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2,956,506
HYDRAULIC PUMP OR MOTOR

Robert W. Brundage, 26521 Parklawn Drive,
Ruclid 17, Ohio

Filed Nov. 21, 1955, Ser. No. 548,022
, 2 Claims. (CL 103—120)

This invention pertains to the art of hydraulic pumps
or motors and more particularly to rotary positive dis-
placement hydraulic pump or motor of the type having
constantly increasing and decreasing volume chambers
which are commutated by lands from inlet to outlet
manifolds and vice versa.

The invention is particularly applicable to internal-
gear type rotary pumps or motors and will be described
as applied thereto although it will be appreciated that the
invention is equally applicable to, without limitation,
vane or barrel type pumps or motors.

Such pumps or motors are normally comprised of a
plurality of members relatively movable to each other
and defining a plurality of pumping or motor chambers
revolving in a fixed closed path of movement which
gradually increase and decrease in volume to thus re-
ceive and discharge a hydraulic fluid. Each chamber
has an opening or passage movable therewith for com-
municating it with one or the other of the manifolds.
The manifolds are separated by lands which momen-
tarily close the openings or passages as the openings move
from one manifold to the other.

The width of these lands relative to the width of the
passages communicating the chambers with the mani-
folds in the direction of movement heretofore has been a
very important part of pump design and operation.

Thus, if the width of the land is marrower than the

10

15

20

25

30

35

width of the passage, then for an instant in the arc of ro- &

tation of the passage past the land, fluid can leak from
the outlet manifold to the inlet manifold around the
land through the passage. With high pressure pumps sub-

stantial amounts of fluid can leak past the land in such .

event. This is ordinarily called “leakage.”

If the land is wider than the passage and for example,
the land is positioned adjacent a point in the movement
of the chambers where they are decreasing in volume, it
will be appreciated that for an instant in the arc of ro-
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tation no fluid can leave the chamber and very high *

pressures within the chamber can result. This is ordi-
narily termed “trapping” and is conmsidered very detri-
mental in pumps of the type to which this invention
pertains.
the present invention deals.

65

Trapping is the principal problem with which

If the land is wider than the passage and is adjacent

a point in the arc of movement of the chambers where
their volume is increasing, there is an instant when
fluid cannot enter the chamber and a “vacuum” results.
A vacuum produces only relatively small pressure dif-
ferentials from that which ordinarily exist and is not
considered particularly detrimental. The present inven-
tion in some instances makes use of this vacuum to al-
leviate the problem of trapping.
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Because of the problems of trapping and vacuum, it = °

has heretofore been conventional to position the lands
opposite the point of minimum and maximum volume
where the problems of trapping and vacuum are mini-
ized. Here the rate of volume change per arc of rotation
-is relatively low. Also, with the land positioned ad-
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jacent the point of maximum volume, there is a vacuum
created in the chamber as it approaches the point which
offsets the trapping which would occur after the chamber
goes from increasing volume to decreasing volume.

However, in substantially all pumps of the type to
which this invention pertains there is a problem of leak-
age between the individual chambers, one exposed to a
high pressure and the other to a low pressure, between
the surfaces which separate the two chambers. It has
been considered desirable to increase the width of a land,
either positioned adjacent the points of minimum and
maximum volume or otherwise in the pump, so that the
land will cover a span of fwo or more chambers. In
such a case, however, the problem of trapping becomes
a very serious problem. .

This problem of trapping also exists in a serious way
where the lands are of a width to prevent leakage and
are moved from the points of minimum and maximum
volume so as to adjust the volume of fluid passing through
the pump or motor for a given arc of rotation or per
unit movement,

One method and arrangement for preventing some of
the difficulties referred to above has been described in
my copending patent application Serial Number 497,779,
filed March 29, 1955, now Patent No. 2,898,862. In
this application, an arrangement is described wherein
only the land normally located adjacent the point of
minimum chamber volume is adjustable in the direction
of rotation, that is, in the direction of increasing volume.
The other land, namely the one adjacent the point of
maximum volume of the chambers, remains £xed. ~ With
such an arrangement, some of the fluid under pressure in
the outlet manifold flows into some of the increasing
volume chambers. These increasing volume chambers
then act as a motor to recover the energy of the fluid
or at least part of it.

The present invention contemplates a rotary pump or
motor of a positive displacement type wherein the lands
may be of any relative width relative to the passages
communicating the chambers with the manifolds, which
is efficient, which avoids the problems of trapping and
leakage and is simple in construction.

In accordance with the invention, a positive displace-
ment hydraulic pump or motor is provided comprised
of a plurality of members relatively movable to each
other and defining a plurality of pumping chambers 1e~

k volving in a fixed closed path of movement, inlet and

outlet manifolds and an opening or passage movable
with each chamber communicating the chambers with
either the inlet or outlet manifolds, a pair of lands seal-
ingly separating the manifold and having a line-of-move-
ment width greater than the line f movement width of
the passage communicating each chamber with the two
manifolds, and a passage closed to the inlet and outlet
manifolds, having a first-opening progressively communi-
cating with the decreasing volume chambers and a second
opening progressively communicating with the increas-
ing volume chambers, when adjacent to their respective
lands. '

With this arrangement fluid, which would ordinarily
be trapped in the decreasing volume chamber, can flow
into the passage and thence into an increasing volume
chamber, whereby the trapping pressures are prevented.

Further, in accordance with the invention, the passage
openings may be simultaneously in communication with
decreasing and increasing volume chambers . providing
that the increasing volume chamber is increasing in
volume at a rate equal to or greater than the rate of
decrease of decreasing volume chambers. )

Further, in accordance with the invention, the passage
opening may. communicate, first, with- an - increasing
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volume chamber and, then, with a decreasing volume
chamber, whereby a vacuum is first created in the passage
to prepare the passage to: receive fluid from the de-
creasing volume chamber when the passage opening next
comes into communication. therewith.

" Still further, in accordance with the invention, either
one or both lands may be made adjustable over the entire
arc.of movement of the chambers whereby the volume of
fiuid passing' through the proper motor for a given are
of rotation may be adjusted.

Still further, in accordance with the invention, either
one or both lands may each have a width greater than
the span. between two chambers and a pair of passages
closed to.each other and the manifold, and having open-
ings communicating progressively with the chambers hav-
ing a volume change in opposite direction, whereby to
relieve the trapping which would ordinarily occur.

Still further, in accordance with the invention, each
land is comprised of two spaced auxiliary lands having a
width in the direction of movement less than the line of
movement width of the passage and the space between the
lands is the passage opening.

The principal object of the invention is the provision
of a new and improved hydraulic pump or motor of the
type where the increasing-decreasing volume chambers
thereof are commutated from one manifold to another by
lands wherein the lands may be of any width and may be
positioned relative to the points of minimum and maxi-
mum volume of the chambers without difficulties from
trapping or vacuum.

Another object of the invention is the provision of a
new and improved hydraulic pump of the positive dis-
placement type which, for a fixed drive speed, has a
variable volume output at higher efficiency than hereto-
fore obtainable.

Still another object of the invention is the provision of
a new and improved hydraulic motor of the positive-
displacement type which for a fixed or predetermined flow
of fluid has a variable output speed at higher efficiency
than heretofore obtainable.

Another object of the invention is the provision of a
new and improved hydraulic pump or motor of the posi-
tive displacement type wherein one or more of the lands
are adjustable and the difficulties with trapping and leak-
age are alleviated.

Another object of the invention is the provision of a
new and improved positive displacement hydraulic pump
or motor having a wide stop adjustable over at least por-
tions of the arc of decreasing-volume chambers and means
are provided for receiving trapped fluid from a decreasing-
volume chamber when trapping would occur and flowing
it t0 an increasing-volume chamber.

Another object of the invention is the provision of a
new and improved hydraulic pump or motor having an
adjustable land -or lands for the purpose of controlling
the volume of fluid or the speed of the motor wherein
means are provided for bypassing any trapped fluid to the
increasing-volume chambers.

The invention may take physical form in certain parts
and arrangements of parts, all differing radically in ap-
pearance one from the other, preferred embodiments of
which will be described in detail in this specification and
illustrated in the accompanying drawings, which is a part
bereof and wherein:

Figure 1 is a side cross-sectional view of an internal
gear type pump or motor embodying the present
invention.

Figure 2 is a cross-sectional view of Figure 1 taken ap-
proximately on the line 2—2 thereof.

Figure 3-is a fragmentary detail view of Figure 2 taken
approximately in the line 3—3 thereof.

Figures 4, 5 and 6 are schematic views similar to Fig-
ure 2 showing the relationship of the parts at three dif-
ferent points in the arc of rotation.

Figures 7 and 8 are fragmentary enlarged views of the
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stops of Figure 2 to show the relationship of certain
critical dimensions. ) ’

Figures 9, 10, 12 and 13 are views similar to Figure 2
but showing alternative embodiments of the invention,
and

Figure 11 is a fragmentary enlarged view of Figure 10
taken approximately on the line 11—11 thereof.

Referring now to the drawings wherein the showings
are for the purposes of illustrating a preferred embodi-
ment of the invention only, and not for the purposes of
limiting same, Figures 1 and 2:show a plurality of, in this
case two, members 10—11 relatively movable to each
other and so formed as to define a plurality of chambers
12, 13 which respectively-increase and decrease in volume
as the members move. The reference character 12 indi-
cates those chambers which are increasing in volume and
the reference character 13 indicates those which are
decreasing. in volume. - : i

The members 10-—11- could be either the relatively
movable members of @ vane type pump; the movable
members of a reciprocating rotatable cylinder or wobble
plate type pump, or any other form of pump wherein
there are a plurality of chambers. which progressively in-
crease and decrease in volume as the members move,
and part of the chambers are continuously in communica-
tion with the input manifold and another part of con-
tinuously in communication with an output manifold.

In the embodiment of the invention shown, an internal
gear type pump is employed comprised of an inner-gear
which will be referred to-by the reference character 11
and an outer-gear which will be hereinafter referred to
by the reference character 10, and these two gears rotate
relative to each other, with the direction of rotation being
assumed for the purposes of describing the invention as
clockwise.

The inner-gear 11 has a plurality of teeth 15, and inter-
mediate roots 16 which mesh with teeth 17 and roots 18
of the outer gear 10. There is one less tooth 15 on the
inner gear 11 than there is on the outer gear 10, and the
shape of the teeth and roots is so arranged that at. all
times each tooth 15 will have a point 19 of sealing en-
gagement with the tooth 17 of the outer gear 10. - Obvi-
ously there could be greater than one tooth differential.

The axes of rotation of the two gears 10, 11-are offset
one from the other and in the embodiments shown there is
a point n of minimum volume and a point x of maximum
volume of the chambers 12, 13. It will be noted that a
line through the points n, x divides the chambers 12.and
the chambers 13 from each other. Obviously, when the
chambers are exactly opposite either the point n or x,
there is no relative increase or decrease of volume al-
though just prior to and after passing by these two points
there is a slight change of volume.

The inner gear 11 is mounted for rotation on a drive
shaft 25 and is keyed thereto by means of a key 26.

The two gears 10, 11 are of the same axial thickness
and are mounted for rotation in a housing 28 having a
circular cavity 30 of a diameter somewhat greater than
the outer diameter of thie gear 10 and an outer peripheral
surface 31 concentric with the outer surface 32 of the
gear 10.

A control member 35 in the form of a circular plate
and having a diameter generally equal to-the diameter of
the cavity 30 is disposed at the base thereof and with the
gears 10, 11 substantially fills the cavity 30. A cover
plate 36 fits over the cavity 30 and is in sealing engage-
ment with the right hand side of the gears 10, 11 as
viewed in Figure 1, as is the control member 35 which
is in sealing engagement with the left hand side of the
gears 10, 11 as viewed in Figure 1.

The control member 35-has two lugs or lands 37, 38
which extend axially into the space between the surfaces
31, 32 and are in sliding but sealing engagement -there-
with, and divide- the-space between the surfaces 31, 32
into. an. inlet. manifold: 40" and. an outlet manifold. 41.
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Pipes 42, 43 communicate through the wall of the hous-
ing 28 with the inlet and outlet manifold 40, 41 respec-
tively to provide an inlet and outlet passage for the
pumps. It will be noted that the pipes 42, 43 are located
about 45 degrees in the direction of rotation from the
point of minimum and maximum volume n, x. Obviously
the pipes 42, 43 could be otherwise located but because
of the adjustability of the stops 37, 38 this location of
the inlet and outlet points is particularly advantageous
to give maximum range of adjustability with a maximum
degree of efficiency.

The control member 35 is rotatably supported in the
housing 28 and has a boss 45 extending into a counter
bore in the housing 28. The boss 45 has worm teeth
46 formed in its surface engaged by a worm wheel 47
having a shaft not shown which extends through the side
of the housing 28 and is accessible from the outside so
that the control member 35 may be fixedly adjusted to
any desired point.

It will be noted that the shaft 25 extends into a recess
in the right hand face of the control member 35 for the
purpose of providing a physically strong rotatable assem-
bly.

Each chamber 12, 13 has a passage 58 extending radial-
ly outwardly from each root 18 through the outer surface
32 of the gear 16 communicating either with the inlet
manifold 48 or the outlet manifold 41 as the gears rotate.

In operation, as the gears 18, 11 rotate the chambers
12 constantly increase in volume thus creating a suction
effect. Hydraulic fluid, not shown, flows inwardly
through the pipe 42 to the inlet manifold 48, then
through the passages 50 to the chambers 12.

Hydraulic fluid also flows out of the decreasing volume
chambers 13 through the passages 5¢ into the outlet mani-
fold 41 and then through the pipe 43. The lands 37, 38
prevent communication between the inlet and outlet mani-
folds 40, 41. In effect the passages are commutated as
they pass the lands.

If the lands 37, 38 are positioned adjacent the points
of minimum and maximum volume n, x respectively, the
pump would pump its maximum capacity. Thus all the
enlarging chambers 12 would be in communication
through the passages 50 with the inlet chamber 46 and
all of the decreasing-volume chambers 13 would be in
communication with the outlet manifold 41.

In accordance with the present invention, however,
the lands 37, 38 are adjustable away from the points #,
x to provide an adjustable output volume for the pump
for a given constant rotational speed. Thus if the lands
37, 38 are adjusted to the position shown in Figure 2,
it will be seen that for a portion of the arc of rotation,
the increasing-volume chambers 12 will be in communica-
tion with the outlet manifold 41, thus decreasing the
volume of fluid flowing through the pipe 43. 1In a like
manner, over a portion of the arc of rotation, the decreas-
ing-volume chambers 13 will be in communication with
the inlet manifold 40 and the fluid being discharged from
these decreasing-volume chambers will not flow through
the conduit 43 and the volume of the output of the pump
will be further reduced.

If the lands 37, 38 were adjusted to a point oriented
90 degrees from the point 7, x, then the pump would
have zero volume output. If the lands were adjusted
still further from the indicated position, fluid would be
pumped in the opposite direction, that is to say, the inlet
manifold would become the outlet manifold and vice
versa.

It will be noted that the passages 50 each have a width
a in the direction of movement. The relationship of the
width of the lands 37 in relation to the dimension @
form an important part of the present invention. It
should be noted that if the width of the land 37 is equal
to or greater than the dimension g, then for a fraction
of the arc of rotation fluid cannot be discharged nor
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taken into the passage 50z. In the case where discharge
of fluid is prevented, a situation, as previously referred
to, called “trapping” arises wherein extremely high pres-
sures internally of the decreasing-volume chamber 13
can result.

On the other hand, if the width of the land 37 is made
less than the dimension a then for a small fraction of
the arc of rotation fluid can flow from the outlet manifold
around the land through the outer portions of the pas-
sage 50 to the inlet manifold 40. ILeakage results. The
present invention deals directly with this problem. Thus
the stop 37 is actually comprised of a plurality of minor
or auxiliary stops, stops 37c and 37d, two being shown,
with a space 52 having a width b separating these two
lands. Tn a like manner the stop 38 is comprised of
two spaced stops, 38¢ and 38%, with an intermediate
space 53 having a dimension f therebetween. The di-
mensions. b and f are generally not critical and may be
either greater or less than the dimension a. It will also
be noted that the openings 52, 53 are oriented 180 degrees
from each other which is preferably the case with an
arrangement having an even number of chambers 12, 13.
If an odd number of chambers 12, 13 were employed,
then the stops 37, 38 are preferably oriented relative
to each other so that the openings 52, 53 communicate
with a passage 50 at the same time. The criterion for
the stop orientation is that the rate of volume decrease of
the chamber 13 adjacent the land 37 must be equal to
or less than the rate of volume increase for the chamber
12 with which it is communicated.

It will be noted that if opening 53 communicates with
an increasing volume chamber while the opening 52 is
sealed from a decreasing volume chamber, a vacuum
will be created within the passage 54. Thus, when the
opening 52 reaches a passage 50 in communication with
a decreasing volume chamber, the passage 54 will be
conditioned to receive fluid from the chamber 13 and
trapping will be either eliminated or considerably allevi-
ated.

In accordance with the invention, the minor lands 37¢
and 37d have a width equal to or preferably slightly less
than the width @ of the passage 50. Thus no trapping can
occur because of the width of these lands.

Further in accordance with the invention, the space
52 is made to communicate with an increasing-volume
chamber 12 whenever the passage 50 is in communication
therewith. Thus the fluid from the decreasing-volume
chamber 13, when in communication with the passage
52, flows to an increasing-volume chamber. The energy
of this fluid acts like a motor in the increasing volume
chambers and its energy is recovered.

Further preferably in accordance with the invention,
the lands 38¢ and 384 have a width equal to but prefer-
ably slightly greater than a width a of the passages 50,
With these relative dimensions for a short arc of the
rotation of the gear 10 there will exist a situation where
no fluid can flow into the passage 50 and the adjacent
increasing-volume chamber. A slight vacuum will re-
sult in this particular chamber but ordinarily vacuum is
not considered detrimental in the operation of a pump.
Also the vacuum creates a condition wherein the chamber
is prepared to receive fluid from a chamber 13.

The operation of the invention for three different rela-
tive positions of the outer gear 16 to the lands 37—38
is shown in Figures 4, 5 and 6. Figure 4 shows the
passage 50 opposite the land 37 which has a width less
than its width a. With this arrangement normally it
would be possible for fluid under pressure to flow around
the land 37c to the passage 52. In accordance with the
invention, however, the passage 52 opens to a closed
passage or is in communication by means of the pas-
sages 53, 54 to an increasing-volume chamber. As shown
in Figure 4, preferably the first condition holds.

Immediately, however, upon the passage 50 being cut off
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from the input manifold 41, as is shown generally in Fig-
ure-5, it comes solely into communication with the passage
52. The invention reqmres that the passage 52 either has
]ust been in or is in communication with an increasing-
volume chamber 12 through the passage 54 and the pas-
sage or space 53, As the increasing volume chamber
is or was increasing in volume at the same or a greater
rate, fluid can flow from the decreasing-volume chamber
13 into the passage 54, and no trapping will occur.

Figure 6 shows the sitnation when the passage 50 is
opposite the land 374 which is here also of a width some-
what less than the width a. It is to be noted that the
lands 38g and 38% being wider than the width a of the
passage 50 at all times prevent leakage around the stops.
The vacuum which results, as above indicated, is not a
problem.

The passages. 56 in the embodiment shown are round
drilled holes. It should be pointed out that the axial
width of the passages 50, 52 and 53 may be as desired
and there is nothing critical about their relative axial di-
mensions. On the other hand, the relative circumferen-
tial dimensions, that is to say, in the direction of move-
ment of the passage 50 and the spaced lands 37¢, 374,
38g, 38/ is relatively critical, for the reasons above point-
ed out.

Thus the width of the spaces 52, 53 may be greater
than that shown. In fact, the width of the spaces 52,
53 may be increased so that two or more passages 50
will communicate with the spaces 52, 53 at the same
time. In some respects such an arrangement may be
considered desirable because there are then two or more
chambers between a chamber exposed to the inlet pres-
sure and a chamber exposed to the outlet pressure. Im-
proved sealing between the two manifolds thus results,
it being appreciated that particularly in a gear type pump
of the type herein described, leakage can always occur
past the points of contact of the inner gear 11 and the
outer gear 18. It is to be noted that the spaces 52, 53
need not be in the radially inward facing surface of the
lands 37, 38 but could be in the surface of the control
member 35 facing the chambers 12, 13.

It will thus be seen that an arrangement has been de-
scribed wherein the output volume of a positive dis-
placement type pump can be readily varied by adjusting
the position of one or both stops while the problems
of trapping and leakage have been entirely overcome.

Obviously the arrangement described can be applied
to a motor wherein the output speed of the motor may be
readily varied with a constant flow of fluid and the in-
vention may equally be applied to a vane type hydraulic
pump or motor or a rotating cylinder type motor of the
reciprocating-piston, wobble-plate type.

Figure 9 shows an alternative embodiment of the in-
vention where in effect only one land is adjustable, namely
the stop 37 which, for maximum volume, would be posi-
tioned opposite the point 7.

The other land 38’ is so modified that its outer surface
is not in sealing engagement with the surface 31 of the
cavity. Thus the land 38’ moves within the inlet mani-
fold but does not divide the manifold into two manifolds
each sealed from the other. In this embodiment a fixed
land 55 is provided positioned opposite the point x,
namely the point of maximum chamber volume. This
land 55 is fixed to the housing 28 and divides the outlet
manifold 41 from the inlet manifold 40. The operation
of the pump shown in Figure 9 is generally identical to
that of the embodiment shown in Figures 1 through 8 with
the exception that the increasing volume chambers 12
communicate with the inlet manifold 40 over approxi-
mately 180 degrees of arc. On the other hand, the de-
¢reasing volume chambers 13 communicate with the outlet
‘manifold over an adjustable arc less than 180 desgrees.
Thus as the land 37 is moved in a counterclockwise direc-
tion, that is against the direction of rotation, a greater and
gteater- number of the decreasing-volume chambers® 18
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8
are cut off from the outlet manifold and communicated
to the inlet manifold 40. The output volume of the
pump is thus decreased.

The function of the spaced lands and the intermediate
space on both stops 37 and 38 is as before.

Figure 10 shows a still further alternative embodiment
of the invention,

In this embodiment of the invention, the control mem-
ber 35’ has a land 37 thereon constructed identically to
the land 37 of Figure 2. The opposite land is comprised
of in effect two fixed and spaced minor lands, a minimum
volume land 78 of a width to prevent leakage and, in-
asmuch as trapping is not a problem at this point », of a
substantial width and a land 71 substantially spaced from
the land 70 to provide a space 73 therebetween which
communicates with the passages 50 as the gears rotate.
The space 73 also communicates continuously with the
opening 52 through passage 74 and a passage 75 formed
in the periphery of the control member 35’

It will be further noted in Figure 10 that the discharge
pipe 43’ has been moved so as to be adjacent to the land
79. Tt will be noted that in effect the land 37 is mov-
able from the point of maximum chamber colume x
in the direction of rotation so as to reduce the pump
volume and thus the output pipe 43 must be so posi-
tioned.

Tt will be seen that the general operation of the pump
shown in Figure 10 is quite similar to that of the preferred
embodiment. Whenever trapping would occur, the open-
ing or space 52 communicates through the passages 74,
75 to the space 73 which at all times will be in com-
munication with a passage 50 leading to an increasing-
volume chamber 12. 1t will also be appreciated that
during portions of the arc of revolution the increasing-
volume chambers 12 will be shut off to a supply of fluid
and a vacuum will then result but as above pointed out
such vacuum is not detrimental to the successful operation
of pump shown.

Figures 12 and 13 show a still further alternative em-
bodiment of the invention, Figure 12 showing the pump
adjusted for reduced output volume and Figure 13 show-
ing the pump with stops adjacent to points of minimum
and maximum volume.

Thus, in Figures 12 and 13 there is provided a land
80 opposite the decreasing volume chambers and a land
81 opposite the increasing volume chambers. The land
86 is comprised of three minor stops, 8¢a, 806 and an
intermediate land 80c.

The land 81 likewise is comprised of two outer minor
lands 81a and 8156 and an infermediate minor land 8ic.
A space 82 exists between the lands 804 and 86c and a
space 83 exists between the lands 80c and §85. In a
like manner a space 84 exists between lands §1ag and
8%c and a space 85 exists between the lands 81c and 81b.
The spaces 82 and 84 are intercoupled by a closed pas-
sage 86 and the spaces 83 and 85 are interecoupled by
a closed passage 87.

The minor stops 80a, 860 and 8ic are all preferably
less. in width than the width of the passage 58. The lands
81q and 815 may be equal to or slightly greater than the
width of the passages 50.

Figure 13 shows the identical construction with the
lands 89, 81 being located opposite the point of minimum
and maximum volume respectively.

The arrangement shown has the land 89 and the land
81 spanning the width of two chambers 13, 12 respec-
tively. The result of the construction shown is that there
are always two chambers between a point of high pressure
and a point of low pressure in the pump. rere is a
tendency for leakage to occur between the lines of en-
gagement of the ouier gear 10 and the inmer gear 1i.
With the arrangement shown in Figures 11 and 12 there
are two such lines of engagement between a point of
high pressure and point of low pressure. The leakage is
thus substantially reduced.
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In all the embodiments shown, passages 59 have been
shown as leading from each increasing or decreasing vol-
ume chamber 12 or 13 and the discharge to these cham-
bers is from the periphery of the outer gear 10. It will
be appreciated that the inlet and discharge from these
chambers can be axial rather than radial as shown. In
such event lands will have to be provided on the sides
of the members 18, 11 which lands will have to
have a width at least equal to the circumferential
width of one of the chambers and at least some-
what greater. The same principles will apply however
in that the total width of the lands will be greater than
the circumferential width of a chamber and a space will
be provided which will communicate to the diametrically
opposite stop.

The embodiments of the invention described are ob-
viously preferred embodiments and are used for the
purposes of illustrating the invention only. It will be
appreciated that other embodiments of the invention
differing radically in appearance from those shown will
occur to others upon a readmg and understanding of
this specification, and it is my intention to include all
such modifications and alterationis insofar as they come
within the scope of the present invention.

Havmg thus described my invention, I claim:

. A positive displacement hydraulic device comprised
of a plurality of members movable relatively to each
other and defining a plurality of chambers revolving in
a fixed, closed path of movement, said chambers gradu-
ally increasing in volume after they pass a fixed point
of minimum volume on said path of movement until
they reach a fixed point of maximum volume on said
path of movement, and then gradually decreasing in
volume until they reach said fixed point of minimum
voluthe, means defining an arcuate inlet and an arcuate
outlet manifold including first and second lands, one at
each arcuate end of said manifold and sealingly separat-
ing said manifolds one from the other, the manifolds
and lands being disposed circumferentially along the path
of movement of the chambers, and an opening for each
chamber which revolves therewith, each of said openings
moving past said lands to alternately shift communica-
tion of its associated chamber to either said inlet or said
outlet manifold, at least said first land being adjustable
along the path of movement of said decreasing volume
chambers so as to change the point in the path of move-
ment of such chambers in which each opening moves
past said first land and shifts communication of its de-
creasing volume chamber from one manifold to the other,
the improvement which comprises said first land having
a line of movement width greater than the line of move-
ment width of said openings, and is such that trapping
will occur in a decreasing volume chamber as its open-
ing moves past said first land, said second land is fixed
adjacent the point of maximum chamber volume and
said device includes a third land movable in said inlet
manifold and arranged to momentarily close said open-
ings as said openings move therepast, said third land
being adjustable along the line of movement of said
chambers so as to change the point in the path of move-
ment in which each opening moves past said third land,
said first land and said third land each having ports
which communicate with each opening as each opemng
moves past said first and third lands, and means inter-
communicating said ports whereby to communicate a
decreasing volume chamber with an increasing volume
chamber when the openings of said chambers move past
said first and third lands.
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2. A positive displacement hydraulic device comprised
of a plurality of members movable relatively to each
other and defining a plurality of chambers revolving in a
fixed, closed path of movement, said chambers gradually
increasing in volume after they pass a fixed point of
minimum volume on said path of movement until they
reach a fixed point of maximum volume on said path
of movement, and then gradually decreasing in volume
until they reach said fixed point of minimum volume,
means defining an arcuate inlet and an arcuate outlet
manifold including first and second lands, one at each
arcuate end of said manifold and sealingly separating
said manifolds one from the other, the manifolds and
lands being disposed circumferentially along the path of
movement of the chambers and an opening for each
chamber which revolves therewith, each of said openings
moving past said lands to alternately shift communication
of its associated chamber to either said inlet or said out-
let manifold, at least said first land being adjustable along
the path of movement of said decreasing volume cham-
bers so as to change the point in the path of movement
of such chambers in which each opening moves past said
first land and shifts communication of its decreasing
volume chamber from one manifold to the other, the im-
provement which comprises said first land having a line
of movement width greater than the line of movement
width of said openings, such that trapping will occur
in a decreasing volume chamber as its opening moves past
said first land, said second land is fixed adjacent the
point of minimum chamber volume and said device in-
cludes a third land sealingly separating said inlet mani-
fold into first and second inlet manifolds, said first mani-
fold communicating with said increasing volume cham-
bers immediately after they pass said minimum volume
point, said second manifold communucating with said in-
creasing volume chamber just before they reach the maxi-
mum volume point, said first land having ports which
communicate with each opening as each opening moves
past said first land, and means intercommunicating said
port with said first inlet manifold whereby to communi-
cate a decreasing volume chamber with said first inlet
manifold when the openings of said chambers move past
said first land.
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