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1

This invention concerns hydro-pneumatic or
bneumatic recuperators, which are more particu-
larly intended for pieces of artillery having a
large vertical field of fire, and has for its object to
provide means which permit inter alia of auto-

10 Claims.  (Cl. 89—43)

" nated by Vo, its final volume after a given recoil I,

matically regulating, as a function of the angle -

of fire, the power of braking and of returning
into battery position possessed by these recuper-
ators without modifying their initial latent en-
ergy.

- It -has-already been'proposed to vary the power

of such-recuperators as a function of the laying -

angle by acting on the initial pressure of the com-
pressed air contained in-the air reservoir, this
being effected by delivering into the said reservoir,
by: means connected with- the elevating mecha-
nism, variable quantities of the liquid contained
in the hydraulic cylinder associated with the said
reservoir so as to reduce the volume occupied by
said air.

“However, it will readily be understood that at
in¢reasing laying angles the control of the opera-
tion of delivering liquid into a reservoir contain-
ing air under high pressure by the elevating op-
eration superposes a considerable additional load
on the normal elevating force whereas, on the

contrary, with decreasing laying angles, the ex--

pansion of the aforesaid air is capable of impart-
ing a dangerous acceleration to the oscillating
mass. :

- These disadvantages are radically eliminated
by the present invention, owing to the fact that
the desired variation of power is only prepared
during the laying in elevation and only becomes

effective upon firing, this double result being ob- "

tained, according to the essential feature of the
said invention, by regulating the initial volume
of“‘air-subjected t0 compression at the. recoil
(which may be designated as the “useful air”)
as a function of the laying angle, but without
changing its pressure. . In other words, it is not
then the initial latent energy of the recuperator
which is rendered dependent upon the laying in
elevation since this remains constant at all angles,
but its potential energy, that is to say, that which
it-will store up at the recoil. It will hereinafter
be seen that the variation of volume in question
may be obtained with 2 minimum expenditure
of force. i

It can moreover readily be shown that this mere.

variation of the initial volume of the gas as a
function of the laying angle permits of inversely
varying the energy accumulated by the recup-
erator for a given recoil. .

£, in fact, the initial volume of the air is desig-
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by Vi, and the ratio

V,

Vi
by K, while its initial thrust is designated by Fo,
it is known that the energy stored up Tr is ex-
pressed by:

K
T":FOL—KTl- (1)

which shows that Tr varies proportionately to

log, K

KI{—I loga K
the value of this product inecreasing when K in-
creases, as can readily be verified.

Now, the volume Vo being established for the .
minimum angle, if for a given laying angle « a
certain volume v is cut off therefrom, the initial -
volume at this angle becomes Vo—2 and the final
volume Vi—» (since the recoil stroke does not
change). The ratio of the initial volume to the
final volume therefore becomes:

Vo—v
Kl —'V;——v .
which value is greater than that of
v,
v,

thatistosay of K. ‘

Since the value of K has increased with the
increased gun elevation or laying angle, it is
deduced therefrom with reference to the Equation
1 that the value of T: has itself increased.

In practice, the variation of the initial volume
reserved for the useful air may be continuous
as a function of the laying angle, or may be ef-
fected step by step, which is sufficient in prac-
tically all cases.

An example of the embodiment of each of these
two conceptions is illustrated in the acconipany-
ing drawings, as applied to a recuperator of the
type constituted by a cylinder filled with liquid,
which cylinder is indeperident of the brake cyl-
inder and in which there moves a piston which,
at the recoil, delivers the said liquid into a com-
pressed-air reservoir.

‘Figure 1 is a diagrammatic sectional elevation
of a hydro-pneumatic recuperator in which the
initial volume occupied by the useful compressed
air varies continuously as a function of the lay-
ing angle.

Figure 2 shows a variation of the same arrange-
ment. .
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Figure 3 i§ & similar section of & recuperator
in which the initial volume of useful compressed
air varies discontinuously.

Pigure 4 is a diagrammatic sectional elevatlon
of a modification of the recuperator shown in
Flgure 1. .

In the form of embodlment 111ustrated in Flgure
1, the recuperator is constituted by a cylinder |

coupled with a cradle 2 which oscillates during

vertical laying about horizontal trunnions 3 sup-~
ported by the carriage 4. In this cylinder moves

10

2 piston-5 coupled with the recoiling part. 6, the

said piston delivering the liquid. at the: recoﬂ

from the cylinder into a compressed-air reservoir: .

1 connected to the cylinder | and communicating:
freely therewith through a channel 8. Agshown, .

the channel 8 and the portion of cyhnder I-lying
to the rear (to the right as viewed in the drawing)
of piston § are completely filled with- liquid, while.
the portion of cylinder I:in front of piston 5 is
vented to. the atmosphere through an orifice fa.
According to the invention, the: eylmdrlcal ca~
pacity of the air reservoir 7 is divided .into two
compartments ¢ and b by a piston 8, the rod 9a.
of which extends in an air-tight manner through

the rear end of .the -air reservoir and supports. at:
its extremity a roller. 18 arranged so as to travexse:

a guide groove 11 during laying in elevation; the
sald sroove being connected to the carriage and
suitably profiled. 'Fhe separating piston 9 is
provided with a conduit 9» in which there is
fitted: a check valve 3 maintained in the un-
seated -position when the gun is in battery by
a spring 14 of weak tension, thus permitting com-
munication between the two compartments a
and'b.

‘When the cradle 2, under the-action of ‘the
elevating mechanism, is subjected to a positive

15

4

of which, while decreasing progressively, never=.
theless remains greater than that existing in b
until the return’ into battery position is com=
pleted. The valve I3 therefore remains closed
until the return into the initial position. - At this
moment, the pressures in, q. and b.balance one
another and the valve opens, Te- estabhshmg the
communication between the two compartments.

It will readily be seen that during the laying
operatmn the displacement. of the piston-9 only .

r_requlres the-smail effort necessary for overcom-
ing the passive resistances and the initial pres-

sure of the gas acting on the single cross section
of the rod 9a of the said piston. This lafter part
of-the: effort:may. even be eliminated by the addi-

. tion of a compensating rod 5 of equal diameter-
to the- rod 9;, on the opposite face of the piston,
" ag indicated in Figure 4.
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angular displacement about the trunnions 3; the "

roler (8, rolling in the groove i1, causes the p1ston

8 to slide towards the front of the reservoir T.

The chambers ¢ and b remain in communication
with one another during the entire displacement,

40

the spring {4 being:so calibrated as to maintail -

the valve {3 in the open position even when the
angular laying velocity is.at a maximum. There
is an exchange of gas between g and b without,
any variation of pressure, the total’ volume “re-
maining constant except, for the negligible vari-
ation due to the penetration of the rod 9a of small
diameter. The chamber ¢ which, as will herein-,
after be. seen, is intended to confine the initial
useful volume Vo of gas, consequently changes in

volume as & functlon of the inclination, accordmg_ :

to the law imposed by the proﬁle of .the gulde .

groove Il.
The barrel being laid at any angle, when the

firing takes place, the recoiling mass 6. carries

along the recuperator piston 5 which delivers a
certain quantity ‘of liquid from the cylinder. i
into the compartment. ¢. The pressure.in this
compartment suddenly rises and causes the valve
13 to close immediately, the result of’ whlch is

to place the chamber b out of circuit,. i. e., out. of.

communication with the chamber q. The com:’
pression of the recuperator and consequently ‘the

103
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energy stored up. during. the recoil, therefore'

depend solely upon the volume of the chamber a.

at the laying angle in. question, and it has here-
inbefore been seen that this energy varies in-

70

versely with the variation of the initial volume of .-

the said capacity.

During return into battery pos1t10n the 11qu1d :

is delivered into the:cylinder by the expansion

of the gas confined in the chamber a, the pressure:

“mass ‘oscillating during -the:laying in. elevation

"ner in orifices located in. a.l1gnment in the pa;
tions and in the rear end of- the reservoir T.. Tk

_As will be seen from the variation illustrated in
Figure 2, the communication between the com-
partments. . and b may be effected. through 2
conduit; |1 in. the wall of the air reservoir. 1, the_
piston: 9- then being solid, P

In: order: to..avoid 1rregu1ar closure -of- the. saxd»
valve: under. the influence. of an: mcrease 1m prese-
sure: due to a more. rapid: temperature,. increase:in,. -
a-than in b, a cock 16:is disposed. in the condmt
i1 connectmg the two compartments @ and. b_
regardless. of the position of the p1ston 9. -

This cock 6 will be controlled p051t1ve1y, for.
example-. by -a dog:. (8. having . two. -unequal -
branches,, -which is seeured: to, the. reco111ng mass.
6 and acts on crank: i9.of the: said cock. -

In the. battery pos1t10n, the cock is: mamtame
open: and as soon.as the re001l commences,. it.is.

closed. by the. forward or shorter Jbranch, of tha o '

dog. I8: which, after the closing leayves, the, crank .
Upon return into. battery pos1t10n itis-the-rear .
branch; that is to say the longer,, which acts. oxgv.

the crank {9 and reopens the cock.

It is: obvious that any other automatic va.lve, .
cock device: or slide. valve, having a. posn;' COILy: :
trol:may: be: adopted

In the embodiment illustrated in. Flgure 3 “the.:

constituted by the same elements, designated :by..
the same reference numerals, as. those.. shown. in,..
the preceding: figures, but in.this case the Tesers

voir- 1.is subdivided permanently by fixed: partis;
tions into a number of compartments a, b, c;. d..
The aforesaid separating piston. 9 is then replaced

by a multiple slide valve designed. to: establish oz
interrupt. communication between . the. various:
aforesaid compartments. This.slide-valve is.con~"
stituted by 2, rod. 20. sliding, in a fluid-tight. man

rod is- controlled by the- angular dlsplacement of
the oscillating mass: through its roller 10;: which:: -
is-made to traverse the fixed eam groove f; I The -

‘eams correspond to predetermined: layin _angles,»:

al, a2; a3, and. are separated by sections: i
tric to the trunnions-3.  Channels-20;.21; 22:are.

provided ‘in the rod- 8. at: the points: at which # -
passes:. through: the various: partitions;: so-as: to..~
ensure the-inter-communication:of: allithe: com=i: -
partments . during . the: laying: of- a.mphtude sali

Their: lengths are:such that:the: -successive im-:
creasing displacements of the rod 9. by thercam: -
groove i{ ensure the placing out.of circuit; first: of
all of the compartment d-and then of the. follow=>"
ing compartment ¢ and finally .of the third com:= -
partment b, 50 as:to: pass in'stages from the. com-~

plete chamber a+b+c+d for:the minimum lay~

;ing angle to: the single .ecompartment.-a -for: the
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Maximum angle and vice versa. . To éach of these
stages corresponds a graduated power of the

recuperator: -

Naturally, the control of the’ slide valve 8-

could be obtained by other means than a .cam
connected to the carriage, and could also be

rendeteld ‘dependent, not upon the laying of the

barrel with respect to the carriage, but updn the
angle of fire in the particular case where the plat-

form on-which the carriage is mounteq is itself :

adapted to-undergo considerable deflections from
the level position, which is the casé in particular
with armoured- vehicles.. It is, in fact, obvious
that the regulation of the initial volume of the
useful air'would thén have to be & function 6f the
true inclination of the barrel with respect to the
true horizontal or to the true vertical. o

Finally, it must be understood that the inven-
tion covers any other arrangement of the com-
ponent chambers enclosing the air under pres-
sure in which means are provided for placing one
or more of these chambers in or out of circuit,
and that such means could, for example, be
controlled by the laying of the barrel in eleva-
tion.

Regardless of the method of application adopt-
ed, it is to be observed that if it is assumed
that the law of variation of the initial volume of
the useful air is assumed to be established prin-
cipally with the object of rendering the recoil
uniform, there will be obtained as a secondary
advantage a certain regulation of the duration
of the return into battery position and vice versa.

In fact, as has been shown, the energy accu-
mulated in the recuperator during the recoil is
greater in proportion as the angle of laying is
greater and that consequently during the return
into battery position the resistant work of the
force of gravity is greater. The energy avail-
able and the resistant work therefore vary in
the same sense, which tends to render the return
accelerations uniform.

Although the invention has hereinbefore been
described exclusively in its application to a re-
cuperator of variable power intended to co-oper-
ate in the braking of the recoil and to ensure
the return of the recoiling mass of pieces of ar-
tillery into battery position, it will be clear to
any person skilled in the art that it is also appli-
cable to accumulators of hydro-pneumatic or
pneumatic energy employed for other purposes
when it is necessary to vary their power. Thus,
for example, again in the sphere of artillery, it
may be applied directly to hydro-pneumatic or
pneumatic rammers for the round, which are di-

rectly influenced by the laying movements of the

barrel and placed under tension at the recoil.

Iclaim:

1. In a recoil system for a moving mass which
is adapted to be moved fo various angular posi-
tions relative to the horizontal, a cylinder, a
piston in said cylinder, a piston rod secured to
said piston and to the moving mass, a second cyl-
inder in free communication with said first named
cylinder, a piston in said second cylinder inter-
mediate the ends thereof, a piston rod for said
second piston, a conduit connecting the portions

- of said second cylinder lying on opposite sides of
said second piston, a normally open valve in said
conduit, means controlled by the moving mass for
closing said valve during each recoil movement
of said mass and means connected to said sec-
ond piston rod for varying the position of said
second piston according to the angle of elevation
of the moving mass.
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2. In a recoil system for a gun, a cylinder, a
piston in said cylinder, a piston rod secured to -
said piston and to a recoiling portion of said gun,
a second cylinder. in free communication with
said first cylinder, a piston in said second cylin-
der intermediate the ends thereof, a normally
open passageway through said second piston ¢on--
necting the portions of said second cylinder lying
on opposite sides of said piston, means for auto-
matically closing said passageway during each.
recoil movement of the gun and means for vary--
ing the position of said second piston according'.
%o the elevation of the gun. o T

3. In arecoil system for a gun; a cylinder, a pis-
ton in said cylinder; a piston rod secured to said
piston and to.-a reeoiling portion of said gun, a
liquid in said cylindef, & second cylinder in free
communiecation With said first cylinder, a gaseous
medium in said second cylinder compressible by
the liquid displaced frem said first eylinder by
the movement of said first piston during recoil
and means for decreasing the effective volume of
said second eylinder as the elevation of the gun
is increased without change in the initial pressure
of said gaseous medium.

4. A system as described in claim 3 in which
said means includes a piston mounted in said sec-
ond cylinder, a normally open port through said
piston and valve means for closing said port dur-
ing recoil of the gun.

5. A system as described in claim 3 in which
said means includes a piston mounted in said
second cylinder, a piston rod for said second pis-
ton, a cam secured to the gun carriage and en-
gaging said second piston rod, a normally open
port through said second piston and means for
closing said port during recoil of the gun and
maintaining said port closed until the gun returns
to battery.

6. A system as described in claim 3 in which
said means includes a piston mounted in said
second cylinder, a normally open by-pass around
said second piston, valve means in said by-pass
and means for closing said valve means during
recoil of the gun.

7. A system as described in claim 3 in ‘which
said means includes a piston mounted in said
second cylinder, a piston rod for said second pis-
ton, a cam secured to the gun carriage and en-
gaging said second piston rod, a normally open
by-pass around said second piston, a valve in
said by-pass and automatic means for closing said
valve during recoil of the gun and for reopening
said valve as the gun returns to battery.

8. A system as defined in claim 3 in which said
means includes at least one partition in said sec- -
ond cylinder having a normally open port therein
and valve means actuated by the elevation of the
gun for closing said port.

9. A system as defined in claim 3 in which said
means includes a plurality of axially spaced par-
titions in said second cylinder having ports there-
in, & valve rod sliding in said ports and a cam
secured to the gun carriage and engaging said
valve rod, said valve rod being so constructed and
arranged that said ports will be open when the
gun is not elevated and will be successively closed
as the gun is elevated.

10. In an accumulator of hydro-pneumatic or
pneumatic energy of the variable power type
wherein the accumulation of energy results from
recoil movement of a movable mass and the
amount of energy accumulated varies with the
position of said mass prior to recoil, a cylinder,
a piston in said cylinder, a piston rod connecting
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éa,ld piston, to-said mass:so-as o mové-gaid piston
in the: cylinder in: accordance with- the: recoil

. movements: of said mass; a second.cylinder- infree-
communication: with.said first: cylinder, said:sec~
ond: cylinder-being partially:filled:with: a compres-.
sible fluid: medium, the remainder of said:secorid:
cylinder and the portion of said: first: eyhnder
in free communication therewith containing. -

liquid, a. piston in, said. second eylinder-interme=
digte:the:ends thereof which is stationary during
reeoll: &#d against which said fluid medium  is
compressed by the influx of-liquid inte-said second

éylinder from said first- cylinder and means for:

varying ‘the position.of said second piston aeeord-
ing: to- the position: of’ said -mass prior to- recoil

without simultaneously: varying the pressure of

sald compressible fluid medium.
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