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To all whom il may concern: |
Be it known that I, LINDON W. BATES
citizen of the United States residing at Chl-
cago, in the county of Cook and St&te of Illi-
nois, have invented certain new and useful
Improvements in Methods of and Apparatus
for Propulsion of Projectiles, of which the fol-

lowing is a specification.

My Invention pertains to the plOpulbIOIl of
projectiles, and more particularly to the
method of and apparatus for generating or
developing the pressure requisite to such pro-
pulsion.

Stated generalily the invention consists in |

confining a body or volume of water or other
suitable agent within a chamber of the gun,
subjecting said agent to heat and to the pres-
sure consequent upon its expansion, thereby
converting it into high-pressure steam or into
a high - tension vapor or gas, and finally,
when the proper pressure is attained, permit-
ting said vapor or gas to act upon the pro-
jectile.

The means for carrying out the invention
are susceptible of considerable variation as
to details; but in order that the gun may be
provided with the necessary pressure-gener-

~ating apparatus and yet be readily portableé

and manageable it is essential thatit be a part

of the gun or its “*mount” or contained with-
The present case

in the gun or the mount.
is designed to cover the plan broadly and
cenerically, leaving to other cases the special

details and features or plans of application.

not herein particularly set forth. Thus I
have represented in the accompanying draw-
ings the pressure-generating chamber as con-
stituting a permanent or continuing part ot
the gun, and have embodied in application,

Serial No. 597,599, of June 30, 1896, a car-
tridge or charge containing the pressuw -gen-

emtm, and in apphc&tlon Senal No. 597, 600
of June 30,1896, a gun having said appmatns
in 1ts moun‘r—, and shall therefore not claim

specifically those constructions herein.

Referring now to the drawings, Figure 11s
a longitudinal sectional view of a gun pro-
vided [witha pressure-generatorin accordance
with my invention, and showing a mechan-

ical valve between the pressure-generator
Fig.

and
the projectile - chamber;

2, a similar

solid and explosive, armor-piercing,
mite, or others, though primarily mtended'
for use with dynamlte charges and others re-

view, but with a fusible pluﬂ‘ sealing the' '

presmue-chambel Fig. 3, a pelspeetwe view

of the heater of FI'D‘S 1 and 2 removed from
the pressure- chamber Fig. 4, a longitudinal
sectional view of a gun provided Wlth an elec-
tricheaterinthe pressul e-chamber construct-
ed to heat by resistance and provided with a
differential valve mechanism; Fig. §, a simi-
lar view of a gun provided with an induction

heating app&mtus designed to utilize Fou-

55

60_

cault or eddy currents; Fws 6 and 7, trans-

verse sections on the lines 1 1 and 22 of F.IUS

4 and 5, respectively; Ifig. 8, a sectional wew' '

of a n'un embodying the saine general prin-

c1p1es of construction, but showmﬂ' amodified

sealing-valve; Figs. 9 10, and 11, transverse

sectlons on the lines 3 3, 4 4, a,nd 5 5 of KFig.
12, a top plan view, partly in sectwn |

8; Hig.
of a gun prowded with a plura,hty of heatels

' adapted to be used successively or” jointly;

Fw‘ 13, a side elevation of the same.

.7_6" )

“The present invention is designed to effect

the propulsion of p10;|eetﬂes of all elasses,

quiring cushioning of the chm ge to prevent

premature exploswu by reason of concussion.

"Prior to my invention various plans have

solid projectiles and dynamite shelis, the

;lattel class involving generally the use  of
air under high compression or the explosion

of a gas orgasesin achamber, between which
and the pmJeetﬂe -chamber was contained a
body of confined air, serving as a.cushion to
relievethe pr ogectﬂe and 1’rs contmned charge
from the effects of concussion,
contemplates the generation of Tuid- -pressure
or-the formation of a high- tenswn oas Or va-
por in a space 1mmed1ately in rear of the pro-
jectile and communicating with the prOJect-
ile-chamber.
self so highly elastlc and so controlled in its

introduction into the projectile-chamber that -
concussion is reduced to a minimum and the-

dyna-

The gas so produeed is in it-

75

So

‘been proposed and tested for throwing both

63

My plan o

90

05

proj iectile is started easily and gradually, but

is speedily brought to a VGIOGIE} far higher

than hasher etofore been practicable with pro-

jectiles containing dynamite or othel highly-
exploswe compounds .

ICO




tD

1o enable me to generate the necessary

high-tension vapor within the limited space
available and within a reasonably short space

of time, I employ electric heating devices of

suitable design and construction contained

- within or surrounding the pressure-chamber

10

- alloy, provided at its forward end with a dia-
phragm or partition «, through which is

and under the control of the gunner. The
particular form or construction of the heater,
the principle involved in its action, the form

of the chamber, the mode of sealing the
same, the manner of and means for controlling

communication between the pressure-cham-
ber and the projectile-chamber are all sus-
- ceptible of considerable variation, as will be

hereinafter pointed out. =

Referring now to the drawings which rep-

resent a few of the many types in which the

“invention may be embodied and consider-

ing, first, Iig. 1, A indicates a strong walled
chamber of steel or ofher suitable metal or

~ formed an opening or passage-way which is
closed by a valve B, preferably of the form

- 25

shown in said figure and hereinafter more

- fullydescribed. Therearend of the chamber

A is closed by a serew-plug Corothersuitable |

- closure, and is advisably provided with a

~lining b of asbestos or other non-conducting

| -

material in order to retain the heat and pre-

- vent, so far as possible, conduction and ra-

diation. = o I
Within the chamber A is an electric heater

- D (better shown in Ifig. 8) and consisting of a

35

porting rod or stem d shall pass through the
rods ¢ In series or succession and return or .

40
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6o

series of carbon-rods ¢, so connected at their-

ends as that the current entering by a sup-

pass out through a second stem e, said stems
passing through and being electrically insu-
lated from the plugorclosure C. Anyequiv-
alent form of heater capable of affording a
proper resistance to suitable electric current
may obviously be substituted for that shown.
Practical tests have demonstrated the high
efficiency of the particulartype of heater here
lllustrated. The chamber A will be charged
with water or other suitable agent and toany
desired extent, it being advisable, however,
to leave a portion of the chamber unoccu-
pied, as indicated in FKigs. 1 and 2 and in
other figures hereinafter referred to.

For the purpose of indicating to the gun-'

ner or officer in charge the temperature and
pressure developed within the chamber A, I
propose in some cases to place within the
chamber Aortoextendintothesame a thermo-
electrie pile E and to include in the circuit
thereof a galvanometer F or other instru-
ment, which by its reading shall indicate the
temperature or the pressure within the cham-
ber A, the deflection of the needle or indica-
tor being of course proportionate to the cur-
rent developed and thisin turn being depend-
ent upon the temperature within the cham-
ber, which latter must always bear a definite
relation to the pressure therein.

605,841

1 Gindicates a.barrel or tube designed to re-
ceive and to guide the projectile, which, as

above indicated, may be of any desired form.

T'he barrel or tube G may be rifled or smooth,

according to the nature of the projectile to

be used. Under the construction shown in

I‘ig. 1 the projectile may be inserted at the
muzzle of the barrel and pushed back to a
point near the diaphragm «, or the barrel &

and chamber A may be uncoupled by un-

screwing a connecting-sleeve H, in which lat-
ter event the thread connecting the sleeve
and chamber A should be an interrupted or

75

_80. |

mutilated thread. Any common construc- -

tion may be adopted to permit the introduec-

tion of the projectile at the rear of the bar-

rel G, the invention being wholly independ.-
ent of this feature.

- As before Eindicatech it is desirable, at least

when firing explosive charges, to introduce

the gas or vapor into the projectile-chamber

somewhat gradually at first, and this result =
18 admirably attained through the employ-
ment of a valve of the particular construc-
- tion illustrated in Fig. 1. Asthere seen, this

o

consists of a conical or tapering valve-plug
provided with a serew-thread on its eircum-

ference adapted to mesh with a like thread in
the opening or passage through the dia-
| phragm a. The stem of the valve B is pro-
vided with a handle by which it may be
‘turned to unscrew the plug from the open-
ing, and it will be seen that buta short turn

%

I0CC

will be necessary, since owing to the conical = =

or tapering form of the plug it will be speed-

1ly caused to unlock and permitted to move

in the direction of its axis out of the opening
in the diaphragm « under the great pressure
of the chamber A.

T'he operation of the device will then be as
follows, assuming that the chamber A is sup-
plied with a proper quantity of water or other
suitable agent: Current from any suitable
generator or source of supply will be deliv-
ered to the heater D through the stem d, the
current returning by the stem ¢ and being of
proper voltage and of a sufficient number of
amperes to effect an intense heating of the
rods ¢. The great heat thus developed will
first convert the water into steam, and this in
turn, by reason of the high temperature and
the great pressure due to the continued heat-
ing of the water and the steam within the
confined space, will in short time pass into a
high-tension gas or vapor. In this way an
enormous pressure 1s developed, the degree
of which is indicated by the reading of the
galvanometer. A pyrometer may be substi-
tuted for the thermopile and galvanometer or
used in addition thereto, the one to serve as
a check upon the other.

In Fig. 2 T have represented, essentially,
the same construction,except that a pressure-
cgage I is substituted for the galvanometer If

and the thermopile E and that a fusible plug
| or seal J is substituted for the valve B. Un-
| der this construction the heat and pressure.

1'05.
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will be developed as before, and when the | may be armngedtoreceiveth_e._liquid esca,pi'ng'.;

cage I indicates the attainment-of the prede-
termined pressure a current will be passed
through the fusible plug J by means of con-
ducting-wires f ¢, led into the gun in any
convenient way. The effect of this current
will be to fuse the plug J, thereby permitting
the escape of the gas or vapor from chamber
A into the barrel or tube G behind the pro-
jectile contained therein. As thefusion takes
place somewhat gradually it follows that the
oas or vapor will enter the barrel G gradually

~and without undue shock to the projectile.
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Under both these constructions a screw plug
or cap IX will be provided opposite the open-
ing or passage through the diaphragm a to
afford convenient access to said opening.

It is of course understood that the various
wires or conductors are duly insulated to pre-
vent short-circuiting of the current.

In Fig. 4 I have represented a somewhat
different form of heater and a different seal-
ing device, the heater comprising a metallic
tape or ribbon wound spirally upon a non-
conducting frame or support and connected
with wires i z, as before. The sealing device
comprises a rod orstem h, carrying at its for-
ward end a conical valve-plugeand atits rear
end a similar valve-plug 7, of larger diameter
or area than the plug 2. The relative areas
may vary according to the requirements of
individual cases; but underall circumstances
the plug 7 should present a larger surface to
the gas or vapor of chamber A than does the
plug ¢ in order that the excess of pressure
thereon may be utilized in retracting valve 2
when the plug j is permitted to move.

In rear of chamber A there is formed a
smaller chamber 1., closed at the rear end by
a screw-plug or other closure M. Theé plugor

closure M is provided with a vent &, controlled

by a needle-valve N or equivalent sealing de-

vice capable of sealing the vent against high

pressure and of opening the same gradually
and to a limited extent, if so desired. The

chamber L. is designed to be charged with wa- |

ter or other liquid, which will extend into the

vent-passage and completely excludeair from
the chamber and the space communicating |

therewith. This confined body of liquid 18
designed to preclude the backward movement
of the valve or head js0 long as the vent-pas-

sage k remains sealed; but in order that this

may result with certainty it 1s of course essen-
tial that no air-pocket be allowed to form
within the chamber L or the space communi-
cating therewith. 'To this end a vent-cock !
may be placed in communication with the
highest point of chamber L, so that in filling
the same the water or other liquid may be per-
mitted to pass out through said vent and to
carry with it any air entering the chamber,
which would of course pass to the highest
point therein. To prevent the water or other
liquid from causing annoyance or inconven-

4

through the vent-passage k, as indicated in -

Figs. 4 and. 5. . .
The chamber A will be provided with a

pressure-gage P to indicate the pressure de-- . -
veloped within said chamber in order that the .
cunner may know when it has attained a suf- -

ficient degree to carry the projectile the in- -
75

tended distance. When this point is reached
and the gun_ is properly aimed, the valve N 1s

opened, at first somewhat gradually and then

fully, thus permitting the liquid to escape

from chamber L and allowing the valve or -

head j to recede under the pressure of the gas

or vapor within the chamber A, the valve or

head j carrying with it the stem /i and sealing-
valve %2, owing to the greater area of, and con-
sequently greater aggregate pressure upon,
the head jas compared with that upon the

1 valve-plug 7.

30 '

The gradual venting of the chamber L in- --
volves, of course, a gradual opening of the

valve 7 and a consequently easy and progress-
ive application of the pressure to the project-
ile in the barrel or tube G, which is of advan-

Q0

tage notonly with projectiles containing high

explosives, but also with solid shot and armor-

piercing projectiles.

The term ¢ gradual” is here used to.dis-

95

tinguish between the concussion or sudden -
and instantanecous impact incident to the ex- -

plosion of a powder charge and that action
produced by the opening of a valve or port

first partially and then more fully.. While

100

the total period elapsing between the initial
and the final or complete opening of the valve -

is extremely short and scarcely measurable,

there is nevertheless a marked difference in
the effect or result of the two modes of action,

105

the one resulting almost inevitably in the det-
onation of the explosive charge of the pro- - |
jectile and the other avoiding such detona-

tion. , | | S
In practice it will be found expedient to

orind the valves or plugs ¢ and j to their seats, :

110

and the rod /» should have a ratio of expansion .

such as will maintain the seating of the valve
tnotwithstanding any elongation of the cham-
ber A that may result from the high tempera-

ture produced therein.

115 -

Fig. 5 shows a construction eSSentially tlle-'-"
same as that of Fig. 4, except that instead of.

making the electric heater D to heat by re-
sistance and placing it within the chamber A it

120

is made to surround or encirecle said chamber

and to heat by induection or through the gen-
eration of eddy or Foucault carrents in the

metal constituting the walls of sald chamber -

A. TUnder this construction alternating cur-

12.5-

rents will be employed and the eddy currents -
will be set upin the walls of the chamber A, -
which should be of magnetic metal; and will -
constitute the core of the coil or helix m encir-

cling said chamber.

| The coil m will of course
be insulated and a layer n of asbestos or other .

130

ience to those about the gun, a chamber O | suitable pyro - insulation will -advisably be -
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placed between the helix and the outer wall
of chamber A to prevent the heat from pass-
ing off and being dissipated in the air or de-
stroying the insulation of the coil. A jacket
0, of metalor other suitable material, will ad-
visably be placed outside the coil or helix to
protect the same against injury. Under this
construction the chamber A may be provided
with a thermopile and galvanometer, with a
pressure-gage, or with a pyrometer, which lat-
ter isindicated in Fig. 5. Since the pressure
will be directly proportionate to the tempera-
tare and the relation of the two may be ac-
curately determined either by calculation or
by tests, it will be seen that the readings of
the pyrometer will serve as a safe and accu-
rateindication of the pressure existing within
the chamber A.

It 1s to be understood that these several
modes of indicating the pressure within the

-chamber A are regarded as equivalents in the

broad sense and may be adopted interchange-
ably in connection with the system here set
forth.

Figs. 6 and 7 represent sections taken on
the lines 1 1 and 2 2 of Figs. 4 and 5, respec-
tively, and showing the sectional form and lo-
cation of the heaters of said figures.

Iig. 8 represents a gun provided with the
same type of heater shown in Figs. 1, 2,
and 3, for which, however, that represented
in Fig. 4 or that in Fig. 5§ may be substituted.
The distinctive feature of this embodiment
of the invention is the sealing-valve control-
ling communication between the pressure-
chamber A and the projectile chamber or tube
G.  In this figure, as in the preceding, the
chamber A constitutes a rearward extension
of the gun and is shown as screw-threaded
and screwed tightly upon a valve-chamber
section Q, into the forward end of which is
screwed or otherwise secured the rear end of
the barrel or projectile-tube G. The cham-
ber A is here represented as lined with suit-
able non-conducting material n, which may
in turn be lined with some stiffer material to
maintain it in position. At the forward end
of the chamber A is a passage or opening com-
municating with the interior of the valve-
chamber Q and normally sealed by a conical
valve R, the cylindrical stem of which enters
a liquid-chamber p, provided with a vent pas-
sage or outlet %, controlled by a needle-valve
N or equivalent device, as in Figs. 4 and 5.
1he liquid-chamber p and the vent-opening
k are to be filled with water or other liquid, as
before, and the release of the valve R will be
effected in the same manner as under the
previously-described construction—that is to
say, by backing the needle-valve N at such
rate as may be found necessary or expedient.
When the liquid is thus allowed to escape
from the chamber p, the valve R will recede
and the gas or vapor will pass from chamber
A into section or chamber Q, around the lig-

uid-chamber p, and into the barrel or project- |

| ile-tube G, the chamber p being of the form

in cross-section indicated in Fig. 9, and thus
leaving adequate space for the passage of the
liquid on either side. A pressure-gage I or
other suitable indicating device will be ap-

plied to chamber A to indicate the pressure

therein. -

Figs. 10 and 11 indicate, respectively, the
electrical connections at the forward end of
the heater and the metallic connections at
the rear end thereof; by which the current is
caused to pass successive
or rods ¢ of the heater D.

KFigs. 12 and 13 illustrate the application of
the same principle and method of propulsion
to a gun provided with two or more pressure-
generating chambers. The gun here repre-
sented 1s of breech-loading construction, the
breech mechanism being substantially that
of the guns now in use in the United States
Navy, though obviously any other suitable
breech mechanism may be employed. A A
indicate the two pressure-generating cham-
bers, each containing an electrical heater D
of any suitable construction, and sealed by
a valve I3 of thesamecharacterasthat shown
in Fig. 1, for which may be substituted, how-

| ever, any other c¢losure or sealing device here-

inbefore referred to.

In order that the gun may be properly ele-
vated or depressed by rocking or tipping upon
1ts trunnions, as usual, and without interfer-
ing with the electrical connections, the feeder-
wires ¥ z are carried to spring-fingers ¢ and

70

75

ly through the bars

80

90

95

100G

7, arranged to bear upon insulated contact-

platessand {ona trunnion of the gun,whence
conducting-wires u and v pass to a switch S,
which can Dbe set to connect the feeder-wires
with either of the heaters D at will. In this
way the heaters D may be used alternately
or successively, if there be more than two,
or they may be used jointly by making the
proper connections from the switeh S.

As shown in Fig. 12, each chamber A com-
municates directly with the rear end of the
projectile chamber or barrel G of the gun,
and consequently when one of the valves B3
18 open the gas or vapor will pass into the
barrel directly in rear of the projectile.

In the foregoing description I have spoken
of a liquid or otheragent as being contained
within the chamber A and subjected to the
action of an electric heater D, and in prac-
tice I contemplate ordinarily using water as
such agent, believing that when all condi-
tions are taken into consideration it will be
found the most satisfactory. I desire, how-
ever, to have it perfectly understood that my
invention comprehends the use not only of
water, but also of other liquids, volatile or
otherwise, and also such solids or semisolids

as are capable of being converted into a gas

or vapor when subjected to high heat in a
confined space. Many of the hydrocarbons
are suitable for such use either by themselves
or with water or other agent, and many sub-

105
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65 '[}elml‘[tlllf‘-" the gas or vapor to enter the pro- |
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stances of a solid or semisolid nature are also
capable of use in the manner set forth. So,
too, zases, either in the gaseous state or com-
pressed to a state of 11quefcmt10n may be eim-
ployed. In other words, my invention comn-
prehends, broadly, the production Or genera-
tion of steam or vapor under high pressure
or a high-tension gas or vapor by confining
suitable agents within a strong chamber of
restricted area or capacity and subjecting
the same to intense heat generated within
said chamber.

I desire also to have it understood that it
is not essential for all uses or applications of
the invention that a high-tension gas or va-
por be produced, though the greatest effl-
ciency will be attained when this 1s done.
When using water, the temperature and pres-
sure may be em"ued only to a point su
to produce steam under high pressure, or, in
other words, the heat may be kept below the
critical temperature of steam, which is 1,590°
I'ahrenheit. 1'he pressure obtainable below
the ecritical temperature of steam 1s suffi-
cient for the propulsion of dynamite project-
iles and the like to distances greater than
are reached by the means at present In use
for that purpose; but where greater range is
to be attained, and particularly where it 18
desired to throw armor-piercing projectiles,
it will be found advisable to carry the tem-
perature beyond the critical point.

I am well aware that it has been proposed
to propel projectiles by steam of high pres-
sure and that experiments to that end have
been made with a greater or less measure of
success. I am not aware, however, that any
onc¢ has hitherto proposed to generate and
control a high-pressure gas or vapor within a
oun in such a manner and by such means as
herein set forth. 1 therefore mean to claim
these ideas broadly and without restriction
to the special mechanism illustrated or de-
scribed. In other words,

ITaving thus described my invention, what
I claim 15—

1. The art of propelling projectiles, which
consists in confining a body of water or other
suitable agent in a strong chamber constitut-
ing a portion of the gun; subjecting the same
to the heating effect of an electric current
until it is converted into gas or vapor; and
lastly, permitting the gas or vapor to enter
the projectile tube or barrel and to act upon
a pro,]ectlle therein.

The art of propelling missiles and pro-
Jectlleb which consists in confining a suitable
agent in a strong chamber or receptaele oL
hmlted capacity; sub jecting the same to high
heat generated in sald contmmnmreceptacle
mamt‘umnﬂ' the heat until by reason thereof
and of the vaporma,tlon of the agent a pres-
sure is developed which eonverts the agent
into a high-tension gas or vapor; and ﬁnmlly,

ficient |}

ber; a
pressure chamber; a diaphragm separating

o |

jectile tube or barrel and to aet 111)011 the pro-

jectile therein.

‘3. A gun, having a strono pressure-g _oener-
atmﬂ* chamber within it, to contaln mutable
aﬂ'ent and capable of bemﬂ* placed in or out
of communication with the progectﬂe tube or
barrel at will; and an electric heater applied
to said ﬂ'enﬂmtmg-ehamber and adapted to
heat the contents thereof and thereby to gen-

_erate pressure within said chamber.

4. In a gun, the combination of a barrel or
projectile- tube, a pressure-chamber; a seal-
ing device interposed between the barrel and

the pressure-chamber; and an electric heater

adapted to produce a high temperature with-
in the pressure- chamber |
5. In combination with the barrel or pro-
jectile-tube of a gun, a pressure-generating
chamber directly &ttached thereto z—md form-
ing a permanent part of the gun; a passage-
way or opening connecting the chamber with
the projectile-chamber or barrel; a seal ap-
plied to said opening; means for opening said
seal from outside the cun; and an electric
heater applied to the ﬂ'enemtmﬂ' chamber and
serving to heat the contents thereof. |
6. In combination with the barrel or pro-
Jectile- chamberof a gun; a pressure-generat-
ing chamber directly attached thereto; an
eleetrlc heater applied to said chamber and
serving to heat its contents; a pressure- -indi-
cating “device serving to show the pressure
emstmo' within the Ghamber and a sealing
device serving to close and open communica-
tion between the generating-chamber and the

barrel or projeetﬂe-chamber.

7. In combination with the barrel of a gun;
a pressure-generating chamber; a wall or dla-
phragm separatmﬂ' the barrel and said cham-
liquid-chamber in rear of the flnid-

the two chambers; a differential valve mech-

anism sealing the openings in the two dia-

phragms; and a valve controlling escape of
liquid from the liquid-chamber; whereby the

differential valve is controlled, substantlally_ |

as set forth.

8. In combmatlon with pr essure-chamber
A, liquid-chamber I; and barrel or tube G;
chfferentlal valve h, 1, j, controlling communi-
cation between the pressur&chamber and the
barrel; and vent-valve N, controlling escape

of 11qmc1 from chamber L, all substantmlly as-

described and shown. -
9. Tn combination with the barrel of. a 0‘1111

a plurality of pressure-chambers permanently |

connected with and forming part of the gun,
each provided with an electmc heater within
the gun, and with a sealing device controllmﬂ‘
communlcatlon with the barrel
10. In combination with the barrel of a gun
mounted upon trunnions; a pressure-gener-
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ating chamber connected therembh an elec-

tric heater apphed to said ehamber electric

supply-wires passing from the trunmon of .the
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gun to the heater; and contact-plates located |

at the trunnion and permitting rise and fall

of thie barrel without disturbing the electrical

connections.
11. In a gun,the combination of a barrel or

projectile-tube; a pressure-generating cham- |

ber constituting a permanent and integral
part of the gun; a wall or partition separat-
g said chamber from the projectile-tube;

and a sealing device serving to close and open 1o

a passage through said partition, substan-
tially as and for the purpose set forth.
In witness whereof 1 hereunto set my hand
in the presence of two witnesses.
LINDON V. BATES.
Witnesses:
IIORACE A. DODGRE,
C. C. BURDINE.
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