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This invention relates fo apparatus for varying the
siroke of a reciprocating piston machine, such as a pump
or compressor, during its operation, to vary the displace-
ment volume of such machine, When employed in a
pump or compressor, the variable stroke apparatus of
this invention is useful for varying the fluid handling ca-
pacity of the pump or compressor.

- Conventional variable stroke mechanisms for recipro-
cating piston machines employ a linkage between the
crankshaft and piston of the machine. The use of the
linkage complicates the machine and substantially in-
creases the weight, bulk and cost of the machine, as com-
pared to a constant strocke iachine. Furthermore, the
linkage-tyne of variable stroke mechanism normally can-
not te installed in a conventional constant stroke recipro-
cating piston machine, to convert it to a variable stroke
machine, since the linkage is much too bulky to go into
the mormal crankcase.

The principal object of this invention is to substantially
eliminate or minimize the foregoing disadvantages and
- objections to the prior art variable stroke mechanisms.

- Other important objects are: to provide a wvariable
stroke mechanism which is effective to vary the stroke
of a reciprocating piston machine while it is continuously
operating; to provide a variable stroke mechanism which
can be readily installed in a conventional constant stroke
reciprocating machine; to provide a variable stroke mech-
anism which is relatively simple, small and economical:
to provide a variable stroke mechanism which is operated
- by the lubricating system of the reciprocating piston ma-
chine containing such mechanism; to provide a variable

stroke mechanism which will fit into the crankcase of a

conventional reciprocating piston machine; and to provide

a variable stroke mechanism which is particularly adapted
tor use in varying the fluid handling capacity of a con-

stant speed COIPressor.
in general, the above oo]ects are a,ttamed by plvotmg

an eccentric on the crank pin of the crankshaft in a

reciprocating piston machine, journaling the connecting

rod of the machine on the circumference of the eccentric

and providing a hydraulic fluid actuated means for rotat-
ing the enccentric relative to the crank pin through a range
~of limited angular movement. This hydraulic means is
mounted on the crankshaft, rotates with it and normally

‘holds the ecceatric in a stationary relative position to the

crank pin except during the time that the stroke length of
the rempmcatmg machine i1s bemg changed.

The invention is illustrated in the laouompanymg dra,w- .

imgs wherein:
F1G. 1 18 an elevational view W”lth pertzons being

broken away and shown in section of a variable stroke

reciprecating compressor constructed-in accordance with
this invention; | S

FIG. 2 1s an enlarg ed fragmeniary view taken on the
line 2—2 in FIG. 1;

FIG. 3 is a sa::tional view of FIG 2 taken along the

axis of the crankshaft;

FIG. 4 i is . diagrammatic view lllustra’unfr the eccentric
stroke adjusting mechanism in two dlﬁerent ad]usted
positions on the crank pin;

'FIG 3;

FIG. 5§ is a sectmn taken along the lme 5—_5 of |
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FI1G. 6 is a section takefl along the hne 6—5 Gf-

FiG. 5;

FIG. 7 is a seciion taken along the line 7—7 of
FIG. 3; | |

FIG. 8 is a diagrammatic view of the stroke adjust-
ment system of the embodiment shown in FIGS. 1 to 7;

F1G. 9 15 a sectional view similar to FIG 7 of another

embodiment of the invention;
FIG. 10 is a section taken on hne 10——-15} of FIG |

9; and |
FIG. 11 is a dmgmmmahc view similar to FIG. 8

of the embodiment shown in FIGS. 9 and 10,

The reciprocating air compressor 1 shown in FIG.
1 includes the following conventional structure: a base
or foundation 2; a crankcase 3; a crankshaft 4 rotating
in, the crankcase 3 and having a crank pin 5; a flywheel
6 fixed on one end of the crankshaft 4; a connecting
rod 7 baving its big end 8 surrounding the crank pin.
5 and its eye end pivoted to a crosshead 9 sliding in the
crosshead guides 19; a cylinder 11 contfaining a sliding
piston 12; and a piston rod 13 interconnecting the cross-
head 9 and the piston 12.

Looking at FIGS, 2 and 3, the crankshaft 4 includes

- a pair of axially spaced main journals 16 rotating in

- a pair of integr
a0 .

main. bearing shells 17 about an axis A—A. The bear-
ing shells 17 are mounted in the crank case 3. The crank
pin § is located along the axis B—B, which is radially off-
set from the axis A—A, and is supported at its ends by

al crankshaft webs 18 extending radially
between the main journals 16 and the crank pin 5. The

- crankshaft webs 18 are circular in circumference and con-

35

centric with the crank pin axis B—B. The reason for the

crankshaft webs 18 hawng a mrcular circumference is

seen later. - - S
The stroke of the piston 12, crosshead 9 and comnect-

- ing rod 7 is rendered adjustable or variable in length by

44

pivoting an eccentric 28 on the crank pin 5 of the crank-
shaft 4 for limited rotary movement and journaling the

lower end of the connecting rod 7 on the circumference

of the eccentiric 20. The eccentric has an axis C—C
which is shown in FIG. 3 relative to the crankshaft axis

A—A and the crank pin axis B—B. The stroke of the

piston 12 is varied by rotating the eccentric 20 on the

- crank pin § through a range of limited rotary movement

o)

to vary the distance between the crankshaft axis A—-—-—A'-
and the eccentric axis C—C.

FIG. 4 diagrammatically ﬂlustrates how the ec:ce:ntnc |
2§ varies the length of the piston stroke. In FIG. 4,
the eccentric is shown in two different adjusted positions
on the crank pin 5. In the solid line showing of the

eccentric 20, its axis C—C is spaced from the crankshaft

60

axis A—A by the radius 21 and the path of the axis
C—C about the crankshaft axis A—A, as the crank-
shaft 4 rotates, is indicated by the phantom line circle
22. In this postion of the eccentric 20 on the crank pin

5, the stroke of the piston 12 corresponds to the diaméter
- of the phantom line circle 22, or double the radius 21.

The second adjusted position of the eccentric in FIG.
4 1s shown in dotted lines and indicated by the reference
number 20,

- 118 degrees about the crank pin 5 from the axis C—C

6o

- circle 24, as the crankshaft rotates. |
tion 20’ on the crank pin 5, the stroke of the piston 12
eter of the circle 24, or double

70

of the solid line position of the eccentric 20. ‘The eccen-
tric axis C'—C’ of the dotted line eccentric posnmn 29’
is located at a radius 23 from the crankshaft axis A—A
and travels about the axis A—A along the phantom line

In this eccentric posi-

corresponds to the dia
the radius 23.

It 1s readily apparent that the stroke of

" the piston 12 is much smaller in the dotted line position

2@’ of the eccentnc It also should be appar ent that the |

‘In this second eccentric position: 20, the
axis C'—C’ of the eccentric is rotated apprommately |
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stroke ‘can be varied from maximum fo minimum by

 rotating  the eccentric 20 on the crank pin through an

angle of 180° and that the eccentric can be adjusted to
provide any length stroke desirable between the maximum
~and minimum stroke lengths available by adjusting the

eccentric to some point located between the 180° angular

range of maXimum and minimum stroke lengths. It
should be understood that once the eccentric 20 is ad-
]ust....d properly to provide the desired stroke length, it
is locked in that position on the crank pin 5 and remains

fixed relative to the crank pin 5 until further adjustment
of the stroke length is desired.. Hence, once the eccentric

e

10

20 is fixed in relatwe statlonary position on the crank .
pin 5, the eccentric 20, in effect, serves as the crank pin

whlch reciprocates the connecting rod 7 and its connected
- elements back and forth. :

The eccentric 29 is formed in half seetmns to enable -

it to be mounted on the crank pin 5 and includes a pair -

of side flanges or rims 2§ which extend radially outwardly

- from the opposite sides of the etreumfereace of the eccen-
tric 28. The rims 26 seat against the opposed end faces
of the crankshaft webs 18 holding the crank pin 5, as

shown in FIG. 3, project radlally beyond the crankshaft_
webs 18 and have outer circumferential edges which are

circular and concentric with the circumferences of the
crankshaft webs 18. Hence, the circumferences of the
rims 28& are eccentrlc to the mrcumference of the eccen-
tric 20.

The bla end 8 of the connecting red 7 1s cenventlonal___

and includes a removable cap 27 bolted to the connecting
rod body and holding a shell bearing 28 which embraces
the circumference of the eccentric 20.

The lubrication system for the compressor is conven-
tional.

a conventional lubricant pump. From the main bearing
shells 17, the lubricating fluid, normally oil, flows through

the passageway 29 in the crank shaft 4 to the surface of

he crank pin 5, thence through the hole 30 in the eccen-
tric 20 to the
~ a rifle-drilled passage in the connecting rod 7 to lubricate
the crosshead 9 and various other elements attached to
the outer end of the eonnectmg rod 7.

The eccentric 29 is moved through a limited range of
angular movement on the crank pin 5§ and locked in ad-
justed position by hydraulic motor means, utilizing the

lubricating pressure of the lubricating system as a motive -
An annular hollow housing or cage 33 is rotatively.

force.
mournted on the circumierence of e_ach crankshaft web 18
- and is bolted to the adjacent flange or rim 26 of the eccen-

 tric 20. FEach cage 33 is U-shaped in cross-section, opens

radially inwardly and includes a pair of side walls 34

which seat and rotate on seal rings contained in annular

~ sealing grooves 35 formed in the c1rcumference of each

crankshaft web 18.

ennectmg rod shell bearing 28 and into

20

. 4

vanes 36 so that they are not obstructed by the move-
ment of the cage vanes 37. It will be understood that
each of the cages 33 and the passages 42 and 43 are 1dent1— |
cal on both crankshaft webs 18,

Since the flanges or rims 2% of the eccentric 20 are
attached to each cage 33, the rotation of the cages 33
move the eccentric 20 around the crank pin 3 over a
range of limited angular movement. Due to the use of
four vanes in each cage 33, the angular movement of the
cage 33 is limited to a little less. than 180° about the

crankshaft web 18, which is sufficient to ad]ust the eccen-
tric 20 through a range providing the maximum stroke
length and the minimum stroke length to the COMpressor

piston 12, |
The chambers 39 of heth cages e3 are interconnected
for communication by a longitudinal passage 45 extend-

ing through the thick part of the eccentric 20 and the.

chambels 49 are also interconnected by a like longitudinal
nassaze 46 extending through the eccentric 20. The pas-
sages 45 and 46 extend through the cage side walls 34
and open into their respectwe chambers 39 and 49 near

‘the cage vane 37 as shown in FIG. 7. Thus, all of the
‘counter-clockwise rotary passages 38 and 46 in both cages

33 are interconnected together for communication and
the clockwise rotary passages 39 and 41 in both cages are

_likewise interconnected. For example, hydraulic pressure

introduced to the clockwise chamber 39 of one cage 33
will flow through the diametrical passage 42 to the cham-
ber 41 of that cage and also through the longitudinal

passage 45 to the cerrespendme chambers 39 and 41 of

the other cage 33.
When all of the chamb TS 38 to 41 of each cage 33

~ are filled with hydrauhc fluid under equal pressure, the

The main beamlg shells 17 are supplied with -
lubricant under pressure via a passage (not shewn) from

45

50

GHE

- The annular space in each cage 33 is segregated mto. "

four chambers by two pair of vanes 36 and 37. The pair
of vanes 36 are fixed on the crankshaft web 18 at diam-
etrically oppesﬂe points and shdably engage the interior
of the cage 33 while the vane pair 37 are fixed to the
cage 33 at diametrically opposite points and slidably en-
gage the crankshaft web 18.  The semi-arcuate shaped

60

cages are locked in whatever position they may be in.
Thereafter, the cages 33 may be moved in one direction
or the other by releasing hydraulic fluid from one set of
chambers and adding fluid under pressure to the other
set of chambers. This is the method that is used for
moving the cages 33 between various adjusted positions
on the crankshaft webs 18. | |

One embodiment for introducing and releasmg hydrauhc
fluid from the chambers of the cages 33 is illustrated in
FIGS. 2 to 8. The crankshaft 4 includes a pair of coun-
terweights 48 carried by rings 49 which are bolted to the

outer faces of the crankshaft webs 18. A spool valve

56 is contained in one of the counterweights 48 and
includes a hydraulic fluid inlet 51 which receives lubricat-

ing fluid under pressure from the lubricating system of

the COIMpPIessor. The inlet 51 is connected by a pipe 52
running from an angle ﬁttmg 53 which is threaded into
a passageway 54 located in the counterweight ring 42.
The passageway 54 communicates with a lubricating fluid
passage 55 bored in the crankshaft 4 and running from
a main bearing shell 17. Thus, the lubricating fluid under
pressure in the main bearing shell 17 can flow, in sequence,
through the crankshaft passage 55, the passageway 54
in the counterweight ring 49, the angle fitting 53, the
pipe 52 and into the inlet 51 of the valve 56.

~ The spool valve 59 includes a pair of outlets 57 and
58 which communicate with the chambers 38 to 41 of
the cages 33, with the outlet 57 connected to the counter-

- clockwise chambers 38 and 40, as seen in FIG. 8, and the

chambers formed by the vanes 36 and 37 are designated -

38, 39, 40 and 41. Looking at FIG. 7, it will now become
clear that hydraulic pressure introduced to the chambers
38 and 46 will act on the vanes 37 and cause the cage 33

to rotate around the .crankshaft web 18 in a counter-
clockwise direction and hydraulic pressure in the chambers

39 and 41 will cause the cage to rotate in a clockwise

direction. The pair of chambers 38 and 40 are intercon-
- nected by a diamefrical passage 43 bored in the crankshaft
- web 18 and the chambers 3% and 41 are interconnected

by another diametrical passage 42 which is axially spaced

65

' crankshaft web 18.
70

from the passage 43. The diametrical passages 42 and 43 -

open into their chambers near the crankshaft mounted

15

outlet 58 connected to the clockwise chambers 39 and 41.
As shown in FIGS. 3 and 6, the outlets 57 and 58 are
cen*_lec:ted‘by pipes 59 to respective angle fittings 60 which
are threaded into respective passages 61 formed in the
counterweight ring 49 and communicating with the ad-
jacent diametrical passages 42 and 43 located in the
. In operation, the spool valve 50
acts to close both of the outlets 57 and 58 to hold the
cages 33 in their adjusted position, or to vent one of the

outlets 57 and 58 to release and dump its hydraulic

pressure while feeding hydraulic pressure to the other out-

let to cause the ‘cages 33 te move on the crankshaff
webs 18. . | |
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The construction and operation of the spool valve 58
is best shown in FIG. 8. The spool valve includes a cylin-
drical bore 63 slidably containing a spool 64. The outlets

57 and 58 open into the bore 63 through the side of

the valve S€ at longitudinally spaced points and the inlet
51 opens into the end wall of the valve §0. The side

wall of the valve 50 also contains a pair of vent ports

65 and 65 which are lomgitudinally spaced from each
other and from both of the outlets 57 and 58.

The circumference of the valve spool 64 contains two
spaced annular grooves 67 and 68 bordered by three
spaced enlarged portions or annular ridges 69, 70 and 71.
'The spool 64 i1s biased outwardly toward the iniet 51 by
a spring 72 at its other end and contains a passageway
73 leading from 1ifs inlet end face 74 to the groove 67
on its circumiference. A ball check valve 75 is mounted
in the passageway 73 to allow hydraulic fluid to flow into
the passageway 73 from the inlet 51 and to prevent its
reverse flow.

Normally, when the fluid pressure in the inlet 51 is

relatively low or zero, the biasing force of the spring 72

is effective to force the spool 64 outwardly against the
inlet 51. In the pesmon shown in FIG. 8, toe spool 64

5

10

15

20

“is in an intermediate position between its two extreme posi-

- tions of movement in the bore 3. This intermediate
position is obtained by providing sufficient pressure to

the inlet 51 to act against the inlet end face 74 of the .

speel 64 with a force which counterbalances the spring
72 in the iIntermediate position of the spool 64. It will
be noted that in the intermediate position shown, the spool
ridges 69 and 70 are closing both of the outlets 57 and
58, resulting in holding the fluid in the cage chambers
in a static position. Thus, in the intermediate position
of the spool 64, the cages 33 and eccentric 2¢ are Iecked
In whatever position they may be in. -

The spool valve 56 may be actuated to supply fluid

pressure to one of the outlets 57 and 58 while simul-

tal_eeusly venting the other outlet by changing the fluid
pressure in the inlet 51 in either direction. For example,
assume that it requires, say, 60 p.s.i. pressure in the inlet
=1 to obtain the infermediate position shown in FIG. 8.

If the pressure is then reduced to, say, 50 p.s.i., the spool

64 will be biased outwardly by the spring 72 so that
pressure 1n the passageway 73 and the groove 67 of the
spool 64 flows to the outlet §8. Simultaneously, the out-
let 57 is opened to the vent port 06. |
Cenversely, if the pressure in the inlet 51 is increased

its 1nte1med1ate position to cause the fluid pressure to
flow 1nto the ouilet 57 and to simultaneously dump the
fluid from the outlet 58 through the vent 5. Hence,
the valve 59 is operable to actuate the cages 33 and
eccentric 2@ to any desired adjusted position merely by
varying the pressure of the lubrication system of the
compressor 1. The variance of the lubrication pressure
can be performed by a manually-operated pressure regu-
lator (not shown) of conventional type, or by an auto-
maﬁeaﬂy—eperated pressure renulater controlled by the
Ioad on the air compressor 1.

Operation

Assuming at the start of the deserlptlon of operation,
the COmpressor 1 is operating at constant speed, the eccen-

tric 29 is located in the pes1tien shown in FIGS. 1 and 7,

and stown in solid lines in FIG. 4, the lubrication pressure
on the lubrication system is 60 p.s.i. and the valve spool
64 1s in its intermediate position, as shown in FIG. 8§,
wherein it is closing both of the outlets 57 and 58.
this position, all of the chambers 38 to 41 are filled with
oil and the cages 33 and eccentric 20 are locked rela-

tive to the crark pin 5 so that the stroke lensth of the
compressor 1 is constant or fixed at a relatively long
As the crankshaft 4 rotates, the fluid pressure in :
the chambers 38 to 41 will alternately rise to high pressures

- stroke.

and deerease to zero due to the torque Ieads exerted on

g

o5

the crankshaft 4 by the piston 12, but the cages 33 will
not move on the crankshaft webs 18 because the oil in
the chambers 38 to 41 is relatively incompressible.
Next, assume that as the compressor I continues to
operate, its production of compressed gas exceeds the -
demand for the gas and that it is desirable to reduce the
quantity of gas being compressed. This is carried out:
by reducing the length of the stroke of the piston 12 by
moving the eccentric 2¢ to the dotted line eccentric
position 29’ shown in FIG. 4. To reach the dotted line
pesitic}n 28’, the eccentric 28 must be rotated in a clock-

wise direction and this is done by reducing the pressure

of the compressor lubrication system to 50 p.s.i.

Leoking at FIG. 8, reducing the lubrication pressure
from 60 to 50 p.s.i. at the inlet 51 of the spool valve 50
causes the speol 64 to move from its intermediate posi-

tion, shown in FIG. 8, outwardly toward the inlet 51.

This outward movement of the valve spool 64 simulta-
neously opens the outlet 58 fo the lubrication pressure and
the outlet 57 to the vent or drain 66. As a result, hy-
draulic pressure is drained from the cage chambers 38
and 48 while additional hydrauhe fluid fiows into the cage
chambers 39 and 41, causing the cages 33 and the ec-

- centric 20 to move in a clockwise direction, looking at

FIGS. 4, 7 and 8. When the stroke length is redueed-
to the deslred point, the lubrication pressure is again
raised to 60 p.s.i. and the valve spool 64 returns to its
intermediate position to close both of the valve outlets

57 and 58 and again lock the cages 33 and eccentric 29

30

- 35

40

45
- ment of the eccentric 20 to its new relative position on the

n a relatively stationary position on the crank pin 5.

-During the time when the outlet 58 is open to the
Iubrication pressure, the crank torque on the crankshaft
4 may cause the pressure in the chambers 39 and 41 to
exceed the lubrication pressure during certain angles of
rotation of the crankshaft. When this occurs, the check
valve 75 in the valve spool 4 will prevent the hydraulic -
fluid from reversing its flow direction and leaving the
chambers 39 and 41. This high pressure in the chambers
39 and 41, caused by crankshaft torque, will decrease
when the crankshaft is passing through its top dead cen-
ter, and bottom dead center positions. At the latter po-
sitions of the crankshaft 4, the lubrication pressure can
readily ehange the pesﬂfmn of the eccentric 28 on the -
crank pin 5. Furthermore, in certain angles of the crank-
shaft 4, the crank. torque load should aid the move-

crank pin 5. Hence, it is easily seen how the relatively -

' ~ to, say, 70 p.s.1., the spool €4 will be moved inwardly from

650

DO

60

65

70

75

low pressure of the lubrication system can be utilized for

actuating the eccentric 20 between adjusted p051t10ns on
the crank pln 5.

When it is desired to lengthen the stroke lencrth of the
compressor 1, this is done by moving the eccentric 20
in a ceunter—-eleckwise direction as seen in FIGS. 7 and 8.
The lubrication pressure is raised from 60 to 70 p.s.i. and .
the valve spool 64, in FIG. 8, is pushed inwardly away
from the valve inlet 51 to simultaneously drain the valve

outlet 58 to vent 65 and feed hydraulic pressure to the -

valve outlet §7. Thus, hydraulic fluid is drained from
the cage chambers 39 and 41 while it is fed to the cage
chambers 38 and 40. When the eccentric 20 arrives at

- the new desired pesmon the lubrication pressure is
- again reduced to 60 p.s.i. and the valve spool 64 returns
| to 1ts intermediate position shown in FIG. 8. -

Second Embodiment FIGS. 9-—I 1

_The e_ |

the cages 33 to move the eccentric 28 to various angular
positions on the crank pin 5. In this embodiment, the

lubricating pressure is conducted through the crakshait
passage 55, from the main bearings shell 17, threugh Ie-
spective ball check valves 77 and 78 to the groups of cage
chambers 39 to 41, with the ball check 77 feedmg the

chambers 38 and 40 and the ball check 78 feedmg the :
ehambers 39 and 41

bodiment shown in FIGS. 9 to 11 provides
‘another means for controlling the hydrauhe pressure in



3,180,178

.
g | | -
Pressure is vented from one or the other set of cham-

bers to cause the pressure in the non-vented chambers to

“move the cage 33. This release of pressure is perfomed’

. by a pair of poppet valves 79 and 30 mounted on the
crankshaft web 18 and extending from its outer end face

81. Each of the poppet valves 79 and 8¢ are in com-

munication with one of the diametrical passages 42 and
‘43 so that pressing one of them dumps or releases hy-

8

of said chambers; said fluid pressure surfaces being ar-
tanged to be acted on by fluid pressure in said chambers
for forcing said roter in opposite rotary directions; means
for admitting hydraulic pressure to both of said cham-
bers; and means for individually releasmg fluid pressure
from each of said chambers for causing said rotor to ro-

- tate in one direction or the other.

draulic fluid from one diametrical passage and 1ts com-

municating cage chambers.

radial distances from the axis A—A of the crankshaft 4
and are opened by engagement with individual concentric
rings 82 and 83, one of which is pressed axialiy toward
the web end face 81 when one of the respectwe pcppet
valves 76 and §0 is to be opened..

It will be understood that altheugh crﬂy two embedr-

ments of the invention are specifically described, the in-
vention may embrace various other embodiments which

are obvious from an understanding of the described em-

~ bodiment and are embraced within thc clarms of the in-

vention. |
Havrng descrrbed our invention, we clarm |
1. A variable stroke reciprocating piston machine com-
prising:
“mounted crank pm thereon and a mrcular web located
beside said crank pin and having an axis aligned with the

crank prn axis; an eccentric rotatively mounted on said

crank pin; a connecting rod having one end rotatively

mounted on said eccentric; and hydraullc means includ-

The poppet valves 79 and 80 are located at different

a rotary crankshaft having an. eccentrically

10

4. The machine of claim 3 wherein said rotor is a
hollow annular member mounted on and rctatmg about
the circumference of said circular web.
5. The machine of claim 4 wherein: said hollow an-
nular rotor contains an annular space therein; and said an-

- -nular space is divided into said pair of hydraulic cham-

20

30

ing a rotor fixed to said eccentric and rotatively mounted

 on the circumference of said circular web, said rotor
being operative to rotate said eccentric on said crank

pin during the rotation of said crankshaft for: varymg the

 stroke of said connecting rod.

2. The machine of claim 1 mcludrng a hydraulrc con--
trol system for rotating said rotor about said crank pin
" axis through a rotary travel path of about 180° relative
" to said crank pin, said hydraulic control system being op-

erative to hold said rotor stationary relative fo said crank

pin at any position throughout its rotary travel path.
'3 The machine of claim 2 wherein: said hydraulic

40

motor includes a pair of hydraulic chambers; said rotor

- includes fluid pressure surfaces formrng portlens cf each

bers by a pair of vanes extending radially across said an-

nular space, one of said vanes being fixed on sard web
and the other being fixed on said rotor.

6. The machine of claim 5 wherein; said hydraulic con-
trol system includes a control valve operative at one pre-.
determined hydraulic pressure to hold the hydraulic fluid
in both of said chambers, said -valve being operative in
response to a reduction in hydraulic pressure fo release

fluid from one of said chambers and operative in response
“to an increase in hydraulic pressure to release fluid from
the other of said chambers. |

7. The machine cof claim 6 wherein: "-_said hydraulic '
control system receives hydraulic fiuid pressure from the

lubrication system of the machine.

8. The machine of claim 5 wherein said bydraulic con-
trol system includes: means for continuously supplying
hydraulic pressure fluid to both of said hydraulic cham-
bers; and exhaust means for selectively dumprng pressure
ﬂmd frem cach of said chambers
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