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[57] ABSTRACT

The invention relates to a fluid engine constituted by
cylinders divided into two groups, by a valve bank
which comprises two enclosures connected selectively
to a source of fluid and to a reservoir, and connecting
each cylinder of a first group, with the said enclosures,
successively, and by means for selecting the speed of the
engine, which means comprise a movable member
adapted to occupy two positions which, in a first posi-
tion, creates a communication between the cylinder of
the second group and the enclosures, successively, and
in a second position, isolate said cylinders from one of
the enclosures.

Said engine comprises a shuttle valve which, when the
movable member is in its second position, connects the
cylinders of the second group to that of the two enclo-
sures which contains the fluid under the lowest pres-
sure.

The invention finds an application in the production of
a mechanically reliable reversible engine.

8 Claims, 9 Drawing Figures




U.S. Patent jun. 30, 1987

Sheet1 of6 Re, 32,446

LT~
N

Wﬁr

-t

I}

. \Q\W\.‘ TR

..\ 4 ~‘\ \\\ ,,,,/,/
W oi e ' 2p e

o Ml Al R
\_ A6 Y ol




U.S. Patent Jun. 30, 1987 Sheet2 of 6 Re. 32,446

7‘7:,'.2




Sheet3 of6 Re, 32,446

U.S. Patent Jun. 30, 1987

=
r
I

ﬁ

se~ bt Lt Zo L

,/// / /mv N €e

6C /£
M A ST T s,

£Ec- %N \& N\/Cv ] -

s 4 AN
&L~ \ N

m g 08 1B :N Jc
| Swasi) 0y 9€
gz & mN\;m.m, g ;L\m m\,mh S— 1 se
ve AR AP N N\ A s
[€ | i d N ,/ | 4¢

L/ 95 |58, 5 I 0!
Y55/9es /95 9es 2 e, L8 ess [ees/Plg

995/ %5925 ~Bos/Eps/ees
Ny’ NNMMW ety




Sheet4 of6 Re. 32,446

U.S. Patent Jun. 30, 1987

M” - \ ,m.mQBQm

/
S/ !&N,

— 0

\.\\\\

& %\wv

u/\. A _mu S

] 88 S8 ~9. LS
155/9¢5/ s - / /mvmw\mvmw\m-G
Tos/9%5/925 +—] s N

Pos /Eps/ES




Sheet5of 6 Re. 32,446

U.S. Patent Jun. 30, 1987

T T %u Nmm ve \Nm;

65, o L

o/, Y|l

6c 9t 09

Hh

AL

s+ 5

i ~ \ %\m\sﬁ\\%_ 5o 6L
| AT TN R £ 7 Jxmxﬂ.@a\\\\ \\
NN N mm\\\ 67\ N

MWNM M.M“ MNWH\\ 1 s g?w_wﬁ ,me\ ece/els

@ TE€9s/6p5/F26
L Lew




U.S. Patent jun. 30, 1987

Sheet6 of 6 Re. 32,446

“?
i
1N

A
gzH

SLAHIAT

I /L/H/M/ N _V/

O0F N

o Y,

il

777777

955/ 9€s/915 1
Y95/ 5/ 925 -

7 s =4 \NV=T 44
J / 2 BN \ Iy b ¥ 7
St ¥a N
9y, Ecy, J_ Ess/Pcs/61g
€L = Bos/eps/ezg




Re. 32,446

1

PRESSURIZED FLUID ENGINE EQUIPPED WITH
MEANS FOR SELECTING ITS SPEED OF
ROTATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The present invention relates to pressurized fluid
engines equipped with means for selecting their speed
of rotation.

Many applications of such engines use a pressurized
hydraulic fluid. In order to describe both the prior art
and the invention, hydraulic engines will be particularly
referred to hereinafter, but it is to be understood that
the scope of the invention is not limited to the sole field
of hydraulic engines, but on the contrary covers, in
general, all engines using pressurized fluid.

Motors which comprise selector means for selecting
their speed of rotation are known, in particular from
French Pat. Nos. 1 411 047, 1 563 866 and 2 127 268.
The modes of selection can vary.

For example, the motor described in French Pat. No.
1411 047 comprises a plurality of cylinders divided into
two groups at least. When in operation, the cylinders of
the first group are individually connected alternatively
to two main enclosures, one connected to a source of
pressurized fluid, the other to a relief reservoir, whereas
the cylinders of the second group are selectively, either
connected to, and this in alternate manner, or perma-
nently isolated from one of the said two main enclo-
sures.

In the engine described in French Pat. No. 1 563 866,
it is no longer the cylinders but the cams of the engine
which are divided into at least two groups. When in
operation, the cylinders situated opposite the cams of a
first one of these groups are individually connected
alternately to two main enclosures, one of which is
connected to a source of pressurized fluid, and the other
to a relief reservoir, whereas the cylinders situated op-
posite the cams of the second group of cams are selec-
tively, either connected to, and this in alternate manner,
or permanently isolated from one of the two main en-
closures.

As to French Pat. No. 2 127 268, this is cited to recall
that certain engines exist in which the speed of rotation
can be selected not only as in the engines described in
the first two of the cited patents, by adding up the cubic
capacities to be supplied, but also by subtracting these
cubic capacities, In the engine of this last patent, the
cylinders corresponding, either to one of the groups of
cylinders, or to one of the groups of cams are selec-
tively permanently isolated from one of the main enclo-
sures.

In the engines which belong to those three known
types of engines, certain cylinders, when in operation,
are permanently isolated from one of the main enclo-
sures and connected to the other. Now, a large number
of pressurized fluid engines are also reversible. In other
words, each one of the said two main enclosures is
connected either to a source of pressurized fluid, or to a
relief reservoir, the second enclosure being naturally
correspondingly connected to the said reservoir or to
the said source of fluid. In such a known reversible
engine, the cylinders which, in the special operation
considered, are permanently isolated from one of the
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enclosures, are also connected to the other enclosure. In
this particular mode of operation, the said cylinders
have no driving force, but they are nonetheless perma-
nently connected, for one of the possible directions of
rotation, to the highly pressurized fluid. This is of
course a serious disadvantage as the mechanical stresses
which act on the movable elements corresponding to
those cylinders (such as for example, cylinders, pistons,
runners, cams) causes the premature wear thereof,
which is expensive and can be at the origin of break-
downs.

It is the object of the present invention to overcome
these disadvantages by proposing for these types of
engines, a special design wherein, during the operation
when certain cylinders are permanently isolated from
one of the main enclosures and connected to the other
main enclosure, said cylinders are connected with that
of the two enclosures which contains the fluid under the
lowest pressure.

The invention therefore relates to a pressurized fluid
engine comprising:

a plurality of cylinders divided into at least two
groups,

a fluid control valve with two enclosures connected
selectively to a source of pressurized fluid and to a relief
reservoir and connecting each cylinder of at least a first
of said two groups of cylinders with the said enclosures,
successively, and,

means for selecting the speed of rotation of the engine
which comprises a movable member adapted to occupy
selectively at least two positions, and which according
to such selection, in a first position, creates a communi-
cation between the cylinders of the second group of said
two groups of cylinders, and the two enclosures, suc-
cessively, and in a second position, isolates said cylin-
ders of said second group of cylinders from at least one
of the said enclosures.

Said engine comprises a shuttle valve which, when
the said movable member is placed in its second posi-
tion, connects the cylinders of the second group of
cylinders to that of said two enclosures which contains
the fluid under the lowest pressure.

The following arrangements are also advantageously
adopted:

the shuttle valve is constituted by a bore provided in
the movable member and closed at both ends, and by a
slide valve mounted in the said bore, sliding tightly
inside the said bore between two outermost positions
and defining with said bore two end chambers which, in
the said second position of the said movable member,
are permanently connected via two separate first con-
duits provided in the movable member, one, by one of
the said first conduits to one of the two enclosures, the
other, via the other first conduit to the other enclosure,
said slide valve comprising two second inner conduits
connecting on the axial periphery of the slide valve, one
of said second conduits to one of the said chambers and
the other second conduit to the other chamber, whereas
two third conduits are provided in the said movable
member and connect the cylinders of the second group
of cylinders to the said bore and, in the second position
of the movable member issue:

for one of the said third conduits, into one of the
second conduits, when the fluid, under the highest of
the pressures prevailing in the two enclosures, is con-
tained in the chamber opposite that to which is con-
nected the said second conduit,
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for the other third conduit, into the other second
conduit, when the fluid, under the highest of the pres-
sures prevailing in the two enclosures, is contained in
the other of the said two chambers;

the slide valve has a vertical plane of symmetry with
respect to which the second conduits are placed sym-
metrically;

one of the ends of the bore is constituted by a remov-
able plug permitting to introduce the slide valve inside
the said bore and to hold it there.

It should at this stage be noted that the arrangements
according to the invention are particularly applicable to
the three types of engines defined in the three patents
cited hereinabove.

The invention will be more readily understood on
reading the following description with reference to the
accompanying drawings in which:

FIG. 1is an axial cross-section of an engine according
to the invention, along 1—I of FIG. 2;

FIGS. 2, 3, 4 and § are partial cross-sections along
H—I1, HI—III, IV—IV and V-V, respectively, of
FIG. 1; and,

FIGS. 6, 7, 8 and 9 are partial views of the engine of
FIG. 1, with diagrammatical cross-sections of its con-
trol mechanism, corresponding to four different config-
urations of operation.

The engine illustrated is constituted by:

a casing 1, defining a closed enclosure 2,

a rotor 3, mounted for rotation with respect to the
casing 1, about a geometrical axis 4, via ball bearings §
and roller bearings with tapered rollers 6,

a cylinder-block 7, mounted co-axially to the axis 4
and made fast in rotation with the rotor 3 via grooves 8
provided in those two parts,

a valve-seat 9, which is plane and interposed between
the cylinder-block 7 and a valve-bank 10 forming part
of the casing 1 through being secured with screws 11on
the radial shell 12 of the said casing, the plane face 13 of
which valve-seat is resting on a plane face 14 belonging
to the cylinder block 7, placed opposite, and which is
made fast in rotation with the valve bank 10 by means of
studs 15 introduced in holes 16 of the said valve bank
and cooperating with grooves 17 provided in the said
valve-seat 9,

a plurality of cylinders 18 provided in the cylinder
block 7, arranged radially with respect to the axis 4, and
inside each one of which is slidably mounted a piston 19,

a double cam 20, which constitutes the inside face of
the radial shell 12, and which comprises a plurality of
undulations forming an alternate succession of troughs
and crests similar to the structure illustrated for example
in FIG. 8 of French Pat. No. 2 127 268, cited herein-
above,

a plurality of girders 21, one for each piston, each end
of each one of which supports a rotary wheel 22, resting
on one of the tracks of the cam 20, whereas the corre-
sponding piston 19 pushes the said girder 21 towards the
said cam.

The valve bank 10 comprises a bore 23 inside which
a piston valve 24 is mounted for tight sliding between
two abutments 25, 26 constituted by the transverse faces
of two movable members 34, 35, normally held in posi-
tion on the valve bank 10 by elastic rings or circlips 27.
A pressurized fluid admission chamber 28 is provided at
one end of the bore 23, inside which chamber is situated
one, 29, of the ends of the slide-valve 24. A conduit 31,
provided in the valve bank 10, connects the said cham-
ber 28 10 an outside conduit 32. Moreover, between the
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other end 33 of the slide-valve 24 and the corresponding
movable part 35, is interposed a helical spring 36, the
effect of which is to oppose that of any pressurized fluid
contained in the chamber 28 and tends to place the
slide-valve 24 in a first position which is illustrated in
the configurations shown in FIGS. 6 and 7, the said
slide-valve being on the contrary placed in a second
position, shown in FIGS. 8 and 9, when the effect of the
fluid pressure is predominant. Whereas the movable
part 34, which delimits the chamber 28 is adjusted
rightly on the valve bank 10, the other movable part 35
comprises a hole 37 allowing the fluid to flow freely
towards or out of the chamber 30 delimited by the said
movable part 35 and the valve bank 10.

Inside the slide valve 24 which is, as will be seen
hereinafter, a valve for selecting the speed of rotation of
the rotor 3, there is provided another bore 38, inside
which a shuttle valve 39 is slidably mounted. Said bore
38, which is a blind bore, once the shuttle valve has
been introduced therein, has its end wherein the said
shuttle vaive is introduced, closed off by a plug 40
screwed (41) in the selection valve 24.

The special characteristics of the selection valve 24
and of the shuttle valve 39 will be described hereinafter
with reference to FIGS. 6 to 9. It can nonetheless be
indicated at this stage that the valve bank 10 comprises
four annular bore grooves 42, 43, 44 and 45 issuing into
the bore 23 and communicating with one another by
means of two annular spool grooves 46 and 47 provided
in the selection valve 24 and issuing on the cylindrical
periphery 49 of the said selection valve. A detail of how
these communications are created will also be given
hereinafter.

It should be remarked that the valve bank 10, as is in
fact known with other engines, comprises a plurality of
holes, 12 in this case, of two types a and b, one type-a
hole succeeding to one type-b hole, said holes commu-
nicating with the different grooves 42, 43, 44 and 45 and
issuing into as many holes 48 provided in the valve-seat
9. These are successive holes 51a, 51b, 52a, 52b, 53a,
§3b, 54a, 54b, 55a, 55b, 56a, S6b which communicate:

the holes 51a, 53a and 55a with the groove 42,

the holes 51b, 53b and 55b with the groove 45,

the holees 52a, 54a and 56a with the groove 43,

the holes 52b, 54b, and 56b with the groove 44.

In order to simplify the representation, the details of
the selection valves 24 and of the shuttle valve 39 have
not been shown in the cross-section of FIGS. 210 5.

Each cylinder 18 communicates with the plane face
14 of the cylinder-block 7 via a conduit 50 the opening
50a of which superimposes alternately upon the open-
ings of the twelve holes 48 provided in the valve-seat 9.
It should also be noted that the grooves 42 and 45 pro-
vided in the valve bank 10 are joined, via two inner
conduits 57 and 58 to two external main supply conduits
59 and 60, respectively.

Finally, it is noted with reference to FIG. 1 that a
main pump 61 is connected via its induction pipe 62
with a fluid reservoir 63, and via its delivery pipe 64,
with a three-position control valve 65. To the said con-
trol valve 685 are connected the conduits §9 and 60, as
well as a conduit 66, which is also connected to the
reservoir 63. Another pump 67 is connected via its
induction pipe 68 to the reservoir 63 and via its delivery
pipe 69 to a two-position control valve 70. A conduit 89
connects the conduit 69 to the reservoir 63, a calibrated
relief valve 90 being placed on said conduit 89 and
allowing any excess fluid delivered by the pump 67 to
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return to the reservoir 63. To the said control valve 70
are connected the conduit 32 and a conduit 71, which is
also connected to the reservoir 63.

The three- positions of the control valve 65 corre-
spond:

the first position to creating a communication be-
tween the conduits 64 and 59 and between the conduits
60 and 66;

the second position, to creating a communication
between the conduits 64 and 66, and to closing off the
condutts 59 and 60; and,

the third position, to creating a communication be-
tween the conduits 64 and 60 and between the conduits
59 and 66.

The two positions of the control valve 70 correspond:

the first position, to creating a communication be-
tween the conduits 32, 69 and 71; and, s

the second position, to creating a communication
between the conduits 69 and 32, and closing off the
conduit 71.

In the engine described, and similarly to the arrange-
ment described in French Pat. No. 2 127 268, the cams
20, which in this case, have six crests between which are
interposed six troughs, are made up to form two groups
of three crests spaced substantially regularly angularly,
and of three troughs corresponding thereto. It can thus
be considered that the complete engine is constituted by
the joining-up of two smaller engines 72 and 73 of re-
spective cubic capacity C72 and C73, which of course
correspond to the two aforesaid groups of cams, and
which also correspond:

the engine 72, to the holes 51a, 53a, 55a, and, 51b, 53b,
55b; and,

the engine 73, to the holes 52a, 54a, 56a, and, 52b, 54b,
56b.

The diagrammatical representation adopted in FIGS.
6 to 9 takes this particular fact into account and indi-
cates that the main conduits 74a, 74b of the engine 72
and, the main conduits 75a, 75b of the engine 73 corre-
spond to the aforementioned groups of three holes.

The description of the slide valve 24 of the shuttle
valve 39 will be more particularly illustrated by the
following points:

the ends of the shuttle valve 39 define with the bore
38 two end chambers 76, 77;

two conduits, so~-called first diametric conduits 78, 79,
provided in the selection valve, permanently connect,
one 78, the groove 45 to one, 76, of the two end cham-
bers, the other first conduit 79, connecting the groove
42 to the other, 77, of said two chambers; this in the
configurations corresponding to the second position of
the control valve 70 (FIGS. 8 and 9);

two other conduits, so-called second conduits 80, 81,
provided in the shuttle valve 39, permanently connect,
one 80, the chamber 76 to the cylindrical periphery 82
of the shuttle valve 39, the other 81, connecting the
other chamber 77 to the cylindrical periphery 82;

two separate conduits, so-called third conduits 83, 84
provided in the selection valve 24, permanently connect
the bore 38 to the cylindrical periphery 49 of the said
selection valve. .

It is also to be noted that the shuttle valve 39 is consti-
tuted by a part which is symmetrical with respect to its
median transversal plane P, perpendicular to the axis 4
and at equal distance from the ends of the said shuttle
valve.

The configurations corresponding to each of FIGS. 6
to 9 will now be defined.
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The configuration of FIG. 6 is that wherein the con-
trol valves 65 and 70 are in their respective first posi-
tion. The fluid contained in the chamber 28 is brought
into communication with the reservoir 63 and therefore
is not pressurized. As a result, the spring 36 is the only
one to act on the selection valve 24, which it pushes
completely towards the right. In this position of the
selection valve 24, the wall 85 which separates the
grooves 46 and 47 of said valve 24 is placed so as to face
the wall 86 separating the grooves 43 and 44 of the
valve bank 10, so that the said grooves 43 and 44 of the
said bank 10 are isolated one from the other. In addition,
opposite the wall 87 which separates the grooves 42 and
43 of the valve bank 10 is placed the groove 46 of the
selection valve 24, thus creating a communication be-
tween the said grooves 42 and 43, and likewise, opposite
the wall 88 which separates the grooves 44 and 45 of the
valve bank 10, is placed the groove 47 of the selection
valve 24, thus creating a communication between the
said grooves 44 and 45 of the valve bank 10. The
grooves 42 and 45 of the valve bank 10 are communicat-
ing, the groove 45 with the pressurized fluid delivered
by the pump 61, and the groove 42 with the reservoir
63. It follows therefore that the various holes §1b, 52b,
53b, 54b, 55b and 56b, the two engines 72 and 73, are fed
with pressurized fluid, the holes 51a, 52a, 53a, 54a, 55a
and 56a communicating with the reservoir 63. The
equivalent cubic capacity of the complete engine is, in
the illustrated example, equal to the sum (C72+C73),
the rotor 3 rotating in a first predetermined direction
and at a first predetermined speed VI, so-called low
speed, which is equal to the quotient of the flow rate Q
by the equivalent cubic capacity: VI=Q/(C72+C73).

The configuration shown in FIG. 7 follows from that
of FIG. 6 only by the displacement of the control valve
65 from its first to its third position. The only modifica-
tion resulting therefrom is that the holes 51a, 52a, 53a,
S4a, 55a and 56a are supplied with pressurized fluid
delivered by the pump 61, and the holes 51b, 52b, 53b,
54b, 55b and 56b are correlatively communicating with
the reservoir 63. The direction of rotation of the full
engine is reversed, and the speed of rotation which is
obtained is of course equal to: —VI.

In the two preceding configurations, the shuttle valve
39 has had no part to play; this will not be so in the
configurations of FIGS. 8 and 9 which follow, and
wherein the sélection valve 24 has been pushed towards
the left, in its other outermost position, following the
displacement of the control valve 70 to its second posi-
tion, and the correlative supply of pressurized fluid to
the chamber 28. The new position of the selection valve
24 is such that:

its wall 85 and the end of its cylindrical peripheral
face 49 are arranged to face, one, the wall 87, the other,
the wall 88 of the valve bank 10, and isolate from one
another, first the grooves 42 and 43 and second, the
grooves 44 and 45 of the said bank 10;

its groove 47 is placed opposite the wall 86 of the
valve bank 10 and creates a communication between the
grooves 43 and 44 of the said bank 10.

In the configuration of FIG. 8, the control valve 65 is
in its first position wherein the groove 45 is supplied
with pressurized fluid from the pump 61, whereas the
groove 42 communicates with the reservoir 63 (as in the
configuration of FIG. 6). The first conduits 78 and 79
communicate with the grooves 45 and 42 respectively,
the third conduits 83 and 84 both communicating with
the communicating grooves 43 and 44. The high pres-
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sure of the fluid contained in the groove 45 has pushed
the shuttle valve 39 towards the left, which pressure
penetrates into the chamber 76, and pushes off towards
the reservoir 63 the fluid contained in the other cham-
ber (77) through the first conduit 79, the grooves 46 and
42, the conduit 60, the control valve 65 and the conduit
66. The second conduit 81 then communicates with the
third conduit 84, the other second conduit 80 being
closed off by the bore 38.

Thus, the same flow Q of pressurized fluid which
feeds the complete engine is, this time, directed only
towards the holes 51b, 53b and 55b, and thus towards
the one engine 72 only, the holes 51a, 53a, 55a commu-
nicating with the reservoir 63. In addition, the two main
conduits 75a and 75b of the engine 73 communicating
one with the other, said engine is “short-circuited.”
From these observations, it follows:

on the one hand, that the equivalent cubic capacity of
the complete engine is equal to the sole cubic capacity
of the engine 72 and therefore that the complete engine
turns at a second speed V2 equal to the quotient of the
flow rate Q by the cubic capacity C72; V2=Q/C72, and
in the same direction as in the configuration of FIG. 6,
the said speed V2 being of course greater than V1 and
being called high speed;

on the other hand, that the fluid supplying the cylin-
ders of the engine 73 is the non-pressurized fluid con-
tained in the groove 46, which reaches the grooves 43
and 44 via the first conduit 79, the second conduit 81
and the third conduit 84. Thus, the pistons of the engine
73 are moved first by being supplied with fluid, but also
by being supplied with a non-pressurized or low-pressu-
rized fluid.

The configuration of FIG. 9 corresponds, as already
indicated, to the second position of the control valve 70,
and also, to the third position of the control valve 65.
The selection valve 24 is still in its second position and,
with respect to the configuration of FIG. 8, only the
shuttle valve 39 has been moved to its outermost posi-
tion, towards the right, wherein the second conduit 80
issues into the third conduit 83, and wherein the other
second conduit 81 is closed off by the bore 38. The
displacement of the shuttle valve 39 is due to the pres-
surized fluid being pushed and admitted into the cham-
ber 77.

Compared with the configuration of FIG. 8, it is
noted that:

the engine 72 is still the only one to be supplied, the
engine 73 being “short-circuited;”

the engine 72 is supplied by reversing the connection
of the inlet of highly pressurized fluid with the return to
the reservoir, and therefore turns in the reverse direc-
tion and at the “high speed” —VZ;

the grooves 47, 43 and 44 communicate with the
groove 45 which contains a non-pressurized fluid, so
that, thereagain the pistons of the engine 73 are moved
by being supplied with non-pressurized fluid.

The advantage of the arrangements described herein-
above resides precisely in the supply of non-pressurized
fluid to the pistons of the “short-circuited” engine, this
permitting, compared with prior engines, to considera-
bly reduce the wear and damage caused to the pistons
19, the girders 21, the rollers 22 of the engine 73, and to
any other elements of the complete engine, such as the
cams 20 and the wheels 5 and 6 in particular. It should
be noted that this result has been obtained with a revers-
ible engine, whatever the direction of rotation selected.
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The means for obtaining automatically this result are
mainly constituted by the shuttle valve 39, which is a
simple, inexpensive and especially reliable means.
Moreover, the symmetry with respect to its transversal
median plane P prevents any error of assembly when it
is introduced in the bore 38.

The invention is not limited to the embodiment de-
scribed hereinabove but on the contrary covers any
variants that could be brought thereto without depart-
ing from the scope or the spirit thereof.

In particular, it is also applicable, on the one hand, to
engines in which the two cubic capacities C72 and C73
are obtained, no longer by association of the cams, but
by association of the cylinders, such as the engine de-
scribed in French Pat. No. 1 411 047, on the other hand,
to engines in which the two speeds are obtained, one
with an equivalent cubic capacity equal to C72, or C73,
the other with the cubic capacity (C72-C73), such as the
engine described in French Pat. No. 2 127 268. Indeed,
the essential part of the invention is to create a commu-
nication between the cylinders of the “short-circuited”
engine with the lowest pressure, this being obviously
applicable to the various types of engines mentioned
hereinabove, and by adopting the aforementioned shut-
tle valve 39.

What is claimed is:

1. A pressurized fluid engine system comprising:

a rotary cylinder block mounted for rotation about an

axis of rotation;

first and second groups of radial cylinders provided

in said rotary cylinder block;

a piston mounted for movement in each of said cylin-

ders to define a work chamber of variable volume;

a plurality of fluid passageways in said rotary cylin-

der block with each of said fluid passageways com-
municating on one end with the work chamber of
one of said cylinders and having an open outer end
in a transverse plane face of said cylinder block
oriented perpendicularly to the axis of rotation of
said cylinder block and with each open outer end
being equidistantly spaced from each other and
said axis of rotation;

a source of pressurized work fluid;

a sump;

a first fluid control valve;

a three-position fluid control valve;

first and second main supply ¢onduits extending be-

tween said first fluid control valve and said second
fluid control valve;

said three-position fluid control valve including selec-

tively movable means movable to a first position
for connecting said first main supply conduit to
said source of pressurized work fluid and said sec-
ond main supply conduit to said sump and to a
second position for blocking the first and second
main supply conduits and to a third position for
connecting said first main supply conduit to said
sump and said second main supply conduit to said
source of pressurized work fluid; and wherein
said first fluid control valve includes a valve housing,
a piston valve mounted for axial positioning in a
housing bore in said valve housing in a first position
for directing pressurized work fluid to the fluid
passageways in said rotary cylinder block to both
groups of said cylinders to achieve low speed oper-
ation of said engine in a first direction when said
three-position fluid control vaive is in its first posi-
tion or in a reverse direction when said three-posi-
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tion fluid control valve is in its third position and a
second position for directing pressurized work
fluid to only a selected one of said groups of cylin-
ders to achieve high speed operation of said engine
when said three-position fluid control valve is in its
first position or in a reverse direction when said
three-position fluid control valve is in its third
position while simultaneously providing substan-
tially unpressurized work fluid to the cylinders of
the non-selected group of cylinders.

2. A pressurized fluid engine system as recited in

claim 1 wherein said first fluid control valve includes:

a fixedly positioned valve seat fixedly connected to
said valve housing and having a transverse planar
surface facing and sealingly contacting said trans-
verse planar surface of said rotary cylinder block
and including a plurality of flow holes oriented
equidistantly about said axis of rotation at the same
radial distance therefrom as the radial distance of
the open outer ends of said fluid passageways in
said rotary cylinder block so that the open outer
ends of said passageways in said rotary cylinder
block are sequentially moved into alignment with
the flow holes in the valve seat to permit fluid flow
therebetween as a consequence of rotation of the
cylinder block;

a plurality of annular bore grooves provided at differ-
ent locations along the length of said bore in said
valve housing; and

conduit means connecting each of said annular bore
grooves to selected ones of said flow holes.

3. A pressurized fluid engine system as recited in

claim 2 wherein said valve housing includes:
compression spring means in one end of said valve
housing for urging said piston valve toward its first

position; and said piston valve includes:

a plurality of annular spool grooves in its outer sur-
face;

a closed end axial bore;

a pair of diametric conduits respectively having op-
posite ends in communication with opposite sides
of a respective one of said annular spool grooves;

a third diametric conduit extending between opposite
sides of the outer surface of said piston valve at a
location between said annular spool grooves;

a fourth diametric conduit adjacent the end of said
piston valve spaced from said compression spring
and having an axial extension communicating with
said closed end axial bore;

a shuttle valve mounted in said closed end axial bore
for movement between first and second positions at
opposite ends of the closed end axial bore, said
shuttle valve including:

first and second axial shuttle bores extending in-
wardly from opposite ends of said shuttle valve and
terminating at a central divider wall;

annular shuttle grooves provided adjacent said cen-
tral divider wall on opposite sides thereof in the
outer surface of said shuttle valve;

the outer ends fo said shuttle valve comprising re-
duced diameter portions which communicate with
said shuttle bores by means of radial bores adjacent
the ends of the shuttle valve; and

inner radial bores communicating said annular shuttle
grooves with the inner ends of said axial shuttle
bores.

4. A pressurized fluid engine system as recited in

claim 3 additionally including selectively operable con-
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10
trol means including a second source of pressurized
fluid for positioning said shuttle valve in either one of its
two positions.

5. A pressurized fluid engine system as recited in
claim 4 wherein said selectively operable control means
additionally includes:

a control conduit extending from said second source
of pressurized fluid to a pressurized fluid admission
chamber adjacent one end of said bore in said valve
housing; and

two position control valve means in said control con-
duit operable when in a first position for connect-
ing said fluid admission chamber to sump and oper-
able when in a second position for connecting said
second source of pressurized fluid to said fluid
admission chamber so as to provide fluid pressure
force on said piston valve to move said piston valve
against the force of said compression spring to the
second position of said piston valve and to also
provide fluid pressure through said fourth diamet-
ric conduit to effect movement of said shuttle valve
to its second position in which said shuttle valve
provides communication of the sump with all non-
selected cylinders.

6. A pressurized fluid engine system as recited in

claim § wherein:

said plurality of annular bore grooves comprise first,
second, third, and fourth annular grooves respec-
tively positioned along the length of said bore from
the end of said bore in which said compression
spring is positioned; and further including

main conduit means connecting said first annular bore
groove to the fluid passageways of said selected
group of cylinders; and further including

additional main conduit means connecting said sec-
ond annular bore groove and said third annular
bore groove to the fluid passageways of said other
group of cylinders; and wherein

said annular spool grooves comprise a first annular
spool groove adjacent the end of said piston valve
engaged with said compression spring and commu-
nicating with said first and second annular bore
grooves and a second annular spool groove com-
municating said third and fourth annular bore
grooves when said piston valve is in its first posi-
tion but wherein said first annular valve groove
communicates only with said first annular bore
groove and said second annular valve groove com-
municates with said second and third annular bore
grooves and said fourth diametric conduit commu-
nicates with said fourth annular bore groove when
said piston valve is in its second position; and

wherein said shuttle valve, when in its second posi-
tion, provides communication between said third
and fourth annular bore grooves when said piston
valve is in its second position.

7. A pressurized fluid engine as recited in claim 6
wherein said shuttle valve is symmetrical about a plane
passing through said divider wall.

8. A pressurized fluid engine system comprising:

Sirst and second groups of cylinders;

a piston mounted for movement in each of said cylinders

to define a work chamber of variable volume;

a plurality of fluid passageways with each of said fluid
passageways communicating on one end with the work
chamber of one of said cylinders and having an oppo-
site end;

a source of pressurized work fluid;
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a sump;

a first fluid control valve means communicating with
said opposite ends of said fluid passageways and
comprising two enclosures;

a three-position fluid control valve;

a first and second main supply conduits extending be-
tween said two enclosures of said first fluid control
valve and said three position fluid control valve;

said three-position fluid control valve including selec-
tively movable means movable to a first position Jor
connecting said first main supply conduit fo said
source of pressurized work fluid and said second main
supply conduit to said sump and to a second position
for blocking the first and second main supply conduits
and to a third position for connecting said first main
supply conduit to said sump and said second main
supply conduit to said source of pressurized work
Sluid;

said first fluid control valve means including means for
selecting the speed of rotation of the engine comprising
a housing, a valve member mounted for axial position-
ing in a housing bore in said housing in a first position
for directing pressurized work fluid to the fluid pas-
sageways to both groups of said cylinders to achieve
low speed operation of said engine and a second posi-
tion for directing pressurized work Sfluid 10 only a
selected one of said groups of cylinders to achieve high
speed operation of said engine while simultaneously
providing substantially unpressurized work fluid to
the cylinders of the non-selected group of cylinders;

an auxiliary device for supplying the cylinders of the
second group of cylinders comprising fluid passages
which are automatically placed in communication,
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when the valve member of the selecting means is
placed in its second position, on the one hand with that
of the two enclosures which contains the fluid under
the lowest pressure, and on the other hand with the
cylinders of the second group of cylinders character-
ized in that said supply auxiliary device is constituted
by a shuttle valve comprising a body, a connecting
element mounted inside the body, two fluid jacks with
antagonistic effects, connected to said connecting ele-
ment and fluid passages adapted, at least when the
valve member of the selecting means is placed in the
second position, to create a communication between
one or the other of the enclosures and the cylinders of
the second group of cylinders, the said connecting
element being:

movably mounted inside the body of the auxiliary device

and being adapted to occupy at least a first and a
second particular positions wherein the said passages
place in communication one or the other of the enclo-
sures with the cylinders of the second group of cylin-
ders;

subjected to the antagonistic effect of the said jacks,

which are connected to the said enclosures, at least
when the valve member of the selecting means is
placed in its second position; and

placed, depending on the direction of the resultant of

said antagonistic forces, in one or the other of said
particular first and second positions, thus creating a
communication between the cylinders of the second
group of cylinders and the said enclosure containing

the fluid under the lowest pressure.
* L * * LJ



