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This invention relates to a variable displacement by 
draulic apparatus, and, in particular, relates to a variable 
displacement piston type pump or motor having a plural 
ity of means respectively operatively associated with the 
pistons for selectively varying the displacement of the 
pistons and thus the displacement of the hydraulic ap~ 
paratus. 

It is well known in the art to provide a piston type 
pump or motor with means to vary the displacement 
thereof. Generally, each piston type pump or motor 
comprises a housing having a cavity formed therein and 
a cylinder block disposed within the cavity, the cylinder 
block having a plurality of circularly arranged cylinders 
formed therein and adapted to receive respectively a plu 
rality of pistons operatively interconnected with means 
to permit reciprocative movement thereof. When the 
hydraulic apparatus is utilized as a hydraulic pump, each 
piston is sequentially reciprocated relative to the cylinder 
block and is adapted to draw ?uid into the respective cyl 
inder from an inlet formed in the housing during the 
movement thereof from its top dead center position to 
its bottom dead center position, the movement of the 
piston being referred to as its intake or suction stroke. 
Upon movement of the respective piston from its bottom 
dead center position back toward its top dead center posi 
tion, the movement of the piston being referred to as its 
discharge stroke, the respective piston displaces the ?uid, 
which had been drawn into the respective cylinder, out 
through an outlet formed in the housing, the outlet being 
restricted in the normal manner whereby the ?uid dis 
placed to the outlet is pressurized. When the hydraulic 
apparatus is being utilized as a hydraulic motor, each 
piston is moved from its top dead center position to its 
bottom dead center position by pressure ?uid entering 
the respective cylinder from the inlet, the movement of 
the respective piston being referred to as its intake or 
power stroke. Upon movement of the respective piston 
from its bottom dead center position back toward its top 
dead center position, the movement of the piston being 
referred to as its discharge stroke, the respective piston 
displaces the fluid, which has been forced into the respec 
tive cylinder, out through the outlet. Therefore, the 
amount of ?uid displaced by the hydraulic apparatus when 
acting as a pump or motor depends upon the volumetric 
increase of the cylinders during the movement of the pis 
tons from their top dead center positions to their bottom 
dead center positions. 

In order to vary the displacement or" the hydraulic ap 
paratus of the previously described type when the speed 
of the reciprocation of the pistons remains constant, some 
means must be provided to vary the effective intake and 
discharge strokes of each piston to thereby vary the 
amount of ?uid displaced thereby from the inlet to the 
outlet. One such means has been to provide selectively 
movable valve means adapted to vary the length of time 
that the inlet is ?uidly interconnected with the cylinders 
during the intake strokes of the pistons. Another such 
means has been to vary the actual distance of movement 
of the pistons between their top dead cener positions and 
their bottom dead center positions and thereby vary the 
amount of ?uid displaced by each piston. However, in 
these prior known devices, it has been found that rather 
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2 
complicated and expensive mechanism must be utilized 
to vary the effective strokes of the pistons. 

It is, therefore, an object of this invention to provide 
a hydraulic apparatus having improved means to vary 
the displacement thereof. 
Another object of this invention is to provide a piston 

type hydraulic apparatus having improved means to vary 
the effective strokes of each piston thereof without vary 
ing the actual reciprocative movement of each piston in 
order to vary the displacement of the apparatus. 
A further object of this invention is to provide a hy 

draulic apparatus comprisng, a cylinder block having a 
plurality of cylinders, a plurality of pistons disposed re 
spectively de?ned in part by the pistons, means for se 
quentially reciprocating the pistons between their bottom 
dead center positions and their top dead center positions, 
an inlet and an outlet leading respectively to and from 
the cavities, valve means adapted to interconnect the in 
let with each cavity when the respective piston is moved 
from top dead center to bottom dead center to thereby 
permit the cavity to receive ?uid from the inlet and being 
adapted to interconnect the outlet with each cavity when 
the respective piston is moved from bottom dead centerv 
to top dead center whereby each piston is adapted to dis 
place the ?uid from the respective cavity to the outlet, a 
plurality of chambers respectively interconnected with the 
cavities, the chambers respectively being de?ned in part 
by a plurality of movable members whereby movement 
of the members from a ?rst position to a. second position 
relative to the block increases the volume of the respec 
tive chambers, and means operativeiy interconnected with. 
the members adapted to move each member to its ?rst 
position when the respective piston is moved to bottom 
dead cetner, the means being adapted to permit selected 
movement of each member from is'?rst position to a se 
lected positon as the respective piston moves from bot~ 
tom dead center to top dead center, whereby at least a 
portion of the ?uid displaced by each piston is delivered 
to its respective chamber rather than to the outlet to thus 
vary the displacement of the apparatus. 

Other and more particular objects, advantages, and uses 
of this invention will become apparent from a reading 
of the following speci?cation taken in connection with 
the accompanying drawings forming a part thereof and. 
wherein: 
FIGURE 1 illustrates, in an axial cross-sectional view, 

one embodiment of a hydraulic apparatus formed in ac~ 
cordance with the teachings of this invention and is taken 
on line 1-1 of FIGURE 2. 
FIGURE 2 illustrates, in an axial cross-sectional view, 

the hydraulic apparatus illustrated in FIGURE 1 and is 
taken on line 2--2 thereof. 
FIGURE 3 illustrates, in a schematic view, the hy 

draulic apparatus illustrated in FIGURE 1, the apparatus 
operating under maximum displacement conditions. ' 
FIGURE 4 illustrates, in a schematic view, the hy 

draulic apparatus illustrated in FIGURE 1, the appara 
tus operating under partial displacement conditions. 
FIGURE 5 illustrates, in an axial cross-sectional view, 

another embodiment of a hydraulic apparatus formed in 
accordance with the teachings of this invention and is 
taken on line 5-5 of FIGURE 6. 
FIGURE 6 illustrates, in an axial cross-sectional view, 

the hydraulic apparatus illustrated in FIGURE 5 and is 
taken on line 6-6 thereof. 
FIGURE 7 illustrates, in a schematic view, the hy 

draulic apparatus illustrated in FIGURE 5, the apparatus 
0 operating under maximum displacement conditions. 

FIGURE 8 illustrates, in a schematic view, the hy 
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draulic apparatus illustrated in FIGURE 5, the apparatus 
operating under partial displacement conditions. 

Reference is now made to the accompanying drawings 
wherein like reference numerals and letters are used 
throughout the various ?gures thereof to indicate like 
parts Where appropriate, and particular reference is made 
to FIGURE 1 illustrating a hydraulic apparatus, generally 
indicated by the reference letter A, formed in accordance 
with the teachings of this invention and includes a hous 
ing 10 comprising a plurality of housing sections 11 and 
12 suitably secured together in aligned relation in any 
feasible manner. 
The housing section 11 has a ?at end wall 13 inter 

rupted by a bore 14 which terminates within the housing 
section 11 and de?nes an end wall 15. The ?at surface 
13 of the housing section 11 is adapted to sealably abut 
a ?at surface 16 formed on the housing section 12 when 
the housing sections 11 ‘and 12 are secured together in 
aligned relation. 
A cylinder block, generally indicated by the reference 

letter B, is disposed within the bore 14 of the housing 
10 and comprises a plurality of sections 17 and 18 seal 
ably secured together in any feasible manner. The cylin 
der block B has a pair of opposed ?at surfaces 19 and 
20, the flat surface 20 sealably engaging the ?at surface 
16' of the housing section 12. A plurality of circularly 
arranged, parallel bores or cylinders 21 are formed in the 
cylinder block B and respectively interrupt the ?at sur 
faces 19 and 20 theerof. In the embodiment illustrated 
in FIGURES 1 and 2, the cylinder ‘block B is formed 
with nine cylinders 21, however, it is to be understood 
that any number of cylinders may be provided. A plu 
rality of annular grooves 22 are formed in the cylinder 
block B and are respectively disposed coaxially with the 
cylinders 21. Each annular groove 22 de?nes end walls 
23 and 24 within the cylinder block B. 
A plurality of pistons 25 are disposed respectively in 

the cylinders 21. Each piston 25 has a substantially ?at 
end26' adapted to cooperate with the respective cylinder 
21 and the’ housing section 12 to de?ne a cylinder or 
piston cavity C. Each piston 25 has an enlarged end 27 
formed with, a socket 28 adapted to receive a hemispheri 
cal portion 29 of a bearing slipper 30. The bearing slip-i 
per 30 is disposed in engagement with a rotatable cam 
or swash plate 31 disposed within the housing ‘bore 14. 
The cam plate 31 is adapted to engage a plurality of 
hemispherically shaped slippers 32 carried respectively 
within a plurality of sockets 33 formed in a plate 34, the 
plate 34_ being suitably secured to the end, wall 15 of the 
housing 10. The cam plate 31 has a pair of opposed 
shafts 35v and 36 projecting therefrom, the shaft 35 ex 
tending through a bore formed in the housing section 11 
and being rotatably supported therein by suitable bear 
ing means 37. The shaft 35 has a splined end portion 38 
adapted to be interconnected, with a suitable power source 
(.not shown) or a utilization device (not shown). 
The shaft 36, extending from the cam plate 31, is re 

ceived within a bore 39 formed in "a member 40 rotatably 
carried by the cylinder block B. The member 4% has a 
cylindrical projection 41 received within a bore 42 formed 
centrally through the cylinder block B. The remaining 
portion, of the member 40. is received within a larger 
counter bore 43 formed in the cylinder block B, the bore 
43 de?ningan end wall 44 at the juncture thereof with 
the smaller bore 42. The member 40‘ is rotatably sup 
ported within the bore 43 by suitable ‘bearing means 45 
and is provided with a substantially hemispherically 
shaped end portion 46 which is adapted to engage a sub 
stantially hemispherically shaped socket 47 formed in a 
rocker arm or member 48. The rocker "arm or member 
48 has a. plurality of bores 4?) formed therethrough which 
respectively receive the pistons 25. In this manner, as is 
well known in the art, the rocker arm or member 45 
maintains the bearing slippers 3%} carried by the pistons 
25Tin sealing contact with the cam plate 31 in order to 
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4 
provide sequential reciprocative movement thereof rela 
tive to the cylinder block B. 
When each piston 25 is at its top dead center position, 

i.e., when the movement of the piston 25 to the right, as 
viewed in FIGURE 1, is terminated by the relative posi 
tion of the cam plate 31 and further movement of the cam 
plate will cause the piston 25 to begin to move to the left, 
the respective cavity C de?ned in part by the end surface 
26 of the piston 25 is at its smallest volume, and. upon 
movement of the piston 25 to the left from its top dead 
center position, the end surface 26 thereof causes the vol 
ume of the respective cavity C to increase. The maxi 
mum volume of the cavity C is reached when the respec 
tive piston 25 is at its bottom dead center position, i.e., 
when the movement of the piston 25 to the, left is termi 
nated and further movement of the cam plate 31 will 
cause the piston 25 to begin to move back toward top 
dead center. 
A plurality of movable members 50 are disposed re 

spectively in the annular grooves 22. Each member 50 
has a pair of opposed end surfaces 51 and 52 interrupted 
by a ‘bore 53 passing centrally therethrough, the bore 53 
permitting the respective member 50 to be telescopically 
disposed about the respective piston 25 and be movable 
relative thereto. A plurality of small compression springs 
54 are disposed respectively Within the annular grooves 
22, each spring 54 having one end thereof engaging the 
end Wall 23 of the respective annular groove 22 and the 
other end thereof engaging the respective member 50 
whereby the forces of the compression springs 54 tend to 
maintain the end surfaces 52 of the members 50 in en 
gagement with the end walls 24 of the annular grooves 22. 
Upon movement of each member St} to the left, as 

viewed in FlGURE 1, relative to the cylinder block B‘ 
in opposition to the force of the respective compression 
spring 54, the end surface '52 thereof cooperates with the 
annular groove 22, piston 25, and end wall 24 to define 
a chamber D. The chamber D has a minimum volume 
when the end surface 52, of the respective member 5%) is 
disposed in engagementwith the end wall ‘24 of the re 
spective annular groove 22 and a maximum volume when 
further movement thereof to the left, as viewed in FIG. 
GURE 1, is prevented by the end wall'23 of the respon 
tive annular groove 22. Each chamber D is ?uidly inter 
connected with its associated piston cavity C by a passage 
55 formed in the respective piston 25, the passage 55 
interrupting the respective end surface 26 thereof and 
?uidly interconnecting opposed sides of the piston 25 with 
an annular groove 56 formed in the member 50. The 
annular groove 56 is, in turn, ?uidly interconnected with’ 
the end surface 52 of the member 50 and is thus ?uidly 
interconnected with the respective chamber D. As shown 
in FIGURE 4, when one ofthe members 50 is moved'a 
predetermined distance relative to its respective piston 25, 
the passage 55 formed in the respective piston 25 is di 
rectly interconnected with the chamber D. 
The ?at surface 16 of the, housing section 12 is inter 

rupted by an annular groove ‘57, the annular groove 57 
being disposed adjacent‘ to- and in ?uid communication’ 
with the cylinders 21 when the housing’ sections 11 and 
12 are secured together in aligned relation. The annular 
groove 57 is also ?uidly interconnected with an outlet 58' 
formed in the housing 10. A second annular groove 59 
is formed in the housing section 12 and is disposed co 
aXially with and spaced from the annular groove 57 and is' 
?uidly interconnected therewith by a plurality of passages 
69 respectively disposed in'substautially coaxial relation 
with the cylinders 21. The annular groove 59 is, inv turn, 
?uidly interconnected with an inlet 61 formed in the 
housing 1%. 
A plurality of‘ valve means‘ E arercarried by the‘housing 

section 12 adjacent the cylinders'21 andv each comprises a 
?rst valve member 62 having an. enlarged head/portionv 
63 adapted to sealably engage the end surface 2t? of the 
cylinder block B andithus close off fluid communication 
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between a responsive cavity C and the outlet annular 
groove 57. The valve member 62 is normally biased to 
its closed position by a small compression spring v64 inter 
posed betWcen the housing section 12 and the valve mem 
ber 62. Each valve member 62 has a small cylindrical 
projection 65 sealably received in one of the bores 66 and 
is axially movable relative thereto. A second valve mem 
ber 66 is carried by each valve member 62 and has an 
enlarged head 67 adapted to close off ?uid communica 
tion between the respective cavity C and the inlet annular 
groove 59 when seated against the valve member 62, the 
second valve member 66 having a cylindrical projection 
68 loosely received within a bore 69 formed through the 
valve member 62 and ?uidly interconnecting the respec 
tive cavity C with the inlet annular groove 59. 

in this manner, when the piston 25, illustrated in the 
lower portion of FIGURE 1, is being reciprocated to the 
left, the piston cavity C thereof increases in volume and 
the resulting vacuum condition causes the valve member 
66 to move from sealing engagement with the valve 
member 62 whereby ?uid is permitted to ?ow from the 
inlet 61 through the bore 69 of the valve member 62 
and thus into the cavity C. When the piston 25 is moving 
to the right as illustrated in the upper portion of FIGURE 
1, the force of the ?uid trapped Within the cavity C acts 
against the head 67 of the valve member 66 and forces the 
head 67 thereof into sealing engagement with the valve 
member 62 and thus closes off communication between the 
cavity C and the inlet annular groove 59. As the piston 
25 moves further to the right, the force of the ?uid within 
the cavity C acts against the valve head 63 of the ?rst 
valve member 62 in opposition to the force of the com 
pression spring 64 and moves the valve 62 out of sealing 
engagement with the ?at surface 29 of the cylinder block 
B in order to ?uidly interconnect the cavity C with the 
outlet annular groove 57 whereby the fluid in the cavity 
C is forced out to the outlet 58. 
A control valve, indicated generally by the reference 

letter F, is carried by the housing 10 and includes a valve 
housing 70 received within a bore 71 formed in the 
housing section 12. The valve housing 73 is provided 
with a pair of spaced chambers 72 and 73 interconnected 
‘oy-a bore 74. An axially movable valve member 75, 
having an enlarged medial portion 76 and a pair of op 
posed coaxial shafts 77 and 78 extending therefrom, is 
disposed within the valve housing ‘7%, the shaft 77 being 
sealably received within a bore 79 formed in the valve 
housing 70 and interconnected with the chamber '72 and 
the shaft 78 being sealably received within the bore 74 
interconnecting the chambers 72 and 73. 
The enlarged portion 76 of the valve member 75 is 

provided with a pair of opposed bevelled surfaces 8%} 
and 81. The bevelled surface 81 is ?uidly interconnected 
with an end 82 of the shaft 77 by a passage 83 formed in 
the valve member 75, and similarly, the bevelled surface 
89 is ?uidly interconnected with an end 84 of the shaft 
78 by a passage 85 formed in the valve member 75. 
A small projection 86 is carried by the valve housing 

10 and is disposed within the chamber 72, the projection 
86 being adapted to be engaged by a pair of sleeve valve 
members 87 and 88 respectively, telescopically disposed 
about the shafts 77 and 78 of the valve member 75. 
The sleeve valve 87 is normally biased against the bevelled 
surface 80 of the valve member 75 by a compression 
spring 89 disposed between the valve housing 70 and the 
sleeve valve 87. Similarly, the sleeve valve $8 is normal 
ly biased into sealing engagement with the bevelled surf— 
ace 81 of the valve member 75 by a compresion spring 99 
interposed between the valve housing 76 and the sleeve 
valve 88. 
When the sleeve valves 87 and 88 are in sealing en 

gagement with respective bevelled surfaces 80 and 81 of 
the valve member 75, the sleeve valves 87 and 88 re 
spectively prevent ?uid communication between the pas 
sages 83 and 85 and the chamber 72. When the enlarged 
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portion 76 of the valve member 75 is centered relative 
to the projection $6, the sleeve valves 87 and 88 are both 
permitted to sealably engage the enlarged portion 76 
thereof and thereby prevent ?uid communication between 
the chamber 72 and the passages 83 and 85. However, 
upon movement of the valve member 75 from its cen 
tered position relative to the projection 86, one of the 
sleeve valves 87 or 88 will engage the projection 86 and 
be prevented from following further movement of the 
valve member 75 and thereby permit ?uid communica 
tion between one of the passages 83 and 85 and the 
chamber 72. 
The valve member 75 is normally biased to the left, as 

viewed in FIGURE 1, by a compression spring 91 inter~ 
posed between the end 84 of the valve member 75 and a 
selectively adjustable member 92 carried by the valve 
housing 76, the adjustable member 92 being adapted to 
vary the force of the compression spring 91 tending to 
move the valve member to the left upon adjusting the 
position of the member 92 relative to the valve housing 
7t}. Movement of the valve member 75 to the left is 
limited because the end 82 of the valve member 75 is 
adapted to abut an end wall 93 formed in the Valve hous 
ing 70. 
When the valve member 75 is biased by the spring 91 

against the end wall 93 of the valve housing 70, the 
sleeve valve 81 is disengaged from the bevelled surface 
81 of the valve member 75 by the projection 86 and the 
sleeve valve 37 is in sealing engagement with the bevelled 
surface 80‘ of the valve member 75 whereby only the 
passage 83 is ?uidly interconnected with ‘the chamber 72. 
The bore 79 formed in the valve housing 70 is ?uidly 

interconnected with the outlet annular groove 57 by a 
passage 94 whereby a portion of the ?uid delivered to 
the outlet 58 by the apparatus A is directed to the valve 
F. The force of the ?uid conveyed to the bore 79 acts 
against the end 82 of the valve member 75 and thus tends 
to move the valve member 75 to the right in opposition 
to the force of the compression spring 91. 
The chamber 72 of the valve F is ?uidly interconnected 

with the annular grooves 22 formed in the cylinder block 
13 in the following manner. A passage 95 formed in the 
housing section 12 ?uidly interconnects the chamber 72 
of the valve F with a passage 56 formed in the mem 
ber 46 carried by the cylinder block B. The passage 96 
in the member 40 is, in turn, fluidly interconnected with 
an annular space 97 formed between the sections 17 and 
18 of the cylinder block B, the space 97 being, in turn, 
?uidly interconnected with the annular grooves 22 at a 
point between the end wall 23 thereof and the movable 
member 50 regardless of the positions of the movable 
members 56 relative to the cylinder block B as the mova 
ble members 50 are provided with reduced pontions 93 
at the ends 51 thereof. 
The chamber 73 of the valve F is ?uidly interconnected 

with a chamber G de?ned between the end wall 15 and 
the cylinder block B in the housing bore 14 by passage 
means 99 leading from the chamber 73 of the valve F 
through the housing section 12 and the cylinder block B 
to the bore 14. The chamber G is, in turn, ?uidly in 
terconnected with the exterior of the housing 10 by a 
drain port 100. 
The operation of the hydraulic apparatus A, when act 

ing as a hydraulic pump, will now be described. During 
the initial starting phases of the hydraulic apparatus A, 
the force of the compression springs 54 maintain the 
movable members 50 in their extreme right positions 
whereby the end surfaces 52 thereof are disposed in en 
gagement with the end wall 24‘ and the volumes of the 
chambers D, de?ned thereby, are at minimum values. 
Upon rotation of the shaft 38 by a suitable power source 
(not shown), the cam plate 31 is rotated thereby causing 
reciprocation of the pistons 25 in a manner well known 
in the art. As each piston 25 moves from top dead cen 
ter to bottom dead center, the volume or the respective 



sprees? 

piston cavity C increases from its minimum volume to 
its maximum volume and thus causes ?uid to be drawn 
from the inlet 61 into the respective cavity C through 
the valve means E in a manner previously described. 
When the respective piston 25 begins its discharge stroke, 
i.e., moves from bottom dead center toward top dead 
center, the ?uid within the respective cavity C is dis~ 
placed by the piston 25 out the outlet 58 through the 
valve means E in the manner previously described. A 
portion of the pressure ?uid displaced to the outlet 58 is 
conveyed by the passage 94 to the valve F. Since the 
pump A is beginning its operation, the spring 91 has 
forced the valve member 75 to its extreme left position 
thereby permitting the portion of the pressure ?uid 
directed by the passage means 94 to pass through the 
opened passage 83 into the chamber 72, and thus from 
the chamber 72 through the passage means 95-Q7 into 
the annular grooves 22 between the end walls 23 and the 
movable members 50. 

During the initial operation of the apparatus A, the 
pressure value of the ?uid delivered to the outlet 58 is 
relatively small until a sufficient quantity has been 
delivered. Therefore, the force of the springs '54 is suffi 
cient to overcome the force of the ?uid in the piston 
cavities C tending to cause movement of the members 50 
away from the end walls 24 during. the starting opera 
tion. As the pressure value of the pressure ?uid in the 
cavities C increases, the pressure value of the ?uid con 
veyed to the annular grooves 22 increases correspond~ 
ingly and thereby maintains the members 50 against the 
end Walls 24. 
When the pressure value of the pressure ?uid delivered 

to the outlet 58 reaches the desired predetermined value, 
as determined by the particular compression force setting 
of the compression spring 91, the ‘force of the pressure 
?uid conveyed by the passage 94 to the valve F acts 
against the end 82 of the valve member 75 and causes 
movement thereof to the right in opposition to the force 
of the compression spring 91 until the enlarged portion 
76 thereof is centered relative to the projection 86. As 
previously stated, when the portion 76 of the valve mem 
ber 75 is centered relative to the projection 86‘, the valve 
sleeves 87 and 38 are permitted to seal Off communica 
tion between the passages 85 and 83 in the valve member 
75 and the chamber 72 of the valve F. As long as the 
pressure value of the pressure ?uid within the outlet 58 
remains at the predetermined pressure value, the valve 
member 75 remains centered within the valve housing 76 
and the valve sleeves $7 and 88 close o? the respective 
passages 85 and 83 thereby maintaining a predetermined 
volume or static head of ?uid Within a reservoir H, the 
reservoir H comprising the annular grooves 22, passage 
means 95—97, and the chamber 72. of the valve F. The 
predetermined amount of volume of ?uid within the reser 
voir H maintains the movable members 50‘ in their ex 
treme right position in opposition to the force of the 
pressure ?uid within the piston cavities C which tends to 
?ow into the respective chambers D during the compres~ 
sion strokes of the. respective pistons 25 and cause move 
ment of the members. 56‘ to the left. Since the ?uid 
Within thereservoir H is noncompressible and is prevented 
from escaping through the closed passage 85, the mem 
bers 5s remain in their extreme right positions. 
As shown schematically in FIGURE 3, each piston 25 

is numbered I-IX in the same manner that the pistons 25 
are numbered in FIGURE 2. As shown in FIGURE 3, 
the hydraulic apparatus A is operating at its full dis 
placement condition, i.e., the entire amount of ?uid re 
ceived into each piston cavity C during the intake stroke 
of the respective piston 25 is displaced to the outlet 58. 
The piston I is at bottom. dead center and is about to. be 
‘gin its discharge stroke. The pistons II-V are in various 
stages of their discharge strokes, the piston V nearing top 
dead center. The pistons VI-IX are in various stages 
of their'intake strokes and‘thus draw the entire amount 
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of ?uid received within their respective cavities C from 
the inlet 61. Therefore, it can be seen that the total 
amount of ?uid displaced by each piston 25 from the inlet 
61 to the outlet 53 under full displacement conditions is 
the amount represented by the volume of the cavity C 
of the piston I. 
When the pressure value of the pressure ?uid in the 

outlet 58 exceeds the predetermined pressure value, the 
force thereof acting against the end 82 of the valve mem 
ber 75 causes the valve member 75 to move to the right 
past its center position in opposition to the biasing means 
91 and thus permits the valve sleeve 87 to become un 
seated from the enlarged portion 76 thereof by engaging 
the projection 86. When the valve sleeve 87 is unseated 
it can be seen that the passage 85 of the valve member 
75 is now ?uidly interconnected with the reservoir H and 
thus interconnects the reservoir H with the bore 14 in 
the housing 10 by means of the chamber 73 and passage 
Si9. Since the force of the hydraulic ?uid Within each 
piston cavity C during the discharge stroke of the respec 
tive piston 25 is acting against the end 52 of the respec 
tive member 50 tending to move the same to the left and 
thus increase the volume of the respective chamber D, 
this force is not resisted by a static head of ?uid within 
the reservoir H and thus causes the piston 50 to move to 
the left and displace a portion of the volume of ?uid 
within the reservoir H out through the valve means F to 
the drain 10%. Since the members 50 are permitted to 
move to the left during the discharge strokes of the re 
spective pistons 25, it can be seen that a portion of the 
?uid within each piston cavity C is permitted to ?ow 
from the cavity C into the respective chamber D rather 
than to the outlet 58 as the respective piston moves from 
bottom dead center to top dead center. If the chamber 
D has a volume equal to the volume of the respective 
cavity C when the respective piston is at bottom dead 
center, the entire amount of ?uid displaced from the pis 
ton cavity C by the respective piston 25 is delivered to 
the chamber D and none is delivered to the outlet 53 re~ 
sulting in zero displacement or" the hydraulic apparatus A. 
As soon as the pressure value of the pressure ?uid 

within the outlet 58‘ drops to the desired predetermined 
pressure value, the compression spring 91 returns the 
‘valve member 75 to its centered position thereby closing 
oti communication between the reservoir H and the drain 
100. However, since a portion of the ?uid from the pre 
determined amount required to maintain the members 58 
in their extreme right positions has been displaced from 
the reservoir H, the new volume of ?uid contained with 
in the reservoir H permits’ the members 50 to move rela 
tive to the housing 10 and thus reduce the displacement 
of the hydraulic apparatus from its full displacement con 
dition in the following manner. 

Since there is a reduced volume of ?uid now contained 
Within the reservoir H, as illustrated in FIGURE 4, the 
piston I is at bottom dead center and its respective mem 
ber 50 is maintained in a position providing the minimum 
volume for the respective chamber D. However, as the 
pistons II-V move through their respective discharge 
strokes, the pressure value of the ?uid within the respec 
tive piston cavity C acts against the respective members 
50 and causes the same to move away from the end walls 
24 of the annular grooves 22 and thus increase the volume 
of the respective chambers D. This movement of the 
members 58% increases the volume of the chambers D as 
the respective pistons 25 move from bottom dead center 
to top dead center and thus permits a portion of the 
?uid being acted upon by the pistons 25 to be displaced 
from the cavities C to the chambers D‘ rather than to the 
outlet 58. As the cam plate 31 causes each piston 25 
to-pass through top dead‘ center, i.e., changes the move 
ment of the respective piston 25 from its discharge stroke 
to its intake stroke, the respective member 50 thereof is 
moved by the‘ new volume or static head of ?uidwithin 
the reservoir H in order to decrease the volume of the 
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respective chamber D. As shown in FIGURE 4, when 
each piston 25 begins its intake stroke, the respective 
member 50 moves toward the end wall 24 of the respec 
tive annular groove 22 and thus causes the ?uid received 
within the respective chamber D during the discharge 
stroke to be communicated back to the respective piston 
cavity C during at least a part of the intake stroke of 
the piston 25. Since the ?uid from the chamber D is 
being drawn into the piston cavity C by the action of the 
respective member 50 together with the suction condition 
created by the movement of the piston 25, the inlet valve 
66 remains closed. When the entire amount of ?uid has 
been displaced from the chamber D back to the respec 
tive piston cavity C by the respective member 50 as the 
piston 25 moves from top dead center toward bottom 
dead center (see piston IX, FIGURE 4), further move 
ment of the piston 25 toward bottom dead center causes 
the inlet valve 66 to open to thereby permit ?uid to be 
drawn into the cavity C from the inlet 61 in the manner 
previously described. Therefore, the amount of ?uid 
that is drawn into the piston cavities C from the inlet 61, 
during this partial displacement condition, is equal to the 
amount of ?uid that is permitted to be delivered to the 
outlet 58. 

Should the pressure value of the pressure ?uid within 
the outlet 58 fall below the desired predetermined pres 
sure value when the apparatus A is operating under par~ 
tial displacement conditions, the compression spring 91 
will move the valve member 75 to the left past its cen 
tered position and thereby permit the valve sleeve 88 to 
be unseated and permit the pressure ?uid from the out 
let 58 to ?ow through the passage means 94 into the 
reservoir H and increase the volume of the ?uid in the 
reservoir H acting against the movable members 50. 
By increasing the volume of ?uid within the reservoir 
H, the amount of movement of the members 50 is de 
creased and thus the amount of ?uid delivered to the 
outlet 58 increases. Therefore, ~ the control valve F 
tends to maintain the pressure value of the pressure ?uid 
delivered by the apparatus A to the outlet 58 at a pre 
determined pressure value by varying the displacement 
of the apparatus A. 
The predetermined pressure value setting of the ape 

paratus A can be selectively changed by changing the 
compression force of the spring 91, i.e., by adjusting 
the position of the member 92 relative to the housing 70. 

It is to be understood that the operation of the hy 
draulic apparatus A, when acting as a hydraulic motor, is 
substantially the same as that set forth above except that 
pressurized ?uid is delivered to‘ the apparatus A in order 
to cause reciprocation of the pistons 25 and thus rota 
tion of a utilization means coupled to the drive shaft 35. 

It should further be understood that other means 
could be provided for regulating the amount of ?uid to 
be contained within the reservoir H than the control valve 
means F previously described. 
The hydraulic apparatus A’, illustrated in FIGURE 5, 

is substantially the same as the hydraulic apparatus A 
illustrated in FIGURE 1 except that the positions of 
the means for varying the displacement of the apparatus 
A’ have been changed. in FIGURE 5, the cylinder block 
B’ is provided with a plurality of cylinders 21’ having 
a plurality of pistons 25’ disposed respectively therein. 
Each piston 25’ is provided with a bore 101 ?uidly inter 
connected with the end 26’ thereof by a passage 102. 
A movable member 103 is sealably disposed within each 
bore 101 and is normally biased against an end wall 
104 of the bore 101 by a compression spring 105 dis 
posed between another end wall 106 of the bore .101 and 
the movable member 103. Each movable member 103 
cooperates with the bore 101 and end wall 104 to de?ne 
a chamber D’, the chambers D’ being utilized for the 
same purpose as the chambers D previously described. 
The passage 96’, formed in the member 40' and lead 

ing from the control valve F’, is interconnected to the 
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18 
space in the bores 101 between the movable members 
103 and the end wall 106 by an annular passage 107 
formed in the cylinder block B’. The annular passage 
107 is, in turn, interconnected with each bore 101 by 
a passage 108 formed in each piston 25'. The bores 
1&1, passages 96’, 107 and 108, together with the con-, 
trol valve F’ de?ne a reservoir I-I’ similar to the reser-l 
voir H previously described. , _ 

, The operation of the hydraulic ‘apparatus A’ illus-_ 
trated in FIGURE 5 is subs-tantiallythe same as that 
set forth for the apparatus A illustrated in FIGURE 1 
and, therefore, the particular details of the operation will 
not be described. 
As shown in FIGURE 7, the hydraulic apparatus A’, is 

operating under full displacement conditions, i.e., the 
movable members 103 are disposed and maintained 
against the ends 104 of the respective pistons 25’ by the 
static head of ?uid within the reservoir H’ whereby the 
volume of each chamber D is at a minimum volume 
thus permitting the entire ?ow of ?uid ‘from the inlet 61' 
to pass to the outlet 58’. 
The pistons 25’, illustrated schematically in FIGURE 

7, are numbers I’—IX’ in the same manner as shown in 
FIGURE 6. Piston I’ is at bottom dead center and fur 
ther movement of the cam plate 31’ will cause piston 
I’ to begin its discharge stroke. Pistons II’-V’ are 
in various stages of their discharge strokes, piston V near 
ing top dead center. Since the members 103 are main 
tained against the end walls 104 during the entire 
discharge strokes of the pistons 25’, the entire amount 
of ?uid drawn into the piston cavities C’ during the in 
take strokes is delivered to the outlet 58". Pistons VI’ 
IX’ are in various stages of their intake strokes drawing 
the entire amount of ?uid into the cavities C’ from the 
inlet 61’. 
As shown in FIGURE 8, the hydraulic apparatus A’ is 

operating under partial displacement conditions, i.e., 
the members 103 are permitted to move relative, to the 
pistons 25' as the amount of the static head of pressure 
?uid in the reservoir H’ has been decreased from‘ the 
predetermined amount necessary to maintain the mem 
bers 103 in engagement with the ends 103 of the pis 
tons 25’. Thus a portion of the ?uid displaced by the 
pistons 25’ during their discharge strokes is communi 
cated from the respective piston cavity C’ into the 
chambers D’. The ?uid conveyed to the chambers D’ 
during the discharge strokes of the respective pistons is 
displaced by the movable members 103 back into the 
respective cavities C’ during the intake strokes of the 
pistons 25'. Thus the amount of ?uid received from the 
inlet 61’ into the piston cavities C’ during the intake 
strokes of the pistons 25’ is only the same amount that 
is actually delivered to the outlet 58’. . 
As shown schematically in FIGURE 8, piston I’ is at 

bottom dead center and, upon further rotation of the 
cam plate 31’, the piston I’ will move toward top dead 
center. Pistons II’—V’ are in various stages of their 
discharge strokes. As each piston 25’ moves from bot 
tom dead center toward top dead center, the respective 
member 103 moves away from the respective end wall 
104 increasing the volume of the respective chamber 
D’ whereby a portion of the ?uid within the respective 
cavity C’ is forced into the expanding chamber D’ rather 
than to the outlet 58’. Movement of the members 103 
is permitted because the amount of ?uid in the reservoir 
H’ has been reduced from the amount necessary to pro 
vide maximum displacement of the apparatus A’. If, 
when each piston 25’ reaches top dead center, the vol 
ume of the chamber D’ equals the volume of the piston 
cavity C’ when the piston was at bottom dead center, 
the displacement of the apparatus A’ will be zero. Pis 
tons VI’-1X’ are in various stages of their intake strokes. 
As each piston 25’ moves from top dead center to bot 
tom dead center, the respective member 103 is forced 
toward the end wall 104 forcing the ?uid within the 
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chamber D’ back» to the piston cavity C’. The mem 
bers 103 are moved toward the end wall 104 because the 
static head of ?uid in the reservoir H’ is simultaneously 
being displaced by another member 103 moving away 
from the respective end wall 104. Since the ?uid with 
in the chambers D’ is being expelled therefrom into the 
respective cavities C’ during at least a portion of the 
intake strokes of the respective pistons, the only ?uid 
drawn into the cavities C’ from the inlet 61' is that 
amount which was actually displaced to the outlet 58'. 

Therefore, it can be seen that there has been described 
an improved hydraulic apparatus having means whereby 
the displacement thereof is selectively varied without 
varying the actual movement of the pistons between bot 
tom dead center and top dead center. 

While this invention has been disclosed in connec 
tion with certain speci?c embodiments thereof, it is to 
be understood that this is by way of example rather than 
limitation, and it is intended that the invention be de 
?ned by the appended claims. 
What is claimed is: 
i. In a hydraulic apparatus, a block; means de?ning 

a cylinder in said block; a piston disposed in said cylin~ 
der; means providing a cavity de?ned in part by said 
piston; means for reciprocating said piston between bot 
tom dead center and top dead center relative to said 
block whereby movement of said piston‘from top dead 
center to bottom dead center increases the volume of 
said cavity; means de?ning a chamber ?uidly intercon 
nected with said cavity, said chamber being de?ned in 
part by a movable member carried by said piston where 
by movement of said member from a ?rst position to a 
second position relative to said block increases the 
volume of said chamber; means providing a fluid reser 
voir de?ned in part by said member; and means for selec 
tively applying and venting ?uid respectively to and from 
said reservoir whereby when said reservoir is ?lled with 
a predetermined‘ amount of ?uid, said member is main 
tained in said ?rst position, and when the predetermined 
amount of'?uid in said reservoir is' decreased a selected 
amount, said member is permitted to move from its 
said ?rst position to a selected position as said piston 
moves from bottom‘ dead center to top dead center to 
thereby‘ vary the combined volume of said cavity and 
said chamber when said piston is at top dead center. 

2. In a hydraulic. apparatus, a cylinder block; means 
de?ning a plurality of cylinders in said block; a plu 
rality of pistons disposed respectively in said cylinders; 
means providing a plurality of cavities respectively de 
?ned in part by said pistons; means for sequentially re 
ciprocating said pistons between bottom dead center and 
top dead center whereby movement of each piston from 
top dead center to bottom dead‘ center increases the 
volume of the respective cavity; a plurality of members 
carried respectively by said pistons and movable rela 
tive thereto; means de?ning a plurality of chambers re 
spectively interconnected with said cavities, each cham 
be: ‘being de?ned in part by the respective member where 
by movement of said members from a ?rst position to a 
second position relative’ to said block increases the 
volume’ of the respective chambers; and means opera 
tively interconnected‘ with said members adapted to move 
each member to its said ?rst position when the respective 
piston is moved to bottom dead center, said means being 
adapted to permit selected movement of each member 
from its said ?rst position to any position between its 
said ?rst and second positions as its respective piston 
moves from bottom dead center to top dead center to 
thereby vary the combined volume of each cavity and 
its respective chamber when the respective piston is at 
top dead center; 

3. In a hydraulic apparatus, a cylinder block; means 
de?ning a plurality of cylinders in said block; a plurality 
of pistons disposed‘ respectively in said cylinders; means 
providing" a. plurality of. cavities respectively de?ned in 
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12 
part. by said pistons; means for sequentially reciprocating 
said’ pistons between bottom dead center and top dead‘ 
center whereby movement‘ of each. piston from top dead 
center to‘ bottom dead center increases the volume of the 
respective‘ cavity; means. de?ning'a plurality of chambers 
in said block,. saidchambers being respectively intercon 
nected with said cavities and being respectively de?ned 
in. part by a plurality of movable members carried‘ re 
spectively by said pistons whereby movement of said 
members from a ?rst position to‘ a second position rela 
tive to said block increases the volume of‘ the respective 
chambers; and means operatively interconnected with 
said members adapted to move each member to its said 
?rst position when the respective piston is moved to bot 
tom dead center, said means being adapted to permit 
selected movement of each member from its said ?rst 
position to any position between its said ?rst and second 
positions as its respective piston moves from bottom dead 
center to top dead center to thereby vary the combined 
volume of each cavity and its respective chamber when 
the respective piston is at top dead center. 

4. in a hydraulic apparatus, a cylinder block; means 
de?ning a plurality of cylinders in said block; a plurality 
of pistons disposed respectively in said cylinders; means 
providing a plurality of cavities respectively de?ned in 
part by said pistons; means for sequentially reciprocating 
said pistons between bottom dead center and top dead 
center whereby movement of each piston from top‘ dead 
center to bottom dead center increases the volume of 
the respective cavity; means de?ning a plurality of cham 
bers respectively disposed in said pistons and respectively 
interconnected with said cavities, said chambers being 
respectively de?ned in part by a plurality of movable 
members whereby movement of said members from a 
?rst position to a second position relative to said block 
increases‘ the volume of the respective chambers; and 
means operatively interconnected with said members 
adapted to move each member to its said ?rst position 
when the respective piston is moved to bottom dead 
center, said means being adapted to permit selected move 
ment at each member from its said first position‘ to any 
position between its said ?rst and second positions as its 
respective piston moves from bottom dead center to top 
dead center to thereby vary the combined volume of each 
cavity and its respective chamber when the respective 
piston is at top dead center. 

5. In a hydraulic apparatus, a block; means de?ning 
a‘ cylinder in said block; a piston disposed in said cylin 
der; means providing a cavity de?ned in part by said pis 
ton; means for reciprocating said piston between bottom 
dead center and top dead center; means de?ning an inlet 
and an outlet leading respectively to and from said cav 
ity; valve means being adapted to interconnect said in 
let with said cavity when said piston is moved. from top 
dead center to bottom dead center to thereby permit said 
cavity to receive fluid from said inlet and being adapted 
to interconnect said outlet with said cavity when said 
piston is moved from bottom dead center to top dead 
center whereby said piston is adapted to displace said 
?uid from. said cavity to said outlet; means de?ning a 
chamber ?uidly interconnected with said cavity, said 
chamber being de?ned in part by a movable. member car 
ried by said piston whereby movement of said member 
from a ?rst position to a second position relative to said 
block increases the volume of said chamber; meansv pro 
viding a ?uid reservoir de?ned in part by said member; 
andv means for selectively applying and venting ?uid re» 
spectivelytov and from said reservoir whereby when said 
reservoir is ?lled with a predetermined amount of ?uid, 
said member is maintained in said ?rst position, and. when 
the predetermined amount of ?uid in said reservoir is 
decreased a selected amount, said member is permitted 
to move from its said ?rst position to a selected position 
as said piston moves from bottom‘ dead centerv to top 
dead center whereby at least a‘ portion of the ?uid dis 
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placed by said piston from said cavity is delivered to 
said chamber rather than to said outlet to thus vary the 
displacement of said apparatus. 

6. In a hydraulic apparatus, a cylinder block; means 
de?ning a plurality of cylinders in said block; a plurality 
of pistons disposed respectively in said cylinders; means 
providing a plurality of cavities respectively de?ned in 
part by said pistons; means for sequentially reciprocating 
said pistons between bottom dead center and top dead 
center; means de?ning an inlet and an outlet leading re 
spectively to and from said cavities; valve means being 
adapted to interconnect said inlet with each cavity when 
the respective piston is moved from top dead center to 
bottom dead center to thereby permit the cavity to re 
ceive ?uid from said inlet and being adapted to intercon 
nect said outlet with each cavity when the respective pis 
ton is moved from bottom dead center to top dead cen 
ter whereby each piston is adapted to displace the fluid 
from the respective cavity to said outlet; a plurality of 
members carried respectively by said pistons and mov 
able relative thereto; means de?ning a plurality of cham 
bers respectively interconnected with said cavities, each 
chamber being de?ned in part by the respective member 
whereby movement of said members from a ?rst posi 
tion to a second position relative to said block increases 
the volume of the respective chambers; and means op 
eratively interconnected with said members adapted to 
move each member to its said ?rst position when the re 
spective piston is moved to bottom dead center, said 
means being adapted to permit selected movement of 
each member from its said ?rst position to any position 
between its said ?rst and second positions as its respec 
tive piston moves from bottom dead center to top dead 
center whereby at least a portion of the fluid displaced 
by each piston is delivered to the respective chamber 
rather than to said outlet to thus vary the displacement 
of the apparatus. 

7. In a hydraulic apparatus, a cylinder block; means 
de?ning a plurality of cylinders in said block; a plurality 
of pistons disposed respectively in said cylinders; means 
providing a plurality of cavities respectively de?ned in 
part by said pistons; means for sequentially reciprocating 
said pistons between bottom dead center and top dead 
center; means de?ning an inlet and an outlet leading 
respectively to and from said cavities; valve means be 
ing adapted to interconnect said inlet with each cavity 
when the respective piston is moved from top dead cen 
ter to bottom dead center to thereby permit the cavity 
to receive ?uid from said inlet and being adapted to in 
terconnect said outlet with each cavity when the respec 
tive piston is moved from bottom dead center to top dead 
center whereby each piston is adapted to displace the 
?uid from the respective cavity to said outlet; means 
de?ning a plurality of chambers respectively disposed in 
said pistons and respectively interconnected with said 
cavities, said chambers being respectively de?ned in part 
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by a plurality of movable members whereby movement 
of said members from a ?rst position to a second posi— 
tion relative to said block increases the volume of the 
respective chambers; and means operatively intercon~ 
nected with said members adapted to move each mem 
her to its said ?rst position when the respective piston is 
moved to bottom dead center, said means being adapted 
to permit selected movement of each member from its 
said ?rst position to any position between its said ?rst 
and second positions as its respective piston moves from 
bottom dead center to top dead center whereby at least 
a portion of the ?uid displaced by each piston is deliv 
ered to its respective chamber rather than to said outlet 
to thus vary the displacement of the apparatus. 

8. In a hydraulic apparatus, cylinder block; means 
de?ning a plurality of cylinders in said block; a plurality 
of pistons disposed respectively in said cylinders; means 
providing a plurality of cavities respectively de?ned in 
part by said pistons; means for sequentially reciprocating 
said pistons between bottom dead center and top dead 
center; means de?ning an inlet and an outlet leading re 
spectively to and from said cavities; valve means being 
adapted to interconnect said inlet with each cavity when 
the respective piston is moved from top dead center to 
bottom dead center to thereby permit the cavity to re 
ceive ?uid from said inlet and being adapted to inter 
connect said outlet with each cavity when the respective 
piston is moved from bottom dead center to top dead 
center whereby each piston is adapted to displace the 
?uid from the respective cavity to said outlet; means de~ 
?ning a plurality of chambers in said block, said chlam 
bers being respectively interconnected with said cavities 
and being respectively de?ned in part by a plurality of 
movable members carried respectively by said pistons 
Whereby'movement of said members from a ?rst posi 
tion to a second position relative to said block increases 
the volume of the respective chambers; and means oper 
atively interconnected with said members adapted to move 
each member to its said ?rst position when the respective 
piston is moved to bottom dead center, said means be 
ing adapted to permit selected movement of each mem 
her from its said ?rst position to any position between 
its said ?rst and second positions as its respective piston 
moves from bottom dead center to top dead center where 
by at least a portion of the ?uid displaced by each pis 
ton is delivered to its respective chamber rather than to 
said outlet to thus vary the displacement of the apparatus. 
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