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poration of Georgia
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: 1

The present invention relates to a fluid pres-
sure machine of the reciprocating type.

In this machine a plurality of pairs of cylinders
are arranged with the axes thereof extending
in the same general direction and with the cyl-
inders of each pair in opposed spaced relation
to each other in this direction, each cylinder
having a pair of pistons adapted for reciprocat-
ing movement along the axes of these cylinders,
means being provided operatively connecting the
adjacently disposed pistons and means being
also provided for connecting the remotely dis-
posed pistons. .

A feature of the present invention Hes in the
fact that some of the pairs of cylinders are com-
pressor cylinders and others are prime mover
cylinders. : -
- At least one of the pairs of cylinders receives
between the respective pistons thereof a fluid
pressure medium for producing power develop-
ing movement of the pistons in said cylinders
and at least another of the pairs of cylinders is
adapted to confine a fluid pressure medium to
be compressed between the respective pistons
thereof.

Means are provided for effecting concomitantly
the movement of the different sets of pistons to
produce compressor action in the compressor
cylinders when the prime mover cylinders- are
energized to produce opposite movement of the

- two pistons therein.

In the accompanying drawings:

Fig. 1 is a diagrammatical vertical section
taken on line I—I in Fig. 2; ’

Fig. 2 is a digrammatical plan section;

Figs. 3 and 3a are to be juxtaposed along line
X—X and they show a vertical section taken on
line ITT--III in Fig. 4;

Fig. 4 is a plan section; and

Fig. 5 is a vertical section taken on line vV—V
in Fig. 4. T

For the sake of clearness the valves in the
different ports of the cylinders and the connec-
tions between these ports are shown only on
Fig. 2.

The fluid pressure machine shown in the ac-
companying drawings comprises four pairs of
prime mover cylinders { which are arranged
with the cylinders of each pair coaxial and in
opposed spaced relation along the common axis
thereof. Each cylinder | is provided with a pair
of free pistons 2, 3. The axes of the pairs of
prime mover cylinders | are parallel and- dis-
tributed about a central axis of the machine.

The machine comprises also a pair of low pres-
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sure compressor cylinders 6, a pair of inter-
mediate pressure compressor cylinders T and a
pair of high pressure compressor cylinders 8,
and a pair of compressor cylinders § providing
scavenging air for the prime mover cylinders i.
Fach of the compressor cylinders 5, 6, 7, 8 is
provided with a pair of free pistons 9 and 10.
The compressor cylinders are arranged with the
cylinders of each pair coaxial and in opposed
spaced relation along the common axis thereof,
the axes of said pairs of gas compressor cylinders
being parallel and distributed about said central
axis of the machine in interspersed relation to
the axes of the prime mover cylinders |.

The adjacently disposed pistons 2 of the prime
mover cylinders { and the adjacently disposed
pistons 9 of the inferspersed gas compressor cyl-
inders 5, 6, 1, 8 are connected together to form
a first rigid unit, by means of a common spider -
16 rigid with an outer tubular member 20.

The remotely disposed pistons 8 of the prime
mover cylinders | are connected to the remotely
disposed pistons 10 of the gas compressor cyl-
inders to form & second rigid unit, by means of
spiders 171 and 18 which are rigid with an inner
tubular member (9. ’

All of the pistons operating in the portions of
the opposed spaced cylinders which are in adja-
cently disposed relation being connected together,
they form the first rigid unit of which the pistons
at one side of a median plane between the opposed
spaced cylinders transverse to said central
axis of the machine respectively move outwardly
and inwardly of their respective cylinders as the
pistons of the same unit in the cylinders disposed
at the other side of said transverse central plane
respectively move inwardly and outwardly of their
respective cylinders. - The remotely disposed
pistons of the second rigid unit disposed at one
side of the median transverse plane respectively
move outwardly and inwardly of their respective
cylinders as the remotely disposed pistons of said
second unit at the other side of the median trans-
verse plane respectively move jnwardly and out-
wardly of their respective cylinders.

The two tubular members 19 and 20 are ar-
ranged coaxially with the central axis of the '
machine in telescoping relation to each other for
reciprocating sliding movement with respect to
each other along said central axis of the machine.

The outer tubular member 20 is provided with
shoes 57 adapted to slide on the outer surface of
the inner tubular member {9 about which the
outer tubular member 20 extends and is itself

88 provided with shoes 58 and 59 adapted to slide
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on & central gulde member 4 and its extension 2i

arranged coaxially with said central axis of the

machine,
The tubular members 8 and 20 constitute the

guiding and rigidifying means for the two units

of pistons.

‘The surface of the central guide member 4

on which the shoes 59 are adapted to slide is lu-
bricated with g suitable lubricant through the
pipe 22 and passages 238 and 24.

A kinematic connection is provided between
the two guiding tubular members 19 and 20.

Links 5t of this connection have one of their
ends pivotally connected to the lower end of a
member 52 which is rigid with the lower end of
the inner tubular member 19.

‘The other ends of said links 5f are pivotally
conected to levers 50 adapted to rock about axes
58 and 56. Other links 49 are pivotally connected
on the one hand to members 48 which are rigidly
connected to the tubular member 260 and on the
other hand to the rocking levers §0. The rock-
ing movement of the shaft 58 is transmitted by
a rod and link mechanism to a stroke regulator
53.

Each of the compressor cylinders 5, 6, 7, 8
centrally of the length thereof is provided with
ports for admission of the fluid thereto between
the pistons thereof and with ports for exhaust
of the fiuid therefrom.

Means are associated with said ports for con-
trolling the flow of the fluid to and from the .re-
spective cylinders and for confining the fluid to
be compressed between the pistons. These
mesans may be valves of any conventional type.
The compressor cylinders 8 are provided with ad-
mission ports 28, 29, exhaust ports 80 and with
admission valves 43 and exhaust valves 44, 45
(Figure 2). The low pressure compressor cyl-
inders 6 are provided with admission ports 25,
26, exhaust ports 21, admission valves 35 and
exhaust valves 36. The intermediate pressure
compressor cylinder 7 is provided with an admis-
sion port 31, and exhaust port 32, an admission
valve 41 and an exhaust valve §2. The high
pressure compressor cylinder is provided with
an admission port 34, an exhaust port 33, an ad-
mission valve 39 and an exhaust valve 38. '

The cylinders | adapted to receive between the
pistons 2, 3 thereof a fluid pressure medium for
producing power developing movement of said
pistons are provided with admission ports 04
and exhaust ports {2 respectively adjacent the
opposite ends thereof for admission of the fluid
medium, e. g., the combustion and seavenging
air, and for removal therethrough of the exhaust
fuid pressure medium from said eylinders.

Puel, gas oil for instance, is injected between
the pistons 2, 3 of the prime mover sylinders
through injectors {5.

The cylinders { are provided with inner sleeves
§3 having ports {4 respectively adjacent the op-
posite ends thereof and communicating with the
admission and exhaust ports 11 and 12.

With regard fo the prime mover cylinders |,
the operation is as follows:

When the ports {4 are closed by pistons 2, 3§
in the upper cylinders § and these pistons are
adjacent the centers of the cylinders 1, gas oil is
injected into these upper cylinders between the
pistons from a suitable pump through the cor-
responding injectors i{5. The pistons 2, 3 are
moved outwardly by the power produced within
the upper cylinders { and at the same time the
pistons 2, 8 in the lower cylinders i are moved
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inwardly concomitantly compressing therebe-
tween the power producing fiuid medium or air,
the gas oll being injected into these lower cyl-
inders { for mixture with this compressed air
for the combustion of the oil.

When the pistons &, 3 reach the opposite ends
of the upper cylinders {, the ports 14 are uncov-
ered and the fluid is scavenged by compressed
fluid or air flowing from the compressor cylinders
8, which flow is admitted through the admission
ports 11 of the upper prime mover cylinders f

‘and is exhausted through the exhaust ports 12

of these cylinders.

At this moment power is produced similarly
in the lower prime mover cylinders I, and the pis-
tons 2, 3 in the upper prime mover cylinders { are
moved inwardly and close the ports {4, thereafter
compressing the air therebetween preparatory to
injection and ignition of the fuel, as above men-
tioned, for the next power stroke.

With regard to the compressor cylinders 6, 1,
8 the operation is as follows:

A fluid pressure medium, e. g., air, is delivered
alternately to the low pressure compressor cyl-
inders 6. The fluid delivered to one of the cyl-
inders 6, the upper one for instance, flows as
follows: ’

When the pistons 9, 10 in the upper low pres-
sure compressor cylinder 6 are nearly adjacent
the opposite ends of this cylinder, the fluid or air
is admitted in this cylinder through admission
ports 25, 26, which admission is controiled by
means of valves 35. This fluid is confined in
this cylinder 6 by means of the valves 35 and
36 which then are closed. When the compression
stroke in this upper cylinder 6 approaches com-
pletion and the pistons 9, {0 therein are adja-
cent each other at the center of the cylinder the
valves 36 are opened and the fluid flows through
the ports 21, the valves 36, a pipe 31, the valve
41 and the port 31 into the lower intermediate
pressure cylinder 7 the pistons 9, i0 of which
at that time are in spaced relation to each other.
Thereupon the fluid is confined in this cylinder 7
by closing the valves 41 and 42 and is compressed
between the pistons 9, 10 in this cylinder 7 when
the following stroke occurs. When this stroke
approaches completion the valve 42 is opened and
the fluid flows through the port 32, the valve 42,
a pipe 40, the valve 39 and port 34 into the upper
high pressure compressor cylinder 8 the pistons
8, 16 of which now are in spaced relation to each
other. The fluid then is confined in this upper
high pressure compressor cylinder 8 by closing
of valves 38 and 39. When the immediately fol-
lowing stroke approaches completion in this up-
per cylinder 8, the valve 38 is opened and-the
compressed fluid is discharged.

The fluid which is initially delivered to and
compressed in the lower low pressure compressor
eylinder 6 flows in a similar way to and is com-
pressed in the upper intermediate pressure cyi-
inder 7 and then to the lower high pressure
cylinder 8 to be compressed therein and dis-
charged therefrom.

With regard to the operation of the compressor
cylinders 5, when the pistons 8, 10 in a com-
pressor cylinder 5, the upper one for instance, are
in opposed relation to each other at the opposite
ends of the cylinder admission of fluid or air to
be compressed into this cylinder is effected
through admission ports 28 and 29, which admis-
sion is controlled by means of valves 43. Then
the fluid is confined in this upper cylinder 5 by
closing valves 43, 44 and 45 and this fluid is com-
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pressed by an inward stroke of the pistons 9, 10
immediately following in this cylinder §. There-
upon the valves 44 and 4§ are opened and the
fluid is delivered through ports 38, valves 44 and
45, pipes 46 and 41 to the admission ports (1 of
the lower prime mover cylinders I. Thus the
lower prime mover cylinders { are suppiied with
combustion and scavenging air compressed in the
upper cylinder 5. ]

The upper brime mover cylinders | are simi-
larly supplied with the air compressed in the
lower cylinder §.

Jacks 10 (Pigs. 4 and 5) are provided for pro-
ducing small displacements of the pistons of the
machine at low speed, for instance for control-
ling the starting position. '

The whole machine is supported by a frame
§0, the spiders 16, 11, 18 and the kinematic con-
nection at the lower end of the machine being
enclosed in casings 61, 62, §3.

It is emphasized that the number of gas com-
pressor cylinders which are in interspersed rela-
tion to the pairs of prime mover cylinders is in
such relation to the number of pairs of prime
mover cylinders that the power producing force
developed in a given stroke of the prime mover
free pistons is in a balanced relation about the
central axis to the force produced by the free
pistons in the compressor cylinders for compres-
sion of the gas tlerein distributed about said
central axis. -

This application is a continuation in part of
my copending application Serial No. 590,918, filed
April 28, 1945, now U. S. Patent No. 2,491,679
of December 20, 1949.

I claim:

1. A fluid pressure machine of the reciprocating
type comprising at least two prime mover cylin-
ders arranged with their axes extending in the
same general direction and in opposed spaced
relation in said direction, a pair of pistons in
each cylinder adapted for reciprocating move-
ment thereof along the axes of the respective
cylinders, means operatively connecting a piston
of one of said two prime movér cylinders with
a piston of the other prime mover cylinder as
a set for concomitant reciprocating movement of
said pistons axially in their respective cylinders,
means operatively connecting the other pistons
respectively in said prime mover cylinders as a
set for concomitant reciprocating movement of
said other pistons axially in their respective cyl-
inders, means operatively connecting said first
set of connected pistons and said other set-of
connected pistons to provide for movement of
said first set of connected pistons in a glven di-
rection in said prime mover cylinders concomi-
tantly with movement of sald other set of con-
nected pistons in the opposite direction in said
prime mover cylinders, at least two gas com-
pressor cylinders arranged with their axes ex-
tending in the same general direction and in op-
posed spaced relation in said direction, a pair of
pistons in each gas compressor cylinder adapted
for reciprocating movement thereof along the
axes of the respective cylinders, means opera-
tively connecting a piston of one of said two gas
compressor cylinders with a piston of the other
gas compressor cylinder as a set for concomitant
reciprocating movement of said pistons axially
in their respective gas compressor cylinders,
means operatively connecting the other pistons
respectively in said gas compressor cylinders as
a set for concomitant reciprocating movement of
said other pistons axially in their respective gas

/

compressor cylin\ders, means operativg!y con-

nected between said first set of connected gas
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compressor pistons and said other set of con-
nected gas compressor pistons to provide for
movement of said first set of connected pistons
in a given direction in sald gas compressor cyl-
inders concomitantly with movement of said other
set of connected pistons in the opposite direction
in sald gas compressor cylinders, and means co-
operating with said respective operative connec-
tions to produce gas compressing movement of
sald pistons in said gas compressor cylinders con-
comitantly with power producing movement of
said pistons in said prime mover cylinders.

2. A fluid pressure machine of the reciprocating
type comprising at least two prime mover cylin-
ders arranged coaxially and in opposed spaced
relation along the common axis thereof, each cyl-
inder having a pair of pistons therein for recip-
rocating movement thereof along said axis, the
adjacently disposed pistons in said two cylinders
being connected to move together and the re-
motely disposed pistons in said cylinders being
connected to move together respectively as rigid
units in the two directions of reciprocating move-
ment along said common axis of said prime mover

- cylinders, at least two gas compressor cylinders
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arranged coaxially and in opposed spaced rela-~
tion along the common axis thereof, each gas
compressor cylinder having a pair of pistons
therein for reciprocating movement thereof along
said axis, the adjacently disposed pistons in said
two gas compressor cylinders being connected to
move together and the remotely disposed pistons
in said gas compressor cylinders being connected
to move together respectively as rigid units in
the two directions of reciprocating movement
along said common axis of said gas compressor
cylinders, and means operatively connecting said
rigid units associated with said prime mover cyl-
inders respectively with said rigid units asso-
ciated with said gas compressor cylinders to pro-
duce gas compressing movement of said compres-
sor pistons respectively in said gas compressor
cylinders concomitantly with power producing
movement of said prime mover pistons respec-
tively in said prime mover cylinders.

3. A fluid pressure machine of the reciprocating
type comprising at least two prime mover cylin-
ders arranged coaxially and in opposed spaced
relation along the common axis thereof, each
cylinder having a pair of pistons therein for
reciprocating movement thereof along said axis,
at least two gas compressor cylinders arranged
coaxially and in opposed spaced relation along
the common axis of said gas compressor cylin-
ders, each gas compressor cylinder having a pair
of pistons therein for reciprocating movement
thereof along said axis of said gas compressor
eylinders, the adjacently disposed pistons in said
two prime mover cylinders and the adjacently
disposed pistons in said gas compressor cylinders
being connected to move together as a rigid unit,
whereby a prime mover piston and a gas com-
pressor piston of said rigid unit move outwardly
and inwardly of their respective cylinders respec-
tively concomitantly with movement of the other
prime mover piston and the other gas compressor
piston of said rigid unit inwardly and outwardly
of their respective cylinders, the remotely dis-
posed pistons of said two prime mover cylinders
and the remotely disposed pistons in said two
compressor cylinders being connected to move to-
gether as another rigid unit, whereby a remotely
disposed prime mover piston and a remotely dis-
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7
posed gas compressor piston of sald other rigid
unit move outwardly and inwardiy of their re-

spective cylinders respectively concomitantly .

with movement of the other remotely disposed
prime mover piston and the other remotely dis-
posed compressor piston inwardly and outwardly
of their respective cylinders, and means oper-
atively connecting said rigid units to effect recip-
rocating movements of the two pistons in each
of said prime mover and compressor cylinders
in opposite directions.

4. A fluid pressure machine of the reciprocat-
ing type comprising a plurality of pairs of cylin-
ders arranged with the axes of all of the cylin-
ders extending in the same general direction and
with the cylinders of each pair in opposed spaced
relation to each other in said direction, a pair of
pistons in each cylinder adapted for reciprocat-

ing movement thereof along the axes of the re--

spective cylinders, means operatively connecting
the adjacently disposed pistons of a pair of said
cylinders to- the adjacent disposed pistons of
another pair of said cylinders to form a set of
pistons for reciprocating movement thereof con-
comitantly with reciprocating movement of said
adjacently disposed pistons axially in their re-
spective cylinders, means operatively connecting
the remotely disposed pistons of said two pairs
of cylinders to form another set of pistons for
reciprocating movement thereof concomitantly
with the reciprocating movement of said remotely
disposed pistons axially in their respective cylin-
ders, and means operatively connecting said sets
of pistons to provide for movement of said first
set of pistons in a given direction in their respec-
tive cylinders concomitantly with movement of
said other set of pistons in the opposite direction
. in their respective cylinders, at least one of said
pairs of cylinders the cylinders of which are in
opposed spaced relation to each other being
adapted to receive between the respective pistons
thereof 2 fluld pressure medium for producing
power developing movement of said pistons re-
spectively in said cylinders, at least another of
said pairs of cylinders the eylinders of which are
in opposed spaced relation to each other being
adapted to confine a fluid pressure medium to
be compressed between the respective pistons
thereof upon movement of said sets of pistons in
said opposite directions in their respective cylin-
ders. )

§. A fluid pressure machine of the reciprocat-
ing type comprising a plurality of pairs of cylin-
ders arranged with their axes of all of the cyiin-
ders extending in the same general direction and
with the cylinders of each pair in opposed spaced
relation to each other in said direction, a pair of
pistons in each cylinder adapted for reciprocating
movement thereof along the axes of the respec-
tive cylinders, means cperatively connecting the
adjacently disposed pistons of a pair of said cyl-
inders to the adjacently disposed pistons of an-
other pair of said cylinders to form g set of pis-
tons for reciprocating movement thereof con-
comitantly with reciprocating movement of said
adjacently disposed pistons axially in their re-
spective cylinders, means operatively connecting
the remotely disposed pistons of said two pairs
of cylinders to form another set of pistons for
reciprocating movement thereof concomitantly
with the reciprocating movement of said remotely
disposed pistons axially in their respective cylin-
ders, means operatively connecting said sets of
pistons to provide for movement of said first set
of pistons in a given direction in their respective
cylinders concomitantly with movement of said
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other set of pistons in the opposite direction in
thelr respective cylinders, means for delivering &
fluid pressure medium alternately te the cylin-
ders of at least one of said pairs of cylinders and
developing pressure between the pistons thereof
to effect said reciprocating movements of said sets
of pistons in their respective.cylinders, and means
for confining a fluid pressure medium alternately
between the pistons of at least one other of said
pairs of cylinders to develop pressure therein.

6. A fluid pressure machine of the reciprocat-
ing type comprising a plurality of pairs of cylin-
ders arranged with the axes of all of the cylinders
extending in the same general direction and with
the cylinders of each pair in opposed spaced rela-
tion to each other in said direction, a pair of pis-
tons in each cylinder adapted for reciprocating
movement thereof along the axes of the respec-
tive cylinders, means operatively connecting the
adjacently disposed pistons of a pair of said cylin-
ders to the adjacently disposed pistons.of another
pair of said cylinders to form a set of pistons for
reciprocating movement thereof concomitantly

‘with reciprocating movement of said adjacently

disposed pistons axially in their respective cylin-
ders, means operatively connecting the remotely
disposed pistons of said two pairs of cylinders to
form another set of pistons for reciprocating
movement thereof concomitantly with the recip-
rocating movement of said remotely disposed
pistons axially in their respective cylinders,
means operatively connecting said sets of pistons
to provide for movement of said first set of pistons
in a given direction in their respective cylinders
concomitantly with movement of said other set
of pistons in the opposite direction in their re-
spective cylinders, means for delivering a fluid

. pressure medium alternately to the respective

40

cylinders of certain of said pairs of cylinders and
developing pressure between the pistons thereof
to effect said reciprocating movements of said
sets of pistons in their respective cylinders, and

- means for controlling delivery and discharge of a
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fluid pressure medium to and from the respec-
tive cylinders of said other pairs of cylinders al-
ternately concomitantly with said reciprocating
movements of said sets of pistons to effect com-
pression of said fluid pressure medium.

7. A fluid pressure machine of the reciprocating
type comprising at least two prime mover cylin-
ders arranged coaxially and in opposed spaced re<
lation along the common axis thereof, each cyl-
inder having a pair of pistons therein for re-
ciprocating movement thereof along said axis, at
least two gas compressor cylinders arranged co-
axially and in opposed spaced relation along the
common axis of said gas compressor cylinders,
each gas compressor cylinder having a palr of
pistons therein for reciprocating movement there-
of along said axis of saild gas compressor cylin-
ders, the axes of said prime mover cylinders and
of said compressor cylinders being parallel to
and oppositely disposed with respect to a central
axis of said fluid pressure machine, all of the
pistons operating in the portions of said opposed
spaced cylinders which are in adjacently disposed
relation being connected together to form a rigid
unit of which the pistons at one side of a median
plane between said opposed spaced cylinders
transverse to said central axis of the machine re-
spectively move outwardly and inwardly of their
respective cylinders as the pistons in the cylin-
ders- disposed at-the other side of said trans-
verse median plane respectively move inwardly
and outwardly of their respective cylinders, the
pistons in the remotely disposed portions of the
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respective cylinders being connected together to
form a second rigid unit the pistons of which
at one side of said median transverse plane re-
spectively move outwardly and inwardly of their
respective cylinders as the remotely disnosed pis-
tons of said second unit at the other side of said
median transverse plane respectively move in-
wardly and outwardly of their respective cylin-

ders, and means operatively connecting said rigid .

units for concomitant reciprocating movements

10

and coaxial with each other, each prime mover

cylinder having a pair of pistons' therein for
. reciprocating movement thereof along the axis of

10

thereof and of the pistons in the respective por- -

tions of said prime mover cylinders and in the
respective portions of sald compressor cylinders
in opposite directions. .

8. A fluid pressure machine of the reciprocating
type comprising a plurality of groups of station-
ary cylinders distributed in each group about a
central axis of the machine with the axes of the
cylinders extending parallel to said centra] axis,
the cylinders of each group being arranged in
pairs with the cylinders of said pairs coaxial and
in opposed spaced relation to each other in the
direction parallel to said central axis, each cyl-
inder of each pair having a pair of pistons there-
in for reciprocating movement thereof in sald di-
rection parallel to said central axis of the ma-
chine, the adjacently disposed pistons of each
pair of cylinders in each group being connected
together and being connected to said connected
adjacently disposed pistons of the other pairs of
cylinders of sald group to form a rigid unit,
whereby saild adjacently disposed pistons of said
group move together in the same directions of
said reciprocating movement parallel to said
central axis iInwardly and outwardly of their re-
spective cylinders, the remotely disposed pistons
of each pair of cylinders in each group being con-
nected together and being connected to said con-
nected remotely disposed pistons of the other
pairs of cylinders of said group to form a second
rigid unit, whereby said remotely disposed pis-
tons of sald group move together in the same di-
rections of said reciprocating movement parallel

~ to sald central axis inwardly and outwardly of
their respective cylinders, means operatively con-
necting the rigid unit which includes the adja-
cently disposed pistons of one group with the
rigid unit which includes tlie adjacently disposed
pistons of the other group to produce reciprocat-
ing movement of said adjacently disposed pistons
in said first group concomitantly with recipro-
cating movement of sald adjacently disposed pis-
tons in the other group, means operatively con-
necting the rigid unit which includes the remote-
1y disposed pistons of the first group with the rigid
unit which includes the remotely disposed pistons
of sald other group to produce reciprocating
movement of said remotely disposed pistons of
said first group concomitantly with reciprocating
movement of said remotely disposed pistons in the
other group, means operatively connecting said
rigid units for reciprocating movements of the
two pistons in each of said cylinders in opposite
directions concomitantly with said reciprocating
movements of said rigid units, and means for
confining different fluids under pressure in the
cylinders of the respective groups between the
pistons thereof. )

9. A fluid pressure machine of the reciprocat-
ing type comprising a plurality of stationary
prime mover cylinders distributed about a central
axis of the machine with the axes of the cylinders
extending parallel to said central axis, said prime
mover cylinders being arranged in pairs with the
cylinders of each pair in opposed spaced rela-
tion in the direction parallel to said central axis
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said pair, & plurality of stationary gas compressor
cylinders distributed about said central axis with
the axis of the cylinders extending parallel to
sald central axis, sald gas compréssor cylinders
being arranged in pairs with the cylinders of each
pair in opposed spaced relation in the direction
parallel to said central axis and coaxial with each
other, each gas compressor cylinder having & pair
of pistons therein for reciprocating movement
thereof along the axis of said pair of gas com-
pressor cylinders, the adjacently disposed pistons
of said prime mover cylinders being connected
together and being connected to the adjacently
disposed pistons of sald gas compressor cylinders
to form a rigid unit for reciprocating movement
thereof concomitantly with reciprocating move-
ment of said adjacently disposed pistons in their
respective cylinders, the remotely disposed pis-
tons of said prime mover cylinders being con-
nected together and being connected to the re-
motely disposed pistons of said gas compressor
cylinders to form a rigid unit for reciprocating
movement thereof concomitantly with recipro-
cating movement of said remotely disposed pis-
tons in their respective cylinders, and means op-
eratively connecting said rigid units.for move-
ment of the pistons respectively connected there-
to inwardly and outwardly of thelr respective cyl-
inders in opposite directions concomitantly with
said reciprocating movements of said units.

10. A fluld pressure machine of the reciprocat-
Ing type as deflned in claim 9 which comprises
means for producing power developing fluid pres-
sure between the pistons of said prime mover
cylinders which are in spaced relation and co-
axial respectively with others of said prime mover
cylinders, and means for controlling delivery and
discharge of a gas to be compressed to and from
the space between the pistons of said gas com-
pressor cylinders which are in spaced relation
and coaxial respectively with others of said gas
compressor cylinders.

11. A fluid pressure machine of the reciprocat-
ing type comprising a set of prime mover cylin-
ders distributed about a central axis of the ma-
chine with the axes thereof parallel to sald cen-
tral axis, a set of gas compressor cylinders dis-
tributed about said central axis in interspersed
relation to said prime mover cylinders and with
axes of said gas compressor cylinders parallel to
said central axis of the machine, another set of
prime mover cylinders distributed about sald cen-
tral axis of the machine with the axes thereof
parallel to said central axis, another set of gas
compressor cylinders distributed about said cen-
tral axis in interspersed relation with said other
set of prime mover cylinders and with the axes
of said other gas compressor cylinders parallel
to said central axis of the machine, the prime
mover cylinders of one set being coaxial with the
prime mover cylinders of the other set and re-
spectively in spaced relation thereto in the direc~
tion parallel to said central axis, the gas com-
pressor cylinders of one set being coaxlal with
the gas compressor cylinders of the other set
and in spaced relation thereto in said direction
parallel to said central axis, a member supported
for reciprocating movement thereof in the direc-
tion parallel to said central axis, a piston in each
prime mover cylinder and in each gas compressor
cylinder reciprocatable in the portions of the
respective cylinders which are adjacently dis-
posed in the direction parallel to said central
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axis and operatively connected to sald recipro-
catable member for movement of said adjacent
pistons assoclated with the cylinders of one sef
inwardly and outwardly thercof concomitantly
with movement of said adjacent pistons asso-
ciated with the axially aligned cylinders of the
other set outwardly and inwardly of sald axially
aligned cylinders, another member supported for
reciprocating movement thereof in the direction
paralle! to said central axis, & piston in each
prime mover cylinder and in each gas compressor
cylinder reciprocatable in the portions of the
respective cylinders which are remotely disposed
in the direction parallel to said central axis and
operatively connected to said other member for
movement of sald remotely disposed pistons 2s-
sociated with the cylinders of one set inwardly
and outwardly thereof concomitantly with move-
ment of sald remotely disposed pistons associated
with the axially aligned cylinders of said other
get outwardly and inwardly of said axially aligned
cylinders, and means operatively connecting said
membpers for reciprocating movement thersof in
opposite directions one with respect to the other
concomitantly with movements of the two pis-
tons in the respective cylinders in opposite di-
rections.

12. A fluld pressure machine of the recipro-
cating type comprising a piurality of groups of
stationary cylinders distributed in each group
sbout a cenfral axis of the machine with the
axes of the cylinders extending parallel to said
centrgl axis, the cylinders of each group being
arranged in pairs with the cylinders of said pairs
coaxial and In opposed spaced relation in the
direction parallel to said centfral axis, each cyl-
inder of each pair having a pair of pistons there-
in for reciprocating movement thereof in said
direction paraliel to said central axis of the ma-
chine, the adjacently disposed pistons of each
pair of cylinders in each group being connected
together for movement in the same directions
of said reciprocating movement thereof along
their common axis inwardly and outwardly of
their respective cylinders, the remotely disposed
pistons of each pair of cylinders in each group
being connected together for movement in the
same directions of said reciprocating movement
thereof along their common axis inwardly and
outwardly of their respective cylinders, a pair of
cylindrical members arranged with the axes
thereof coaxial with said central axis and in
bearing relation to each other for reciprocat-
ing sliding movement thereof relative to each
other along said central axis, the adjacently dis-
posed pistons of each pair of cylinders in each
group being connected to one of sald cylindrical
members as a rigid unit for reciprocating move-
ment thereof and of said member concomitant-
1y with said inward and outward movements of
sald adjacently disposed pistons in their respec-
tive cylinders, the remotely disposed pistons of
each pair of cylinders in each group being con-
nected to the other cylindrical member as a rigid
unit for reciprocating movement thereof and of
sald other member concomitantly with said in-
ward and outward movements of said remotely
disposed pistons in their respective cylinders, and
8 kinematic connection between said members
for movement of said members in opposite direc-
tions of said reciprocating movements thereof in
sliding relation to each other along said central
axis,

13. A free piston engine-compressor compris-
“ing a plurality of pairs of prime mover cylinders
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12
having a pair of {free pistons in each cylinder and
arranged with the cylinders of each pair extend-
ing in the same general direction and in oppoged
spaced relation in said direction, said pairs of
rrime mover cylinders being distributed about a
central axis of said free piston engine-compres-
sor, & plurality of pairs of gas compressor cylin--
ders having a palr of free pistons in each cylinder
and arranged with the cylinders of each pair ex-
tending in the same general direction and in op-
posed spaced relation in said direction, said pairs
of gas compressor cylinders being distributed
about said central axis in interspersed relation to
sald prime mover cylinders, the adjacently dis-
posed pistons of sald prime mover cylinders be-
ing connected to pistons which respectively are
in the cylinders of saild pairs of gas compressor
eylinders so as to produce respectively compres-
slon and suction strokes of said pistons in sald
gas compressor cylinders concomitantly respec-
tively with power producing and exhaust strokes
of said adjacently disposed prime mover pistons,
the remotely disposed pistons of sald prime mover
cylinders being connected to other pistons which
respectively are in the cylinders of said pairs of
gas compressor cylinders so as to produce re-
spectively compression and suction strokes of said
other pistons in said gas compressor eylinders
concomitantly respectively with power producing
and exhaust strokes of said remotely dispoged
prime mover pistons, g pair of tubular members
arranged coaxially with sald central axis in tele-
scoping relation to each other for reciprocating
sliding movement with respect to each other
along said central axis, the outer tubular mem-
ber being connected to the adjacently disposed
pistons of said pairs of prime mover cylinders
and to the compressor pistons connected thereto
to form & unit for reciprocating movement there-
of and of saild outer member along said eentral
axis concomitantly with reciprocating movement
of said pistons connected thereto in their respec-
tive cylinders, the other tubular member being
connected to the remotely disposed pistons of
sald prime mover cylinders and to the compres-
sor pistons connected thereto to form a unit for
reciprocating movement thereof and of said other
tubular member along said central axis concomi-
tantly with reciprocating movement of said pis-
tons connected thereto in their respective cylin-
ders, and means operatively connecting said tu-
bular members for reciprocating movement there-
of in opposite directions one with respect to the
other concomitantly with the opposite movement
in the respective cylinders of the pistons con-

‘nected thereto.

14, A free piston engine compressor as defined
in claim 13 in which the number of pairs of gas
compressor cylinders which are in interspersed
relation to said pairs of prime mover cylinders
is In such relation to the number of pairs of
prime mover cylinders that the power producing
force developed in a given stroke of said prime
mover free pistons is in balanced relation about
said central axis to the force produced by the
free pistons in said compressor cylinders for cont-
pression of the gas therein distributed about said
central axis.

15. A free piston engine-compressor compris-
ing a plurality of pairs of prime mover cylinders
having a pair of free pistons in each cylinder and
arranged with the cylinders of each pair coaxial -
and in opposed spaced relation along the common -
axis thereof, the axes of said pafrs of prime mover
cylinders being parallel and distributed about a
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central axis af sald free piston engine-compres-
sor, a plurality of pairs of gas compressor cylin-
ders having a pair of free pistons in each cylinder
and arranged with the cylinders of each pair co-
axial and in opposed spaced relation along the
common axis thereof, the axes of sald pairs of

" gas compressor cylinders being parallel and dis-
tributed about said central axis in interspersed
relation to said axes of said prime mover cylin-
ders, the adjacently disposed pistons of said prime
mover cylinders being connected to the adja-
cently disposed pistons of the interspersed gas
compressor cylinders to form a first rigid unit,
the remotely disposed pistons of said prime mover
cylinders being connected to the remotely dis-
posed pistons of said interspersed gas compressor
cylinders to form a second rigid unit, a first
tubular member coaxial with said central axis,
a second tubular member coaxial with said cen-
tral axis and extending about said first tubular
member in bearing sliding relation to each other
for reciprocating movement of said tubular mem-
beis relative to each other along sald central axis,
§aid tubular members respectively being rigidly
connected to sald second and first rigid units,
and means operatively connecting said units to
produce respectively upon separating and ap-
proaching movements of the free prime mover
pistons in g given cylinder of a pair of prime
mover cylinders approaching and separating
movement of a pair of free pistons in a gas com-
pressor cylinder and concomitantly therewith ap-
proaching and separating movements of the free
prime mover pistons in the other cylinder of said
pair of prime mover cylinders and separating
and approaching movements of the pistons in
the other gas compressor cylinder of said pair of
gas compressor cylinders.’

16. A free piston engine compressor as defined
in claim 15 in which the masses of said rigid
units and the members respectively connected
thereto are substantially equal, and a kinematic
connection between said rigid units adapted for
movement of said masses in opposite directions
along sald central axis concomitantly with re-
ciprocating movements of said free pistons in
their respective cylinders.

17. A fluid pressure machine of the reciprocat-
ing type as deflned in claim 4 in which each of
said cylinders centrally of the length thereof are
provided with ports for admission of the fluid
thereto between the pistons thereof, and means
associated with said ports for controlling the flow
of the finids to the respective cylinders.

18. A fluid pressure machine of the recipro-
cating type as defined in claim 4 in which each
of said cylinders centrally of the length thereof
are provided with ports for admission of the fluid
thereto between the pistons thereof, and means
associated with said ports for controlling the flow
of the fluids to the respective cylinders, said cyl-
inders which are adapted to receive between the
pistons thereof a fluid pressure medium for pro-
ducing power developing movement of said pis-
tons being provided with ports respectively adja-
cent the opposite ends thereof for removal there-
through of the exhaust fluid pressure medium
from said cylinders.

19. A fluid pressure machine of the reciprocat-
ing type as defined in claim 5 in which said means
for delivering a fluid pressure medium alter-
nately to the cylinders of at least one of said pairs
of cylinders is arranged in relation to said eylin-
ders to deliver said fluid centrally of the length
of the respective cylinders, said means for con-
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fining the fluid pressure medium alternately be-
tween the pistons of at least one other of sald
pairs of cylinders to develop pressure therein be-
ing arranged in relation to said cylinders to effect
delivery and discharge of said fluid pressure medi-
um centrally of the length of the respective cyl-
inders. )

~ 20. A fluid pressure machine of the reciprocat-
fng type as defined in claim 1 which comprises &
plurality of sets of said prime mover cylinders
having their axes extending in the same general
direction and in opposed spaced relation in said
direction, said sets being disposed in symmetrical
relation to each other about a common central
axis extending in sald general direction, and a
plurality of sets of said gas compressor cylinders
arranged with their axes extending in said gen-
eral direction and in opposed spaced relation in
said direction, said sets of compressor cylinders
being distributed in symmetrical relation to each
other about said common central axis and in in-
terspersed relation to sald sets of prime mover
cylinders.

21. A fluid pressure machine of the reciprocat-
ing type as defined in claim 1 which comprises a
rlurality of sets of sald prime mover cylinders
having their axes extending in the same general
direction and in opposed spaced relation in said
direction, said sets being disposed in symmetrical
relation to each other about a common central
axis extending in said general direction, and a
plurality of sets of said gas compressor cylinders
arranged with their axes extending in said gen-
eral direction and in opposed spaced relation in
said direction, said sets of compressor cylinders
being distributed in symmetrical relation to each
other about said common central axis and in in-
terspersed relation to- said sets of prime mover
cylinders, two of said sets of compressor cylinders
being low pressure cylinders and being oppositely
disposed with respect to said common axis, two
others of sald sets of compressor cylinders being
respectively intermediate and high compression
compressor cylinders and being in interspersed
symmetrical arrangement with respect to said
low pressure compressor cylinders.

22. A fluid pressure machine as defined in claim
21 in which one of said sets of low pressure cylin-
ders is connected to said prime mover cylinders
to supply combustion supporting gas to said prime
mover cylinders operating as an internal combus-
tion engine.

23. A fluid pressure machine of the reciprocat-
ing tyve comprising a plurality of groups of sta-
tionary cylinders distributed in each group about
a central axis of the machine with the axes of
the cylinders extending parallel to said central
axis, the cylinders of each group being arranged
in pairs with the cylinders of said pairs coaxial
and in opposed spaced relation to each other in
the direction parallel to said central axis, each
cylinder of each pair having a pair of pistons
therein for reciprocating movement thereof in
said direction parallel to said central axis of the
machine, the adjacently disposed pistons of each
pair of cylinders in each group being connected
together and being connected to said connected
adjacently disposed pistons of the other pairs of
cylinders of said group to form a rigid unit,
whereby said adjacently disposed pistons of said
group move together in the same directions of
said reciprocating movement parallel to said cen-
tral axis inwardly and outwardly of their respec-
tive cylinders, the remotely disposed pistons of
each pair of cylinders in each group being con-
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nected together and being connected to said con-
nected remotely disposed pistons of the other
pairs of cylinders of said group to form a second
rigid unit, whereby said remotely disposed pistons
of said group move together in the same directions
of seid reciprocating movement parallel to said

central axis inwardly and outwardly of their re-
spective cylinders, means gperatively connecting -

the rigid unit which includes the adjacently dis-
posed pistons 6f one group with the rigid unit
which includes the adjacently disposed pistons of
the other group to produce reciprocating move-
ment of said adjacently disposed pistons in sald
first group concomitantly with reciprocating
movement of said adjacently disposed pistons in
the other group, means operatively connecting
the rigid uni¢ which includes the remotely dis-
posed pistons of the first group with the rigid
unit which includes the remotely disposed pistons
of said other group $o produce reciprocating
movement of said remotely disposed pistons of
said first group concomitantly with reciprocating
movement of said remotely dispesed pistons in
the other group, and means for confining differ-
ent fluids under pressure im the cylinders of the
respective groups between the pistons thereof for
change in the pressures and volumes of sald flulds
in the respective cylinders concomitantly with
the reciprocating movements of sald units.

24, A free piston engine-compressor compris-

ing & plurality of pairs of prime mover cylinders
having & pair of free pistons in each cylinder
and arranged with the cylinders of each peir ex-
tending in the same general direction and in
opposed spaced relation in said direction, said
pairs of prime mover cylinders being distributed
ebout a central axis of said free piston engine-
compressor, & plurality of pairs of gas compressor
cylinders having & pair of free pistons in each
cylinder and arranged with the cylinders of each
pair extending in the same genergl direction and
in opposed spaced reletion in said direetion, said
pairs of gas compressor cylinders being distribut-
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ed about said central axis in interapersed rela-
tion to sald prime mover cylinders, the adiscently
disposed pistons of said prime mover cylinders
being connected to pistons which respectively are
in the cylinders of sald pairs of gas compressor
cylinders so as to produce respectively compres-
sion and suction strokes of said pistons in sald
gas compressor cylinders concomitantly respec-
tively with power producing and exhaust strokes
of said adjacently disposed prime mover pistons,
the remotely disposed pistons of said prime mover
cylinders being connected to other pistons which
respectively are in the cylinders of said pairs
of gas compressor cylinders so as to produce
respectively compression and suction strokes of
said other pistons in said gas compressor ¢ylin-
ders concomitantly respectively with power pro-
ducing and exhaust strokes of sald remotely dig-
posed prime mover pistons, & palr of tubular
members srranged coaxially with sald cenfral
axis In telescoping relation to each other for
reciprocating sliding movement with respect to
each other along said central axis, the outer tu-
bular member being connected to the adjscently
disposed pistons of sald pairs of prime mover
cylinders and toc the compressor pisions con-
nected thereto to form & unit for reciprocating
movement thereof and of sald outer member
along said central axis concomitantly with re-
ciprocating movement of said pistons connected
thereto in their respective cylinders, the other
tubular member being connected to the remotely
disposed pistens of said prime mover cylinders
and to the compressor pistons connected thereto
to form g unit for reciprocating movement there-
of and of said other tubular member along said
central axis concomitantly with reciprocating
movement of said pistons connected thereto in
their respective cylinders.
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