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‘The mventmn descnbed herem may be manufactured

and used by or for the Government of the United States

of America for governmental purposes without the pay—
ent of any royalties thereon or therefor. |

This invention relates to hydraulic power transmission

systems, and more particularly it relates to those systems

which will function as pumps when driven mechanically

3,180, Z'M
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_ 2 . . _
with a suction port and a main discharge port which
communicate with the cylindars through the main pas-

sages. The valve plate also is provided with auxiliary
suction and discharge ports which communicate with the

“cylinders through the check valve eqmpped passages and

. which also communicate with the main ports of the valve
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-plate directly or through a shuttle valve assembly. The

check valve controlled passages, the auxiliary ports, and
the shuttle valve assembly all cooperate so that fluid

trapped 1n each cylinder at one main port closure is either
expanded or compressed, as necessary, during its transit

of the auxiliary ports so that its pressure will be amoothly
changed to the pressure of the other main port. Thus,

- when the fluid is admitted to or discharged from the cyl-

15

and will function as fluid motors when supplied with fluid

under pressure (overhauling).

sometimes referred to as servo pumps. The particular

Systems of this type are

inder, there is no pressure difference and, therefore, no
noise caused by shock.

The invention will be more completely understood from
the following detailed description and claims, 1ead in con-

. junctmn with the annexed drawings, in which:

20

servo pump to which this invention relates is the type hav-

ing a rotatable barrel containing a plurality of cylinders

and a plurality of parallel pistons in the cylinders, which
pistons move axially along'the axis of rotation of the
barrel as the machine is operated although it is to be
understood that it is also applicable to many other types
of reciprocafing pumps,

"In hydraulic transmission machines of the type de-

scribed above, it has been found that considerable noise

results during machine operation, especially when such
machines are operated under excessive conditions of load
or speed. Such noise is a result of the shock which oc-

curs when a cylinder having a certain pressure therein is

brought into or out of communication with a port in.a
valve plate having a different pressure therein. In cer-
tain environments, such as ships and submarines, hy-
draulic machines of the type described above have proved
to be very useful; however, the excessive noise produced

FIG. 1 is a partial longitudinal sectlonal view dia-
grammatically showing an embodiment of a servo pump in
accordance with the present mventmn, |

F1G. 2 is a transverse sectional view taken on a plana

indicated by the line 2—2 of FIG. 1;
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FIG. 3 is a transverse sectional view taken on lme 3—3
of FIG. 1, showing the shuttle valve in the pumplng post -

- tion;

by their operation has presented a serious problem. At-

tempts have been made to reduce or suppress such noise by
acoustic treatment, flexible mountings, and the like, but

such attempts have not proved entlrely satlsfactory The
result is that when quiet operation is a critical factor, as

it is on almost all submarines, such machines cannot be
used, and, instead, designers have been forced to employ

less efficient, heavier, less flexible and more costly fluid

transmission devices, such as constant displacement pumps.

An object of this invention is to provide a rotary barrel,
parallel piston machine, of the type described above,
wherein the pressure difference between the cylinders and
valve ports is practically eliminated, thereby reducing

noise generation caused by operatlon of the machme

40)

- Another object of this invention is to provide a noise-

" . free hydraulic power transmission system Wh.lCh can be
~ used for bi-directional operation. |

A further object of this invention is to prowda a hy-

draulic power transmission machine with a high overall
efﬁmancy, which machine is simple in cons‘tructlon and
low in cost of manufacture.

Further ob]ects and advantages Wﬂl become apparent

- from the ensuing descriptive matter.

'This invention broadly is comprlsed of a rotatable barrel
assembly adapted to draw fluid in through passage-con-

necting means preferably in the form of a valve plate at

one pressure and expel it through the valve plata at an-
other pressure.
prised of a barrel body having a plurality of parallel cyl-

inders therein, each cylinder having a main passage and
two check valve equipped passages commumcatlngu_mth |
~ {he cylinder.
~ within the cylinders, the pistons being driven reciprocably

- A plurality of parallel pistons are mounted

by a swash plate assembly. The valve plate is provided

GO

- FIG.3Ais a partial sectmnal-wew sh{}wmg tha shuttle |
valve of FIG. 3 in reversed pumpmﬂ position; - o
- FIG. 4 is a fransverse sectional view of 2 modified form
of the invention taken on a plane indicated by line 3—3
of FIG. 1, showmg the shuttle valve in pumping position;

FIG. 4A is a partial sectional view showing tha shuttle _'
valve of FIG. 4 in overhauling posmon, and

~ FIG. § is a transverse sectional view of a flow reversmg

valve assembly which can be used with tha modlﬁed forn |
of the invention shown in FIG. 4.

Referring now to FIG. 1, a hydrauhc power tI‘ElIlSH’iIS—- -

sion machine or servo pump in accordance with the pres-

ent invention is shown in which a casing 10 is closed at
one end by a head 12 and at the other end by an annular
cover 14 which is attached to the casing by bolts 16.

with passage-connecting means in the form of a stationary

circular valve plate 22. A cylindrical shaft 24 is jour-
naled in anti-friction bearings 26 and extends through the

~valve plate 22 into the interior of the casing 18. A cy-
- lindrical barrel assembly 28 is fixedly mounted on the
_'_shaft 24 and adapted to rotate therewith. The barrel as-

sembly is spaced from the interior of the casing 18 by

~means of roller bearings 3¢ which allaw the barral as-

sembly to rotate within the casing. | |
The cylindrical barrel assembly 28 comprises a cyhn—-

drical barrel body having a plurality of circumferentially
spaced cylinders 34 formed therein, said cylinders being

equally radially spaced from but exte_ndmg_ parallel to
the shaft Z4. As can best be seen in FIG, 2, each cylin-

der has a main passage 36 and two check valve equipped

passages, 38 and 40. The check valves are arranged so

- that the passages 38 only allow flow out of the cylinders

- 34 and the passages 49 allow flow only into the cylinders. '

The functions and purposes of passages 36, 38, and 49

~ will be discussed more fully later, but at this point it can

65

The rotatable barrel assembly is com-

be said that these passages are adaptad to eifect a com-
munication, through the valve plate 22, wnﬁh the mlet

- passage 18 and the outlet passage Z9.

70

A plurality of pistons 42 are located within the cylmaars-
34, there being one piston for each cylinder. Each of
the pistons has a ball type head 44; and the pistons are
reciprocable in the cylinders, the reciprocation being ob-
tained ‘through a cam means or swash plate means 45 as

The
head 12 is provided with an inlet passage 18 and an outlet
passage 20, which passages are arranged to communicate



the shaft 24 rotates. The swash plate means comprises
a plurality of slippers or shoes 46, one for each ball head
44, comprises a swash plate 48, and comprises a control
shaft 50. |

‘The ball head of each piston is journaled in its asscci-
ated shoe, the shoe riding freely along the face of the
swash plate 48 as the barrel 32 rotates. Since the swash
plate is disposed angularly or inclined to the axes of the
pistons and cylinders, the swash plate actually forms a
cam surface that causes the pistons 42 to reciprocate
as they are being revolved by barrel 32.

2,180,274
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The inclination of swash plate 48 to the shaft 24 and '

to the pistons may be varied by changing the inclination
of the shaft 56. When the plane of the swash plate is
perpendicular to the axes of the pistons, which is vertical
in the embodiment shown in FIG. 1, the stroke of the
pistons is zero. As the swash plate is inclined, the stroke

15

of the pistons is increased. At maximum inclination of

the swash plate, forty-five degrees displaced from the
vertical, the stroke of the pistons is at its maximum.
An insert 52 is mounted in the end of shaft 24 and
locked to fne barrel body 32, thereby locking the shaft
and barrel body together so that they rotate as a unit.
A plunger 34 is mounted in the insert 52 and extends to
the center of the swash plate, with one end of the plunger
being spaced away from the bottom of the insert by a
compression spring 56 and the other end of the plunger
pressing against a spherical ball 58. The ball 58 freely
seats 1n a seat on the swash plate 48 in such a manner
that the spherical ball 58 acts as a bearing against which
the swash plate bears, so that the swash plate can be
rotated through a range of pesitions on opposite sides
of the shait 24 as indicated by the arrows 59 in FIG, 1.
The swash plate can be moved to any position within 45
degrees on either side of the vertical position, thereby
allowing reversible or bi-directional flow. For example,
FIG. 1 shows the machine operating as a pump, with
lower pressure fluid being introduced through inlet 18,
and as the cylinder assembly 28 is rotated by the shaft
24, the pistons compress the fluid, and the fluid is dis-
charged under high pressure when the associated cylinder
communicates with the outlet 29. |
The machine of FIG. 1 can also pump in the opposite
direction as that recited above. That is, lower pressure
fluid could be introduced through the outlet 28, and as
the cylinder assembly is rotated by the shaft 24, the
pistons would compress the fluid and discharee it under
high pressure when the associated cylinder is in communi-
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cation with the inlet 18, To accomplish this, the swash

plate 48 would have to be moved by the control shaft
58 to a position where it was angularly displaced on the
other side of the vertical position. An upwardly directed

centerline for the contrel shaft 59 is shown in FIG. 1

at the upper arrow 59, which would correspond to the
position of the control shaft under such reversed condi-
t1ons.

If 1t were desired to use the machine only for unidirec-
tional flow, that is only for pumping or only for over-
hauling, the swash plate could be mounted to rotate about
an axis of one of the pistons, rather than about the axis
of the centerline of the shaft. An arrangement such
as this is shown in United States Patent No. 1,506,892.
Such an arrangement has the advantages of allowing
greater variations in the length of stroke of the pistons,
and also of keeping to a minimum the volume in each
cylinder at zero stroke, thus keeping to a minimum the
amount of energy that can cause noise; however, such
operation is achieved through the sacrifice of the feature
of reversible or bi-directional flow. Such operation is
discussed later in connection with the modification of FIG.
4. |

Referring now to FIG. 3, a valve plate 22 is shown,
which plate is adapted for use in a machine having the
bi-directional or reversible flow type of swash plate

mounting. The valve plate is provided with a main port

o0

) |
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60 and a main port 62, which ports are radially arranged
to align with the main passages 36 of the cylinders.
Auxiliary suction ports 64 and 66 are provided, which
ports are radially arranged to align with the inlet check
valve equipped passages 40 of the cylinders. Auxiliary
discharge ports €8 and 70 are also provided which ports
are radially arranged to align with the outlet check valve
equipped passages 38 of the cylinders. The auxiliary
suction ports 64 and 66 are directly connected to each
other by a flow passage 72. The auxiliary discharge ports
68 and 79 are directly connected to each other by a sim-
ilar flow passage 74. The auxiliary ports are connected
with the main ports through a shuftle valve means or
assembly 76.

The shuttle valve assembly 76 can be of any standard
construction consistent with the functions which it must
perform. The particular shuttle valve assembly illus-
trated in FIG. 3 comprises a valve body 78 and a three
piston slide valve member 88 which reciprocates within
the valve body.

A conduit 82 connects the main suction port 68 to the

“shuttle valve assembly. The conduit 82 has a branch

line 84 extending into one end of the valve body 78 and
also has branch lines 86 and 88 extending into spaced
ports at the top of said valve body. A conduit 90 con-
necis the main port 62 to the shuttle valve assembly.
The conduit @ has a branch line 92 extending into the
cther end of the valve body 78 and also has a branch line

- 94 extending into a port at the top of said valve body

at a point substantially intermediate between the ports
for the branch lines 86 and 88.

A conduit 96 connects the auxiliary suction ports 64
and 66 to a port in the lower portion of the valve body
73; and a conduit 98 connects the auxiliary discharge
ports 68 and 79 to another port in the lower portion of
said valve body.

It can thus be seen each port on the valve plate is con-
nected to the shuttle valve assembly by means of a con-
duit and, according to the position of the valve member
69, the conduits, and thus their ports, can be intercon-
nected with one another. -

Operation (FIG. 3)

Assume that the device is pumping, with the parts in
the position illustrated in FIG. 3, and the swash plate
43 in the position shown in FIG. 1. Fluid at low pres-
sure 1s supplied to the inlet passage 18 and is then com-
pressed to a higher pressure and discharged through the
outlet passage 28. Since the inlet pressure (which is
present in main suction port 69) is less than the discharge
pressure (which is present in main discharge port 62),
tne shuttle valve slide member 80 assumes the position
indicated.

When operating under such conditions, as the barrel
32 1s rotated, a cylinder 34 is aligned with the main suc-
tton port 69 and low pressure fluid is drawn into said
cylinder through the main passage 36 by a suction force
caused by the piston 42 in that cylinder being withdrawn.
As the barrel continues to rotate, the check valve equipped
passages 38 and 49 will move into communication with
the auxiliary ports 68 and 64 respectively. Since the
auxiliary port 64 is in direct connection with the main
suction port 68 (through the conduit $6, the branch line
&6 and the conduit 82), low pressure fluid is supplied to
said auxiliary port 64 and is drawn into the cylinder
through the inlet check valve equipped passage 49. Even
after the cylinder has rotated out of communication with
the main suction port 68, additional low pressure fluid
will continue to enter the cylinder through the passage
40, until the cylinder finally reaches top dead center

(ITDC). At this point, the piston 42 in the cylinder has
been completely withdrawn and is at the end of its-

stroke.
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- will 'havedreaehed' the discharge pressure and it will there-

after be discharged through the auxiliary discharge port
via passage 38 and then fo the main discharge port 62

- via passages 98, 94 and $0. When the main passage 36 -
registers with main discharge port 62, the fluid in the

5

cylinder is at discharge pressure, and thus no shock

noise OocCurs.

As the piston 42 continues to move into

the cylinder, it exhausts the fluid thr ough the main pas— =

- sage 36 and info the main discharge port 62.

The remaining operation becomes obvious in view of
the above description. When the eylmder reaches bottom
dead center (BDC), the piston 42 is all the way into the
cylinder and substantially all the fluid has been exhausted
therefrom. As the cylinder continues to rotate, the piston

starts to withdraw, thus first reducing the pressure of the

fluid (passage 38 being closed), then drawing low pres-
sure fluid from auxiliary port 66 into the. eyhnder' through
the inlet check valve equipped passage 40. When the
~ cylinder is finally brought back into communication with

the main suction pert 690, thereby eompletmg a 360 degree
transit, the fluid in the eylmder 15 at suetmn pressure,
and thus no shock wave occurs.

When the operation is reversed so the machine is
pumping in the reverse direction, the outlet 20 becomes
‘the inlet and the inlet 18 -beeomes‘-' the outlet. Thus, low
pressure fluid enters at the main port 62 and leaves at _the

main port 60 as high pressure fluid, This change in
pressures causes the shuttle valve member §0 to shift to
the right, as shown in FIG. 3A. The only change which

‘must be made to allow the machine to operate under such
conditions is to change the swash plate 48 from its FIG.

1 position through the arc indicated by the arrow 59.

- Vhen the swash plate has been thus shifted, the maehme

will now operate in the same manner as Ihat described.

above.

~ The check—valve centrelled passages 38 and 4@ nrefer-
ably are made smaller than the main passages 36, since

10

& .
Conduit 150 connects the shuttle valve assembly to the
auﬂﬂiary dlscharge pert 129, |

Operaz‘:on (F IG. 4 )

When the device is operatmg as a. pump, as shewn in

'FIG. 4, low pressure exists at port 112 and high pressure -

exists at port 114 thus causing the shuttle valve member
129 to shift to the left. The low pressure fluid is intro-

duced from the inlet I8 into the main suction port 112.

A cylinder 34 rotating past this port would have this fluid -
drawn thereinto through the main passage 36, as the pis-

" ton 42 in that cylinder was withdraw:mg - Even after the

20
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- cylinder rotated beyond the main suction port 112, low
- pressure fluid will continue to be drawn into the cylinder

through the check valve equipped inlet passage 40. This

low pressure fluid comes from the auxiliary port 118 and =
1ain suction port 112 by .

is supplied thereto from the
means of the conduit 142, the duct 138 and the conduit

‘148, When the eyhnder rotates to top dead center

(TDC), the piston 42 within that cylinder is completely
withdrawn and the cylinder is full of low pressure fluid.
~ As the cylinder rotates beyond top dead center, the
piston starts to move back inward thus tending to com-
press the fluid. When the fluid is compressed sufficiently

- to bring it up to discharge pressure, it starts to discharge

- fr om the cylinder through the outlet check valve equipped
passage 38 and into the auxiliary discharge port 122 from
- which it flows through the duct 126 and into the main

discharge port 114. When the cylinder rotates into com- "
munication with the main discharge port 114, the fluid in

~ the cylinder is at ‘the dlscharge pressure, thus no shock

~ NOISe OCCUrS.

‘ter the eylmder 34 has rotated beyend the main
‘discharge port 114, high pressure fluid will continue to be
| d1scharged from the cylmder as the piston continues to

35

Even aj

~move inward. This fluid is discharged through the out-

the flow occurs through them in the vicinity of the fop

and bottom dead centers and thus is at the low flow rate.

The area of the check valve controlled passages may thus
~ be made smaller, thereby eonservmg maximum area for
the main ports, |

Referrmg now to FIG 4 a modlﬁed form of the inven-

tion is shown, wherein a valve plate 11§ is shown having.

a main suction port 112, a main: discharge port 114, auxil-
iary suction ports 116 and 118; and au}ﬂllary discharge
- ports 120 and 122. The main valve plate ports are radial-

ly arranged to allgn with the ‘main passages 36 of the

40

| eyllnders 34, while the auxiliary suction ports are radially

“arranged to ahgn with the inlet check valve eqmpped pas-.

sages 49, and the auxlhary discharge ports are radially

| 'arranﬂed to align with the outlet check valve equipped

- ports 38. One aumhary suction port 116 is directly con-
nected to the main suction port 112 by n

122 s directly connected fo the main discharge port 114
by means of a flow passage 126. The other auxiliary

- suction port 118 and the other aumhary dlscharge port

129 are connected with their respective main ports

‘through a shuttle valve means or assembly 128 having a
- slide plsten member 129 therein. The slide piston mem-
- ber 129 is comprised of three interconnected spaced plS-

B eans of a flow
. passaee 124. Similarly, one aumhary discharge passage

o0
- quently rotates' into communication -with the main- Suc-

let check valve equipped passage 38 and flows into the
-auxﬂnry discharge port 128 and through the conduit 159,

the duct 140 and the conduit 144 and back to the main
discharge port 1i4. By the time the cylinder reaches
bottom dead center (BDC), the piston will have moved

all the way into the cylinder and substantially all of the
fiuid in the cylinder will have been discharged.

As the. cylinder rotates beyond bottom dead cehter
the piston starts to withdraw therefrom . reducmg the

~cylinder pressure, and when the inlet pressure is reached

fiuid of low pressure is drawn from the main suction port

112, through the flow passage 124, through the auxiliary

port 116 and into the cylinder through the inlet check
valve equipped passage 40. When the cylinder- subse-

- tion port 112, the fluid in the eyhnder is at the mlet pres-

i'sure thus no shock noise occurs,

Opemrzon (FIG 4A)

When the dewee 15 operatlng as a fluid motor or over- |

haulmg, high pressure exists at port 112 and low pres- :
- sure exists at port 114 thus causing: the shuttle valve to

60

‘tons 130, 132, and 134 which are arranged as shown in

FIG. 4. A valve stem 136 interconnects the pistons. A
- duct 138 extends through the piston 130 and the valve

stem 136 to communicate with the space between pistons -

a duct 140 extends through
the piston 134 and the Valve stem 136 to commumcate o

136 and 132, Slmllarly,

| 'iW1th the space between pistons 132 and 134,

The shuttle valve assembly 128 is connected with the
Conduits 142

‘valve plate 11¢ by means of five conduits.
and 144 connect the shuttle valve assembly to the main

~ suction and dlSCh‘ngﬂ ports, respectively. - Conduit 146

connects into conduit ‘148 and both conduits connect the
- _shutlle Valve assembly to the aumh'iry suction port 118.

[{]5
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shift to the right as shown in FIG. 4A. The high pres-
sure ﬂmd is introduced from the inlet 18 into the main
suction” port 112, A eylmder 34 rotating -past this port -

'_-Would have this high pressure fluid drawn thereinto
‘through the main passage 36, as the plston 42 in that

cylinder was withdrawing, | :
‘After the cylinder rotates beyond the main suctlon port

- 112, no further high pressure fluid can enter the cylinder, - -

since the auxﬂlary suction port 118 is not connected to the

“high pressure source at main port 112. As the piston
~withdraws in the cylinder, the fluid pressure is decreased
- to bring it down to low pressure.

If the expansion should
take the fluid pressure below that pressure existing at the

main discharge port 114, low pressure fluid from the main

.port 114 will be transferred to said cylinder by means of
75

he cendmt 144, the duct M@ the condmt 146 the con-_' g .
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duit 148 to the auxiliary port 118 and through the inlet
check valve equipped passage 4¢ into the cvlinder.

When the cylinder reaches top dead center (TDC)
the piston is completely withdrawn and the cylinder is
full of low pressure fluid. As the cylinder rotates past
top dead center, the piston staris to move back into the
cylinder, thus forcing the fluid through the outlet check
valve equipped passage 38, through the auxiliary port 122
and the flow passage 126 and into the main discharge port
1314. When the cylinder finally rotates into communi-
cation with the main discharge port 114, the finid in the

4

10

cylinder is at the low discharge pressure, thus no shock

noise occurs. As the piston moves inward into the cyi-
inder, the fluid is forced out through the main passage

36 into the main discharge port 114, from whence it

fiows to the outlet passage 20.

When the cylinder rotates beyond the main discharge
port, no further outflow of fiuid occurs until the fluid is
compressed to a pressure higher than the inlet or high
pressure, At this point, the high pressure fluid flows out

15

20

through the outlet check valve equipped passage 38 to

the auxiliary port 126 and from there through the conduit
156, the duct 138 and the conduit 142 to the main
suction port 112, When the cylinder reaches bottom
dead center (BDC), the piston is all the way into the
cylinder and substantially all of the fluid has been dis-
charged.

When the cylinder rotates beyond bottom dead center,
the piston starts to withdraw and high pressure fluid
starts to enter the cylinder through the inlet check valve
equipped passage 408. This high pressure fluid flows from
the main suction port 112, through the flow passage 124
into the auxiliary port 116, and from there into the
passage 40. When the cylinder is rotated further so
it comes back into communication with the main suction

29
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port 112, thereby completing a 360 degree transit, the

fluid in the cylinder is exactly at high or inlet pres-

sure, thus no shock noise occurs.

The essential difference betwen the embodiment of
FIG. 3 and that of FIG. 4 is in the range of operations
which each can perform. The valve plate of FIG. 3 can
be used when the device is operated to pump when fluid
1s flowing in one direction or the opposite direction.
can pump but not overhaul for both directions of fluid
flow, free of shock noise. The valve plate of FIG. 4
can be used for operating the device either as a fluid
motor (overhauvling) or as a pump. However, it is lim-
ited to monodirectional flow. Therefore, in order to
achieve bi-directionality using the valve plate of FIG. 4,
it 1s necessary to use a flow reversing valve assembly.
Such a valve assembly i1s shown in FIG. 5.

The flow reversing valve assembly shown in FIG. 5
comprises a
154. The valve means 152 includes a valve body 156
and a three piston valve member 158 slidable within said
valve body. A conduit 160 connects the valve means to
the inlet passage 18 and a conduit 162 connects the valve
means to the outlet passage 20. A pair of conduits 164
and 166 connect the valve means with the load. Conduit
166 has a branch line 168 connected therewith so there
are actually two connections to the valve body 156. The
conduits 160, 162 and 164 have enlarged orifices in the
valve body 156 so that when the valve member 158 is in
its neutral or center position (a condition, as will be
presently described, when the swash plate is vertical),

cross-flow can occur between the inlet 18 and the out-
let 20. |

A control rod 17¢ extends between the valve member |

155 and the cam means 154 for the purpose of con-
trolling movement of said valve member. The cam
means 134 includes a lower portion for controlling move-
ment of the valve member 158 and an upper portion
for controlling movement of the swash plate 48. The

lower portion has a higher surface 172 and a lower sur-
face 174. |

40

it

shuttle valve means 152 and a cam means

0O
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FIG. 5 shows the control red 178 bearing upon the
higher surface, thus causing the valve member 158 to
be moved to the left position. In this position, fluid
flows 1nto the servo pump through the conduits 166 and
169 and cut of the servo pump through the conduits
162 and 164. If the cam means were shifted so the
control rod 170 bore upon the lower surface 174, flow
in the system would be reversed, since the valve mem-
ber 158 would move to the right thus causing fluid
into the servo pump through the conduits 164 and 160
and ocut of the servo pump through the conduits 162 and
166 (by means of the branch line 168).

The upper portion of the cam means 154 consists of
two sloped planar surfaces 176 and 178 which meet at
a point 188. A control rod 282 rides along the surfaces
176 and 178 and has its other end linked to the control
shaft 50 of the swash plate 48. Thus, it can be seen
that as the cam means 154 moves, the inclination of the
swash plate is changed from full stroke inclination (at
the hlghest portion of surfaces 176 and 178) to no
inclination (at point 18%). When the control rod 182 is
at point 138, the control rod 179 is midway between
surfaces 17Z and 174, thus causing the valve member
138 to assume the neutral position previously referred to.

It can thus be seen that the present invention provides
a silent fluid transfer device which can be used for
pumping fluid from low pressure to high pressure in
either direction (i.e. either left to right or right to left)
and which can also be used for overhauling or motoring
fluid from high pressure to low pressure in either direction.

It will be understood that various changes in the de-
tails, materials, steps and arrangements of parts, which
have been herein described and illustrated in order to
explain the nature of the invention, may be made by
those skilled in the art within the principle and scope of
the invention as expressed in the appended claims.

‘What is claimed is: |

I. In a hydraulic power transmission machine:

(a) a valve means including two main ports, two
auxiliary suction ports and two auxiliary discharge
ports;

(b) said auxiliary suction pelts being directly con-
nected to each other and said auxiliary discharge
ports being directly connected to each other;

(¢) said auxiliary suction and discharge ports being

~ selectively connectable to either main port; and

(d) means responsive to pressures in said main ports
‘comprising pressure operated valve means operable
to efiect such selective connection.

2. A hydraulic power transmission system of the type
which is operable as a fluid motor to convert high pres-
sure fluid to low pressure fluid and which is operable as
a pump to convert low pressure fluid to high pressure
fluid, and which can be operated under reversible condi-
tions of flow, said system comprising:

(@) a casing having an annular cover at one end there-

of and a head at the other end thereof:

(b) said head having an inlet and an outlet for said
fluid and a central cavity portion in which anti-fric-
tion bearings are mounted; -~

(¢) a valve plate fixed within said casing adjacent said
head, said valve plate having a central aperture
therethrough; -

- (d) a shaft positioned within said bearings and ex-
tending into sa1d casing through said Valve plate
aperture;

(¢) a barrel mounted on said shaft adjacent said valve
plate, said barrel being spaced away from the in-
terior of said casing by roller bearings;

(f) a plurality of cylinders within said barrel parallel
to the axis of said shaft, each of said cylinders ter-
minating in three passages one of which is open, one

of which is controlled by a check valve which only =
allows flow into the cylinder and one of which 1s  ~: =
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controlled by a check Valve whmh only allows flow
out of the cylinder; |

(2) said valve plate having a main suction port a main
discharge port, two auxiliary suction ports and two
auxiliary discharge ports, said ports being arranged
so that said main ports communicate only with said
open passages, said auxiliary suction ports com-

municate only with said inlet check valve controlled

passages, and said auxiliary discharge ports com-
- municate only with outlet check valve controlled
passages;. | -
(i) a plurality of p1stons maunted one in each cylin-

der, each of said pistons having a ball typa head-

adapted to fit'into a slipper;

(i) a swash plate movably mounted in said annular
cover and having a flat surface upon which shppera_

can freely ride;

&t
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(;) said swash plate moun’ung mcludmg a 5phencal' |

- bearing
plunger which extends from a fitting in the end of
said shaft; and |

(k) a control shaft fixed to said swash plate for Varymg |

ounted between said swash plate ‘and a .
20

the angular position thereof with respect to the axis

- of said pistons and shaft;

(1) whereby when fluid is mtroduced thmugh sald in- -

et it flows through said valve plate and into said
cylinders which thereupon rotate around the axis of
said shaft to cause said pistons to reciprocate within
said cylmders thus changing the pressure of said
fluid in said cylinders, which fluid is finally dis-
charged through said valve plate and said outlet.

3. A system as described in claim 2 wherein said auxil-
iary suction and discharge ports are directly connected
to each other respectively, and are connected to said main
ports by means of a shuttle valve, the position of which

30

is determined by the fluid pressure in said system, where- |

upon the pressure of fluid in transit in a cylinder from

one main port to the other can be. controlled by means

of allowing some fluid to enter or leave said cylinder
‘through said auxiliary ports and said check valve con-

trolled passages.
4, A system as deﬁcnbed in claim 2 wherein one auxil-

iary suction port is directly connected to said main suc-

tion port, one auxﬂlary discharge port is directly con-

" nected to said main discharge port, and the other auxil-
'1ary suction and discharge ports are connected to said

main ports by means of a shuttle valve, the position of
which is determined by the fluid pressure in _sald system,
whereupon the pressure of fluid in transit in a cylinder

 from one main port to the other can be controlled by

means of allowing some fluid to enter or leave said cylin-

der through said. aumllary ports and sald check valve

controlled passages.
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5. A servo pump far'transferrmg mcommg fluid at a -

first pressure to outgmng fluid at a second pressure, the
pressure change occurring durmg transference, said pump

comprising:

(a) a hollow casmg member havmg a cover with an

annular opening at one end of said casing and a head
“portion having a fluid inlet and a fluid outlet, said he:ad
portion being at the other end of said casing; -

(b) a valve plate nonrotatably mounted within said

casing adjacent said head portion, sald valve plate
having a plurality of ports therein, said ports being
adapted to commumcate Wlth sald mIet and said
outlet;
(c¢) a barrel asser bly rotatably' mounted w:tthm said
casing;
(d) a rotatable shaft axially fixed to said barrel
(¢) said barrel assembly including a plurahty of cylin-
ders extending from the annular opening in said
cover toward said valve plate, said cylinders terminat-
“ing before said valve plate but communicating there-
with by means of three passages for each cylinder,
said passages consisting of a main passage, a vaive

. 10 .

- controlled passage allowing only outflow from the

cylinder, and a valve cantm]led passage allowmg only
~inflow into the cylinder;

- (f) said barrel assembly further Includmg a plurahty

of pistons, one of said pistons being mounted in
each of said cylinders and being adapted to recipro-
cate therein;

(g) means for reciprocating said pistons within said -

cylinders to cause fluid to be drawn into and dis-
charged from cylinders, the reciprocation of said
pistons efiecting a change in the pressure of the fluid

- contained within said cylinders; |

(7) said valve plate ports including a pair of main
ports and a plurality of auxiliary. ports, said main
ports communicating with said inlet and outlet on
one side thereof and communicating with said cylin-
‘der main passages on the other side thereof, said
auxiliary ports communicating selectively with said
main ports and said auxiliary ports also communicat-
ing with said cylinder inflow aﬂd outtlow passages;
and |

. (i) means for effectlng the commumcauon of said

auxiliary ports with said main ports; S
- (j) whereby fluid at a first pressure enters the pump
through said inlet and flows through one of said
- main ports and said main passages into said cylin-
ders, said shaft rotates said barrel assembly thereby
reciprocating the pistons within said cylinders to
change the pressure of said fluid, and while said
reciprocation occurs some additional fluid enters said
cylinders through said auxiliary ports and  inflow
passages and some fiuid in the cylinders leaves said
cylinders through said outflow passages and auxil-
iary ports, all to the end that when said cylinders
finally rotate into communication with the other of
said main ports and said outlet, the pressure of the
fluid within said cylinders is equalized with the pres-
sure of said outlet, with the resulf that no shock
noise occurs as said fluid is discharged.

6. A servo pump as described in claim 5 wherein said

means for reciprocating said pistons is a swash plate

pivotally mounted within the annular opening in said

cover and adjustable to form a cam surface upon which
said pistons ride as said barrel assembly is rotated. |
7. A servo pump as described in claim 5 wherein the -
means for effecting communicafion between said auxil-
iary ports and said main ports is a shuttle valve, the
position of which is determined by the pressure different-

tial between said iniet and said outlet.

8. A servo pump as described in claim 7 wherein said
auxiliary ports include two auxiliary suction ports radial-

1y located to align with said cylinder inflow passages and

two auxiliary discharge ports radially located to align
with said cylinder outfiow passages.

9. A servo pump as described in claim 8 wherein said
auxiliary suction ports are connected directly to one an-
other and are also connected to said shuttle valve, and
wherein said auxiliary discharge poris are connected di-

- rectly to one another and are also connected to said
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shuttle valve, whereby, depending on the position of said
shuttle valve, both auxiliary suction ports are connected
to the main suction port and both auxiliary discharge

~ ports are connected to said main discharge port, or vice
versa. | |

10. A servo pu ‘1p as described i in claim 8 Whe_rem __one
of said auxiliary suction ports is connected directly to

- - said main suction port and one of said aumliary dis-
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charge ports is connected directly to said main discharge
port, the other of said auxiliary suction ports is connected
to said shuttle valve, and the other of said auxiliary dis-
charge ports is connected to said shuitle valve, whereby,

~ depending upon the position of said shutile valve, either

both of said auxiliary suction ports are connected to said
main suction port and both of said auxiliary discharge
ports are connected to said main discharge port, or one of
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said auxiliary suction ports and one of said auxiliary dis-
charge ports is connected to each main port.

11. In a hydraulic power transmission machine:

means denning a plurality of cylinders each having a
piston reciprocable therein;

means for reciprocating said pistons;

valve plate means adapted to control fluid flow into
and out of said cvlinders upon reciprocation of said
pistons;

satd valve plate means including two main ports, two
auxiliary suction ports, and two auxiliary discharge
ports; : -

sald auxiliary suction ports being directly connected
to each other for fluid flow therebetween, and said
auxiliary discharge ports being directly connected to
each other for fluid flow therebetween:

sald auxiliary suction and discharge ports being selec-
tively connectible to either of said main ports; and

means responsive to pressures in said main ports com-
prising pressure operated valve means operable to
eifect such selective connection.

12. In a hydraulic power transmission machine:

means defining a plurality of cylinders each having a
piston reciprocable therein;

means for reciprocating said pistons;

valve plate means adapted to control fluid flow into
and out of said cylinders upon reciprocation of said
pistons;

said valve plate means including two main ports, two
auxiliary suction ports, and two auxiliary discharge
ports;

oy |

10

12

sald auxiliary suction poris being directly connected to
each other for fluid flow therebetween, and said
auxiliary discharge ports being directly connected to
each other for fluid flow therebetween:

said auxiliary suction and discharge ports being selec-
tively connectible to either of said main ports;

means responsive to pressures in said main ports com-
prising pressure operated valve means operable to
effect such selective connection;

said means defining said cylinders further defining three
passages communicating with each of said cylinders;

a first of said three passages being registerable only
with said main ports upon relative rotation between
said cylinders and said valve plate means;

a second of said three passages being registerable only
with said auxiliary suction ports upon said reclative

| rotation; and |

a third of said three passages being registerable only
with said auxiliary discharge ports upon said relative
rotation. |
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