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To all whom it may concermn:
Be it known that I, GRORGE H. REYNOLDS,

State of New York, have invented a certain
new and useful Improvement in Pneumatic
Cannon, of which the following isaspecifica-
tion.

The invention is intended more especially
for cannon operated by cowmpressed air of
high tension and adapted to throw large pro-
jectiles containing high explosives; but it
may be carried out with a wide range of sizes
and of various proportions, and may serve
with other gases than atmospheric air, and
the pressure of the gas may be induced by
other means than mechanical compression.

I will use the word “firing” in its techni-
cal sense as used by military men to define
the act of discharging the gun, although in
this gun there is no ignition of powder or
other combustible. I will usethe word * air”
to designate the large volumes of gas under
pressure employed to impel the projectile.

‘What 1 consider the best means of carry-
ing out the invention are fully deseribed be-
low, and shown in the accompanying draw-
ings, forming part of this speecification. There
are three sheets of the drawings.

Figure 1 represents that part of the barrel
of the gun which is behind the trunnions,
showing the breech arranged for two firing-
valves with the auxiliary valves connected
to them. It also represents the arrangement
of the hand-lever with the quadrant and
valve-rod by which the gun is fired. Fig. 2
is a plan view, partly in section, on tire line P
P in Fig. 8. Tig. 3is a verticalgection on the
line Q Q in Fig. 1. Fig. 4 i3 a horizontal sec-
tion on a larger scale. It shows the construec-
tion in detail of one of the firing-valves.
Fig. 5 is a horizontal section on the line = x
in Fig. 3 on a larger scale, and Fig. § is a
vertical section on the line y 4 in Fig. 5.

Similar letters of reference indicate corre-
sponding parts in all the figures where they
appear.

In large guns it is not easy to safely admit
the air to the barrel through one firing-valve
on account of the great weight which such a
valve would have. I have therefore devised
for large guns the multiple arrangement here
shown and deseribed. I employ what may

be called * double piston-valves,” each valve
having two pistons of different sizes, the
smaller next the gun and opening and clos-
ing the aperture into the gun by an epd;
wise movement, the smaller piston serving
as a puppet-valve. There are two firing-
valves mounted in corresponding casings M,
which, having the inlet and outlet nozzles at
right angles to each other, form the connec-
tion between the side pipies ¢’ and the open-
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ings 8 for the admission of air into the gun- -

barrel. They are so connected and arranged
as to be operated and controlled by one aux-
iliary valve J K. The pair of "auxiliary
valves are of different sizes. The smaller,
operated by hand, controlling the action of
the larger and the larger controlling the ac-
tion of the firing-valves. The larger auxil-
iary valve K is like a firing-valve in formand
in mode of operation, but, being smaller, is
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easier worked and serves as means of operat- -

ing the firing-valves with the necessary force
and promptness. Theair-ducts leading from
the air-belts, instead of being led to the side
of the auxiliary-valve casing K, are in this ar-
rangement exactly under it, opening into a
chest R, which is connected by pipes to-the
chambers of the firing-valves.
lever N, working against the quadrant D,
operates the valve and the rod N’ operates
sthe small auxiliary valve.

The force I employ to open and close the
firing-valves is the pressure of the air stored
up to impel the projectile. In thenozzle D,

The hand-.
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which may be equally considered a chamber -

surrounding each firing-valve and in free
communication with the side pipes ¢/, there
is always the full pressure which is accumu-
lated in the reservoirs, (not shown,)—say one

thousand pounds per square inch. This press- -

ure is also ecommunicated through the ducts
G and pipes ¢ to the rearmost chamber under
the auxiliary valves. (See Figs.1,2, and 3.)
The chamber surrounding the larger aux-
iliary valve K (see Fig. 5) is in communica-
tion through the duct G’ and pipe ¢’ with the
chamber D* at the end of each firing-valve
farthest from the barrel of the gun. In this
system of chambers and pipes the pressure
is ordinarily the full pressure of the reser-
voirs; but I provide means for suddenly
reducing it for a brief period and again im-
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mediately restoring it. When it is reduced,
the strong pressure in each chamber D%, act-
ing with more force against the largerpiston
M? of its firing-valve by reason of its larger
area than the piston M’, causes each firing-
valve to move endwise away from the barrel
D and from the seat D%, allowing the air to
flow freely at its full pressure from the
chamber D% into the barrel and impel the
projectile, (notshown.) Itisimportantthat it
be opened with great rapidity and that it re-
main open only so long as is required, as
otherwise too much air will escape from the
reservoirs. I provide for graduating the pe-
riod which the firing-valves remain open, so0
as to determine the range of the projectile
with a given pressure of the air and a given
elevation of the gun, and also for operating
the large firing-valves with only a moderate
amount of effort by the gunner.

_The smaller firing-valve J has a eonnection
with the rod N’, so that it can be opened by
turning the lever N in the direction of the
arrow, (see Fig. 1,) moving the valve J rear-
ward. This movement lifts it away from its
seal and allows all the compressed air in the
chamber surrounding it, and also that in the
communiecating chamber d® at the outer end
of the larger auxiliary valve K, to be ex-
hausted into the atmosphere, the holes j in
the valve J, through which air is admitted to
these spaces from the side pipes €/, being
closed by this movement. The larger auxil-
iary valve K is also a double-piston valve
working in corresponding e¢ylinders, the larger
piston K’ being rearward in the chamber and
the forward and smaller piston K? being in the
chamber before referred to and holding the
compressed air in that chamber, and conse-
quently pressing on the cuter ends of each fir-
ing-valve M so long as the auxiliary valve K is
pressed tightly upon its seat D*; but the mo-
mentthepressureisdischarged from the cham-
ber d® at the rear end of the larger auxiliary
valve K this valve moves rearward in obe-
dience to the pressure within it acting with
most foree on the larger piston I/, and this
movement opens its front end and allows the
air to escape from the passage d° with the ef-
fect to relieve the firing-valves from the press-
ure on their larger outer ends and cause them
to open and the projectile to be expelled with
the required velocity.

I have provided means for insuring that
the firing-valves shall be closed automatically
after the requisite brief period of remaining
open.

The rear portion of the rod N’ is enlarged
and slofted and receives the end of the valve-
stem J® loosely. In theslot ispivoted alever
0, having a long arm which extends out and
is forked and embraces the stem I® of the
valve K just within the collar KL A short
arm of this lever is hook-formed (see Fig. 5)
and presses against the end of the valve-stem
J% when the gunner operates the firing-lever

N, and thus opens the valve J by pressing it
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foreibly rearward; but so soon as ithasopened
and relieved the pressure in rear of the larger
valve K the latter moves rearward and acts
with its collar K* to turn the lever O against
the force of spring O”.
ment has progressed to sufficient extent the
short arm of the lever O releases the end of the
valve-stem J% thus allowing the valve J to
instantly close if the cock which admits com-
pressed air from the reservoirs through the
holesj be wide open and to close more slowly
if this cock be partially closed. So soon as
the valve J has closed compressed air enter-
tering through the holes j again restores the
high pressure on the rear end of the larger
auxiliary valve K, urging it again forward
into its closed position and agaimr allowing
the strong pressure to flow through the pas-
sage d® and fill the chamber D* and shut the
firing-valves.

When by the action of the auxiliary valve
K the piston M’ is lifted from its seat, the air
flows into the barrel D, and the amount of air
admitted is governed by the lift of the valve,
this 1ift being determined by the adjustable
buffer Y, which projects into the interior of
the double piston M’ M? which is hollowed
out to.receive it, and provided with a seat of
fibrous material M? which stops against the
buffer. This buffer acts as a nut for the
screw Z, being prevented from turning by the
arms Y’, which slide in longitudinal grooves
9 in the interior of the chamber D*. The
serew 7 passes through the bonnet by the
stem Z’, the end of which is squared to re-
ceive a wrench, by which it may be turned.
It is evident that by means of this screw the
buffer Y may be forced down upon the valve,
so that the latter could not leave its seat atall,
or it may be raised to admit of any degree of
opening of the valve that may be desired, the
amount of such opening being shown by the
index X upon the scale X’,and the same made
a matter of record, if desired. This method
of regulating the lift of the firing-valve, and
thereby determining the period it remains
open, obviates the necessity of a stop-cock
regulator between the auxiliary valve K and
the two or more firing-valves M, the lift be-
ing governed absolutely and not merely
checked in its movement by the rush of in-
flowing air from the auxiliary valve in the
duct by which pressure is restored to the back
of the piston M?; but a cock in such situation
can also be used, if desired, in any case. By
means of the small regulating stop-cock * the
time in which the auxiliary valve J is re-
turned to its seat can be very accurately ad-
justed. It is shown in Figs. 1 and 5 of the
present specification, ‘

I have found that the ordinary stuffing-box
and gland are incapable of preventingleakage
by the stems of valvesunder the heavy press-
ure necessarily used in pneumatic guns, and
I have devised a specially-efficient method of
packing such stems. (Shown in Fig. 4, where
I employ it for packing the stem of the regu-

So soon as this move-

70

75

8o

8&

938}

95

100

105

110

115

120

12§

130



10

15

20

25

30

35

40

421,308

lating-serew Z.) Itconsists of a ring of leather
or other flexible material Z3, held between the
face of the collar Z2 on the stem and the bot-
tom of the recess into which the collar fits.
The internal pressure of the airin the eham-
ber D* keeps the collar tightly against the
leather seat, the pores of which are filled with
paraffine or some such medium, and the joint
is therefore absolutely tight against the pas-
sage of air. The form of firing-valve here
used needs no hydraulic packing to prevent
the leakage of air, the nozzle D¥ forming the
only opening by which air can. pass, and that
being absolutely closed when the piston M’ is
upon the seat D,

Modifications may be made without depart-
ing from the prineiple or sacrificing the ad-
vantages of the invention. I ean use more
than two firing-valves; but I esteem it im-
portant to arrange whatever number may be
used so that each shall be substantially bal-
anced by another or-others on the opposite

“side of the barrel, and that all shall be oper-

ated by the same auxiliary valve or valves.

I claim as my invention—

1. In a pneumatic gun, a reservoir for com-
pressed air, a barrel, a firing-valve, and means
for operating it by the action of the air, in
combination with an adjustable buffer Y, lo-
cated within the firing-valve and arranged to
limit the opening of the valve, as herein
specified, .

2. In a pneumatic gun having a quickly-
opening firing-valve operated by the force of
the compressed air, an adjustable buffer Y,
located within the firing-valve and arranged
to limit its opening, in’ combination with a
fibrous seat M® within the valve, and with a
device Z, carrying the buffer and adjustable
in the bonnet for adjusting the position of
the buffer, and consequently the extent to
which the valve is allowed to open, substan-
tially as herein specified.

[

3. In a pneumatic gun,in combination with
the firing-valve M, operated by the force of
the compressed air, and an adjustable buffer
Y, located within the valve and arranged to
limit the opening of the valve, the index X,
outside of the bonnet adapted toshow the po-
sition of the buffer, as herein specified.

4. In a pneumatic gun, the packing Z® in
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a recess in the bonnet, in combination with -

the firing-valve, the stem Z, and collar Z? on
said stem, having a rotary motion and ar-

ranged to serve to adjust the buffer Y, as

herein specified. _

5. In a pneumatic gun, the multiple firing-
valves M M on opposite sides of the breech,
in combination with the hand-lever N, the
auxiliary valves, and its connections with
said auxiliary valves arranged for operating

them simultaneously, as herein specified.

6. In a pneumatic gun, the multiple firing-
valves M M, arranged on opposite sides of the
breech, and suitable operating means for said
valves, in combination with two air-pipes ¢,
leading from thetrunnions to said valves,and
with provisions for supplying compressed air
through the latter and arranged to operate
substantially as herein specified.

7. In a pneumatic gun, the multiple firing-
valves MM, arranged on opposite sides of the
breech, in combination with adjustable buf-
fers Y, located within the valve and with an
auxiliary valve K, located between and hav-
ing connection with each of said valves, and
means for operating them by compressed air,
all arranged to serve as herein specified.

In testimony whereof I have hereunto set
my hand at New York city, New York, this
13th day of March, 1889, in the presence of
two subseribing witnesses.

GEO. H. REYNOLDS.

Witnesses:
CHARLES R. SEARLE,
CHAS. F. BARTER.
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