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1o all whom 1t may concern: - |
Be 1t known that I, Groree L. BADGER,

~citizen of the United States, residing at

Quincy, in the county of Norfolk and State
of Massachusetts, have Invented a certain
new and useful Improvement in Pneumatic
Hammers, of which the following is a spec-
1fication, reference being had therein to the
accompanying drawings.

1'his invention relates to improvements in

reciprocating tools having a fluid actuated
valve and piston and 1s shown as applied
to a long stroke pneumatic hammer.

The objects of the invention are to im-
prove and simplify the operation of pneu-
matic hammers; to make the action more
reliable and efficient; to provide a valve of
sunple and durable construction which is
moved and held firmly m its opposite posi-
tions by {luid under normal pressure, its
movenients not being influenced or affected
by the fluid compressed by the piston on its
rearward stroke; to provide a hammer hav-
ing a comparatively short piston with a
stroke as long as deswred, embodying novel
teatures 1n design and construction which
assure the proper operation of the valve and
2 Tull and positive stroke of the piston at
each reciprocation under the varied condi-
tions that obtain 1n the practical operation
of such hammers. o

The 1nvention further consists in novel

teatures of construction which will be here-

inafter described and poimnted out in the
claims.

I'n some types of long stroke hammers, the
fllad driving the piston rearward is ex-
hausted from the forward end of the piston

through exhaust-ports which are open to the
atmosphere and which are controlled and
uncovered by the piston on 1ts rearward
stroke. "T'his reduces the fluid pressure

maintaining the valve 1n position to supply

finid te the forward side of the piston, and
the valve shifts to admit fluid pressure to
the rear end of the piston. The distance
the piston will travel rearwardly, or the
lenoth of the stroke, depends upon and
varies greatly with the conditions under
which-the tool 1s being operated. In order

to prevent a waste of fluid on the forward

stroke of the piston, the above mentioned
exhaust ports must be so located that when

shortly after its movement is 1nitiated,

the piston is at the forward end of its Stro-ke,
the rear end of the piston does not uncover

18, 1911,

33,

said exhaust ports, and in the design of the

tecol, when the length of the stroke is in-
creased, the length of the piston should be
imcreased to maintain the proper relation
between the length of piston stroke, and the
time of opening the said exhaust-ports. In

‘some styles of this type of tool, the valve is

not subjected to a constantly acting pressure
tending to move it in one direction. When

the piston on its rearward movement un-

covers the exhaust-ports that are open to
the atmosphere, the fluid pressure that was

60

65

acting on a large pressure area of the valve

holding it in position to admit fluid to the
torward end of the piston is reduced, since
the fluid can escape from the forward end of
the piston-chamber faster than it is being

supplied thereto, but the valve does not shift

until the piston approaches the rearward
limit of its stroke, when in some cases, the
fluid compressed in the rear end of the pis-
ton-chamber by the momentum of the piston
1s admitted to a smaller pressure area of the
valve to move or to assist in moving the
valve to 1ts opposite seated position; and in
other cases, the admission of fluid to the

70

79

30

smaller pressure area of the valve 1s con-

trolled by an auxiliary-valve which is moved

either by direct contact with the piston, or

by the fluid compressed by the piston at the

end of its rearward stroke. This manner
of operating the valve is not as reliable in
action under varying conditions as the oper-
ation of a Valve which is positively retained
in seated position by fluid under normal

pressure, as will be hereinafter explained,

and the method 1s less efficient on account
of the waste of fluid that occurs after the

forward end of the piston passes the ex-

85

90
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haust-ports which waste continues until the

piston approaches the rear end of the cyl-

inder and acts to allow the valve to shift

and cut off the admission of fluid to the

forward end of the cylinder.

In other types of long stroke hammers the
fluid pressure i1s admitted to the forward
end of the piston-chamber for nearly the

full length of the rearward stroke of the

piston, and the fluid 1s not exhausted from

100
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said forward end of the piston-chamber un-

til the piston has nearly reached the rear
end of the piston-chamber and a full rear-
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ward stroke of the piston 1s thus obtained

Wlthm‘l waste of flund. The valve 1s ar-
ranged to be moved to 1t5 opposite seated
p@bnmn wholly or partially by the flud that
15 compressed by the piston 1 the rear end
of the piston-chamber. The action of the
valve when operated 1n this manner, how-
ever, 1s often unsatisfactory under varying
degrees oi fluid pressure and other condi-
tions. The valve has a pressure suiface
against which the fiuid in the rvear end of
“Lh@ msmn vhambtr acts tending to move and
retain the valve 1 one dm—miwn salcl sur-
face 1s necessarily subjected to the var VINng
fluid pressure at the rear of the piston when
the latter 1s erther malking its forwavd or
rearward stroke and the speed at which the

valve moves in either direction and also the |

pressure tending to hold the valve in 1ts
nroper position 1s aflected by the variation
in pressure from the normal fluid pressure
which 1s supplied to the tool.

'n iy invention, the Optm’rion of the

valve is not affected by the varying fluid
pressure 1 the rear of the piston, and the
tool may be designed so [lm‘r any preaeter-
mined amount of compression will be ob-
tainecd on the rearward styoke of the piston
to check the momentum of the latter, before
.h_e valve 18 moved by the cmntamlv acting
snre thereon to admit motive flnd to the
reay of the piston, and without afiecting the
operation of the valve.

The fluid 1s exhausted from the rear end
of the piston-chamber through two sets of
ports communicating with passages leading
to pmt% in the valve-chamber which are con-
trolled by the wvalve. jhe forward set of
cvlinder ports are arranged to be uncovered
by the forward end of t,hm piston on 1ts
rearward strolke after the rear end of the
piston has moved any desired and prede-
termined distance past the rear set of ports.
I‘he distance that the piston laps over the

rear ports before the forward ports are un-
covered by the piston determines the amount
ot mmpw%ion to checlk the speed or the
piston before the valve shifts to admit mo-
tive fluid to the rear of the piston to drive
the latter forward.

The use of a hight, short piston having a
long travel 13 of great advantage m many
cases, more work bemng peﬁowued with less
jar to the operator than is possible under
other conditions. -

In the drawings,—Figure 1 l'eple%ent% a
lonnltudma] central ‘section of the cyhinder
and valve of a pneumatic hammer talen on
the Iime 1-—1 of Fig. 3, partly broken away,
some portions of the tool whose functions
are well understood and whose specific em-
bodiment does not constitute essential fea-

tures of the present invention, not being

shown. Kig. 2 represents a lmwltnfhzml sec-
tion taken on the line 2—2 of F1ﬂ 3. I,

—_—— A rmr
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3 represents a horizontal section on the line

—3 of I1g. 1.
on the line 4—4 of Fip. 1.

Referring to the drawings,—the cylin-
der 1 is provided with a hmd 9 (shown
partly broken away) which 18 1 threaded
engagement with the cylinder and serves to
hold in assembled position on the cylinder
the valve-casing 3 and the partition or plate
4_ which ‘:JL]){II.:I‘M“ the lavge bore of the

ralve-chamber from the plston chamber and
]11111t5 the forward movement of the valve.
The 3 1s for convenience 1n

Fig. 4 vepresents a section

valve-casing 3
mﬂhlm ports plowdoﬂ with a bushing B
plLBQLd tightly into the casing and forming
an integr al part thereof having extes nal ex-
haust grooves B’ and B2 The casing 1s
pr ovided with the annu] ar groove B® which
1@!}1&1;{,15 Wlth the ports 32

A valve 5 having bmlmﬂ- surfaces ot two
dimneterg md provided with the annular
oroove 5% serves to control admission and
exhaust ports in the valve-casimmg and the
small end 5* 1s always subject to ﬂmd Pres-
sure tending to move the valve in a forward
divection. The opposite end !

thereto to move the valve 1 a rearward di-
rection.
When the
as shown, the
passage ob in the heac
ports 3* passages 3% and
rear end of the valve to the rear end of
piston-chamber to drive the piston 6 for-
ward to strike the workine tool 7. When

alve 1s In 1ts forward position
flud passes frem the supply
| throngh a series of

the piston approaches the forward end of

its stroke, the small pert 12 in the side of
the -:*vhndu 1s uncovered by the rear end of
the pi t(mj and a portion of the fluld passes
through the passage 1" (indicated by dotted
line in Fig. 1) and the passage 4* 1m the par-
tition 4 to the large avea 5" of the wvalve,

forcing the latter rearward against the con-

stantly acting pressuie on ihe small area 92
YVhen the valve ﬂl()TGS earwardly it
closes the ports 3%, and the 11*1(:)t11”f- Auid then

passes through the small ports 5° 1 the side
of the valve into the groove 3° ports 39
small passages 3¥ and passages 3¢ in

valve-casing, to the passages 1 1n the cyin-

der and thr oug,;;l,_ ports 19 to the forward end

of the 1')i%'i‘011 3. iW ot the passages 3¢
which are located drametrically opposite as
shown 1n g, 1 ave connected by ports 3%
with the hwe bore of the valve-casing and
open 1nto the valve-chamber mear its for-
ward end to admit fluid from the sard pas-
sages 31 to the large end of the valve for a
pur pOHE’ that will be hereinafter deseribed.
In the reavward posttion of the wvalve
while the ports 3* are closed, t-he E‘.?{llﬂﬂﬁ‘fjw
ports 1# and 1" leadimg from the 1 o1 the
piston-chamber are, by the groove aﬂ in tha

valve, put in communication with open ex-

5P 1s of larger
Carea and fluid 1s 111tumntu1ﬂ v admitted

pa% ges 38 1t 0111 the
he

the
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haust-ports 3° in the valve-casing. The ex- |

haust from the rear of the piston passes
through the ports 1% and 1f into the passage
1° 1n the side of the cylinder through pas-
sages 3" 1n the valve-casing to the groove B’
1m the valve-casing and through ports 3f and
the groove 5% in the valve to the atmosphere
by ports 3¢ in the valve-casing and the pas-
sages 2* 1n the head 2. Adfter the ports 1°f
ave clozed Dy the rear end of the piston, as
shown 1n Fig. 2, the ports 18 are uncovered
by the forward end of the piston and the
Hud being supplied through the ports 5° of
the valve, as hereinbefore deseribed, to drive
the piston rearwardly, is then exhausted
trom the forward end of the cylinder and
ne pressure on the large area 5° of the valve
1s recluced by the fluid escaping to the piston-
chamber through the passage 42, passage 1°
and ports 1* and 1% thus allowing the con-
stantly acting pressure on the small area of
the valve to move the latter forward. It
will be seen that when the rear end of the
piston passes the ports 1f the compression of
the fluid trapped in the rear end of the cyl-
mder cannot reach the avea 5% of the valve
as the ports 8* are then closed by the sliding
surfaces of the valve and the fluid in pas-
sages 3% and ports 3* simply presses against
the sides of the small bearing surface of the
valve. As shown in Fig. 3, the several pas-
sages 8° are arranged so that the side pres-
sure on the valve due to the pressure of the
fluid 1n the ports 32 will be balanced. Tt will
also be seen that there is no tendency for the
flurd which 1s being compressed by the pis-
ton to move the valve i either direction.
ancd that the valve 1s free to move forward
under the constantly acting pressure on the
small area when the pressure on the large
area 18 exhausted. | |

As shown by Iig. 3, the several passages
39 and the ports 37 connected therewith are
arranged so that the side pressure on the
valve due to the pressure of the fluid in the
several ports is practically balanced. When
the valve moves forward to the position
shown in Fig. 1, 1t cleses the exhaust-ports 87
to the valve-chamber, and the fluid 1s sup-
plied through the ports 3* and passages 3¢
to the rear of the piston-chamber. .

When the piston moves forward, the front

end closes the ports 18 before the rear end
uncovers the ports 1%, thereby preventing the
escape of fluid through the passage 1° to the
torward side of the piston which in this posi-
tion of the valve 1s open to the atmosphere
through the ports 19, passages 1¢ in the side
of the cylinder, passages 3¢ to the groove B?
and through ports 3! in the valve-casing to
the groove 5% in the valve and the exhaust-
ports 3° and passages 2* in the head 2. A
series of passages similar to the passages 1°
which are shown in Fig. 1 lead from the
torward end of the cylinder to the groove B2

‘oround after 1t 1s hardened.

S

in the valve-casing having a series of ports 3
which 1 the same way are closed to the
valve-chamber by the valve when the latter
1s 10 1ts rearward position and are open to
the groove 5% in the valve and in communi-
cation with the exhaust-ports 3¢ when the
valve is In its forward position. They thus

serve to exhaust the fluid from the forward

end of the cylinder when the piston moves
torward and also serve to exhaust the fluid
from the large area of the valve, through

‘thie passage 1° and the ports 1* and 12, said

passage and the port 1* acting to relieve and
prevent any accumulation of pressure on the
large area of the valve on the forward stroke
o the piston until the piston approaches the
end of 1its forward stroke when port 1* is
closed by the piston just before the port 12
1s opened by the rear end of the piston to

admit fluid to the passage 1° to move the

valve rearward.

It will be seen that I have provided a valve
and valve-casing of simple construction,
which are eflicient and reliable in operation.
The valve 1s light, strong and duarable hav-
ing comparatively wide bearing surfaces of
but two diameters, which are separated by a
wide groove or neck, so that there are no
shoulders and the valve may be -easily
The bore of
the valve-chamber can also be easily finished
to size after hardening since it has but two
bearing surfaces of different diameters.
Lhe valve-chamber has one annular groove
in the small diameter of the bore with long
bearing surfaces on each side. By limiting
the number of bearing surfaces of the valve-
chamber and valve to two only, and having
but a single groove in the bore of the valve-
chamber and one groove in the valve, a
simple construction is obtained, and the ex-
pense of manufacturing is appreciably re-

duced. '

The valve is shown with a recess in each
end 1n order to lighten it, but the recesses
may be omitted and the end 5* provided with
a small hole adapted to register with the
ports 5¢ 1in the side of the valve. |

As hereinbefore mentioned, it is desirable
to supply only a comparatively small
amount of fluid to the forward end of the
cylinder, so that the piston will not be

| driven rearwardly with too great force, and
the ports 5¢ can be made quite small so that

they do not appreciably weaken the valve,

‘as 18 the case with valves of comparatively

small diameter through the side of which
it 1s necessary to supply the whole of the
fluid to drive the piston forward, since in
the latter case, it is desirable that the total
area of the ports through which the fluid
1s supplied to drive the piston forward shall
be of comparatively large capacity.

In order to obtain satisfactory results in

long stroke pneumatic hammers, it is neces-
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sary to have a free exhaust from the front
side of the piston when the latter i1s mov-
ing forward. When the tool 1s not pro-
vided with exhaust- -ports, controlled by the
piston and located near the forward end ot
the cylinder and all, or the greater part of
the exhaust, must pass thmuﬂh ports 1n the

ralve - ehambu the latter and the valve
must be deswned to have a comparatively
large area of exhaust- -port opening. As 1t
is not desirable to increase the travel of the
alve, which would be necessary if wide
ports were provided, and since 1t would be
difficult and
ber of small passages 1in the wall of The cyl-
inder from the rear to the forward end, 1
obtain the necessary port area by connectmg
the five passages 3¢ in the valve-casing,
which are in communication with the five
passages 1° in the wall of the cylinder and
the groove B® in the bushing B to the large
bore of wvalve-chamber, by a plurality of
ports 33 of smaller diameter. As hereinbe-
fore mentioned two of the passages 1¢ 1n the
cylinder (as shown in Iig. 1) also serve to
conduct the motive fluid Trom the valve to
the forward end of the cvlinder.

When it is possible to provide suflicient
port area, it 1s desirable to employ valves
having conlp.;uatwehf small diameters and
wicle bemmﬂ surfaces. It will be under-
stood that valves of small ciameters, when
worn so that they are not a tight working
fit 1n the bore of the valve- chmnbu do not
permit so great a waste of motive fluid s
alves of larger diameters under the same
conditions. With valves of eg ual length 1
have found in practice a mlthel acdyv 1111;*10@
in using valves of small diameters as sich
ralves do not have the mndene‘; to tilt and
wear the valve-chamber out of true as 1s
conunonly the case with valves of larger -
ameter. |

With the improved valve shown herein the
fluid 1s supplied to and exhausted from the
rear end of the piston-chamber exteriorly to
the valve, and 1t will be seen that 1 have pro-
vided a valve of comparatively small di-
ameter at one end, having a wide bearing
surface that controls the admission of mo-
tive fluid to opposite ends of the cylinder
and that said surface is the only bearing
surface of the valve past which the 111011"*’@
fluid can constantly leak or escape to the
atmosphere when the valve becomes worn.
This 1s a great improvement over other
forms of valves that ave largely employed,
some of which have three short bearing sur-
faces of comparatively large diameter and
past each of which surfaces the fluid can
constantly es
passages to the exhaust when the valves be-
come 511@11’(]3? worn so that they are not a
proper WOlhmﬂ fit in the bore of the valve-

CELE:ll]O

I

expensive to drll a large num-

ape directly from the supply,

098,226

It results from the construction of the
tool herein shown and described, that the
valve is held firmly seated at the end of 1ts
opposite movements by the motive fluid, and
that fluttering and 1ncomplete mm‘emeni
of the valve which cause the ]umpmo and
jarring so common 1n tools of this char-
acter 1s prevented. If a valve does not
work regularly and uniformly, opening and
closing the ports at the proper time, the
movements of the piston will be 111‘06111&1‘
When the piston 1s moving iorwud the
valve should be firmly held to 1ts seat so that
the exhaust-ports will remain wide open to
permit the free escape of the fluid from the
forward side of the piston 1n order that the
speed of the piston will not be decreased
and that the force of the blow will not be re-
duced by the back pressure of the fluid 1n
the forward end of the cylinder.

The type of long stroke tools 1n which
the valve is seated wholly or partially by
the pressure of the fluid in the piston- cham-
ber acting on a reduced pressure area or
surface of the valve e, are 1nfluenced or af-
fected 1n operation by the variation oI pres-
sure in the piston-chamber duoring the for-
ward stroke of the piston, esPu‘m}_ly it the
valve moves when shifted 1n the same di-
rection that the piston 18 moving as 13 usual
in tools in which the valve is moved in one
direction wholly or partially by the fuid
compressed by the piston. When the tool
is held vertically above the work, the weight
of the valve, 1n addition to any fluid that
may escape or leak past the sliding surfaces
thereof and also past the joints and fluid
distributing passages of the tool to the large
area of the valve, tends to move the Iatter
1n the wrong direction when the piston 1s
making 1ts forward stroke. When tools of
this character are employed for riveting, 1t
is desirable to strike the rivet lightly at first

before the metal has been upset suthiciently
to form a shoulder tending to retain the
rivet in position, and the tool should be re-
liable in action when throttled to oper ate at
reduced speed. The action of the last men-
tioned type of tools 1s not reliable m start-
ing when the flurd supply 1s throttled to re-
duce the sp peed of the piston and strike
lightly, GSpBCldHV when the forward end of
the tool is held down and the fluid 18 ad-
mitted to the front of the piston for nearly
the whole length of the rearward stroke be-
fore being exhausted.

In starting, the piston and valve are both
1n their forward position, and when the fluid
15 admitted to the tool, the piston on its
first movement does not alwavs attain sufli-
cient momentum to firmly seat the valve 1n
its opposite position to cut off the supply
of fluid to the forward end of the piston and
open the exhaust thereirom; the ﬂmd 15 thus

to prevent driving the rivet out of place.
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trapped in the forward end of the piston-
chamber so that the piston cannot drop back
to 1ts forward position, even when the sup-
ply of fluid to the teol is cut off, until the
flhmid 1n front of the piston leaks out or
escapes 1 some way. As hereinbefore men-
ticned, 1f the cylinder is provided with an
open exheust-port or ports located near the
torward end to overcome this objection there
15 a waste of motive fluid on the rearward
stroke after the piston uncovers the exhaust-

ports, until the valve shifts when the piston ;

approaches the end of its stroke.

With the valve shown herein it will be
understood that since the cross-sectional area
of the small bore of the valve-chamber
through-which the motive fluid is supplied
to the area 5* of the valve is much greater

than the combined cross-sectional area of the

ports 8* through which fluid 1s conducted
from sald area of the valve that the varia-
tion In pressure in the piston-chamber will
have practically no effect on said area of the
valve; and the rush or impact of the fluid
1s also against said area tending to carry
and maintain the valve forward when the
fluid 1s being supplied to the rear end of the
piston-chamber. When the piston is mov-
ing rearwardly to compress the fluid in the
piston-chamber, the ports 3* are closed by
the shiding surface of the valve and if the
limit of the pressure to which the fluid can
be compressed by the piston before t!
1s moved by the constantly acting

pPressure

1s less than the normal pressure, the fluid

compressecd will have no effect on the for-
warcd movement of the valve because the lat-
ter will be moved to its seated position be-
tore the pressure in the piston-chamber has
become equal to the pressure being supplied
to the teol; and if the piston continues to
move rearwardly and compress the fluid in
the piston-chamber above the pressure of the
flhuud being supplied to the tool after the
valve has moved forward so that the fluid is
torced rearward through the ports 3+, it can
have no efiect on the valve, as the latter is
then being held firmly in seated position by
fluid under normal pressure. :

It will be understood that it is not eszen-
tial to construct the valve casing with the
bushing B as shown and that the ports 3¢
and 37 communicating respectively with the
passages 3" and 3% and the valve chamber
may be arranged In any manner preferred.
By using the bushing B, the shell of the
valve-casing may by using a special drill-
ing ‘device be drilled from the interior into
the passages 3" and 39, thus saving the plug-

¢ing of holes on the outside of the casing

which would be necessary if holes were
drilled from the exterior of the casing to
connect the passages 3" and 3% respectively
with the ports 3 and 3I. By providing the
annular groove B%, the passages 8% can Dbe

ne valve

E
|

o

easily connected with the ports 82 without
drilling and plugging holes on the exterior
surface of the valve-casing.
What T claim is: ‘
L. In a pneumatic hammer, a cylinder

-and piston, a valve having an imperforated

reduced portion or neck ends of different
diameters against the smaller of which the
motive fluid constantly acts, the smaller
diameter being provided with ports trans-
verse to the axis of the valve and with an
axial orifice terminating slightly beyond

sald ports, said smaller diameter of the

valve on one side of said neck controlling
the admission of motive fluid to opposite
ends of the eylinder. |

2. In a pneumatic hammer, a cylinder
and piston, a valve having an exterior an-
nular groove and sliding bearing surfaces

on opposite sides of the groove, said bear-

Ing surtaces on opposite sides of the groove
being of different diameters, the smaller
end of the valve being constantly subject to
fluid pressure and provided with an axial
orifice and with ports transverse to the axis
of the valve to which the motive fluid is
constantly admitted. the smaller diameter

of the valve on one side of said STO0Ve COn-

trolling the admission of motive fluid to
opposite ends of the cylinder.

3. In a pneumatic hammer, a cylinder
and piston, a valve having an exterior annu-
lar groove and sliding bearing surfaces on

opposite sides of the groove, said bearing

surfaces on opposite sides of the groove be-
Ing of different diameters. the smaller end
of the valve being constantly subject to

fluid pressure and provided with an axial

orifice and with ports transverse to the
axis of the valve to which the motive fluid
1s constantly admitted. the smaller diameter
of the valve on one side of said groove con-
trolling the admission of motive fluid to
opposite ends of the cylinder, and said

oroove acting to alternately exhaust the

fluid from opwnosite ends of the cylinder.

4. In a pneumatic hammer, a cylinder
and piston, a valve having an imperforated
reduced portion or neck and sliding bearing
surfaces of different diameters. the smaller

- end of the valve being constantly subject to

fluid pressure and provided with ports

transverse to the axis of the valve and with

an axial orifice terminating slightly be-
yond said valve ports, a valve-casing pro-
vided with
tively with opposite ends of the cylinder,
one set of ports being uncovered by
small end of the valve to admit motive fluid

to one end of the cylinder when the valve

1s at one end of its movement and the other
set of ports communicating with said ports
in the small end of the valve to admit Auid
to the opposite end of the cylinder when the
valve 1s at the other end of its movement. |

ports communicating respec-

the
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5. In a pneumatic hammer,
and piston, a valve-casing plorldua with
ports communicating vespectively with op-
posite ends of the cylinder and with ex-
haust-ports which are always open to the at-
mosphere, a valve having an annuiar groove
which acts to Llltulmtdv place the respec-
tive cylinder ports in communication with
said exhaust-ports. said valve having slid-
ing bearing surfaces on opposite sides of
said oroove, said surfaces being of differ-
ent dinmeters, the smaller end of the valve
being constantly subject to fluid pressure
and )mvldefl with ports to which the mo-
tive ﬂmd 1s constantly admitted the smaller
diameter of the valve on one side of said
oroove controlling the admission of mo-
tive fluid to onpoute ends of the cylinder.

6. In a pneumatic hamwmer, a cylinder
and piston, a valve having an 1mp{91"lm ated
reduced portion or neck and ends of differ-
ent diameters against the smaller of which
the motive flnid constantly acts to press the
valve in one divection and to the larger of
which the fluid 1 intermittently admitted
to move the valve in the opposite direction,
the smaller diameter being provided w ith
ports transverse to the axis of the valve to
which the motive fluid 1s constantly ad-
mitted, said smaller diameter of the valve
on one side of said neck controlling the ad-
mission of fluid to opposite ends of the cyl-
indel

. In a pneumatic hammer,
"‘11(:] piston, a valve having an exterlor an-
nular groove and bmunn siurfaces located
Lf«pecumlv on opposite s sides of the aTOOVE,
sald 1’){3“111111} surfaces being of different
diameters. the smaller end ot the valve be-
e C(msgtﬂntly subject to fliud pressure tend-
ing to move the valve in one direction, the
larger end of the valve being mnter 11‘11’L{ent]§r
subject to fluid pressure to move the valve
in the opposite direction, the smaller diame-
ter being provided with ports to whieh the
motive fluid is constantly admitted, said
smaller diameter of the valve on one side
of said oroove controlling the admission of
motive fluid to opposite ends of the cyl-
1ncler,

8. In a pneumatic hammer, a cylinder
and piston, a valve having an exterior an-
nular oroove and bearing surfaces located
respectivelv on opposite sides of the erosve,
said bearing surfaces being of different
diameters the smaller end of the valve be-
ng constantly subject to flnid pressure tend-
ing to move the valve in one direction, the
larger end of the valve being mtermitt en‘th
Hlbwct to fluid pressure to move the valve
in the opposite direction, the smaller diame-
ter being provided with ports to which the
motive fluid is constantly admitted, sa1d
smaller dinmeter of the valve on one side of
said eroove controlling the admission of

a cylinder

a cylinder
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motive fluid to opposite ends of the cylin-
der, and said grcove acting to alternately
exhaust the fluid from op pf’-%ﬂ e ends of the
cylinder.

9. In a pneumatic hammer, a cylinder
and piston, a valve having an 11111'){3110] ated
1educed nortion or neck and De: WIng sur-
faces on opposite sides of said neck of dif-
ferent diameters, the smaller end c¢f the
ralve being constantly subject to fluid pres-
Slire ‘iendmﬂ- to move the valve 1 one di-
rection and the lav ger end being intermit-
tently subject to fluid pressure to move the
valve in the opposite direction, the smaller
diameter of the valve being ]:nm*uhd with
ports to which the motive fluid is constantly
admitted, a valve-casing provided with
ports cenlnunlcatlnﬂ respectively with op-
posite ends of the cv]mder through nlmh
motive fluid 1s Csnm)hﬂm the ports communi-
cating with one end of the cylinder bemng
uncovered by the small end of the valve
when the latter 1s at one end of 1ts move-
ment and the other ports communicating
with said ports in the valve when the lat-
ter 1s at the end of its movement 1n the op-
posite direction. |

10. In a pneamatic hammer, a cvlindu
and piston, a valve-casing mmldtﬂ with
perts commn T{mmahn{“ respectively with op-
nosite ends of the cylinden and with ex-
haust- ports which are ﬂ]wfwg open to the
atmosphere, a valve having bearing sui-
faces of different cdiameters, the smaller end
of the wvalve being constantly subjeet to
flmid pressure tending to move the valve in

one direction and the large end being inter-
_m}it ntly subject to fluld pressure to move
he valve in the mmoﬂ-]w dlirection, the

.an]]nr cdiameter of the valve bheing pro-
vided with ports to which the motive fluid
18 constantly admitted. said smaller di-
amcter controlline the admission of motive
fluid to oppoute ends of the cvlinder, smd
valve having an exterior annular groove lo-
cated buweom the large and small diameters
which is adapted to alternately place the
respective cylinder ports in communication
with said exhaust-ports.

11. In a pneumatic hammer, a cylhinder
and piston. a valve-casing having pmf% com-
municating respectively with opposite ends
of the LT]Z{ﬂde}i‘ and with exhaust-ports that
are always open to the '.ltl.thF:Pthﬂ, a valve
having an exterior annular groove which 18
always open to said exhaust-ports, said vaive
lm ving bear ]ﬂﬂ carfaces on opposite sides of

id eroove, the bearing surface on one side
of the groove being of different diameter
from the bearing surface on the appostte side

of the groove and against the smaller of
which the motive fluid constantly acts, the

smaller diameter remsg; 1*}1‘(}?‘1(1 ed with ports
to which the motive fluid is cons Lmﬂv a(l-
mitted, said %nm]]w diameter on one side of
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=

the groove controlling the admission of mo- | of the cylinder and with exhaust-ports that

tive fluid to opposite ends of the cylinder
and said groove acting to alternately ex-
haust the fluid from opposite ends of the
cylinder. f

12. In a pneumatic hammer, a cylinder
and piston, a valve-casing having ports com-
municating respectively with opposite ends
ot the cylinder and with exhaust-ports that
are always open to the atmosphere, a valve
having an exterior annular groove which
1s always open to said exhaust-ports, said
valve having bearing surfaces on opposite
sides of the groove, said surfaces being of
different diameters against the smaller of
which the motive flud constantly acts to
press the valve 1n one direction and against
the larger of which the fluid intermittently

acts to move the valve in the opposite direc- |
- tion, the valve having ports located rear-

wardly of said groove to which the motive
fluid 1s constantly admitted, said smaller
chameter of the valve controlling the admis-

sion of motive finid to opposite ends of the.

cviinder and said groove acting to alter-
nately exhaust the fluid from opposite ends
ot the cylinder.

13. In a pneumatic hammer, a cylinder
and piston, a valve having an imperforated
reduced portion or neck and bearing sur-
faces on opposite sides of the groove of dif-
terent diameters to the smaller of which
the motive fluid is constantly admitted, a
valve-casing having ports communicating

with one end of the cylinder which are con-

trolled by the smaller end of the valve, the

alve being provided with ports located
rearwardly of said neck to which the motive
flurd 1s constantly admitted, the valve-cas-
ing being provided with ports communi-
cating with the opposite end of the cylin-
cer, said last mentioned ports being adapt-
el to communicate with the ports in the
valve to admit motive fluid to said opposite
end of the cylinder,

14. In a pneumatic hammer, a cylinder
and piston, a valve having an imperforated
reduced portion or neck and bearing sur-
faces of different diameters to the smaller
of which the motive fluid is constantly ad-
mitted, a valve-casing having ports com-
municating with the rear end of the cylin-
der which are controlled by said smaller
end of the valve, the valve being provided
with ports located rearwardly of said neck
to which the motive fluid is constantly ad-
mitted, the valve-casing being provided
with ports communicating with the forward
end of the cylinder, said last mentioned ports
being adapted to communicate with the ports
in the valve to admit motive fluid to the
torward end of the cylinder.

15. In a pneumatic hammer, a cylinder
and piston, a valve-casing having ports com-
municating respectively with opposite ends

are always open to the atmosphere, a valve

v

having an exterior annular groove which is

always open to said exhaust-ports and is
acdapted to alternately connect the ports

communicating with the respective ends of

the cylinder with said exhaust-ports, said
valve having ends of different diameters to
the smaller of which the motive fluid is
constantly admitted, the valve-casing having
ports communicating with one end of the

cylinder which are controlled by the smaller:

end of the valve, said valve being provided
with ports located rearwardly of said eroove
to which the motive fluid is constantly ad-
mitted through an orifice in the small di-
ameter of the valve, the valve-casing being
provided with ports communicating with
the opposite end of the cylinder, said last
mentioned ports being adapted to communi-
cate with the ports in the valve to admit
fluid to said opposite end of the cylinder.
16. In a pneumatic hammer, a cylinder
and piston, a valve-casing having ports com-

municating respectively with opposite ends

of the cylinder and with exhaust-ports that
are always open to the atmosphere, a valve
having an exterior annular grcove which is
always open to said exhaust-ports and is
acdapted- to alternately connect the ports
communicating with the respective ends of
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the cylinder with said exhaust-ports, said _

valve having ends of different diameters
against the smaller of which the motive fluid
constantly acts to press the valve in one di-
rection and against the larger of which the
fluid intermittently acts to move the valve

in the opposite direction, the valve-casing

having ports communicating with one end
of the cylinder which are controlled by the
smaller end of the valve, the smaller di-
ameter of the valve being provided with
ports located rearwardly of said groove to
which the motive fluid is constantly ad-
mitted, the valve-casing being provided with
ports communicating with the opposite end
of the cylinder, said last mentioned ports
being adapted to communicate with the
ports 1n the smaller diameter of the valve
to admit flurd to said opposite end of the
cvlinder.

17. In a pneumatic hammer, a cylinder and
piston, a valve-casing provided with ports

communicating respectively with opposite

ends of the cylinder and with exhaust-ports
which are always open to the atmosphere, a
solid valve having ends of different diameter
and an exterior annular groove intermediate
the ends, the smaller end of the valve being
constantly subject to fluid pressure tending
to move the valve in one direction, the mo-
tive fluid being supplied to one end of the
cylinder through ports in the valve-casing
that are controlied by said end of the valve,
the smaller diameter of the valve being pro-
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vided with an axial orifice and with ports
transverse to the axis of the valve located
rearwardly of said groove to which the mo-
tive fluid is constantly admitted, the valve-
asing being provided with a groove, said
ports in the valve being adapted when the
valve is at the opposife end of 1ts movement
to register with said groove i the valve-cas-
ing which commuuicates with the opposite
end of the cylinder.

18. In a pnewmatic hammer, a cylinder

and piston. a valve-casing having ports com-
mumicating with the piston-chamber, a valve
controlling said ports having an area con-
stantly subject to fluid pressure tending to
move the valve In one direction and a larger
avea to which the fluld is intermittently ad-

mitted to move the valve in the opposite |

direction. the smaller arca of the valve being
alternately in communication with opposite
ends of the cvlinder, the fllud bemg ex-
hausted from the large arvea of the valve
through said valve controlled ports. _

19. In a pneumatic hammer, a cyinder
and piston, a valve-casing having ports com-
municating with the piston-chamber, a valve
controlling said ports having an annular
oroove, and having an area constantly sub-
ject to fluid pressure tending to move the
valve in one direction. and a larger avea to
which the fluid is intermittently admitted to
move the valve in the opposite direction, the
smaller avea of the valve being alternately
in communication with opposite ends of the
cylinder, said ports being open to the groove
in the valve when the piston 1s moving rear-
wardly, and acting to exhaust the fluid from
the large area of the valve.

20. In a pneumatic hammer, a cyhuoder
and piston, a valve-casing having ports com-
municating with the pisten-chamber, a valve
controlling said ports having an annular
orcove, and having an area constantly sub-
ject to fluid pressure tending to move the
valve in one direction, and a larger area to

which the fluid is intermittently admitted to
-

ports being open to the groove 1 the valve
when the piston is moving reavwardly to ex-
hanst the fluid from the large arvea of the
valve when the piston approaches the end
of ite stroke, said ports being closed by the
valve when the latter shifts tc admit fluid
to drive the piston forward, the smaller area
of the valve serving to close the rear end of
the piston-chamber when said ports are open
to the greove in the valve.

91. In a ppemmatic hammer, a cylinder and
piston, a valve-casing having ports com-
municating with the piston-chamber, the
cylinder having a cushion or compression
space at its rear end, a valve controlling said
ports having a pressure area constantly sub-
ject to fluid pressure tending to move the
valve in one direction and a larger pressure

(Lo BT I FE—— )
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area to which the motive fluid 1s intermit-
tently admitted to move the valve m the
opposite direction, the fluid being exhausted
from the large area through said valve con-
trolled ports i the valve-casing, the smaller
pressure area of the valve serving to cut ofl
communication with said cushion space when
the piston 1s making its rearward stroke.

29. In a pneumatic hammer, a cylnder
and piston, a valve-casing having ports com-
municating with the piston-chamber. a valve
controlling said ports having bearing sur-
faces at each end of different diameters, the
small end of the valve being constantly sub-
ject to flmid pressure tending to move the
valve in one direction, the valve being moved
in the opposite direction by fluid mtermit-
tently admitted to the large end of the valve,
the fluid being exhausted from the large end
of the valve through said valve controlled
ports. |

23. In a pneumatic hammer, a cylinder
and piston, a valve-casing having ports com-
municating with the piston-chamber, a valve
controliing said ports having bearing sur-
faces at cach end of different diameters, the
small end of the valve being constantly sub-
ject to fluid pressure tending to move the
valve in one direction, the valve being moved
in the opposite direction by fluid intermnt-
tently admitted to the large end of the valve,
the fluid being exhausted from the large end
of the valve when the piston approaches the
end of its rearward stroke through said ports
in the valve-casing, said ports being closed
bv the valve when the latter shifts to admit

| fluid to drive the piston forward.

24, In a pneumatic hammer, a cylinder
and piston, a valve-casing having ports com-
municating with the piston-chamber, a valve
having pressure surfaces against which the
motive fluid acts to move the valve in oppo-
site directions and provided with an exterior
annular groove. one of said pressure surfaces
being intermittently subjected to fluid pres-
sure, the fluid being exhausted from said
surface through said ports In the valve-cas-
ing which are open to said groove i the

valve when the piston 1s moving rearward

and which are closed by the valve when the
latter shifts to admit fluid to drive the pis-
ton forward, the opposing pressure surface
of the valve closing communication to the
rear end of the piston-chamber unti said
movement of the valve occurs. _

25. In a pneumatic hammer, a cylinder
and piston, a valve-casing having ports com-
muntcating with the piston-chamber, a valve
controlling said ports having opposing pres-
sure surfaces against which the motive fluid
acts to move the valve in opposite directions,
one of said pressure surfaces being mtermit-
tently subjected to fluid pressure to move the
valve in one direction. the {fluid being ex-
hausted therefrom through said valve con-
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trolled ports, the opposing pressure surface |

of the valve against which the motive fluid
acts to move the valve in the opposite direc-
tion being always subject to fluid pressure
and serving to close the rear end of the pis-
ton-chamber on the rearward stroke of the
piston.

26. In a pneumatic hammer, a cylinder
and piston, a valve-casing provided with
ports, a valve controlling said ports having
an area subject to constantly acting fluid
pressure tending to move the valve in one
direction and 2 larger area to which the fluid
1s Intermittently admitted to move the valve
in the opposite direction, said cylinder hav-
ing a cushion or compression space at its
rear end, passages leading therefrom to the

valve-chamber which are closed or sealed by

the side walls of the valve when the piston
1s moving rearward to prevent the fluid com-
pressed by the piston affecting the move-
ments of the valve, the fluid pressure being
exhausted through said valve controlled
ports in the valve-casing from the large area
of the valve after the piston enters said
cushion space to allow the constantly acting
pressure on the valve to shift the latter, the
small pressure area of the valve serving to
close to the rear end of the piston-chamber
on the rearward stroke of the piston.

27. In a pneumatic hammer, a cylinder
and piston, the cylinder having ports and
passages arranged to provide a cushion space
at the rear end of the cylinder, a valve-cas-
ing having ports communicating with the
piston-chamber, a valve controlling said
ports having a pressure surface against
which the motive fluid constantly acts tend-
Ing to move the valve in one direction and a
larger pressure surface to which the fluid is
Intermittently admitted to move the valve in
the opposite direction, the fluid pressure
being exhausted through said valve con-
trolled ports in the valve-casing when the
piston approaches the end of its rearward
stroke, the smaller pressure surface of the
valve serving to close to the rear end of the
piston-chamber on the rearward stroke of
the piston.

28. In a pneumatic hammer, a cylinder
and piston, the cylinder being provided with
passages having ports opening into the pis-
ton-chamber, said ports being uncovered by
the piston before it approaches the end of
its forward stroke and also being uncovered
by the piston when it approaches the end of
its rearward stroke, a valve-casing having
ports communicating with said cylinder pas-
sages, a valve controlling said ports in the
valve-casing having a pressure surface
against which the motive fluid constantly
acts to move the valve in one direction and

a. larger pressure surface to which the fluid |

1s Intermittently admitted to move the valve
in the opposite direction, the fluid pressure

‘ward end of the
1rom the large area of the valve, the smaller

being exhausted through said valve con- -

trolled ports in the valve-casing when the
piston approaches the end of its rearward
stroke, the smaller pressure surface of the

valve serving to close to the rear end of the

piston-chamber on the rearward stroke of
the piston. '
29. In a pneumatic hammer, a cylinder
and piston, the cylinder being provided with
exhaust passages having two sets of ports
opening into the piston-chamber, the rear
exhaust-ports being located forward of the
rear end of the cylinder, a valve-casing hav-
Ing ports communicating with said exhaust
passages and with supply ports and passages
through which the motive fluid is supplied
to the piston-chamber rearward of said ex-

haust-ports, a valve controlling said exhaust

and supply-ports which is moved in one di-

rection by an area constantly subject to fluid

pressure and 1s moved in the opposite direc-
tion by a larger area to which the fluid is
intermittently admitted, the exhaust of in-
termittent pressure being controlled by the
valve, the smaller area of the valve serving
to close to the rear end of the piston-cham-
ber on the rearward stroke of the piston.

30. In a pneumatic hammer, a cylinder

and piston, a cushion or compression space
at the rear end of the cylinder, a valve-cas-
ing having ports communicating with the
piston-chamber by passages provided with
two sets of ports, a valve controlling said
ports in the valve-casing having a pressure
area constantly subject to fluid pressure
tending to move the valve in one direction
and a larger pressure area to which the fluid
15 1ntermittently admitted, said valve con-
trolled ports being open on the rearward
stroke of the piston and the forward set of
cylinder ports being uncovered by the for-
piston to exhaust the fluid

pressure area of the valve serving to close
communication with the cushion space when
the piston 1s making its rearward stroke.
31. In a pneumatic hammer, a cylinder
and piston, the cylinder being provided with
exhaust passages having two sets of ports
opening into the piston-chamber, a valve-
casing having ports in communication with

- sald exhaust passages a valve controlling

sald ports in the valve-casing which is
moved In one direction by an area con-
stantly subject to fluid pressure and which is
moved in the opposite direction by a larger
area to which fluid is intermittently ad-
mitted, the fluid being exhausted from said
larger area through said valve controlled

ports, the smaller area of the valve serving
to close the rear end of the piston-chamber

on the rearward stroke of the piston.
32. In a pneumatic hammer, a cylinder

‘and piston, a valve-casing having ports com-

municating with the piston-chamber, a valve

9::-
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controlling said ports having opposing pres-
sure surfaces acainst which the motive fluid
acts to move the valve in opposite directions,
one of said pressure surfaces being intermait-
tently SuJJu}t to fluid pressure, the fluid be-
ing exhausted therefrom through said valve
controlled ports, the opposite pressure sur-
face being mtermittently in communication
with oppoate ends of the cylinder.

33. In a pneumatic hammer, a cylinder
‘md piston, a valve-casing havi ing  ports
communicating with the plf-,ton chambu A
valve contr ol]mﬂ sald ports having opposuw
pressure surfaces against which the motive
Auid acts to move the valve in opposite di-
rections, one of said pressure surfoces be-
ing inte rmittently subject to fluid pressure,
the fluid being exhausted therefrom through
said valve controlled ports, the opposing pres-
sure surface of the valve being always sub-
ject to fluid under normal pressure and serv-
ing to close the rear end of the piston-cham-
ber on the rearward stroke of the piston.

34. In a pneumatic hammer, a cylinder
and piston, the cvlinder being provided with
exhaust passages having two sets of ports
openmn mto the plston -chamber, a valve-

asing having ports cmnmunmatmo with

said exhaust passages and with Supply ports ;

and passages through which the motive fluid
1s supplied to the plston -chamber, a valve
controlling said exhaust and Supplv ports
having opposing pressure surfaces against
whleh “the motive fluid acts to move the valve
in opposite directions, one of said pressure
surfaces being intermittently subject to
fluid pressure, the fluid being exhausted
therefrom through said valve controlled ex-
haust-ports, the opposing pressure surface
being always subject to fluid presure and
serving to close the rear end of the piston-
chamber on the rearward stroke of the
p1st0n

In a pneumatic hammer, a cylinder
.Lmd plst{m, a valve-casing located rearward
of and beyond the end of the cylinder hav-
g ports communicating with the piston-
chqmbm, a valve contr olhnﬂ said ports hav-
INg OPPOSING pressure surfaces against which
the motive fuid acts to move the valve in
opposite directions, one of said pressure sur-
Taces being 11‘11@1"111111@111137 subject to fluid
pressure, the fluid being exhausted there-
from through said valve controlled ports,
the opposing pressure surface of the valve
being always subject to fluid under normal
pressure.

36. In a pneumatic hammer, a cylinder
and piston, a valve-casing located rearward
of and beyond the end of the cylinder hav-
ing a valve-chamber which 1s separated from
the piston-chamber by a plate or partition
and provided with ports communicating
with the piston-chamber, a valve control-
ling said ports having (}pposuw pressure

098,226

surfaces against which the motive fluid acts
to move the valve 1 opposite directions, one
of said surfaces being intermittently fsub-«
ject to fmd pressure, the fluid being ex

hausted therefrom tLrouﬂh said valve con-
trolled ports, the oppoesing pressure e surface
of the valve serving to close the ear end of
the piston-ch amber on the rearward stroke

- of the piston.

37. In a pneuamatic hammer, a (*Vlinder
and piston, the cylinder being provided
with exhaust passages having {wo sots of
ports opening 1nto the piston-chamber, a
valve-casimg located reavrward of and be-
yond the en \d of the cylinder having a valve-
chamber which 18 separated from the piston-
chamber by a plate or partition and pro-
vided with ports communicating with said
exhaust passages, a valve con‘irolhuo said
ports in the valve-casing having opposing
pressure surfaces aﬁﬂ.mst which the motive
fluid acts to move the valve in opposite i-

ections, one of sald surfaces being inter-
mittently subject to fluid pressure, the fluid
being exhausted therefrom through said
valve controlled ports, the opposing pres-
sure surtaces of the valve serving to close
the rear end of the piston- _chamber on the
rearward stroke of the piston.

38. In a pneumatic hammer, a cylinder
and piston, a valve-casing hwmo a valve-
chamber in alinement with the pl“~t011 -cham-
ber, said valve-casing comprising a shell
having longitudinal passages 1n the walls
thereof leading from the forward end and
parallel with the bore, a bushing fitting the
bore of the shell having the valve-chamber
formed therein, and pmﬂded with an ex-
terior annular groove which communicates
with said passages in the shell, said groove
being connected to the valve- chamber by a

| series of ports.

39. In a pneumatic hammer, a cylinder
and piston, a valve-casing 1mvmﬂ a valve-
chamber 1 alinement with the ])151011 -cham-
ber, said valve-casing comprising
having two sets of ]01101tudl1m1 passages
leadmg from the forward end and parallel
with the bore, a bushing fitting the bore of
the shell having the valve-chamber formed
therein and pr ovided with two exterior an-
nular orooves which communicate respec-
tively with the longitudinal passages 1n the
shell, said grooves bemn connected respec-
tiv ely with the valve-chamber by a series of
ports.

40. In a pneumatic hammer, a cylinder
and piston, a valve-casing hm*nw a valve-
chamber 1 alinement with the 131%{011 -cham-
ber, said valve-casing comprising a shell
.nvmo an interior annular oroove and lon-
nltudmﬂ passages in the walls leading from
the forward end to said OTO0VE and par-
allel with the bore, a bushmg fittig the bore
' of the shell having the valve-chamber

a shell
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formed therein and provided with a series
of ports which communicate with said
groove 1n the shell and open into the valve-
chamber. |

41. In a pneumatic hammer, a cylinder
and piston, a valve-casing having a valve-
chamber 1 alinement with the piston-cham-
ber.
having an interior annular groove, a bush-
ing fitting the bore of the shell having the
valve-chamber formed therein and provided
with exterior annular grooves, said shell
having a series of longitudinal passages
leading from the forward end to said in-
terlor annular groove and with two series
ot longitudinal passages leading from the
torward end parallel with the bore, said
bushing being provided with two exterior
annular grooves which communicate with the
respective serles of passages in the shell, said
grooves 1n the bushing and said groove in
the shell being respectively connected with
the valve-chamber by a series of ports.

said valve-casing comprising a shell

11

42. In a pneumatic hammer, a cylinder
and pisten, a valve-casing having a valve-
chamber 1n alinement with the piston-cham-
ber, said valve-casing comprising a shell
having longitudinal passages in the walls

thereof leading from the forward end and

parallel with the bore, a bushing fitting the

bore of the shell having the valve-chamber

formed therein and provided with an ex-
tertor annular groove which communicates
with said passages in the shell, said groove
being connected to the valve-chamber by a
series of ports, a plate or partition located
between the shell and the end of the cylin-
der having passages therein which register
with said longitudinal passages in the shell.

In testimony whereof I affix my signa-
ture, 1n presence of two witnesses.

GEORGE L. BADGER.
Witnesses:

Greo. W. Bripaes,
E. C. Tuoxer.

g eyl

Copies of this patent may be obtained for five cents each, by addressing the ** Commissioner of Patents,
| Washington, D, C.” -
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