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FLOW CONTROL ARRANGEMENT FOR A PISTON
' PUMP

BACKGROUND OF THE INVENTION

The present invention relates to piston pumps, and
more particularly to a radial piston pump in which the
cylinder block rotates on a shaft-like stationary control
means through which fluid is supplied and discharged
through cylinder ports-into the cylinders in which pis-
tons are reciprocated by the eccentric actuator means.
It is known to.provide pumps of this type with a suction
inlet provided with a throttle controlled by the outlet
pressure.

The British Pat. No. 1,170,090 discloses a radial pis-
ton pump in which a throttle, controlled by the outlet
pressure of the pump, regulates the flow of the pressure
fluid to the cylinder chambers by varying the free cross
section of the cylinder ports. Each cylinder chamber is
closed by an outlet valve, which is spring biassed and
functions as a check valve, by which the pressure fluid
is pushed by the outwardly movmg pistons into the out-
let conduit.

This construction requires a.great number of outlet
valves, since hydrostatic piston pumps usually have be-
tween seven and 11 cylinder chambers, so that the
pumps of the prior art are complicated and expensive
to manufacture. Furthermore, the great number of
‘valves requires frequent service.

SUMMARY OF THE INVENTION

It is one object of the invention to provide a simple,
. inexpensive, and reliable pump of the above-described
type.

Another object of the invention is to prevent flow
from high pressure chambers into low pressure cylmder
chambers.

With these objects in view, the low pressure inlet
conduit and the high pressure outlet conduit of the
pump communicate with two separate chambers in a
contro] means which has radial channels leading to the
rotary cylinder body and to the cylinder chambers.
Only in the radial channels on the high pressure side of
the pump, check valves are provided which cooperate
with valve seats in the respectlve high pressure radial
channels.

An embodiment of the present invention comprises
a stator having inlet means and high pressure outlet
means, and including actuator means, such as an ec-
centric actuator ring; a rotor including a rotary cylinder
block having cylinder chambers, and pistons in the cyl-
inder chambers operated by the actuator means, said
cylinder block having a rotary first control surface
formed with cylinder ports into which said cylinder
chambers  open, respectively; a stationary control
means having a stationary second control surface in
sliding contact with the first control surface.

In accordance with the invention, the control means
has a low pressure inlet chamber and a high pressure
outlet chamber communicating with the inlet means
and the outlet means, respectively, and two sets of low
~ pressure channels and high pressure channels commu-
nicating with the low pressure inlet chamber and the
high pressure outlet chamber respectively, and opening
in low pressure ports and high pressure ports on the
second control surface successively cooperating with
the cylinder ports on the first control surface.

10

t5

20

25

2

Only the high pressure channels have valve seats, and
check valves are provided in the high pressure chan-
nels, respectively, pressed by the high pressure in the
high pressure outlet chamber against the respective
valve seats so that no high pressure fluid from the outlet
means can enter a cylinder chamber in which the low
pressure prevails. '

The construction of the present invention permits it
to use fewer valves, while obtaining the same advanta-
geous operation as the apparatus of the prior art. The
advantage of the present invention is that upon the
switching over of the the cylinder chambers from the
low pressure suction side to the high pressure outlet
side of the pump, no pressure fluids from the outlet of
the pump can enter -into the cylinder chambers in
which, directly after the flow reversal in the respective
cylinder chamber, the pressure of the fluid is low. The
same advantage is obtained when the pressure fluid
inlet flow is throttled. The outwardly moving piston of
a radial piston pump first enters the space in the cylin-
der chamber which is not filled with fluid due to the
suction throttling, and pushes the fluid out when the
pressure is sufficient to effect closing of the check
valves. ‘

The novel features which are considéred as charac-
teristic for the invention are set forth in particular in
the appended claims. The invention itself, however,

~ both as to its construction and its method of operation,
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together with additional objects and advantages
thereof, will be best understood from the following de-
scription of specific embodiments when read in con-
nection with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE of the drawing is a cross-
sectional view illustrating a radial piston pump in ac-
cordance with the invention.

DESCRIPTION OF THE PREFERRED
: EMBODIMENT

The pump illustrated in the drawing, has a stator
housing 1 with a cavity 2 in which a ball bearing 3 is dis-
posed-whose inner ring 4 is eccentric to the axis of rota-
tion of the cylinder block 6 which has angularly spaced
cylinder chambers 5 in which pistons 7 are slidingly
mounted for reciprocating radial movement. The free
ends of pistons 7 abut the inner surface of the actuator
ring 4, and are cyclically reciprocated in radial direc-
tion. The pistons 7 are biassed by springs 8 which abut
a shoulder 9 at one end, and are located with the other
end in a blind bore 11 in pistons 7 so that the pistons
7 are urged into engagement with the eccentric acuta-
tor ring 4. The cylinder block 6 is mounted for rotation
on a control shaft means 12, and has a cylindrical inner
rotary control surface 6a sliding on the outer stationary
control surface 13a of the control shaft means 12.

Control shaft means 12 includes an outer cylindrical
tubular body 13, and an inner cylindrical body 14
which is fixedly pressed into the outer tubular body 13.
The inner body 14 has two diametrically opposite
chambers, namely a low pressure inlet chamber 15 and
a high pressure outlet chamber 16 respectively commu-
nicating with a low pressure inlet conduit 23 and a high
pressure outlet conduit 26 provided in the stator hous-
ing 1. Four radial low pressure chambers 17, 17', 17"/,
and 17'"' pass through the annular wall of the outer tu-
bular body 13, and communicate at the inner ends with
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the low pressure inlet chamber 15. The outer ends of
the radial channels 17 to 17’’’ open in low pressure
ports on the outer cylindrical control surface 13a.

On the high pressure side of the pump, four radial
channels 18, 18’, 18’', and 18"’ communicate at the
inner ends with the high pressure outlet chamber 16,
and have high pressure outlet ports on the stationary
cylindrical control surface 134. The radially extending
high pressure channels 18, 18’, 18'*, 18'"' have annular
shoulders 19, 19", 19", 19", respectively, and envelop

" spherical balls 20, 20, 20", 20’"", respectively, which
together with the seats formed by shoulders 19 t0 19'"*,
constitute check valves 21, 21', 21", 21'"'. The wall
thickness of the cylindrical tubular outer body 13 is se-
lected so that the balls 20 to 20'"', when abutting the
shoulders 19 to 19'" of the radial channels 18 to 18'",
are completely located in the radial channels 18 to
18""" without projecting beyond the inner cylindrical
surface of the cylindrical tubular cuter body 13. Conse-
quently, the insertion of the inner body 14 in a press fit
into the outer body 13 is not obstructed.

‘The cylinder chambers 5 in the cylinder block 6 have
inner cylinder ports 22 cooperating with the outer ports
of the radial channels 17 to'17'"’ and of the radial chan-
nels 18 to 18""’. The diameter of the cylinder ports 22
of the cylinder chambers 5, measured in circumferen-
tial direction on the inner cylindrical control surface
64, is greater than the circumferential width of the face
portions 17a between the radial channels 17, 17,17,
17'"" or face portions 18a-between the radial channels
18, 18', 18'', 18'''. In this manner, it is prevented that
during rotation of the cylinder body 6, the cylinder
bores § and cylinder ports 22 are completely closed by
the respective face portions 17q, 184 of the cylindrical
control stationary surface 13a so that no pressure fluid
is compressed and then again relieved, which would
create noise during operation of the pump.

The inlet duct 23 in the stator housing 1, communi-
cates with an open container B for the fluid pumped by
the pump: The inlet duct 23 is intersected by a valve
cylinder 25 in which a throttle valve slide 24 is guided.
Throttle valve slide 24 divides the duct 25 into two
chambers 25', 25", The outlet duct 26, in which a
check valve 27 is provided, communicates through an-
other check valve 29 with a connecting duct 28 which
opens in the chamber 25"'. Check valve 29 includes a
ball 29’ biased by a srping 29'’ so that valve cylinder
chamber 25'' receives pressure fluid when check valve
29 is opened. A spring 30 in chamber 25’ opposes
movement of the throttling valve slide 24 due to the ac-
tion of pressure fluid in chamber 25'' when the pres-
sure in the outlet duct 26 is high enough to open check
valve 29, A branch duct 23’ connects the inlet duct 23
with the valve chamber 25, and a groove 32 in the sta-
tor housing 1 opens a connection between chamber

25" and inlet-duct 23 when the throttle valve slide 24 .

is far enough displaced against the action of spring 30.

The throttle valve slide 24 has an annular groove 31
which, in a neutral position of throttle valve slide 24
obtained by spring 30, permits the flow of fluid from
container B through inlet duct 23 toward the low pres-
sure chamber 15 in the control shaft means 12. A cen-
tral axially extending bore 33 passes through the throt-
tling valve slide 24 which includes two piston portions
and a connecting portion of smaller diameter. The axial
central bore 33 connects chambers 25’ and 25''.
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During rotation of the cylinder body 6 in counter-
clockwise direction, the eccentric actuator ring 4
causes reciprocating movements of pistons 17 during
which fluid is sucked from inlet duct 23, inlet chamber
15, and radial channels 17 to 17’*, and then pushed out
through radial channels 18'to 18''/, high pressure out-
let chamber 16, and outlet duct 26. Outlet duct 26 is
connected with a high pressure conduit for operating
consumer apparatus, such as an hydraulic motor.

When the pressure in high pressure outlet duct 26 ex-
ceeds the pressure at which the pressure limiting valve
29 opens, pressure fluid flows through connecting duct
28 to the valve chamber 25'* and from there through
the throttle bore 33 in the throttling valve slide 24 into
the valve chamber 25’ where gradually a pressure is

‘built up which is less than the high pressure in the out-

let duct 26 and valve chamber 25’', but greater than

“the initial low suction pressure in valve chamber 25°.

The pressure differential at opposite ends of the throt-
tle valve slide 24 effects a displacement of the same
against the action of spring 30 so that the annular
groove 31 on the throttling valve slide 24 is partly
closed, resulting in throttling of the flow of fluid in the
inlet duct 23 to the low pressure chamber 15. Conse-
quently, the cylinder chambers 5 are less filled, and the
output volume of th pump is reduced.

If the pressure in duct 26 drops due to a decreased
load, the pressure limiting valve 29 closes, and throt-
tling valve slide 24 is shifted back to its neutral position
by the spring 30. Fluid displaced out of valve chamber
25" flows through the throttling bore 33 into chamber
25'; and through the branch duct 23’ into the duct 23.
The cross-section of the narrow throttling bore 33 de-
termines the speed at which the throttling valve slide 24
is resturned to its neutral position.

If the pressure difference at the throttling valve slide
24 becomes too great, the same is displaced so that the
groove 32 is opened, and pressure fluid from connect-
ing duct 28 can flow directly into the inlet duct 23. This
causes a rapid drop of the pressure in the outlet duct
26, so that the pressure limiting valve 29 closes. Conse-
quently, the throttling valve slide 24 also performs the
function of a bypass valve, |

During the passage of a cylinder chamber § from the
suction side to the pressure side of the pump, the pres-
sure fluid in high pressure chamber 16 and radial chan-
nels 18 to 18'"' tends to flow through a cylinder port 22
into the cylinder chambers § in which still the low inlet
pressure prevails. However, the flow presses the ball 20
against the seat formed by the annular shoulder 19 of
the radial channel 18, so that pressure fluid cannot flow
from the high pressure side of the pump into a cylinder
chamber § still filled with low pressure fluid. During
further rotation of "the cylinder body 6, the strokes of
pistons 5 first take up the space which is not filled with
pressure fluid, and only when pressure fluid is dis-
placed, the pressure in the cylinder chamber 5 is in-
creased. When the pressure acts on balls 20 to open the
radial channels 18 to 18'*’, discharge of the pressure
fluid takes place. In other words, inertia and the outlet
pressure cause a closing of the check valves 20, 19, and
the pressure generated by pistons 7 in the cylinder
chambers 8, open the check valves 19, 20, when the
pressure is sufficiently high.

The small difference between the surface of balls 20
on which the outlet pressure acts, and the surface of
balls 20 on which the inner pressure of the cylinder
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chambers act, has the effect that the inner pressure of
the cylinder chambers 5 is only slightly higher than the
outlet pressure in the outlet chamber 16 at the begin-
ning of the pumping operation.

The present invention is not limited to radial piston
pumps whose control means is a control shaft provided
with radial channels for check valves on the high pres-
sure side of the pump. The invention can also be ap-
plied to axial piston pumps with a planar of spherical
control surface on a valve plate. In such an apparatus,

a number of check valves may be provided which all”

open into the outlet conduit.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find
a useful application in other types of flow control ar-
rangement for piston pump differing from the types de-
scribed above.

While the invention has been illustrated and de-
scribed as embodied in a radial piston pump provided
with check valves in high pressure channels which con-
nect the cylinder chambers with the outlet conduits of
the pump, it is not intended to be limited to the details
shown, since various modifications and structural
changes may be made without departing in any way
from the spirit of the present invention. - .

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can
by applying current knowledge readily adapt it for vari-
ous applications without omitting features that, from
the standpoint of prior art, fairly constitute essential
characteristics of the generic or specific aspects of this
invention and, therefore, such adaptations should and
are inJended to be comprehended within the meaning
and range of equivalence of the following claims.

What is claimed as new ‘and desired to be protected
by Letters Patent is set forth in the appended claims.

I claim:

1. Flow control arrangement for a piston pump, com-
prising a stator having inlet means and high pressure
outlet means, and including actuator means, said inlet
means including an inlet duct in-said stator, and a bi-
assed throttle valve in said inlet duct, and said outlet
means including an oulet duct in said stator, said stator
being formed with a connecting duct connecting said
outlet duct with said throttle valve for operating the
same to reduce the inlet flow of fluid; a biassed outlet
check valve in said connecting duct in the region of
said outlet duct, and opening when the pressure in said
outlet duct is too high so that pressure fluid flows

through said outlet check valve and connecting duct to-

said throttle valve for reducing the flow cross section
of said inlet duct; a rotor including a rotary cylinder
block having cylinder chambers, and pistons in said cyl-
inder chambers operated by said actuator means, said
cylinder block having a rotary first control surface
formed with cylinder ports into which said cylinder
chambers open, respectively; and a stationary control
means having a stationary second control surface, said
control means having a low pressure inlet chamber and
a high pressure outlet chamber communicating with
said inlet means and said outlet means, respectively,
and a set of low pressure channels and a set of high
pressure channels communicating with said low pres-
sure inlet chamber and said high pressure outlet cham-
ber, respectively, and opening in low pressure ports and
high pressure ports on said second control surface suc-
cessively cooperating with said cylinder ports on said
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first control surface, only said high pressure channels
having valve seats, respectively, and check valves in
said high pressure channels, respectively, pressed by
the high pressure in said high pressure outlet chamber
against said valve seats, respectively, so that no high
pressure fluid from said outlet means can enter a cylin-
der chamber in which low pressure prevails.

2. Flow control arrangement as claimed in claim 1
wherein said pump is a radial piston pump; wherein
said actuator means is an eccentric ring; wherein said
cylinder block has an inner cylindrical first control sur-
face formed with angularly spaced cylinder ports;
wherein said control means rotatably supports said first
control surface of said cylinder block on said second
control surface; wherein said low pressure inlet cham-
ber and said high pressure outlet chamber are diametri-
cally spaced on said control means; and wherein said
low pressure channels and said high pressure channels
are radial angularly spaced.channels opening in cir-
cumferentially spaced low pressure ports and high pres-
sure ports on said second cylindrical control surface for
cooperation with said angularly spaced cylinder ports.

3. Flow control arrangement as claimed in claim 1
wherein said check valves are unbiassed and are freely
movable balls located in said high pressure channels.

4. Flow control arrangement as claimed in claim 1
wherein said stationary control means includes an
outer cylindrical tubular body having said second con-
trol surface on the outer periphery thereof, and being
formed with radial angularly spaced low pressure chan-
nels and high pressure channels passing therethrough,
and a cylindrical inner body located in said outer cylin-
drical tubular body and having said low pressure inlet
chamber and high pressure outlet chamber diametri-
cally disposed at the periphery thereof and surrounded
by said outer cylindrical tubular body so that said radial
channels connect said low pressure inlet and high pres-
sure outlet chambers with said low pressure and high
pressure ports, respectlvely, on said second control sur-
face.

- 5. Flow control arrangement. as claxmed in claim l
wherein said pump is a radial piston pump; wherein
said actuator means is an eccentric ring; wherein said
cylinder block has an inner cylindrical first control sur-
face formed with angularly spaced cylinder ports;
wherein said control means rotatably supports said first
control surface of said cylinder block on said second
control surface; wherein said low pressure inlet cham-
ber and said high pressure outlet chamber are diametri-
cally spaced in said control means; wherein said low
pressure channels and said high pressure channels are
radial angularly spaced channels opening in circumfer-
entially spaced low pressure ports and high pressure
ports on said second cylindrical control surface for co-
operation with said angularly spaced cylinder ports;
wherein said stationary control means includes an
outer cylindrical tubular body havingsaid second con-
trol surface on the outer periphery thereof, and being
formed with radial angularly spaced low pressure chan-
nels and high pressure channels passing therethrough,
and a cylindrical inner body located in said outer cylin-
drical tubular body and having said low pressure inlet
chamber and high pressure outlet chamber diametri-
cally disposed at the periphery thereof and surrounded
by said outer cylindrical tubular body so that said radial
channels connect said low pressure inlet and high pres-
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sure outlet chambers with said low pressure and high
pressure ports, respectively, on said second control sur-
face.

6. Flow control arrangement as claimed in claim §
wherein said check valves are spherical balls located in
said radial high pressure outlet channels radially inward
of said valve seats, respectively, and having a diameter
smaller than the radial distance between the respective
valve seat and the innner surface of said cylindrical tu-
bular body so that said balls can be spaced from the
outer periphery of said cylindrical inner body.

7. Flow control arrangement for a piston pump, com-
prising a stator having inlet means and high pressure
outlet means, and including actuator means, said inlet
means including an inlet duct in said stator, and a bi-
assed throttle valve in said inlet duct, and said outlet
means including an outlet duct in said stator, said stator
being formed with a connecting duct connecting said
outlet duct with said throttle valve for operating the
same to reduce the inlet flow of fluid; a biassed outlet
check valve in said connecting duct in the region of
said outlet duct, and opening when the pressure in said
outlet duct is too high so that pressure fluid flows
through said outlet check valve and connecting duct to
said throttle valve for reducing the flow cross section
of said inlet duct; a rotor including a rotary cylinder
block having cylinder chambers and pistons in said cyl-
inder chambers operated by said actuator means, said
cylinder block having a rotary first control surface
formed with cylinder ports into which said cylinder
chambers open, respectively; and a stationary control
means having a stationary second control surface in
sliding contact with said first control surface, said con-
trol means having a low pressure inlet chamber and a
high pressure outlet chamber communicating with said
inlet means and said outlet means, respectively, and a
set of low pressure channels and a set of high pressure
channels communicating with said low pressure inlet
chamber and said high pressure outlet chamber, re-
spectively, and opening in low pressure ports and high
pressure ports on said second control surface succes-
sively cooperating with said cylinder portson. said first
control surface, only said high pressure channels hav-
ing ‘valve seats, respectively, and check valves in said
high pressure channels, respectively, pressed by the
high pressure in said high pressure outlet chamber
against said valve seats, respectively, so that no high
pressure fluid from said outlet means can enter a cylin-
der chamber in which low pressure prevails, said sta-
tionary control means including an outer cylindrical tu-
bular body having said second control surface on the
“outer periphery thereof, and being formed with radial
angularly spaced low pressure channels and high pres-
sure channels passing therethrough, and a cylindrical
inner body located in said outer cylindrical tubular
body and having said low pressure inlet chamber and
said high pressure outlet chamber diametrically dis-
posed at the periphery thereof and surrounded by said
outer cylindrical tubular body so that said radial chan-
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nels connect said low pressure inlet and high pressure
outlet chambers with said low pressure and high pres-
sure ports, respectively, on said second control surface,
said check valve being spherical balls located in said
radial high pressure outlet channels radially inward of
said valve seats, respectively, and having a diameter
smaller than the radial distance between the respective
valve seat and the inner surface of said cylindrical tubu-
lar body so that said balls can be spaced from the outer
periphery of said cylindrical inner body.

8. Flow control arrangement for a piston pump, com-
prising a stator having inlet means and high pressure
outlet means, and including actuator means, said inlet
means including an inlet duct in said stator, and a bi-
assed throttle valve in said inlet duct, and said outlet
means including an outlet duct in said stator, said stator
being formed with a connecting duct connecting said
outlet duct with said throttle valve for operating the
same to reduce the inlet flow of fluid; a biassed outlet
check valve in said connecting duct in the region of
said outlet duct, and opening when the pressure in said
outlet duct is too high so that pressure fluid flows
through said outlet check valve and connecting duct to
said throttle valve for reducing the flow cross section
of said-inlet duct; a rotor including a rotary cylinder .
block having cylinder chambers, and pistons in said cyl-
inder chambers operated by said actuator means, said
cylinder block having a rotary first cylindrical control
surface formed with cylinder ports into which said cyl-
inder chambers open, respectively; and a stationary
control means having a cylindrical stationary second
control surface in sliding contact with said first control
surface, said control means having a low pressure inlet

- chamber and a high pressure outlet chamber communi-
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cating with said inlet means and said outlet means, re-
spectively, and a set of radial low pressure channels and
a set of radially high pressure channels communicating
with said low pressure inlet chamber and said high pres-
sure outlet chamber, respectively, and opening in low

Ppressure ports and high pressure ports on said second

control surface successively cooperating with said cyl-
inder ports on said frist control surface, only said high
pressure channels having valve seats, respectively, and
check valves in said high pressure channels, respec- .
tively, pressed by the high pressure in said high pres-
sure outlet chamber against said valve seats, respec-
tively, so that no high pressure fluid from said outlet
means can enter a cylinder chamber in which low pres-
sure prevails, said sets being diametrically arranged on
said second stationary cylindrical control surface, indi-
vidual low pressure ports and high pressure ports being
separated from each other by circumferential face por-
tions of said second stationary cylindrical control sur-
face, the circumferential extension of said face portions
of said second stationary cylindrical control surface
being smaller than the diameter and the circumferen-
tial extension of said cylinder ports along said first ro-

tary cylindrical control surface,
* ok o k%



