. 5, a sectional detail of the
cylinder-wall.

The same letters of reference are used to
designate.identical partsin the several views.

The general body or evlinder structure of
the device in the particular form illustrated
in the drawings is composed of the eylinder
A, having secured to its rear end the handle
B and upon irs front end the cap or nose-

piece C. Formed in the cylinder A is the
piston-chamber D, in which reciprocates the

549,102, dated November 5, 1895.

(No model..

| piston E; consisting in the present instance

of a plain cylindrical bolt. The compressed
air or other motive fluid is admitted to the
tool through the handle B and controlled
by a throttle - valve therein operated by a
thumb-lever I, as in my prior patent, No.
The inlet-
passage ( for the motive fluid, which extends
through the handle B, terminates at its inner
or torward end in a ¢ircular groove ' in the
base of the handle, with which groove com-
municate the rear ends of a series of ports or
passages H, extending forward into the wall of
the cylinder A and communiecating with a
circumferential groove I, eut into the wall of
the cylinder A, said groove furnishing free
communication (when the position of the
valve hereinafter described permits) between
the passages H and the piston-chamber D.

There are in the present instance a large

number of the passages H bored into the wall
of the eylinder A, such passages being ar-
anged 1n a cirele surrounding the rear end
of the piston-chamber and all communicat-
ing at their rear ends with the inlet-passage
and groove G G’ and at their forward ends
with the groove I, so that when the valve per-
mits there may be a free inlet for the motive
fluid to the rear end of the piston-chamber.,
Communicating at its rear end with one of
the passages H (the upper one shown in the
drawings) and leading forward through the
wall of thecylinder is a passage J, which com-
municates at its extreme forward end with an
Inner cireumnferential groove I', cut in the
wall of the cylinder cmd a, urdmﬁ' communi-
cation between the passage J &nd the front

end of the piston-chamber D when the posi-

tion of the valve, hereinafter deseribed, per-
mits.

Near the rear end of the piston-chamber,
at a point a short distance in front of the cir-
cumferential groove 1, a second circumferen-
tial groove K is cut in the wall of the eylinder
A, with which communicate a series of radial
exhaust-ports L encireling the piston-cham-
ber and which when the position of the valve
permits affords free communication between
the rear end of the piston-chamber and the
external atmosphere.

The exhaust-ports L communiecate at their

| outer ends with a circumferential groove X,
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formed upon the exterior of the enlarged rear |

end of the eylinder A and inclosed by the for-
ward end of the sleeve B" of the handle B,
which forms of the groove X a closed circum-
fential passage-way around the cylinder and
communicating with the atmosphere by sev-
eral outlet-ports X' at the under side of the
cylinder. The exhaust-ports L, as before
stated, are arranged in a circle around the
piston-chamber, and the provision of the pas-
sage-way X permits a free outlet through all
of them, but causes the escaping air to all be
discharged at the under side of the tool.
Near the forward end of the piston-cham-
ber, at a point a shortdistance in rear of the
circumferential groove I', a second circum-
ferential groove K' is cut in the wall of the
cylinder and communicates with a series of
radial exhaust-ports L', which when the po-
sition of the valve permits affords free com-
munication between the front end of the pis-
ton-chamber and the external atmosphere.
Communication between the rearendof the
piston-chamber and the motive-fluid supply
(through the medium of the inlet-passages H
and groove 1) and with theexhaust (through
the medium of the exhaust-ports L and
agroove K) is controlled by a valve M, (or one
half of a two-part valve,) anothersimilar valve
M' (or the other half of the two-part valve)
being located at the front end of the piston-
chamber and controlling the inlet of the mo-

tive fluid thereto and its exhaust therefrom.

The piston-chamber is slightly enlarged to
receive the valve M, whose interior diameter
or bore (except as hereinafter noted) corre-
sponds to that of the piston-chamber, while
itsoutersurfaceaccurately fitsthe cylindrical
surface of the enlargement of the piston-
chamberformed to receive it and serves when
in the forward position (shown in Figs.1and 2)
to cut off communication between the piston-
chamber and the exhaust-groove K and ports

L, while leaving the inlet-passages H and:

groove 1 in free communication with the pis-
ton-chamber, and when slid to its rear or left-
hand position, Fig. 3, serving to cut oif com-

- munication between the groove I and piston-

50
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chamber and open communication between
the groove K and piston-chamber, thereby
cutting off the supply of motive fluid from
the rear end of the piston-chamber and open-
ing the latter to the exhaust.

The valve M 1s limited in its forward move-
ment by an annular shoulder formed by the
rear end of a long sleeve or bushing N, ex-
tending forward through the cylinder, and
hereinafterfurther referred to, and in'its rear-
ward movement by a like annular shoulder
formed by the forward end of a bushing O,
inserted in the rear end of the cylinder and
provided with a flange P, fitting against the
end of the cylinder.

The particular shape of the valve M is not
essential, and instead of that shown it may,
for instance, be a plain ring or sleeve of uni-

‘atter described.

667,863

ment being that it shall present (in SOME

form) a rearwardly-facing pressure area to
be acted upon by the air-pressure, as herein-
In the present instance the
valve has been shaped as shown in the draw-
ings chiefly for the purpose of decreasing its
weight, and its pressure area consists of both
the rear end of the valve and the annular
shoulder formed at the rear end of 1ts con-

tracted middle portion.

The valve M’ (or forward half of the two-
part valve) at the front end of the piston-
chamber is in the present instance identical
with the valve M, above desecribed, (except
that ils pressure area faces forward,) and op-
erates when in the forward position (shown

in Figs. 1 and 2) to cut off comwmunication:

between the interior of the piston-chamber
and the groove I' and motive- fluid-supply
passage J, while leaving the interior of the

70

75

30

piston-chamber in free communication with

the groove K’ and exhaust-ports L', and when
slid to its rear or left-hand position, Fig. 4,
serving to place the front end of the piston-
chamber in communication with the groove
I’ and motive-fluid supply and cutit off from
communication with the groove K' and ex-
haust-ports L'. The valve is limited in its

rearward movement by the annular shoulder

formed by the front end of the bushing or
sleeve N, heretofore referred to, and in 1ts
forward movement by a like annular shoul-
der formed by the rear end of a bushing O/,
fitted into the front end of the cylinder A,
and provided at its forward end witha flange
P’, abutting against the front end of the cyl-
inder and held in place by the cap or nose-
piece Q.

To permitthe introduction of the long bush-
ing or sleeve N from the front end of the cyl-
inder in assembling the parts of the tool, the
cylinder proper, A, is in the present instauce
bored out at its front end to receive a bush-

ine A’. which 18 inserted in place after the
. = b

sleeve or bushing N has been introduaced into
the cylinder A, and the grooves I and K'are
formed in the inner surface of this bushing
A’ instead of in the integral wall of the ¢yl-
inder A, but the bushing A’ may as well be
formed integral with the sleeve or bushing N.

In the present instance my invention 1s
illustrated as adapted to a riveting-tool, and
the cap or nosepiece (Q has provided in it a
chamber R, in which fits an enlargement or
head S’, formed upon the inner end of the
shank S of the rivet-set S, the latter in the

present instance being detachable from the.

shank S, as shown. The rear face of the en-
largement or head 8’ of the shank of the riv-

eting-tool in the present instance forms the

front end wall of the piston-chamber D, while
the forward face of the base B’ of the handle
(at ¢) forms the rear end wall of said piston-
chamber. |

The two valves M M’ (or the two parts of
the single valve, if it be so considered) are

form thickness throughout, the only require- | connected by or have interposed between
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them two small rods or wires T T, extending |

longitndinally through the eylinder-wall from
one valve to the other, so that when the valve
M’ movesrearward its movement will be com-
municated to the valve M and move the lat-
ter rearward, and when the valve M is then
moved forward it will communicate its move-
ment to the valve 3 and move the latter for-
ward. The rods or wires T T are not in the
present instance attached at either end to the
valves, although the operation of the parts
would not be materially differentif they were.
It 1s to provide passages to receive these long
rods or wires I' 'I', but at the same time avoid
the necessity for drilling minute passages of
such extreme length that the separate bush-
ing or sleeve N 1s employed instead of em-
ploying a cylinder having a solid wall and

simply bored out at its front and rear ends

to receive the valves and the bushings O O,
The passages for the reception of the wires
1 T'are formed by grooves cut into the exte-
rior surface of the sleeve or bushing N, Fig,
5, which grooves are closed by inlaid strips
N'and the main eylinder-wall when the sleeve
or bushing 1s inserted in place within the cyl-
inder, and thereby form closed passage-ways
for the wires T' T\

The operation is as follows: In the posi-

tion of the parts shown in Figs. 1 and 2 the |

rear end of the piston-chamberis cut off from
communication with the exhaust-groove K
and ports L by the valve M and is in free
communication with the motive- fluid sup-
ply through the passages H and groove I,
while the front end of the piston-chamber is
cut off from the motive-fluid supply by the
valve M', which covers the groove I' and is
open to the exhaust through the groove K’
and exhaust-ports L', The piston E is there-

fore being driven forward by the motive fluid.

behind 15, As it approaches the forward end
of the piston-chamber it enters the valve M’,
whose interior bore 1t snugly fits, as shown
in Fig. 2, and thereby cuts off the portion of
the piston-chamberin front of said valve from
communication with the groove K’ and ex-
haust-ports L.  During its further forward
movement, therefore, the alr thus trapped in
the forward end of the piston-chamber will
be compressed, and acting upon the forward

end or pressure area of the valve will force:

the valve rearward, thereby closing the ex-
haust-groove I’ and uneosvering the live-air
oroove 1'.

The position of the parts immediately prior
to the rearward movement of the valve M’ is
Hlustrated in Fig. 2, while Fig. 4 shows their
position after the valve is shifted and at the
mstant the piston strikes its blow upon the
shank of the riveting-tool.

The internal bore of the bushing O', which
constitutes the extreme forward portion of
the piston-ehamber is slightly larger than the
piston, 8o that while the piston will compress
the air in such portion of the chamber suffi-

ciently to shift the valve, as above deseribed, |

it will not form such a cushion in front of the
piston as will materially lessen the force of
the blow of the piston upon the head S’ of the
shank of the riveting-tool.

The rearward movement of the valve M’ to
the position shown in Fig. 4 will, through the
Instrumentality of the rods or wires T'T, have
moved the valve M at the rear end of the pis-
ton-chamber to ifts rearward position, Fig. 3,
thereby cutting off the inlet of the motive
fluid to the rear end of the piston-chamber
(through the passages H and groove I) and
opening the rear end of rhe piston-chamber
to the exhaust through the groove K and ex-
naust-ports I.. The rebound of the piston
from contact with the shank of the riveting-
tool will initiate its backward movement,
which will be aided by the motive fluid which
surrounds the piston at the end of its for-
ward movement and entersin front of it when
1t starts backward, and as soon as the piston
has moved rearward until its front end passes
the live-air-inlet groove I' the full supply and
the full pressare of the motive fluid admitted
through the passage J and groove I' will act
upon the front end of the piston and drive it
rearward. Asthepistonapproachesthe rear-
ward end of its stroke its rear end will enter
the valve M, Fig. 3, and thereby cut off com-
munication between the portion of the pis-
ton-chamber in rear (to the left) of it and
the exhaust-groove K and exhaust-ports L.
T'he further rearward movement of the pis-
ton will compress the air in the rear end of
the piston-chamber and cause it to act upon
the rear end or pressure area of the valve and
toree 1t forward, thereby moving both the
valve M and the valve M’ back to the posi-
tion shown in Figs. 1 and 2, with the result
that the motive-fluid supply will be again ad-
mitted to the rear end of the piston-chamber
and the front end of the piston - chamber
opened to the exhaust to cause the piston to
be driven forward.

The internal bore of the bushing O, which
forms the extreme rear end of the piston-
chamber, is (unlike the internal bore of the
bushing O at the front end of the piston-
chamber) of substantially the same size as
the bore of the piston-chamber, so as to form
a ¢ushion between the piston and the end
wall ¢ of the piston-chamber at the end of the
rearward stroke of the piston to prevent the
latter striking said wall.

As will be understood from the foregoing
description and explanation of my invention,
the length of the stroke of the piston is not
In any way limited by the length of the pis-
ton 1tself; but, on the contrary, the piston
may be given any desired length of stroke,
even many times itsown length., It is there-

fore possible by the eimiploymentof my inven-
tion 1o increase the length of the stroke of
the piston of pneumatic hammers to any de-
gree desired withoutinereasing the lengths of
the pistons themseves, and consequently by
 simply Increasing the length of the cylinder
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and piston-chamber the length of the stroke

of the piston and consequent force of its blow
may be correspondingly increased without

otherwise increasing the size or adding to the

weoight of the tool.

It i is a desideratum in pneumatic tools for
many classes of work to obtain as powertul
a blow of piston as possible with minimmum
length of tool. By the employment of my in-
vention the power of a tool of given length
may be increased by shortening the piston,
(within certain limits,) and thereby increas-
ing the length of its stroke, although decreas-
ing its weight, while by lengthening such
tools, but still confining them within reason-
able limits as to length, a force of blow may
be obtained far beyond anything heretofore
known in tools of this character. -

The foregoing description and explanation
of the particular embodiment of my inven-
tion illustrated in the drawings have neces-
sarily involved reference to many details of
construction; but it will be understood that
my invention in its broader scope does not
relate to details of construction, but contem-
plates broadly the novel mode of operation
described and appropriate means for carry-
ing it out, as will be indicated by the several
claims setting forth my invention.

In another pending application filed Sep-
tember 26, 1899, and bearing Serial No.
731,720, I have illustrated and described and
specifically claimed an embodimentof my in-
vention in a tool in which the valve is shifted
by the pressure of the motive fluid admitted

to the tool instead of by air compressed by

the piston itself at the ends of its strokes.
While such operation of the valve is within
the broader scope of my invention, I never-
theless prefer to operatethe valve by air com-
pressed by the piston, as illustrated and de-
seribed in the present case.

I am aware that it has heretofore been pro-
posed in steam-enginesof certaln types toop-
erate the valve or Valves by means of air com-
pressed by the piston, but I am not aware of
any adaptation of such idea to devices such
as pneumatic hammers nor of any embodi-
ment of it in steam-enginesin a form suitable
for use in pneumatic hammels

Having thus fully described my invention,
I claim—

1. A pneumatic hammer comprising a cyl-
inder formed at its front end to receive and

- hold the shank of the working tool and hav-

ing a grasping-handle secured to its rear end,
a hammering-piston located in said eylinder
and having a length of stroke greater than

its own length, and adapted to deliver a blow :

to the shank of the working tool at the end of
its forward stroke, and a valve controlling
the reciprocations of said piston in said eyl-
inder. |

2. A pneumatic hammer comprising a eyl-
inder formed at its front end to receive and
hold the shank of the working tool and hav-

667,863

a hammering-piston located in said cylinder

and having a length of stroke greater than
its own length and adapted to deliver a blow
to the working tool at the end ot its forward
stroke, and a valve operated by fluid-pres-
sure alone and controlling the reciprocations
of said piston in said cylinder.

3. A pneumatic hammer comprising a cyl-

‘inder having a main inlet-port at its rear end

and formed at its front end to receive and
hold the shank of the working tool, a ham-
mering - piston located in sald cylinder and
having a length of stroke greaterthan its own
length and adapted to deliver a blow to the
working tool at the end of its forward stroke,
a throttle-valve at the rear end of the cylin-
der for controlling the inlet of motive fluid
thereto, and a piston-controlling valve con-
trolling the reciprocations of the piston in
sald cvlinder. |

4. A pneumatic hammer comprising a cyl-
inder having a main inlet-port at its rear end
and formed at its front end to receive and
hold the shank of the working tool, a ham-
mering - piston located in said cylinder and
having a length of stroke greater than its own
length and adapted to deliver a blow to the
working tool at the end of its forward stroke
a throttle-valve at the rear end of the cylin-
der for controlling the inlet of motive fiunid
thereto, and a piston-controliing valve oper-
ated by tfluid-pressure alone and codperating
with the piston to control the reciprocations
of the latter in said cylinder.

‘5. A pneumatic hammer comprising a cyl-
inder formed at its front end to receive and
hold the shank of the working tool, a grasp-
ing - handle secured to the rear end of said

| cy]mdel and provided with a throttle-valve

controlling the inlet of motive fluid to the
cylinder, a hammering-piston located in said
cylinderand havinga length of stroke greater
than its own length and adapted to delivera
blow to the shank of the working tool at the
end of its forward stroke, and a valve con-
trolling the reciprocations of said piston in
said cylinder. |
6. A pneumatic hammer comprising a cyl-
inder formed at its front end to receive and
hold the shank of the working tool, a grasp-
ing - handle secured to the rear end of said

.cylinder and provided with a throttle-valve

controlling the inlet of motive fluid to the
cylinder, a hammering-piston located in said
cylinder and having a length of stroke greater
than its.own length and adapted to deliver a
blow to the shank of the working tool at the
end of its forward stroke, and a V&lw*e oper-
ated by fluid-pressure alone and codperating
with the pisfon to control the reciprocation
of the latter in the cylinder.

7. A pneumatic hammer comprising a cyl-
inder, a hammering -piston located therein
and having a length of stroke greater than
its own length, and a valve located within the
body of the eylinder and controlling the recip-

- ing a grasping-handle secured to its rear end, | rocations of the piston in the ¢ylinder.
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8. A pnemmatie hammer comprising a cyl-
inder, a4 nammering -piston loeated therein
and having a length of stroke greater than
1ts own length, anda valve located within the
body of the cylinder and operated by flunid-
pressure alone and centrolling the recipro-
cations of the piston in the cylinder.

9. A pneumatic hammer comprising a e¢yl-
Inder, a hammering-piston located therein
and having a length of stroke greater than
its own length, and a valve located in the
body of the cylinder and shifted by air com-
pressed by the piston at theend of its stroke
to admit the motive fluid to the piston-cham-
ber to drive the piston in the opposite direc-
tion. |

10. A pneumatic hammer comprisinga cyl-
inder, a hammering- piston located therein,
and a valve located in the body of the eylin-
tler and shifted in both directions by air com-
pressed by the piston at the ends of its
strokes, toadmit the motive fluid to the op-
posite ends of the piston-chamber to recipro-
cate the piston. |

11. A pneumatic hammer comprising a ¢yl-
inder, a hammering- piston located therein
and having a length of stroke greater than
its own length, and a valve located in the
body of the cylinder and shifted in both di-
rections by air compressed by the piston at
the ends of its strokes and controlling both
the Inlet and exhaust of the motive fluid at
the opposite-ends of the piston-chamber.

12. A pneumatic hammercomprising a eyl-
inder, a hammering - piston located therein
and having a length of stroke greater than
1ts own length, and a valve composed of two
cooperating parts located in opposite ends of
the cylinder and controlling the inlet of the
motive fiuid theretoto produce the reciproca-
tions of the piston.

13. A pneumatic hammer comprising a eyl-
inder, a haminering-piston located therein
and having a length of stroke greater than
1ts own length, and a valve ecomposed of two
cooperating parts located in opposite ends of
the eylinder and controlling both the inlet
and exhaust of the motive fluid at the oppo-
site ends of the piston-chamber to produce
reciprocations of the piston.

14. A pneumatiec hammer comprising acyl-
inder, a hammering - piston located therein
and having a length of stroke greater than
1ts own length, and a fluid-actuated valve
composed of two codperating parts located in
the opposite ends of the cylinder and con-
trolling the inlet of the motive fluid thereto
to produce reciprocations of the piston.

15. A pneumatic hammer comprising a cyl-
inder, a hammering -piston located therein
and having a length of stroke greater than
1ts own length, and a flnid-actuated valve
composed of two codperating parts located
1n opposite ends of the eylinder and control-
ling both the inlet and exhaust passages to
produce reciprocations of the piston.

t

1nder, a hammering - piston located therein
and having a length of siroke greater than
1ts own length, and a valve composed of two
coonerating parts located at opposite ends of
the eylinder and operated by air compressed
by the piston to control snitable inlet and
exhaust passages to produce reciprocations
of the piston. |

17. A pneumatic hainmer comprising a eyl-

inder, a hammering-piston located therein,
and a valve composed of two annular por-
tions or rings located in opposite ends of the
cylinder and controlling suitable inlet and
exhaust passages to produce reciprocations of
the piston.
- 18. A pneumatic hammer comprising a eyl-
inder, a hammering-piston located therein,
and a valve composed of two annular por-
tions or rings located at opposite ends of the
cylinder and operated by air compressed by
the piston to control suitable inlet and ex-
haust passages to produce reciprocations of
the piston. -

19. A pneumatic hammer comprising a eyl-
inder, a hammering-piston located therein,
and a valve composed of two annular portions
or rings located in the opposite ends of the
piston-chamber in position for the piston to
pass through them at the opposite ends of its
strokes and controlling suitable inlet and ex-
haust passages to produce reciprocations of
the piston.

20. A pneumatic hammer comprisinga cyl-
inder, a hammering-piston located therein,
and a valve composed of two annular portions
or rings located in the opposite ends of the
piston - chamber and operated by air com-
pressed by the piston and controlling suitable
inlet and exhaust passages to produce reecip-
rocations of the piston.

21. Apneumatic hammer comprising a cyl-

‘inder, a hammering-piston therein, and a co-

operating valve composed of two annular por-
tions or rings located at opposite ends of the
cyvlinder and suitably connected to move in

~unison forthe purposeof controllinginlet and

exhaust passages to produce reciprocations
of the piston.

22. A pneumatic chambercomprising a cyl-
inder, a piston therein, and a codperating

valve composed of two annular portions or

rings located in the opposite ends of the pis-
ton-chamber and suitably connected to move

In unison for the purpose of controlling inlet

and exhaust passages to produce reciproca-
tlons of the piston.

23. Apneumatic hammer comprising a cyl-
inder, a piston therein, and a codperating
valve composed of two annular portions or
rings located at the opposite ends of the cyl-

‘inder and conecentric therewith and connect-

ed by rods extending longitudinally of the
cylinder. +

24. A pneumatic hammer comprising a ¢yl-
inder, a piston therein, and a cooperating
valve composed of two annular portions or

16. A pneumatic hammer comprising a cyl- | rings located in the opposite ends of the pis-
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ton-chamber and connected by rods passing
longitudinally through the cylinder-wall.
25. A pneumatic hammer comprising a cyi-
inder, a piston therein, and a valve com-
posed of two annular portionsor rings located
in the opposite ends of the piston-chamber
and connected by rods passing longitudinally
through the cylinder-wall, said valve being
shlfted in opposite directions by air com-
pressed by the piston atthe opposite ends of 1ts
strokes -
'26. A pneumatic hammer comprising a cyl-
der, a piston therein, and a valve composed
of two annular portions or rings located in
the opposite ends of the piston-chamber and
connected by rods passing longitudinally

- through the cylinder-wall, said valve being
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shifted in opposite directions by air com-
pressed by the piston at the opposite ends ot
its strokes, and serving to control the inlet
and exh&usb of the motive fluid at the oppo-
site ends of the cylinder.

27. In a pneumatic hammer, the combina-
tion of an annular valve located in one end
of the piston-chamber, and a piston passing
through the valve at the end of its stroke and
shlftmﬂ‘ the valve by the air compressed in
front Of the piston.

28. In a pneumatic hammer, the combina-
tion of an annular valve loca,ted in oneend of
the piston-chamber, and a piston passing
through the valve atthe end of its stroke and
shifting the valve in a direction opposite to
the movement of the piston by means of the
air compressed in front of the piston.

29. In a pneumatic hammer, the combina-
tion of a valve composed of two cobperating
annular portions or rings located in opposite
ends of the piston-chamber,and a piston pass-
ing through said valve-rings at the opposite
ends of its strokes and shifting them in a di-
rection opposite to it8 own movement by
means of the air compressed in front of it.

30. In a.pneumatic hammer, the combina-
tion of a cylinder, a piston therein, and a co-
operating annular valve located in position

for the piston to pass through it and having

an internal bore closely fitting the piston to
prevent the passage of air between them.

- 31. In a pneumatic hammmer, the combina-
tion of a eylinder, a piston therein, and a co-
operating valve composed of two annular por-
tions located at opposite ends of the piston-
chamber in position for the piston to pass
through them at the opposite ends of its

strokes and having internal bores closely fit- |

667,863

ting the piston to prevent the passage of air

between them and the piston.

32. Ina pneumatic hammer, a hammermﬂ*-
piston consisting of a plain cylmdueal boln
of uniform di&meter throughout its length,
in combination with suitable valve mechan-
ism for controlling the inlet and exhaust of
the motive fluid at opposite ends of the piston-
chamber to reciprocate the.piston.

33. The combination of the eylinder A hav-
ing the piston-chamber D, and inlet and ex-
haust ports at the opposite ends thereof, the
valves (or two-part valve) M M’ located in
opposite ends of the piston-chamber D and
connected by the rods T T, and the piston K
reciprocating in the chamber D and operat-
ing at opposite ends of its strokes to shift the
mlvea M M’ by means of the alr compressed
in front of it.

34, The combination of thecylinder A hav-
ing the piston-chamber D and provided with
the inlet-passages H and groove 1 and ex-
haust-passages I. and groove K, at its rear
end, and the groove I' connected by the pas-
sage J with the inlet- passage H,and the groove
K’ and exhaust- -ports L/, at its front end the
valves (or two-part valve) M M’, the former
located in the rear end of the piston-cham-
ber and controlling the inlet and exhaust
agrooves I K, and the latter located in the
front end of the piston-chamber and control-
ling the inlet and exhaust grooves I' K', the
rods T T interposed between salid valves and
the piston E reciprocating in the chamber D
and operating to shift the valves M M’ at the
opposite ends of its strokes by means of the
air compressed in front of it.

35. The combination of thecylinder A hav-
ing inlet and exhaust-ports at opposite ends,
the valves M M controlling said ports, the
bushing or sleeve N fitted within the c¢ylin-
der A between the valves M M’ and provided
with the exterior longitudinal grooves, the
wires T T located in the said grooves and c¢o-
operating at their opposite ends with the
valves M M’, the strips N’ inlaid in the said
longitudinal grooves and confining the wires
T T therein, and the piston H reciprocating
in the eylinder A (within the bushing N) and
operating to shift the valves M M’ at the op-
posite ends of its strokes by the air compressed
in front of 1t. |
| JOSEPH BOYER.
Witnesses:

FLORENCE KING,
EDWARD RECTOR.
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