- Aug. 15, 1944, R. PATERAS PESCARA 2,355,924

FREE PISTON MACHINE

Filed Nov. 25, 1941 2 Sheets-Sheet 1

P2 20 25 24

Fligpl. =z ‘ . ~
38 - I - = © : CZ?
) == i P
4?'9 z 126 43|39
— 0 i /
y - ~
Ay A -6r st z9
I G 37 25
7— . .
; HITH i — 35 16' Jf}
‘ e Wl i '
] ’ . !
79
7 ‘ \ | : §
! 3 N ; ]8
21 N /
‘9bk/ N ‘
£ 2o
{ Zz
8
il
Ve
| “ 52 6'2
”’ — )
_R@;Zo e — c_z
b ~ 7 t .
as - . | I;./(g’. 7.
: |
772 ‘ —~ )
7 — P I}
. < Z — | :I
= - » P " pg T _Trrventor.
RAUL PRTERAS PESCARA.

S Bl Sl o el
y » ‘ Atlorrreyss.




Aug. 15,1944. R pATERAS PESCARA 2,355,924

FREE PISTON MACHINE
Filed Nov. 25, 1941 2 Sheets-Sheet 2

1, Figid.

<4

45
#J

v i
W/I/A Z

N\

Vi

1=/
ZA B

—L7

22

////A-‘n‘un 277

Hr————

=\ 7

LT,

Y.

NN

AN

Pms

y .
6 . A}a”’ /% /
, -

Ar Fry
f/’f* —1— ——

Pr Pry - prapirg

: Arnrvenior.
(’ow:;e EAUL PATERPAS FF. SCALA

2y Rusiley Sleplecoofectly,

A}




Patented Aug. 15, 1944

2,355,924

~UNITED STATES PATENT OFFICE

2,355,924
FREE PISTON MACHINE

Raul Pateras Pescam, Lisbon, Portugal, assign-
or of one-tenth to Societe d’Etudes et de
Participations, Eau, Gaz, "Electricite, Energie
S. A., Geneva, Switzerland

Application November 25, 1941, Senal No. 420,433
In France September 3, 1941

(CL 230—56)
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"The present invention relates to free piston
‘machines, that is to say machines for the produc-
tiori of gas under pressure including one or sev-
eral reciprocating elements the length of stroke

of which can vary ireely within certain limits,

contrary to what takes place, for instance, in
machines including connecting rods and crank-
shafts.

The invention is more especially, although not
exclusively, concerned, among these machines,
with -those in which the discharge pressure is
variable, and in particular those in which, fur-
thermore, at least a portion of the compression
work takes place during.the return stroke of the
reciprocating elements. -And it is still more ‘espe-

-¢ially concerned with the ‘“auto-generators” of
this kind, the expression “auto-generator” desig-
nating a-free piston machine in which at least
a portion' of the air:fed by the compressor part
of .the machine serves the scavenging and the
feed of the motor part of the same, the mixture
of burnt gases and excess of scavenging air being
sent to an expansion recelver, such for instance
as a turbine.

The object of the present invention is to pro-
.vide & machine of this kind which is better adapt-
ed to meet.the requirements of practice than

__those used for the same purpose up to the present
‘time.

According to an essentla.l feature of the present
invention, the machine is provided with-a pnéu-
matic energy accumulator capable of giving back
to.the reciprocating element or elements; during
the return stroke thereof, energy stored up dur-
ing the outward strokes, the energy brought into
play in the pneumatic accumulator or accumu-
lators being automatically varied by means of a
source of gas under pressure controlled by a de-
" vice operating as a function of at least one char-
acteristic of operation of the machine, and; fur-
" thermore, this control device is influenced, on the
one hand, by variations of the pressure existing in
the - accumulator or  accumulators for. a given
position of the reciprocating element or elements
and, on the other hand, by variatigns of the length
of the stroke of said element or.elements.

According to another feature of the invention,
the control device, or the means for regulating
it, is arranged in such manner that the law ac-
cording to.which this device operates.in response
to variations of the discharge pressure, or of a
pressure varying in accordance with this dis-
charge pressure, is & non-linear law.

Preferred embodiments of the present inven-
tion will be hereinafter described, with reference
to the accompanying drawings, given merely by
way of example, and in which:

Fig.'lis a diagrammatical view of a free pxston
machine made according to an embodiment of the
invention;

Figs: 2, 3 and 4 are diagrams for illustrating the

- operation of & machme accordmg to the inven-
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According to still another feature of ‘the in- '

vention, means are provided for varying the en-
ergy which produces the return of the reciprocat-
ing element or elements in accordance with the
altitude at which the machine js working.

. Other features of the present invention: will
result from the following detailed description of
some specific embodiments thereof.

60

tion;

Fig. 5 is a view, similar to Fig. 1, of a free pis-
ton machine made according to a second em-
bodiment of the invention; .

Fig. 6 is a diagram for facilitating a good un- |
derstanding of the operatmn of the machine ac-
cording to Fig. 5.

In the following description; it will be sup-
posed that the machine that is being considered
is' of the free piston type and constitutes a vari-
able discharge pressure auto-generator in which -
at least a portion of the compression work is pro-
duced during the return strokes.

Concerning: the - general. construction of the
machine, it is of any suitable type and for in-
stance it includes the following parts:

a. A cylinder |, constituting the motor cylinder
and in which are mounted two pistons 2! and 22
adapted to cooperate, respectively, ‘when they
are close to the outer ends of their strokes, with
an inlet port 3 and an ‘outlet port 4;

b. Two compressor pistons 5! and 5%, radially
slidable in cylinders 6! and 62, respectively, are
rigid with the motor pistons, and the inner faces .
of sald compressor pistons ensure, owing to the
provision of inlet valves T and outlet valves 8, the
feed of air under pressure to a fluidtight case 9
which surrounds the motor cylinder (;

:c.- Between these motor pistons; there is pro-
vided a synchronizing mechanism, of the ty
shown in my Patent Number 2,075,133, and con-
sists, for instance, of a system of levers oscillat-
ing about a fixed axis and having their opposed
ends interrelated, by means of connecting rods,
with the two reciprocating elements moving in
opposed directions;

d. Accumulators are provided for accumulat-

-ing, during the'outward strokes of the pistons, an

amount of energy to be given back to said pis-
tons during the compression strokes, which are
the return or inward strokes thereof, and these
energy . accumulators -are. constituted, for in-
stance, by causing the outer faces of pistons §!
and 52 to cooperate with the end portions of cylin-
ders 6!.and 63. These accumulators are desig-
nated, in the following description, by letters Al
and.A3, respectively;

e. In order to obtain, as it will be hereinafter
more  fully. described, that the energy brought
into play in accumulators A! and A? may vary in
accordance with the discharge pressure of the
machine, I provide an intermittent communica-
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tlon between sald accumulators and a source of
air under pressure or a discharge chamber, ac-

cording as the amount of air present in the ac-

cumulators is too great or too small.

In particular, and as it will be hereinafter sup-
posed, I utilize, as source of air under pressure
and also as discharge chamber, a space in which
the existing pressure is a characteristic of the
machine. For instance, I make use of casing 9,
in which there is a pressure substantially equal
to the discharge pressure (in the following de-
scription, I will designate, for simplification pur-
poses, the pressure in said casing 9 by the expres-
sion “discharge pressure’).

In this case, I interpose, between pneumatic
accumulators Al and A? and casing 9, a distribut-
ing system such that, on the one hand, when the
‘working conditions are stable, it maintains these
accumulators separated from said casing, and, on
the other hand, when there is a variation of the
working conditions, said system enables air con-
tained in casing 9 to pass into the accumulators,
.or inversely. »

This distributing system is constituted by a
kind of slide valve 10, mounted in a reservoir
11 which is constantly in communication with
casing 9, this slide valve including two chambers
or compartments 18! and 102, respectively pro-
vided with ports 2! and 122 adapted, when either
of them is brought opposite a fixed port 13, to
connect the corresponding compartment with
conduits 141, 142 leading to accumulators A! and
A?, orifice 3 being closed when slide-vaive 10 is
in neutral position (position shown by Fig. 1),

I provide, in the walls of compartments {10! and
{02, respectively, check valves 15! which permit

only of air passing from compartment (0--into

reservoir ! and casing 9 and check valves. 152

which permit only of air passing from reservoir .

If and casing 9 into chamber 102

I provide means for coupling this distributing
device to the movable element, for instance the
piston, of a system including cylinder {6 and
piston 17, one of the faces of this piston being
subjected to the discharge pressure, through a
conduit 18, while its other face is subjected to
the action of a spring 9. The whole is arranged
in such manner that an increase of the discharge
pressure produces a displacement of the slide
valve such that orifice 122 comes opposite orifice
- 13, and that, inversely, a reduction of this pres-
sure causes orifice 12! to come opposite said ori-
fice 13. - .

Concerning the correcting or controlling means
which are to ensure the return of distributor (0
into neutral position, after each variation of the
working conditions, said correcting means are
operated, according to a feature of the invention,
both in accordance with the pressure existing, for
a given position of the piston, in the pneumatic
accumulator or accumulators and-in accordance
with the length of the.piston stroke. For this
purpose, preferably, I make use of the mean
pressure in the accumulator or accumulators, or
of a pressure the value of which depends upon

said mean pressure, this last mentioned pressure

being also variable in accordance with the length
of stroke of the accumulator piston, as well as in
accordance with the initial accumulator pressure.

In the embodiment of the invention illustrated
by Fig. 1, T utilize, as controlling factor, the pres-
sure p°® existing in a space 20 which is in com-
munication with the inside of accumulator Al
through a calibrated aperture 2{, preferably ad-
justable by means of a needle valve 22.
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Preferably, I make use of the pressure exist-
ing in space 20 for adjusting the tension of spring
19 which brings back distributing member 10
into position. Consequently, this pressure is
caused to act on a piston 23 which is acted upon
by a spring 24, This piston acts, through a trans-
mission the detail of which will be hereinafter
more fully described, upon a push-piece 25
against which spring 19 is bearing. The whole
is arranged in such manner that an increase of
pressure in space 20 corresponds to an increase
of the tension of spring 19,

An aufo-generator made as above described
will work in the following manner:

Supposing that the discharge pressure passes
from a value p!, for which distributor {0 was in
neutral position, to a higher value p?, piston 7
is displaced against the action of spring {9 and
orifice 122 is brought opposite orifice 1Z. Air
under pressure present in casing 9 can then,
during the portion of the stroke for which the
discharge pressure is higher than the pressure
In the accumulators, flow past check valves 152
and come, through conduits 14! and {42 into said
accumulators, where it increases the mass of air
present therein. ' If, on the contrary, the dis-
charge pressure’ had decreased, distributing
member (0 would have been displaced in the op-
posite direction and orifice 12! would come oppo-
site orifice 13, thus permitting a portion of the
air présent in the accumulators to return into
casing 9 through check valves | 51, during the
iportions of the piston strokes for which the pres-
sure in said accumulators is higher than the
pressure in said casing.

The return of dgistributing member {8 into its
neutral position, in which orifice {3 cannat com-
municate either with 12! and with 122, is ob-
tained by the variation of the pressure conditions
in the accumulators, which variation produces g
modification of the pressure existing in space 20,
and, consequently, a variation of the tension of
spring 19. ,

Supposing that the communication between
accumulator A! and space 20 is obtained only
through one or several calibrated orifices such as
21, the pressure existing in space 20 is substan-
tially equal.to the mean pressure in accumula-
tor Al

The diagram of Fig. 2 shows how the pressure
conditions in the accumulators are influenced by
the utilization, as factor for controlling the work-
ing of the device, of the mean pressure in said
accumulators,

In this diagram, solid line q represents for a
given stable state of conditions, corresponding:
to & given pressure of discharge of the machine,
the variation of the pressure in the accumulator
when the stroke length I of the reciprocating ele-
ment is relatively short, the mean pressure which
gorresponds to this curve of variation being equal
0 Pm. -

If, at a given time, the length of stroke of the
reciprocating system passes from value I to a
higher value L, without any variation of the dis-
charge pressure of the machine, this increase
first causes the mean pressure to pass'to a higher
value. This increased mean pbressure, acting on
piston 23, destroys the state of equilibrium of
system 10—11 and causes distributing member 10
to move in such manner that a portion of the aijr
present in the accumulators basses into casing
9 through check valves (5!, The increase of the

length of stroke therefore influences the control
a; a decrease of the

device in the same manner
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discharge pressure of the machine would have
done, :

The equilibrium will be restored and, conse-
quently, device 10—17 will return into its neutral

-position when, for longer strokes of the pistons,

- the pressure variation’ in the accumulator. will
correspond to the dotted line b of Fig. 2, the
mean pressure which corresponds to:this curve
being again equal to pm. .

Although the raachine can work satisfactorily
with- the arrangement just above ‘described, it
seems advantageous to make use of the follow-
ing supplementary features, which -may eventu-
ally be used separately. :

According to one of these supnlementary fea-
tures, the control device 10—17 is arranged-in
such manner as to work, in response’ to varia-
tions of the discharge pressure existing in cas-
ing 9, according to a non-linear law. :

For this purpose, according to the embodiment
illustrated by Fig. 1, I act on the transmission in-
terposed between piston 23 and push-piece 25.

In this embodiment of the invention, this
transmission is previded with a bell-crank lever
26 adapted to pivot about an-axis 27, 6ne of the
ends of said lever being coupled at 28 with piston
23, while the other end 29 thereof acts oa’ push-
piece 25. - ) ‘

If- this lever were utilized alone, the: control
device would work in accordance with a law cor-
responding to the straight line ¢ of Fig. § of the
drawings, in which the abscissas represent the
dischargepressure pq of the auto-generator, while
the ordinates represent theé pressures pm in the
accumulatus, :

In order to obtain a non-linear characteristic
curve, for instance a curve in the form of g
broken line, I proceed as follows:

I provide, above the end 29 of lever 26, a push
piece 30, rigid with a piston 3 which is subjected,
on one side thereof, to the action of a spring 32,
and, on the other side, to the pressure existing in
casing 9, this pressure being fed through a con-
duit 33 to the upper part of a cylinder 34 inside
which -piston 31 is movable.  As long as the dis-
charge. pressure of the auto-generator has not
reached a value equal to :

i
spring 32 keeps push piece 30 away from the
end 29 of lever 26, but once the discharge pressure

Pi
has been reached, the push-piece bears against
said end of lever 26 and this with a force which
is the greater as the discharge pressure is higher.

Consequently, when the discharge pressure has
a value lower than

Di
the operation of the control device corresponds
to'line ¢, but once this value of the discharged
pressure has been exceeded, the working of the
control device corresponds to-line ¢!, the in-
clination -of which is smaller than that of line e,

When the auto-generator is mounted on s ve-
hicle, for instance an- aircraft, intended to work
at different altitudes, it is useful, according to
another feature of the present invention, to pro-
vide a supplementary control element which in-
fluences control device 180—11 in accordance with
the value of the altitude.

In order to. obtain this result, I have, in the
embodiment shown by Fig. 1, provided a baro-
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metric box system 38 adapted to pivot a lever 36
about an axis 37, the end of this lever which is
opposed to that connected to said barometric sys-
tem carrying the axis 27 of bell crank lever 26.
This barometric correcting device is arranged
in such a manner that the energy of the accumu-
lators decreases when the altitude increases.
According to still another feature of the
invention, I provide means whereby the pressure
existing in space 20 is different from.-the mean
pressure-in accumulator Al, while remaining still
dependent upon both the initial prescure in the
accumulator and the length of stroke of the re-

“ciprocating elements. Owing to this feature, I

obtain a modiflcation of the law according to
which the return energy varies as a function of
the length of stroke. : .

For this purpose, I provide, in order to connect
accumulator A! and space 20, in addition to cali-
brated orifice 21 and parallelly thereto, a kind
of by-pass 38 controlled by a check. valve 38
subjected to the action of a spring 40. Accord-
ing to th@ direction in which check valve .38
opens, the pressure in space 20 is lower or higher
than the mean pressure of the accumulator. In
the embodiments of ‘the invention illustrated by
Figs. 1 and 5, this check valve is arranged in
such manner that it permits a portion of the air
under pressure present in space 20 to escape into
accumulatcr Al when the pressure in said ac-
cumulator - is lower than that existing in said
space 20, while this check-valve prevents passage
of air from accumulator A! into space 20 through
sald by-pass. Consequently, the pressure in this
space 20 is lower than the mean pressure in ac-
cumulator Al -

The action o1 by-pass 38 results from the dia-
gram’ of Fig.-4: In this diagram the three curves
dl, d?, d3 represent the variation of the pressure
In the accumulator. . The horizontal lines Dmy,
Pm,, Pm, are the mean pressures corresponding
respectively to these three curves. Pinally, the
horizontal lines pr, pr,, pr, are the pressures ex-
isting in-space 20. These last mentioned pres-
sures are lower than the corresponding mean
pressures Pm,, Pm,, Pmg, With respective differ-
ences equal to Api, Apsz, Aps, these differences be-
ing due to the provision of the by-pass and the
check valve interposed between the accumulator
and space 20. :

If the tension of spring 40 is invariable, the

< value Ap-is a function of
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S’]
‘ S;
S: being the area of calibrated orifice 21 and S:
the area.of the check valve 39.

In order to determine this value Ap, T may act
either on the area of the passage through cali-
brated orifice 21 by means of a needle valve 22,
or on the tension of the spring 40 of check valve
39, This adjustment may be effected automadti-
cally in accordance with an operating factor of
the machine, the latter including at least one
generator of gas under pressure and at least one
receiver machine, for instance a turbine.

This factor may advantageously consist ‘in
one of the working pressures of the generator.

According to still another feature of my in-
vention, the pressure pr in space 20 is regulated
as a function of the working pressure of the gen-
erator in such manner that. under stable work-
ing conditions,-this pressure is always of the same
value. - The difference ap between the mean pres-

sure in the accumulator and pressure pr must

'
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therefore increase as a function of the working
pressure in such manner that this result is ob-
tained.

The diagram of Fig. 6 shows, for three differ-
ent working pressure conditions of accumulator
A;, corresponding to three different feed pres-
sures of the auto-generator:

a. The curves e1, ez, es of the pressure in the
_accumulstor as a function of the length of stroke,
for these three working conditions:

b. The horizontal lines giving the mean pres-
sures in the .accumulator corresponding respec-
tively to these three curves;

¢. The horizontal dotted line giving the value
of pressure pr, pri, pra, pr3 in space 20, which re-
mains the same for the three working conditions
that are being considered, the difference between
pm, and-pr being equal to Ap’; while that between
pm, and pr is Ap’’ and that between Pm, and pr
1S Apﬁu

.A machine working in accordance with the con-
ditions illustrated by the diagram of Fig, 6 is
shown by Fig. 5.

In this embodiment of my invention, the area
of the cross section of calibrated orifice 21 is var-
ied by means of a needle valve 41 the position
of which is variable in accordance with the value
of the working pressure or discharge pressure in

casing 9.
“ In order to obtain the desired working of this
needle valve, this casing is connected, through

" acasing 42, with a cylinder 43 in which can move,

against the action of a spring 44, a piston 45 the
rod of which is operatively connected to one of
the ends of a pivoting lever 46 the other end of
which is connected with needle valve &f.

It results from Fig. 5 that the area of orifice
21 is the smaller as the working pressure of the
generator increases. Consequently, the differ-
ence Ap further increases when said working
pressure increases, being then consequently great-
er-than in the case of Fig. 4, in which the cross

- -section of aperture 21 remains constant.

The shape and size of the element which varies

the cross section through orifice 21, and the force -

of spring 44 are chosen in such manner that the
differences Ap’, Ap’’ and Ap’’’ that are obtained
are those illustrated by Fig. 6.

The fact that the same regulating pressure
pr is maintained in space 20 whenever the work-
ing conditions of the machine are stable and ir-
respective of the value of the mean pressure pm
in the accumulator, permits of obtaining an im-
portant simplification of the device which con-
trols the value of the pressures in the accumu-
lators. As & matter of fact, as shown by Fig. 5,
the pressure pr existing in space 20 can then be
caused to act directly on the piston 17 of dis-

" tributing device 10, without interposing mechan-

ical means. It suffices to connect space 20,
through a conduit 41, with the space 48 inside
cylinder. 18 and above piston (T and to subject
the lower side of said piston to the action of a
spring 49, the portion of cylinder {6 in which
this spring is housed being provided with an ori-
fice 59 which connects this portion of the cylin-
der with the atmosphere.

The device of Fig. 5 will work in the following
manner:

Supposing that the discharge pressure of the
generator, and therefore the pressure in casing
- 8, increases, this increase. produces a displace-
ment of needle valve 41 in the direction which
reduces the section of flow through calibrated
orifice 21, Consequently, the pressure in space

10
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20 drops, which causes distributing member (90
to move In such manner that the orifice 122 there-
of is brought opposite orifice 13, so as to permit

-air under pressure present in casing 9 to pass

into the accumulators. Consequently, the initial
pressure, and also the mean pressure in said
accumulators increases and reaches the value
which corresponds to the new working pressure
of the generator. Once these new pressure con-
ditions have become stabilized, the pressure pr in

. space 20 has returned to its initial value since,

20

30

35

a0

50

60

65

70

%

due to the increase of the pressure in casing 9,
the section of flow through orifice 21 is now
smaller than precedingly. In view of the fact
that the pressure in space 20 has come back to
its former value, distributing member 10 has come
back into the neutral position shown by Fig. 5,
whereby the whole is again ready to operate for
a new variation of the working pressure.

Of course, when the working pressure in cas-
ing 9 decreases, the operations above described
take place in the opposite direction.

In a general manner, while I have, in the above
description, disclosed what I deem to be prac-
tical and efficient embodiments of the present
invention, it should be well understood that I
do not wish to be limited thereto as there might
be changes made therein without departing from
the principle of the present invention as com-
prehended within the scope of the accompanying
claims.

What I claim is:

1. A free piston machine of the type described
which comprises, in combination, a motor cyl-
inder and a compressor cylinder, at least one
reciprocating structure movable in the axial di-
rection of said cylinders, including a motor pis-
ton and g compressor piston rigid with each
other and adapted to cooperate with said motor
cylinder and said compressor cylinder, respec-
tively, a pneumatic accumulator associated with
said reciprocating structure for storing up
energy during the outstrokes of the pistons and
giving back said energy to said structure during
the return strokes thereof, a source of gas under
pressure, control means, responsive to variations
of at least one working .factor of the machine,
for producing an interchange of gas between
sald accumulator and said source when such
variations occur, and means responsive both to '
variations of the pressure existing in said ac-
cumulator for a given position of said recipro-
cating structure and to the length of stroke of

“said structure, for regulating said control means.
55

2. A free piston machine of the type described
which comprises, in combination, a motor cyl-
inder and a compressor cylinder, at leasi one
reciprocating structure movable in the axial
direction. of said cylinders, including a motor
piston and a compressor piston rigid with each
other and adapted to cooperate with said motor
cylinder and said compressor cylinder, respec-
tively, a pneumatic accumulator associated with
sald reciprocating structure for storing up energy
during the outstrokes of the pistons and giving
back said energy to said structure during the
return strokes thereof, a chamber containing
gas under pressure, control means responsive to
variations of the discharge pressure from said
compressor cylinder, for -producing an inter-

change of gas between said accumulator and
said chamber when such variations occur, and
means responsive both to variations of the pres-
sure existing in said accumulator for a given
position of said reciprocating structure and to
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variations of stroke of the reciprocating move-
ment of ‘said structure, for regulating said con-
trol means, o :

3. A free piston machine of the type described,
which comprises, in combination, a motor cyl-
inder and a compressor cylinder, at least one
reciprocating = structure movable in the axial
direction of said 'cylinders, including a motor
piston and a compressor piston rigid with each
other and adapted to cooperate with said motor
cylinder and said compressor cylinder, respec-
tively, a pneumatic accumulator associated with
said - reciprocating structure for storing up
energy during the outstrokes of the pistons and
giving back said energy to said structure during
the return strokes thereof; a casing arranged to
receive the compressed gas from said compressor
‘eylinder, control means responsive to variations
of the pressure in said casing, for producing an
interchange of gas between said casing and said
accumulator  when such variations occur, and
means for returning said control means into
neutral position, -said return means' being re-
sponsive both to variations of the pressure ex-
- isting in said accumulator for a given position
of said reciprocating structure and to variations
of the stroke of the movement of said structure.

4. A free piston machine of the type described,
which comprises, in combination, a motor cyl-
inder and a compressor cylinder, at least one
reciprocating structure movable in the axial
direction of said cylinders, including a motor
piston and a compressor piston rigid with each
other and adapted to cooperate with said motor
cylinder and said compressor cylinder, respec-
tively, a pneumatic accumulator associated with
sald - reciprocating structure for storing up
energy during the outstrokes of the pistons and
giving back said energy to said structure during
the return strokes thereof, a casing arranged to
receive the compressed gas from said compressor
‘cylinder; .control means responsive to variations
" of the pressure in sa{id casing, for producing an
Interchange of gas between said casing and said
- accumulator when such variations occur, - and
means for returning said control means into
neutral position, said return means - being re-
sponsive to variations of the pressure existing
in 'said accumulator for a given position of said
reciprocating structure, to variations of the
stroke of the reciprocating movement of said
structure, and also to variations of the atmos-
mospheric pressure, /)

5. A free piston machine of’-l the type described;

which comprises, in combination, a motor cylin-
der and a compressor cylinder, at least one re-
ciprocating structure movable in the axial direc-
tion of said cylinders, including a motor piston
and a compressor piston rigid with each other
and adapted to cooperate with said motor cylin-
der and said compressor cylinder, - respectively,
a pneumatic accumulator associated with said
reciprocating structure for storing up energy
during the outstrokes of the pistons and glving
~back said energy to said structure during the
return strokes thereof, a casing arranged to re-
ceive the compressed gas from said compressor
cylinder, control means responsive to variations
of the pressure in said casing for producing an
interchange of gas between said casing and said
accumulator when such variations occur, and re-

10

5

turn means for bringing back said control means
into neutral position, said return means being
adjustable in response to variations of the mean
pressure in said accumulator,

6. A free piston machine of the type described,
which comprises, in combination, a motor cylin-
der and a compressor cylinder, at least one recip-
rocating structure movable in the axial direc-
tion of  said .cylinders, including a motor piston
and a compressor piston rigid with each other
and adapted to cooperate with said motor cyl-
inder and said compressor cylinder, vespectively,

¢ & pneumatic accumulator including a piston and

15

20

a cylinder respectively rigid with the above men-
tioned pistons .and cylinders, adapted to form,
during the outstrokes of the reciprocating struc-
ture, a compressed ‘gas cushion which produces
the return strokes of the pistons, a casing adapted
to receive the compressed gas from said com-
pressor cylinder, control means responsive to
variations of the pressure in said casing for in-
terconnecting said casing and said accumula-~

" tor in one direction or the. other according as
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the pressure in said ‘casing has increased or
decreased, & chamber communicating with the
inside of said accumulator through a small cali-
brated orifice, and means for elastically return-
ing said control means into neutral position,
said return means being responsive to variations
of the pressure in said -chamber.,

7. A machine according to claim 6 further in-
cluding a connection between said chamber and
the inside of said accumulator adapted to by-
pass said calibrated orifice, said connection con-
sisting of a conduit, a check valve in said conduit
and  elastic means for urging said check valve
toward the closed position thereof, )

8. A free piston machine of the type described,
which comprises, in combination, a motor cylin-
der and a compressor cylinder, at least one re-
ciprocating structure movable in the axial direc-
tlon of said cylinder, including a motor piston
and a ‘compressor piston rigid with each other
and adapted to cooperate with said motor cyl-.
indey and said compressor cylinder, respectively,
& preumatic accumulator including a piston and
a cylinder respectively rigid with the above men-
tioned pistons and cylinders, adapted to form,
during the outstrokes of the reciprocating struc-
ture, a compressed gas cushion which produces
the return strokes of the pistons, a casing adapt-
ed to receive the compressed gas from said com-
pressor cylinder.) control means responsive to
variations of the pressure in said casing for in-
terconnecting said casing and said accumula-
tor in one direction or the other according as

" the pressure in said casing has increased or de-
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creased, a:chamber communicating with the in-
side of said accumulator through a small cali-
brated orifice, means for returning said control
means into neutral position, said return means
being responsive to variations of the pressure in
said chamber, and means operative by variations
of the pressure on said casing for varying the
section of flow through said calibrated orifice in
accordance with said pressure in the casing.
9. A machine according to claim 8 in which
the last mentioned means are adapted to keep
the pressure in said chamber at the same value
for all stable working conditions,
: RAUL PATERAS PESCARA.
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