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(57)  Hydraulic pump unit 1 with a radial piston pump
2 and multiple line connectors 99 for connecting a set of
hydraulic actuators 110 to the pump unit via actuator
lines. The pump unit comprises a main body 5 including
a channel system 50 with multiple ducts 501 form a flow
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specific for a particular predetermined hydraulic circuit.

Advantageously, the throttle plate 7 is replaceable by an-

other throttle plate to obtain a different throttling property
in a hydraulic circuit embedded in the pump unit.
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Description

[0001] The present invention relates to a hydraulic
pump unit. The hydraulic pump unit is configured to sup-
ply pressurised hydraulic liquid to a set of hydraulic ac-
tuators. In particular, the set of hydraulic actuators may
comprises a plurality of actuators wherein a first actuator
is to be moved independently from a second actuator.
[0002] The hydraulic pump unit comprises a pump, a
reservoir for a hydraulic liquid, and multiple line connec-
tors for connecting the set of hydraulic actuators to the
pump unit via actuator lines, e.g. via flexible hydraulic
hoses. The pump unit has atleast one valve seat allowing
to install an electrically operable valve or such a valve
being installed, e.g. a directional valve, to control the flow
of hydraulic liquid. Further the hydraulic pump unit com-
prises a main body including a channel system for the
hydraulic liquid. The channel system comprises multiple
ducts which interconnect the pump, the reservoir, and
the at least one valve seat. Each duct forms a flow path
of a hydraulic circuit. The channel system includes ducts
which have duct ends which are situated in a surface of
the main body. The duct ends define multiple ports in a
common port face.

[0003] The invention also relates to a method of as-
sembling a hydraulic pump unit to obtain a hydraulic
pump unit including a predetermined configuration of a
hydraulic circuit which pump unit is dedicated to control
a set of hydraulic actuators, in particular a set of motion
independent hydraulic actuators.

[0004] A hydraulic pump wunit is known from
WO02010/127744. This known hydraulic unit assembled
from several components including a pump, a motor and
a tank. The hydraulic unit comprises a housing and a
core. The core is received in a bore in the housing. A part
of the outer surface of the core contacts the bore in the
housing. Groove-shaped surface flow channels are pro-
vided in the area of the adjoining surface of the core
and/or of the housing. The pump and the motor are
mounted at one axial end of the core. The tankis mounted
at the opposite axial end of the core.

[0005] The pump unit of the invention, like the pump
unit of WO2010/127744, may be embodied as a small
hydraulic power pack, preferably with integrated pump
motor, e.g. for use in the automotive industry, e.g. for
hydraulic actuation of one or more movable car elements
like a convertible roof, e.g. including a tonneau cover,
one or more doors of a car, a hood, etc.

[0006] DE10.2007.052.504 discloses an electro-hy-
draulic driving system for operating a convertible roof of
a vehicle. The driving system has a centrally positioned
aggregate for energising several actuators. The driving
system comprises a motor and an electronic unit which
are mounted to a block shaped pump housing including
two pumps. An adapter block is mounted to the pump
housing, in which a gasket is clamped in between the
adapter block and the pump housing to prevent any liquid
leakages. The adapter block is configured to connect a
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plurality of actuators. The adapter block includes an in-
ternal channel system which allows a direct connection
of the actuators without any branching of actuator lines.
[0007] The channel system of the adapter block is
manufactured by drilling a plurality of crossing boreholes.
Longitudinal boreholes are drilled in a length direction in
which transversal boreholes are drilled in a transversal
direction to intersect the longitudinal boreholes.

[0008] Producing such a channel system has several
drawbacks. Producing such a channel system is labour-
intensive and vulnerable for failures which lead to reject-
ed products. The drilling of the transversal boreholes is
labour intensive, because after drilling the boreholes,
these boreholes need to be closed again by placing a
plug like a Koenig expander. To enable a placement of
a plug, the borehole must have a locally enlarged diam-
eter which increases an effort in production. Failures oc-
cur when the transversal boreholes are erroneous posi-
tioned or not accurately directed. Further, failures are
caused by contaminated boreholes. Drilled boreholes
might include tiny metal chips which might cause oper-
ational failures.

[0009] Applications like the automotive industry re-
quire that the hydraulic pump units are manufactured and
assembled in amass production environment at low cost.
To obtain a cost effective mass production, high require-
ments have to be met regarding a logistics for manufac-
turing and storage of components and regarding the as-
sembly effort and time for assembling components to
manufacture the pump units. Forexample when supplied
to the automotive industry, where many different cars,
e.g. having different convertible roof systems, are man-
ufactured to specific orders from clients, the pump units
have to be delivered to the car assembly line according
to the just-in-time (JIT) principle. This JIT principle re-
quires an optimised manufacturing and logistic operation
at the side of the hydraulic pump unit manufacturer in
order to reduce e.g. storage costs for ready to deliver
pump units.

[0010] Afirstdesireis to provide a hydraulic pump unit
having a design that allows to vary the effective hydraulic
circuit in a structurally simple manner, e.g. allowing for
limited effort and/or time needed for the assembly of the
pump unit.

[0011] A further desire is to provide a useable alterna-
tive to existing hydraulic pump units.

[0012] According to a first aspect of the invention, the
invention relates to a the hydraulic pump unit comprising
a pump, in particular a rotary drive shaft operated pump,
a reservoir for hydraulic liquid, multiple line connectors
for connecting the set of hydraulic actuators to the pump
unit via actuator lines, and at least one valve seat, where-
in an electrically operable valve is or can be installed at
the at least one valve seat. Further, the hydraulic pump
unit comprises a main body including a channel system
for the hydraulic liquid. The channel system comprises
multiple ducts which interconnect the pump, the reservoir
and the at least one valve seat. Each duct forms a flow
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path of a hydraulic circuit. The channel system includes
ducts which have duct ends which are situated in a sur-
face of the main body. The duct ends define multiple ports
in a common port face.

[0013] According to the first aspect of the invention,
the pump unit further comprises a throttle plate. The throt-
tle plate comprises atleast one throttle orifice. The throttle
orifice extends from a back side to a front side of the
throttle plate. The throttle orifice is sized to provide a pre-
determined throttling of hydraulic liquid. In particular, the
throttle orifice is positioned at the throttle plate in align-
ment with a port of the port face of the main body. The
throttle plate is retained in position in parallel with the
port face. The throttle plate is specific for a particular
predetermined hydraulic circuit.

[0014] Advantageously, the throttle plate is replacea-
ble by another throttle plate to obtain a different throttling
property in a hydraulic circuit embedded in the pump unit.
[0015] In an embodiment of the pump unit according
to the invention, the port face is a planar face of an outer
surface of the main body which allows a reduction of an
assembly time in a mass production of the pump unit.
[0016] In an embodiment of the pump unit according
to the invention, a single throttle orifice comprises a group
of filter apertures that throttle and also filter a passing
hydraulic liquid. Advantageously, the filter apertures pro-
vide a double function which allows a reduction of com-
ponents of the pump unit which contributes to a cost-
effective mass production of the pump unit.

[0017] According to a second aspect of the invention
a hydraulic pump unit according to clause 1 is proposed.
[0018] The hydraulic pump unit according to the inven-
tion provides an advantage in that the configuration of
the hydraulic pump unit is easy adaptable in the manu-
facturing process, e.g. to meet a specific demand, e.g.
from a car manufacturer, by selecting from a set of dif-
ferent function plates the one function plate that provides
for the desired hydraulic circuit for controlling the hydrau-
lic actuators. The function plate is relatively easy to man-
ufacture and easy to handle, and the sandwiching of the
function plate between the main body and the end body
allows to achieve the desired pressure resistant sealing
without great effort, even at the pressure of the hydraulic
liquid which may for example exceed 50 bars, or even
100 bars.

[0019] Compared to the WO2010/127744 the plate
shape of the function plate, the planar embodiment of
the port face, and the sandwiching by means of the end
body, avoid problems with tolerances, unroundness,
sealing, etc. that may be expected when mating the core
with the cylindrical bore.

[0020] Compared to the hydraulic system of
DE10.2007.052.504, a function plate according to the
invention which is sandwiched in between the end body
and the main body allows a reduction of a complexity of
a present channel system or even allows to completely
omit such a channel system. A channel system can may
have a standardised configuration to provide a generic
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part of a hydraulic circuit, while the addition of the function
plate to the pump unit makes the pump unit specific for
a particular application. If a channel system is provided
in an end body, such channel system might just relate to
a generic part of a hydraulic circuit including just basic
functions which are general for multiple applications,
while the additional function plate relates to a specific
part of a typical application. Herewith, a number of nec-
essarily different configurations of channel systems can
be strongly reduced which may strongly reduce an
amount of failures and product rejections during produc-
tion.

[0021] The 2D plate shape of the function plate includ-
ing a slotted passageway to obtain a predetermined hy-
draulic circuit allows a production by laser cutting tech-
nology which is advantageous over a 3D drilling technol-
ogy which is used in producing a channel system out of
boreholes. Herewith, the pump unit according to the in-
vention can be manufactured more effectively in a plu-
rality of configurations.

[0022] In a practical embodiment the end body is se-
cured to the main body via one or more threaded fasten-
ers, e.g. bolts, that are tightened to achieve the desired
sealing between any interface of the one or more plates,
the end body, and main body, that is transgressed by
hydraulic liquid. Other fasteners or fastening techniques,
e.g. leading to a permanent securing of the end body,
one or more plates, and main body, may also be envis-
aged. Forexample the end body and main body are glued
or welded to one another.

[0023] The function plate is preferably directly mount-
ed against the planar port face situated at an outer sur-
face of the main body.

[0024] It is envisaged that the end body and function
plate, and any other plate if present, may be releasable
mounted in the pump unit, e.g. allowing to exchange one
or more plates in a ready made pump unit, e.g. for main-
tenance. Itis however also envisaged that these compo-
nents are permanently secured to one another in some
way. For example a permanent stack can be made of
one or more function plates, possibly in combination with
one or more of a throttle plate and/or connector plate as
described herein, which are permanently secured to an-
other.

[0025] The planar shape and positioning of the port
face atan outer surface contributes to a simple assembly
and may allow for a reduction of an assembly time. The
planar port face facilitates an alignment of the slotted
passageway of the function plate to corresponding ports
of the port face.

[0026] The end body allows to press the function plate
onto the planar port face and thereby provides a strong
and reliable mounting which avoids liquid leakages.
[0027] Additionally, the presence of the port face at an
outer surface of the main body may contribute to a re-
duction of an assembly time in that components of the
pump unit which include universal features can remain
pre-assembled when mounting a specific function plate
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to obtain a specific hydraulic circuit.

[0028] The hydraulic circuit which is embedded in the
hydraulic pump unit is defined by a plurality of flow paths.
The flow paths are substantially determined by the chan-
nel system of the main body in combination with at least
the function plate, possibly one or more of the other plates
as described herein.

[0029] A layout of the at least one slotted hydraulic
liquid passageway of the function plate determines a par-
ticular liquid connection in between ports in the port face
of the main body. The layout of each passageway deter-
mines a particular flow path of the hydraulic circuit.
Hence, the function plate can be prepared in accordance
with a predetermined hydraulic circuit by designing the
at least one slotted passageway in a desired configura-
tion.

[0030] A first function plate may define a first hydraulic
circuit of the hydraulic pump unit. A second function plate
may define a second hydraulic circuit of the hydraulic
pump unit. By selecting during the manufacturing proc-
ess of the pump unit either the first or the second function
plate, the hydraulic circuit of the hydraulic pump unit may
be adapted into a first hydraulic circuit or a different, sec-
ond hydraulic circuit.

[0031] Advantageously, the invention allows to manu-
facture a main body that is combinable with a selected
one of multiple different function plates to meet, e.g. in a
Just-in-Time situation, a stream of frequently varying or-
ders from clients, e.g. as in the automotive industry.
[0032] Herewith, a hydraulic pump unit according to
the invention can be dedicated in a simple manner to a
particular hydraulic actuating device by mounting the hy-
draulic pump unit with a dedicated function plate.
[0033] Hereafter, further embodiments of the hydraulic
pump unit according to the invention will be described
with reference to a spatial relation of the components of
the pump unit. The pump unit is described in a spatial
orientation in which the main body is positioned at a back
side and in which the end body is positioned at a front
side of the pump unit. In a frontal view of the pump unit,
the main body is positioned behind the end body. A ref-
erence to an axial direction means a reference to a linear
direction which extends from the back side to the front
side of the pump unit.

[0034] In an embodiment of the hydraulic pump unit,
the pump unit comprises multiple line connectors for con-
necting actuator lines to the pump unit, which line con-
nectors are provided on the main body. The line connec-
tors are preferably incorporated in the main body to pro-
vide a one piece item, but may also be situated at a sep-
arate body which is mountable to the main body, e.g. by
bolts. The positioning of the line connectors on the main
body provides an advantage in that the configuration of
the end body may remain simple. The main body which
includes the channel system may be manufactured by
drilling and milling operations, in which substantially all
complex features of the hydraulic circuit are incorporated
in the main body. Advantageously, the complexity of the
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pump unit manufacturing can be concentrated at one part
of the pump unit, i.e. the main body, while leaving the
remaining parts of the pump unit simple for manufactur-
ing. Herewith, the hydraulic pump unit can be manufac-
tured cost effective in a mass production.

[0035] In a further embodiment of the hydraulic pump
unit, the end body is arranged without a line connector
which simplifies the configuration. The end body may -
similar to the main body - include an end body port face
and an end body channel system which is configured to
provide a flow path in between the first and second port
of the end body port face. The ports of the end body port
face are preferably aligned with the ports of the main
body port face. Herewith, the end body channel system
may be configured to return a flow of liquid originating
from a first port of the end body to a second port of the
end body. By providing a specific configuration of the end
body channel system, a predetermined flow path may be
obtained which is characteristic for a particular hydraulic
circuit. Advantageously, the end body which has a simple
configuration which allows a cost-effective manufactur-
ing can be interchanged to obtain of a particular hydraulic
circuit.

[0036] Inan embodiment according to the invention in
which the end body is arranged without a line connector
and without a channel system. The end body may have
a simple configuration. The end body may be a clamping
body, in particular a clamping plate, in which the end
body is plate shaped including a plurality of mounting
holes for introducing bolts to clamp and mount the func-
tion plate to the main body.

[0037] In an embodiment of the hydraulic pump unit
according to the invention, the main body and the end
body each comprise at least one multiple line connector
for connecting actuator lines to the pump unit.

[0038] In an embodiment of the hydraulic pump unit
according to the invention, the multiple line connectors
are provided on the end body. Preferably, the end body
comprises at least two pairs of line connectors for con-
necting the pump unit to the set of motion independent
actuators. Each pair of line connectors may connect two
lines, e.g. leading to one or more double-acting hydraulic
actuators, e.g. linear hydraulic cylinders.

[0039] Preferably, all line connectors of the hydraulic
pump unit are provided on the end body. The end body
comprises an end body channel system for conducting
a liquid. The end body channel system comprises multi-
ple ducts, in which each duct forms a flow path of a hy-
draulic circuit. The end body channel system includes
ducts having duct ends which are situated in a planar
face of an outer surface of the end body. The duct ends
define multiple ports in an end body port face. The end
body channel system interconnects a line connector and
a port of the end body port face.

[0040] Preferably, the line connectors are positioned
at a front side of the end body, and the multiple ports are
positioned at a back side of the end body. Particularly,
the ports of the end body port face are aligned with the
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ports situated in the port face of the main body. In par-
ticular, the end body port face is in mirror symmetry with
the port face of the main body.

[0041] In an embodiment of the hydraulic pump unit
the end body comprises a motor mount for mounting a
motor in operable connection with the pump. Preferably,
the motor mount is positioned at a side of the end body
opposite the end body port face. Herewith, the end body
is assembled in between the motor and the function plate
of the pump unit. Advantageously, the motor mount at
the end body provides a simple layout of the pump unit
which contributes to an ease of assembly.

[0042] In an embodiment of the hydraulic pump unit,
the function plate comprises multiple hydraulic liquid
holes which each extend from a back side to a front side
through the function plate. The multiple holes are pref-
erably each arranged in alignment with one of the multiple
ports of the port face of the main body. The multiple holes
each provide a flow path, in particular a through flow,
from the main body through the function plate towards
the end body. The multiple holes may provide a connec-
tion of ports of the port face of the main body to one or
more ports of the end body port face, such thata particular
hydraulic circuit is obtained. In particular, the holes of the
function plate may interconnect line connectors at the
end body with the channel system of the main body, such
that the line connectors are connected with the pump,
the reservoir, and the atleastone valve. Advantageously,
the multiple holes in combination with the at least one
slotted passageway contributes to the freedom to design
different hydraulic circuits.

[0043] In an embodiment of the hydraulic pump unit,
the function plate comprises at least one seal rib. The at
least one seal rib extends across the function plate along
an outer contour of the slotted passageway, encircling
said passageway in order to avoid leakage of hydraulic
liquid. Advantageously, the atleast one seal rib seals the
slotted passageway to prevent leakages of liquid across
the function plate. Preferably, the at least one seal rib is
fixedly secured, e.g. vulcanised, to the function plate.
Preferably, the at least one seal rib comprises a silicone
or rubber material. A permanent integration of the seal
rib with the function plate allows for a reduction of as-
sembly effort and/or time in a mass production of the
pump unit.

[0044] In an embodiment of the hydraulic pump unit,
the function plate comprises multiple slotted passage-
ways and multiple seal ribs, in which each individual slot-
ted passageway is provided with, e.g. encircled by, a
respective individual seal rib. Advantageously, the ar-
rangementof individual separate seal ribs prevent a leak-
age of liquid in between separate passageways.

[0045] In an embodiment of the hydraulic pump unit,
each slotted hydraulic liquid passageway or hydraulic lig-
uid hole of a plate is encircled by a respective seal rib,
e.g. seal ribs being present at two sides of the plate in
case of a hydraulic liquid hole through the plate.

[0046] For a slotted passageway it is envisaged that
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such passageway may include a section that is only
present as a groove at one side of the plate, or be formed
entirely as a groove at one side of a plate.

[0047] Itis envisaged that a slotted passageway may
connect to one or more through holes that extend through
the plate, with the slotted passageway being a groove
formed in one side of the plate.

[0048] In an embodiment a slotted passageway at a
back side of the function plate is provided with a seal rib
and a slotted passageway at a front side of the function
plate is provided with a seal rib.

[0049] Advantageously, the function plate and/or the
connector plate, which will be described later, is provided
with permanently integrated sealing members, e.g. the
mentioned sealing ribs, and can be retained in the sand-
wich without the use of an additional, separate sealing
member contact one or both sides of the plate, e.g. like
a separate seal gasket plate.

[0050] In an embodiment of the hydraulic pump unit,
the function plate and/or the connector plate, which will
be described later, is a laminated plate. The laminated
plate comprises at least a front layer and a back layer.
Lamination means that the layers of the laminated plate
are stacked and fixed, preferably permanently, together
about substantially the entire contact surface to obtain a
one piece item. The frontlayer may comprise one or more
slotted passageways. The back layer may comprise one
or more slotted passageways. Any through holes extend
through both the front and the back layer.

[0051] Thefrontand/orbacklayercanbe made of plas-
tic material, e.g. injection moulded, e.g. in a 2K-process
wherein the one or more seal ribs are directly integrated
with the front layer andor back layer. As will be explained
the laminated plate may include one or more intermediate
layers, e.g. a filter material layer. For example the front
and/or back layer are of plastic and moulded onto the
filter material layer.

[0052] Preferably, the front layer includes a different
configuration of the at least one slotted passageway in
comparison with the at least one slotted passageway of
the back layer to obtain a specific configuration of the
plate which is dedicated to a particular hydraulic circuit.
[0053] In an embodiment, the function plate is a lami-
nated plate. The laminated plate comprises at least two
layers including a support layer for providing rigidity to
the function plate. The support layer comprises prefera-
bly a metal plate. The laminated plate further comprises
at least one seal layer for a liquid tight sealing of the
function plate under a compression. The seal layer in-
cludes a compressible sealing material, which is prefer-
ably an elastomer. In an embodiment, the seal layer may
comprise a vulcanisable material like rubber.

[0054] In an embodiment, the seal layer is adapted in
correspondence with a pattern of the at least one slotted
passageway and/or at least one hole. Herewith, a pre-
defined volume of sealing material circumvents a slotted
passageway or hole of the function plate. The predefined
volume has a width of at least 2mm and at most 10mm.
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Advantageously, an applied compression in an assembly
of the function plate to the main body results in a liquid
tight connection.

[0055] In an embodiment, the at least one slotted pas-
sageway of the function and/or connector plate is spaced
at a distance of at least 2mm away from another slotted
passageway or borehole. Advantageously, such a spac-
ing provides sufficient resistance to prevent any leakage
in between a passageway and hole of a pattern.

[0056] In an embodiment, a stack of at least one func-
tion plate is sandwiched between the port face of the
main body and the port face of the end body. The stack
of plates is a multi-layer one piece item provided by pro-
ducing a fixed connection of several plates, e.g. by fixat-
ing a stack of prefabricated plates in which each plate is
made by a cutting technology.

[0057] In an embodiment, the laminated plate, e.g.
function plate, further comprises an intermediate layer.
The intermediate layer is positioned in between the front
and back layer. Preferably, the intermediate layer com-
prises a filter material element, in particular a filter ma-
terial layer, e.g. a fine woven membrane. Preferably, the
filter element or layer comprises a woven filter material.
The intermediate layer may comprise a support sub-layer
for supporting the filter membrane. Advantageously, the
filter membrane of the intermediate layer may provide a
filter function for the hydraulic liquid that passes through
a hydraulic liquid hole that is spanned by said filter layer,
e.g. the filter layer serving to extract air from the hydraulic
liquid which may have become entrapped in the liquid
due to foaming as high velocity liquid arrives in the res-
ervoir.

[0058] In a further embodiment of the hydraulic pump
unit, the seal rib is positioned directly along the side of
the passageway or forms the inside of a through hole in
aplate. The seal rib may be connected to the intermediate
layer in a laminated plate.

[0059] Preferably the seal rib protrudes partly above
the respective face of the plate, e.g. above the respective
back of front layer, whereas the remainder is recessed
inthe plate. Advantageously, the arrangement of the seal
rib partly recessed instead of merely on top of the plate
increases a compressibility of the seal rib which improves
a sealing property.

[0060] Inanembodiment, the function plate and/or any
other plate stacked between the main body and the end
body, comprises a key to align the plate with respect to
the port face of the main body. The main body comprises
a complementary key receiver. The configuration of the
key receiver is adapted to the configuration of the key to
let the key fit to the key receiver. Preferably, the key re-
ceiver is positioned at the port face. Preferably, the key
of the function plate comprises a key recess at an outer
edge of the plate, in which the complementary key re-
ceiver comprises a key protuberance which fits in the key
recess and which key protuberance is positioned as an
outer region of the port face. Advantageously, the pres-
ence of the key and complementary key receiver allows
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a quick installation of the function plate and/or any other
plate. Advantageously, the key of the function plate pre-
vents a misalignment and reversed orientation of the
function plate with respect to the port face of the main
body.

[0061] In an embodiment the reservoir comprises at
least one reservoir opening at an outer planar surface of
the main body and wherein the function plate comprises
a port region and a reservoir region. The port region is
configured to interact with the port face of the main body.
In the pump unit, the port region is retained in position
parallel to the port face of the main body. The port region
includes the at least one slotted passageway. Preferably,
the port region further comprises at least one through
hole which is in position aligned with a port of the port
face of the main body. The reservoir region is configured
to interact with the reservoir opening. The reservoir re-
gion includes at least one reservoir cut-out which is in an
assembly of the pump unit retained in position in align-
ment with an opening of the reservoir of the pump unit.
Advantageously, the configuration of the reservoir region
of the function plate allows to introduce predetermined
different technical functions with relate to the reservoir,
like a filter function or air venting function.

[0062] Inanembodimentthereservoir extends atleast
partly within the main body. The reservoir has at least
one reservoir opening in an outer planar surface of the
main body that is continuous with the port face of the
main body. The function plate is arranged adjoining said
port face and said continuous outer planar surface. The
function plate comprises a port region and a reservoir
region, wherein the port region includes the at least one
slotted passageway and is retained in position parallel
to the portface, and wherein the reservoir region includes
atleast one reservoir cut-outin alignment with the at least
one reservoir opening in the main body.

[0063] Inan embodiment a plate has at least one res-
ervoir cut-out comprises a filter element, in particular a
filter material layer, which spans the reservoir cut-out.
For example the filter material layer is a layer of a lami-
nated function plate, e.g. an intermediate layer between
the front layer and the back layer of plate.

[0064] In an embodiment the reservoir comprises at
least two reservoir compartments that each extend at
least partly within the main body and each have a re-
spective reservoir opening in the outer planar surface of
the main body. The function plate, and possibly one or
more other plates, has a respective reservoir cut-out for
each reservoir opening. The reservoir compartments are
arranged hydraulically in series such that hydraulic pass-
ing out of the reservoir opening of one compartment flow
through the respective filter element and return through
another filter element aligned with the other compart-
ment. For example the hydraulic liquid passing from said
one reservoir compartment to a passageway provided in
the end body via aligned cut-outs in any throttle plate or
connector plate and then back through other aligned cut-
outs in any throttle plate or connector plate to said other
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reservoir compartment.

[0065] Inanembodimentthe reservoirregion of aplate
is encircled by a seal rib on the plate which separates
the reservoir region from the port region.

[0066] Inanembodimentthe reservoirregion of aplate
further comprises a pump opening for the pump, e.g. the
pump partly protruding from the main body at the side of
the port face of the main body. In an embodiment the
pump opening has a circular shape. The pump opening
of the plate is a cut-out which extends from a back side
to a front side of the plate.

[0067] Inanembodimentthe atleastone reservoir cut-
outis positioned at a circumference and spaced from the
pump opening. In particular, two reservoir cut-outs are
provided atthe circumference and spaced from the pump
opening. Preferably, three reservoir cut-outs are provid-
ed atthe circumference and spaced from the pump open-
ing, wherein the three reservoir cut-outs are aligned with
three corresponding reservoir openings which presentin
the main body, each associated with a respective reser-
voir compartment, e.g. within the main body.

[0068] Inanembodimentthe atleastone reservoir cut-
out comprises a filter element, in particular a filter mem-
brane which spans the reservoir cut-out. The filter ele-
ment may be arranged to filter passing hydraulic liquid.
Preferably, the filter element is arranged to separate air
from foaming hydraulic liquid. Preferably, the filter ele-
ment of one cut-out has a planar filter area of at least 1
cm2for separating the air from foaming passing hydraulic
liquid.

[0069] In an embodiment the function plate comprises
an air vent for venting air away from the reservoir cut-
out. Preferably, the air vent extends from the reservoir
cut-out to the pump opening of the plate. Preferably, the
air vent is arranged as a shallow groove in a surface of
the plate. Advantageously, the air vent allows air which
has been separated from the hydraulic liquid by the filter
element to be discharged, e.g. to the outer atmosphere.
[0070] In an embodiment the channel system of the
main body comprises multiple ducts including multiple
intersecting ducts which extend in an axial direction and
multiple ducts which extend in a transversal direction of
the main body. In an embodiment the multiple ducts are
multiple boreholes which are manufactured by drilling,
e.g. in a suitable metal, e.g. aluminium, main body.
[0071] In an embodiment, the main body comprises
the at least one valve seat, preferably plural valve seat
for the same number of valves, e.g. solenoid operated
directional valves, e.g. of the cartridge type.

[0072] Instead of mounting a valve block including the
at least one valve seat to the main body, the at least one
valve seat is preferably incorporated in the main body.
The main body including the channel system and the at
least one valve seat can be manufactured out of one
piece.

[0073] Inanembodiment, the main body also compris-
es the reservoir as an integral part thereof, e.g. the main
housing being made of plastic material. Instead of mount-
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ing a separate reservoir body to the main body, the res-
ervoir is then incorporated in the main body.

[0074] In an embodiment, the main body comprises a
pump recess that houses the pump, e.g. aradial plunger
pump. In an embodiment the pump recess includes a
cylindrical inner space which extends in the axial direc-
tion of the main body. The pump recess preferably ex-
tends in a direction in perpendicular to the planar port
face of the main body.

[0075] The pump preferably is a rotary driveshaft op-
erated pump, more in particular a plunger pump, prefer-
ably a radial plunger pump mounted in a pump recess of
the main body.

[0076] The main body including the channel system
and the pump recess housing the pump can be manu-
factured out of one piece, which contributes to an effec-
tive mass production of the pump unit.

[0077] In an embodiment of the hydraulic pump unit
according to the invention, the pump is partly received in
the main body with another part protruding from the main
body. The pump recess is configured in correspondence
with the dimensioning of the pump housing to receive the
inner portion of the pump. Instead of mounting acomplete
pump inside the pump recess, the pump housing is in-
corporated in the main body and only an inner portion of
the pump is installed in the pump recess.

[0078] In an embodiment, the reservoir comprises a
main reservoir which is connected to the pump by a suc-
tion flow path which extends from the main reservoir to
the pump and wherein the reservoir further comprises at
least one reservoir compartment, which reservoir com-
partment is connected with the main reservoir by a main
reservoir flow path. The main reservoir flow path extends
in between the reservoir compartment and the main res-
ervoir. In particular, the main reservoir flow path compris-
es a duct which intersects both the main reservoir and
the reservoir compartment. In an embodiment, the duct,
in particular a borehole may extend to an outer surface
of the main body and may comprise a plug to close the
duct at the outer surface. Preferably, the plug is remov-
able to fill the main reservoir with an hydraulic liquid.
[0079] In an embodiment, the main reservoir is fully
incorporated in the main body. Preferably, the main res-
ervoir includes a cylindrical body portion which extends
in the axial direction of the main body. Preferably, the
main reservoir is aligned with a pump recess and is -
seenin afrontal view of the pump unit - positioned behind
the pump recess. In an embodiment the main reservoir
is formed by an extension of a pump recess.

[0080] Preferably, the at least one valve seat, a pump
recess housing the pump, and the reservoir are all incor-
porated in a unitary main body, such that all those fea-
tures are manufactured out of one piece which allows a
reduction of assembly time.

[0081] In an embodiment, the at least one reservoir
compartment is incorporated in the main body. Prefera-
bly, the at least one reservoir compartment is positioned
along an outer circumference of the pump recess in the
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main body. Preferably, the at least one reservoir com-
partment is open at an outer surface of the main body.
The at least one reservoir compartment may be closed
by a mountable component, like the function plate or end
body.

[0082] In an embodiment, the at least one reservoir
compartment comprises a filter element, in particular a
filter membrane, for filtering a passing hydraulic liquid.
Before entering the main reservoir, the hydraulic liquid
first passes through the reservoir compartment. The res-
ervoir compartment provides a buffering and flow resist-
ance which mitigates occurring turbulences in the hy-
draulic liquid. The reservoir compartment provides a low
pressure zone. The reservoir compartment contains hy-
draulic liquid at a relatively low pressure with respect to
hydraulic liquid in the channel system of the main body.
Any present air contained in the foaming hydraulic liquid
will be collected at the reservoir compartment. The filter
element of the reservoir compartment advantageously
separates air from the hydraulic liquid.

[0083] In an embodiment, the at least one reservoir
compartment comprises an air vent. The air vent may be
a separate component, like acommonly known hydraulic
air vent plug which is mountable to the main body in op-
erable connection with the reservoir compartment. Pref-
erably, the separated air is released out of the reservoir
compartment via the air vent to the pump recess. Pref-
erably, the air vent is provided on the function or connec-
tor plate by an open passageway. Preferably, the filter
element comprises a filter membrane which spans the
reservoir compartment and an open passageway is pro-
vided as an air vent which extends from the at least one
filter compartment to the pump recess. Preferably, the
open passageway is positioned upstream and close to
the filter membrane. The filter membrane preferably has
a large working surface area which contributes to an ef-
fective removal of air from the passing hydraulic liquid.
The filter membrane may be fixed to the main body, but
preferably, the filter membrane is fixed to the function
plate or connector plate, in which the filter membrane is
spanned across the one or more reservoir cut-outs.
[0084] In an embodiment, the reservoir comprises a
first, second and third reservoir compartment. The first,
second, third and main reservoir are connected in series
by inter-reservoir flow paths. Preferably, the inter-reser-
voir flow paths are provided on the end body. During op-
eration of the pump unit, the hydraulic liquid passes
through the reservoir compartments before entering the
main reservoir. The first and second reservoir compart-
ments comprise an air vent and serve to stabilise the
hydraulic liquid and to separate air from the liquid.
[0085] In an embodiment, the third reservoir compart-
ment is connected in series with the first reservoir. The
third reservoir compartment serves to receive a flow of
hydraulic liquid in case that a predetermined pressure is
exceeded. The third reservoir compartment comprises
at least one flow path provided with a pressure relief
valve. Preferably, the third reservoir compartment is pro-
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vided with a filter element two separate air from a passing
hydraulic liquid.

[0086] In an embodiment, the pump unit further com-
prises a throttle plate. The throttle plate comprises at least
one throttle orifice. The throttle orifice is open from a back
side to afront side of the throttle plate. In an embodiment,
the throttle orifice is positioned in the throttle plate in align-
ment with a port of the port face of the main body. The
throttle plate is preferably mounted in the pump unit in
combination with the function plate and possibly a con-
nector plate as will be described later herein. The throttle
plate is retained in position in parallel with the port face.
In an embodiment the throttle plate is mounted directly
against the port face. In an alternative embodiment, the
throttle plate is mounted against a function plate which
in turn is mounted directly against the port face. The func-
tion plate is then positioned in between the throttle plate
and the port face of the main body.

[0087] In a particular embodiment, which may consti-
tute the first aspect of the invention, the pump unit may
be arranged without a function plate, butincluding a throt-
tle plate as described herein. Advantageously, the throt-
tle plate may be selected from a set of different throttle
plates to obtain a desired throttling property at one or
more locations in a hydraulic circuit embedded in the
pump unit.

[0088] The one or more throttle orifices in the throttle
plate are each sized to provide a predetermined throttling
of passing hydraulic liquid. The required throttling might
be determined by experiments with a hydraulic actuating
device operating in a practical environment, e.g. when
testing a prototype of a hydraulic actuating device under
real conditions, e.g. a convertible roof actuating device.
[0089] The throttle plate is preferably made of metal or
other hard material, so that wear of the throttle orifices
is avoided. The orifices can e.g. be made by waterjet or
laser cutting.

[0090] The throttle plate provides an advantage in that
the throttle plate can be replaced by another throttle plate
in case that other throttling properties are desired.
[0091] In comparison with the known hydraulic pump
unit from WO2010/127744, the proposed throttle plate is
advantageous, because the throttle plate allows in a sim-
ple manner to achieve an accurate throttling of one or
more flows of hydraulic liquid within the circuit.

[0092] In an embodiment, a single throttle orifice, e.g.
to be aligned with a hole in an adjacent function plate,
comprises a plurality of tiny apertures that also serve as
a fine filter for passing hydraulic liquid. The filtering ap-
ertures are grouped and positioned close to each other
to obtain an alignment with a port of the port face of the
main body or a hole of an abutting function or connector
plate. In particular, a single throttle orifice may comprises
at least five, more in particular at least ten apertures. The
filtering apertures are preferably sized in a micrometre
range. In particular, the filter apertures may each have a
diameter of at most 100 pum, in particular at most 50 um,
preferably at most 20 wm. Advantageously, the throttle
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orifice including the filter apertures serves to obtain a
predetermined throttling in a flow path and further serves
to filter contaminations out of a passing hydraulic liquid.
[0093] Preferably, the throttle plate comprises at least
one bolthole, a key receiver and/or at least one seal rib
around each individual throttle orifice as described above
with respect to the function plate.

[0094] In an embodiment, the pump unit further com-
prises a connector plate. The connector plate is retained
in position in parallel with the port face of the main body.
The connector plate is retained in position in parallel with
the end body port face. The connector plate is arranged
in abutting engagement with the end body. The connector
plate serves to connect flow paths provided on the end
body with flow paths provided on the main body via the
one or more intermediate plates that are sandwiched be-
tween the end body and the main body.

[0095] In an embodiment, the connector plate is em-
bodied as a second function plate. The connector plate
may have the same structure and provide the same func-
tionality as described herein for the function plate. An
embodiment of the connector plate may include the same
features as the above described function plate.

[0096] Inanembodiment, the connector plate compris-
es at least one bolthole for introducing a bolt to mount
the end body to the main body.

[0097] Inanembodiment, the connector plate compris-
es at least one hydraulic liquid connector hole, e.g. which
is positioned in alignment with a port of the port face of
the end body.

[0098] Inanembodiment, the connector plate compris-
es akey receiver and/or at least one seal rib around each
connector hole as described above with respect to the
function plate.

[0099] Inanembodiment, the connector plate compris-
es a plurality of connector holes which each extend
through the connector plate. In an embodiment the con-
nector plate is configured without a slotted passageway.
[0100] Each connector hole is preferably provided with
its own sea rib.

[0101] Advantageously, this simple configuration of
the connector plate allows a simple configuration of a
pump unit to obtain a particular hydraulic circuit.

[0102] In an embodiment of the hydraulic pump unit
according to the invention, the connector plate further
comprises at least one slotted hydraulic liquid passage-
way, e.g. connecting at least two connector holes, such
that a flow path of the hydraulic circuit is determined.
[0103] The connector plate according to the invention
can be arranged similar to a function plate with an indi-
vidual configuration of one or more through holes and
one or more slotted passageways in accordance with a
predetermined hydraulic circuit to be provided. Herewith,
the connector plate is configured similar to the above
described function plate and may serve as an additional
function plate.

[0104] In an embodiment the pump is a radial plunger
pump having a housing with a two ports, e.g. one acting
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as suction port sucking in hydraulic fluid and a delivery
port delivering pressurized hydraulic fluid. In an embod-
iment the plunger pump is embodied for reversible oper-
ation wherein the ports change their function dependent
on the direction of rotation of the plunger pump.

[0105] In general a plunger pump has a stator part
which comprises a pintle with two ducts therein for hy-
draulic liquid. These ducts extend through the pintle and
are respectively in communication with the ports in the
housing of the pump. A rotor is arranged rotatable about
the projecting section of the pintle, The rotor is provided
with multiple radial bores, in each of which a plunger can
slide in a reciprocating fashion. The plungers bear
againstarunning surface thatis circular and eccentrically
with respect to the pintle, e.g. the inner race of a ball
bearing. The plungers may have a small diameter, e.g.
between 2 and 6 millimeters, e.g. for use in a small hy-
draulic power pack application of the pump unit. For ex-
ample the diameter of each piston may be in a range
between 1.5 millimeter and 2.8 millimeter. The circular
running surface may be formed eccentrically such that
the length of each piston is larger than the diameter of
the respective piston, wherein the length of the piston
lies in a range between 3 millimeter and 6 millimeter.
[0106] In an embodiment, the pump unit comprises a
stack of plates, wherein each plate is selected from a
group including at least one function plate, at least one
throttle plate and/or at least one connector plate. The
plates of a stack are selected to obtain a pump unit with
a predetermined hydraulic circuit.

[0107] Preferably, each plate of the stack is provided
with a key receiver which is complementary shaped to a
key positioned at the main body. Advantageously, the
presence of the key receiver assurers a correct place-
ment of each individual plate in the stack and an align-
ment of the stack with respect to the ports of the port face
of the main body.

[0108] In an embodiment, the pump unit comprises a
pump motor. The motor is preferably an electrical drive
motor which is connected to the pump, preferably the
pump has a rotary output shaft. Preferably, the motor is
of a type which has a substantially constant maximum
power output which it can deliver as a function of a rota-
tional speed.

[0109] Further embodiments are defined in the sub-
claims and the description of the figures.

[0110] Further, the invention relates to a function plate,
a throttle plate, a connector plate and a stack of plates,
which plates are selected from a group , wherein each
plate is selected from a group including at least one func-
tion plate, at least one throttle plate and/or at least one
connector plate including technical features as described
above with respect to the pump unit.

[0111] Further, the invention relates to a hydraulic ac-
tuating device which comprises at least one hydraulic
actuator, in particular a set of motion independent hy-
draulic actuators. The at least one hydraulic actuator is
operable connected in a hydraulic circuit which compris-
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es a pump unit according to invention.

[0112] Further, theinvention relates to amethod of pro-
ducing a actuating device comprising a step of producing
a first actuating device defining a first hydraulic circuit
which has a generic and specific hydraulic circuit part
and producing a second actuating device defining a sec-
ond hydraulic circuit which has a generic and specific
hydraulic circuit part, characterised in that the specific
hydraulic circuit part of each actuating device is defined
by a function plate, wherein the function plate comprises
at least one slotted hydraulic liquid passageway which
extends across the function plate.

[0113] Further, the invention relates to a method of as-
sembling a hydraulic pump unitto obtain a predetermined
configuration of a hydraulic circuit to operate a set of mo-
tion independent hydraulic actuators. Motion independ-
entmeans that at least one hydraulic actuator is provided
to move independent from another hydraulic actuator.
The method comprises several steps. In a step of the
method, a hydraulic pump unitaccording to the invention
is provided in an un-assembled configuration. In a step
of the method, a function plate is selected which com-
prises at least one slotted passageway which is config-
ured to provide a predetermined flow path of the hydraulic
circuit. In a step of the method, the function plate is
aligned with the port face of the main body of the hydraulic
pump unit. In a step of the method, the ends body of the
pump unitis mounted to the main body, wherein the func-
tion plate is sandwiched in between the end body in the
main body. After a correct placement of the components,
the end body, the function plate and the main body are
assembled together.

[0114] In an embodiment of the method according to
the invention, the method further comprises a step of
selecting a throttle plate. The throttle plate is selected
based on a particular configuration of a throttle orifice to
obtain a specific throttling at a specific flow path of the
hydraulic circuit. The throttle plate is stacked with the
function plate and mounted to the main body. The throttle
plate may be stacked and positioned at a backside of the
function plate, such that the throttle plate is in an assem-
bled configuration of the pump unit placed in between
the main body and the function plate. Alternatively, the
throttle plate may be positioned at the front side of the
function plate, such that the function plate is in an as-
sembled configuration of the pump unit placed in be-
tween the function plate and the end body. Preferably,
the throttle plate is positioned in between the function
plate and the end body of the pump unit which allows an
arrangement of the throttle plate without a sealing.
[0115] In an embodiment of the method according to
the invention, the method further comprises a step of
selecting a connector plate. The connector plate is se-
lected based on a particular positioning of at least one
connector hole which is in alignment with a port of the
portface of the main body. By selecting a connector plate,
a connection is provided with a port of the port face, such
that a flow path of the hydraulic circuit is obtained. After
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selecting the connector plate, the connector plate is
stacked with the function plate and mounted to the main
body of the pump unit.

[0116] According to a third and fourth aspect of the
invention, the invention relates to a hydraulic pump unit
comprising a pump, in particular a rotary drive shaft op-
erated pump, a reservoir for hydraulic liquid, multiple line
connectors for connecting the set of hydraulic actuators
to the pump unit via actuator lines, and at least one valve
seat, wherein an electrically operable valve is or can be
installed at the at least one valve seat. Further, the hy-
draulic pump unit comprises a main body including a
channel system for the hydraulic liquid. The channel sys-
tem comprises multiple ducts which interconnect the
pump, the reservoir and the atleast one valve seat. Each
duct forms a flow path of a hydraulic circuit. The channel
system includes ducts which have duct ends which are
situated in a surface of the main body. The duct ends
define multiple ports in a common port face.

[0117] According to the third aspect of the invention,
the reservoir comprises a main reservoir which is con-
nected to the pump by a suction flow path which extends
from the main reservoir to the pump and at least one
reservoir compartment, which reservoir compartment is
connected with the main reservoir by a main reservoir
flow path.

[0118] In an embodiment of the pump unit according
to the invention, the main reservoir and the at least one
reservoir compartment are incorporated in the main body
and wherein the at least one reservoir compartment has
areservoir opening at an outer surface of the main body.
[0119] In an embodiment of the pump unit according
to the invention, the at least one reservoir compartment
comprises a filter element for filtering a passing hydraulic
liquid.

[0120] In an embodiment of the pump unit according
tothe invention, the filter element comprises afilter mem-
brane which spans the at least one reservoir compart-
ment.

[0121] In an embodiment of the pump unit according
to the invention, the reservoir comprises a first, second
and third reservoir compartment, wherein the first, sec-
ond, third reservoir compartments are connected in se-
ries by inter reservoir flow paths, such that in operation
a liquid passes first through the reservoir compartments
and then enters the main reservoir.

[0122] According to the fourth aspect of the invention,
the pump comprises a pump housing and an inner por-
tion, wherein the pump housing is incorporated in the
main body of the pump unit.

[0123] So far the explanation of the second, third and
fourth aspect of the invention. It will be clear that these
aspects can be applied in combination with each other
and in particular with the first aspect, but may also equally
well be used separately from the first aspect. The above
described embodiments with respect to the first aspect
include features which can also be applied in combination
with the second, third and fourth aspect of the invention.
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Features of the aspects of the invention are described in
further detail with reference to the drawings hereafter.
[0124] The invention will be explained in more detail
with reference to the appended drawings. The drawings
show a practical embodiment according to the invention,
which may not be interpreted as limiting the scope of the
invention, in which:

Fig. 1 shows in side view an embodiment of hydraulic
pump unit according to the invention including an
electric pump drive motor, as well as connected ac-
tuator lines,

Fig. 2 shows a perspective view of the pump unit of
figure 1;

Fig. 3 shows another perspective view of the pump
unit of figure 1;

Fig. 4 shows the hydraulic pump unit of figure 1 in
perspective view with the electric operable valves
removed from their seats;

Fig. 5 shows the pump unit of figure 1 in a cross-
sectional view along an axial axis with a central valve
removed from the seat;

Fig. 6 shows the pump unit of figure 1 in an exploded
view;

Fig. 7 shows a main body of the pump unit of figure
1 including the pump and three valves;

Fig. 8 shows in perspective view the pump of the unit
of figure 1;

Fig. 9 shows a longitudinal section of the pump of
figure 8;

Fig. 10 shows the main body of figure 7 with the
pump removed;

Fig. 11 shows a top view of the main body of figure 7;
Fig. 12 shows a longitudinal cross section of the main
body with the pump removed;

Fig. 13 shows in a frontal view on the port face of
the main body of figure 7;

Fig. 14 shows a function plate of the pump unitin a
perspective view;

Fig. 15 shows the function plate of figure 14 from the
other side;

Fig. 16 shows in an enlarged view and in cross-sec-
tion the laminated function plate of figure 14 and 15;
Fig. 17 shows in a perspective view a throttle plate
of the pump unit of figure 1 in a perspective view;
Fig. 18 shows a side view of the throttle plate of Fig.
17;

Fig. 19 shows a front view of the throttle plate of Fig.
17;

Fig. 20 shows a connector plate of the pump unit of
figure 1 in a perspective view;

Fig. 21 shows the connector plate of fig. 20 in another
perspective view;

Fig. 22 shows the end body of the pump unit of figure
1in a perspective view;

Fig. 23 shows the end body of figure 22 in another
perspective view;

Fig. 24 shows the side of the end body of figure 22
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with the line connectors and the motor mount;

Fig. 25 shows the side with the port face of the end
body of Fig. 22;

Fig. 26 shows in a schematic view a layout of a first
hydraulic circuit including layout-sections which cor-
respond with components of the pump unitaccording
to the invention;

Fig. 27 shows in a layout of a second hydraulic circuit
which is provided by a pump unit in which several
components include a different configuration of fea-
tures with respect to the components as shown in
Fig. 26 to obtain the different second hydraulic cir-
cuit;

Fig. 28 shows a perspective view of an embodiment
of a pump unit having an end body out of two end
body parts;

Fig. 29 shows a side view of the pump unit as shown
in fig. 28;

Fig. 30 shows a top view of the pump unit as shown
in fig. 28;

Fig. 31 shows a perspective front view of a sub-as-
sembly including a first end body part, a connector
plate, a throttle plate and a function plate;

Fig. 32 shows a perspective back view of the sub-
assembly as shown in fig. 31;

Fig. 33 shows a perspective view of a subassembly
including a connector plate, a throttle plate and a
function plate; and

Fig. 34 shows a perspective view of the throttle plate
from the subassembly as shown in fig. 33.

[0125] The invention and aspects thereof will now be
described, in non-limiting manner, with reference to the
drawings.

[0126] Identical reference signs are used in the draw-
ings to indicate identical or functionally similar compo-
nents.

[0127] The hydraulic pump unit 1 is configured for sup-
plying pressurised hydraulic liquid, e.g. at pressures of
tens of bars, or even above 100 bars, to a set of hydraulic
actuators.

[0128] The set of hydraulic actuators, see e.g. figures
26, 27, comprises a plurality of actuators, in which a first
actuator may be arranged to move independently from
a second actuator, e.g. the one actuator operating one
element of a convertible roof system and the other actu-
ator another element of said system. An actuator may
herein also be a pair of parallel actuators that are oper-
ated in synchronicity. For example, the first actuator is
atthe same moment able to move about a different stroke
or speed than the second actuator.

[0129] The hydraulic pump unit 1 comprises a main
body 5, a rotary drive shaft operated pump 2, a drive
motor 10, and a reservoir 3 for a hydraulic liquid. An end
body 9 is provided with multiple line connectors 99 for
connecting actuator lines 104 to the unit 1, e.g. flexible
hydraulic hoses with end connector fittings that can be
connected to the connectors 99, e.g. inserted therein.
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The lines 104 connect the unit to a set of hydraulic actu-
ators.

[0130] The mainbody 5 of unit 1 has at least one, here
three, valve seats 40. In each seat an electrically oper-
able, e.g. solenoid operable, hydraulic control valve 4 is
mounted, e.g. a directional valve.

[0131] The main body 5 includes a channel system 50
that conducts the hydraulic liquid. The channel system
50 interconnects the pump 2, the reservoir 3, and the at
least one valve seat 40. The channel system 50 compris-
es multiple ducts 501. The channel system 50 includes
ducts which have duct ends 502 situated in an outer sur-
face of the main body 5, which duct ends 502 define
multiple ports 52 in a common portface 51. The port face
51 of the main body 5 is a planar face of the outer surface.
[0132] The depicted pump unit 1 further comprises a
function plate 6, a throttle plate 7, a connector plate 8.
As disclosed the number and type of plate in the unit may
be varied to achieve other arrangements.

[0133] Theplates6,7,8form a stackthatis sandwiched
between the end body 9 and the main body 5.

[0134] The function plate 6 comprises at least one slot-
ted passageway 60. The slotted passageway 60 extends
across the function plate 6. The function plate 6 is re-
tained in position parallel to the port face 51 such that
the slotted passageway 60 mates with at least two ports
52 of the port face 51 to define a flow path in between
these ports 52.

[0135] The end body 9 sandwiches the function plate
6 between the port face 51 of the main body 5 and the
end body 9 itself, here with interposition of the other
plates 7, 8.

[0136] The channel system 50 of the main body and
the function plate 6 and connector plate 9 together de-
termine the effective hydraulic circuit of the pump unit 1.
The throttle plate 7 is dedicated to providing throttle ori-
fices where required in the circuit.

[0137] The hydraulic pump unit 1 provides an advan-
tage in that a desired lay-out function plate 6 can be
mounted and by providing a set of different plates 6 one
can easily assemble, with the main bodies 5 being iden-
tical, units 1 with different hydraulic circuits, e.g. allowing
to drive different system with sets hydraulic actuators.
[0138] The function plate 6 is mounted directly onto
the planar port face 51 which is situated at an outer sur-
face of the main body 5. The planar shape and the situ-
ation of the port face 51 at an outer surface contributes
to a simple assembly.

[0139] The hydraulic pump unit 1 will be described with
reference to a spatial relation of the components of the
pump unit. The pump unit 1 is described in a spatial ori-
entation in which the main body 5 is positioned at a back
side B of the pump unit and in which the end body 9 is
positioned at a front side F of the pump unit 1. Areference
to an axial direction of the pump unit 1 means areference
to a linear direction along a centre line which extends
from the back side B to the front side F of the pump unit.
[0140] Figure 5 shows the hydraulic pump unit 1 in a
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cross-sectional view in which the reservoir 3 inside the
main body 5 is visible. The reservoir 3, here the main
reservoir 30, is aligned with the pump 2 that is housed
within recess 56 of the main body 5.

[0141] A motor 10 is integrated in the unit 1 and is
adapted to drive the pump 2. The motor 10 here is mount-
ed to the end body 9, opposite the main body 5. The end
body has a portion embodied as a motor mount 98 for
the motor 10. Here the motor 10 is positioned at an op-
posite side of the pump 2 with respect to the reservoir 3.
[0142] The motor 10 has a rotatory output shaft 11,
that protrudes into and through the end body 9. The shaft
11 is coupled to the pump 2, here a radial plunger pump
2. It is envisaged that the pump 2 may be a reversible
pump wherein the direction of hydraulic flow is reversed
by reversing the direction of rotation of the output shaft
11 of the motor 10.

[0143] A stack of plates 6, 7, 8 is sandwiched in be-
tween the main body 5 and the end body 9. The stack of
plates comprises the function plate 6 and additionally a
throttle plate 7 and a connector plate 8. The stack is
clamped under significant pressure in between the end
body 9 and the main body 5 to achieve a leak tight en-
gagement of all interfaces, e.g. by a bolt connection be-
tween the end body 9 and the main body 5.

[0144] Fig.6 shows the hydraulic pump unit 1 in an ex-
ploded view in which the function plate 6, the throttle plate
7, and the connector plate 8 are shown in further detail.
In a preferred sequence of the throttle and function plate
of the package, the function plate 6 is positioned behind
the throttle plate 7. The function plate 6 is positioned be-
hind the throttle plate 7 to be placed against the port face
51 of the main body 5. The connector plate 8 is positioned
in front of the stacked throttle plate 7 and function plate
6, such that the connector plate 8 is placed against the
end body 9.

[0145] The function plate 6 and connector plate 8 are
provided with one or more seals, e.g. sealing ribs, at the
front side and the back side of the plate to prevent leak-
ages of hydraulic liquid. The throttle plate 7 is sandwiched
in between the function and connector plate 6,8 and may,
preferably is, arranged without a seal.

[0146] The pump 2 which is mounted at front side F of
the main body 5 and three control valves 4 which are
mounted at a top side T of the main body 5.

[0147] Atthe frontside F, the outer surface of the main
body 5 comprises a planar outer surface which includes
the common port face 51. The port face 51 comprises a
plurality of ports 52 which are formed by the duct ends
502 of the ducts 501 in the main body 5 which form the
channel system 50.

[0148] The main body 5 comprises a pump recess 56
wherein the pump 2 is housed.

[0149] The pump recess 56 includes a cylindrical inner
space which extends in the axial direction of the main
body 5. The pump recess 56 extends in a direction in
perpendicular to the planar port face 51 of the main body.
The pump 2 is mountable in the pump recess 56 of the
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main body 5 by inserting the pump 2 therein.

[0150] Inparticularthe pump 2is a plunger pump, more
in particular the pump 2 is a radial plunger pump as will
be explained by example with reference to figures 7, 8,
and 9.

[0151] The pump is a radial plunger pump 2 having a
housing 26 with a two ports 26a, 26b, e.g. one acting as
suction port sucking in hydraulic fluid and a delivery port
delivering pressurized hydraulic fluid. In an embodiment
the plunger pump 2 is embodied for reversible operation
wherein the ports change their function dependent on
the direction of rotation of the plunger pump.

[0152] In general a plunger pump has a stator part
which comprises a pintle 22 with two ducts 22a therein
for hydraulic liquid. These ducts extend within the pintle
22 and are respectively in communication with the ports
26a, 26b in the housing of the pump. A rotor 20 is ar-
ranged rotatable about the projecting section of the pintle
22, The rotor 20 is provided with multiple radial bores 27,
in each of which a plunger 23 can slide in a reciprocating
fashion. The plungers 23 bear against a running surface
that is circular and eccentrically with respect to the pintle
22, e.g. the inner race of a ball bearing 21. The plungers
23 may have a small diameter, e.g. between 2 and 6
millimeters, e.g. for use in a small hydraulic power pack
application of the pump unit. For example the diameter
of each piston may be in a range between 1.5 millimeter
and 2.8 millimeter. The circular running surface may be
formed eccentrically such that the length of each piston
is larger than the diameter of the respective piston,
wherein the length of the piston lies in a range between
3 millimeter and 6 millimeter.

[0153] The rotor 20 is provided with a coupling, here a
pin 28, to connect the rotor 10 to the shaft 11 of the motor
10, e.g. via an coupling disc 16 on the shaft 11.

[0154] The main body 5 further comprises at least one
valve seat that allows to install therein a hydraulic liquid
flow control valve 4, e.g. a directional valve and/or a pro-
portional valve, e.g. a solenoid operated valve.

[0155] The at least one valve seat 41, 42, 43 here is
provided at the top side T of the main body 5.

[0156] The main body 5 here has three valve seats, a
first valve seat 41, a second valve seat 42, and a third
valve seat 43.

[0157] The at least one valve seat is incorporated in
the main body 5. The main body 5 including the channel
system 50, the pump recess 56 and the at least one valve
seat 40 is a one piece item. The unitary main body 5 can
be manufactured by milling and drilling operations, e.g.
from a block of metal, e.g. of aluminium. Other manufac-
turing methods are also possible, e.g. injection moulding
orother technologies for making plasticcomponents, e.g.
when making the main body of plastic material.

[0158] Figures 5 and 12 show the channel system 50
in further detail. The channel system 50 includes multiple
ducts 501, e.g. some of which extend in an axial direction.
Axially extending ducts 501A comprise duct ends which
form the ports 52 of the port face 51. Further, the channel
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system 50 includes multiple ducts 501T which extend in
a transversal direction. The channel system 50 compris-
es intersecting ducts 501 which define flow paths of the
hydraulic circuit.

[0159] The planar face of the main body 5 comprises
the port face 51 with the ports 52.

[0160] The main body 5 comprises an alignment key
53 which is configured to align a component of the pump
unit which is mounted in front of the port face 51 to the
main body 5. The key 53 comprises a key protuberance
which protrudes with respect to the port face 51. The key
53 is positioned as an edge of the port face 51.

[0161] The main body 5 further incorporates the res-
ervoir 3 of the pump unit 1. The reservoir 3 serves to
contain a volume of hydraulic liquid. The reservoir 3, in
particular a main reservoir 30 thereof, here is positioned
in alignment with the pump recess 56. The pump 2 is
positioned ata front side region of the unit 1. The reservoir
3 is positioned at a back side region of the pump unit 1.
The pump recess 56 is positioned in between the port
face 51 and the reservoir 3.

[0162] The reservoir 3 here comprises a cylindrical in-
ner space which is an extension of the pump recess 56
in the main body 5. Further, the main body 5 comprises
afill opening 59 which is provided with a plug 58 for filling
the reservoir 3 with hydraulic liquid.

[0163] Inthe example shown the reservoir 3 comprises
the main reservoir 30 and at least one additional reservoir
compartment. Here, the reservoir 3 comprises a firstres-
ervoir compartment 31, a second reservoir compartment
32, and a third reservoir compartment 33. The reservoir
compartments 31, 32, 33 are here distributed about the
pump recess 56 and spaced therefrom and separated
by compartment wall parts of the main body.

[0164] Thefirstreservoircompartment 31 is positioned
at a left side L of the pump recess 56. The second res-
ervoir compartment 32 is positioned below, at side D, of
the pump recess 56. The third reservoir compartment 33
is positioned at a right side R of the pump recess 56.
[0165] The reservoir compartments 31, 32, 33, each
extend in the axial direction, starting from an opening in
the planar outer surface and then into the main body 5.
[0166] Thereservoircompartments31,32,33areeach
open at the planar outer surface at the front side F of the
main body. Each reservoir compartment 31, 32, 33 has
areservoir opening 311,312,313 in said planar outer sur-
face. The reservoir opening has preferably a dimension
similar to the transverse cross-section of the respective
reservoir compartment.

[0167] Each reservoir opening is positioned in a res-
ervoir region 54 of the planar face at the outer surface of
the main body 5 , which region 54 is a continuation of the
planar common port face 51, which is said to fall in a port
region 510 of the entire planar outer face of the main
body 5.

[0168] The main body 5 further comprises a plurality
of holes 57 to receive fasteners 14, e.g. bolts, that pull
the end body towards the main body with the sandwiched
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plates 6,7,8 in between. In this example the holes 57 are
threaded holes 57 into which bolts 14 can be mounted.
For example the end body is connected by at least four
bolts 14 to the main body, here by six bolts 14. Four holes
57 may be arranged around the port face 51 to achieve
the desired compressional force.

[0169] Thefunction plate 6 comprises a plurality of bolt-
holes 67 for the bolts or other fasteners 14. The boltholes
67 are aligned with the holes 57 of the main body 5.
[0170] The function plate 6 has a front side and a back
side. A registration code may be provided at a front side
of the function plate 6.

[0171] The function plate 6 here has a rectangular out-
er contour. The function plate 6 is provided with rounded
corners and has substantially straight edges.

[0172] The function plate 6 may have a thickness of at
most 5 mm, e.g. less than most 3 mm. Preferably, the
function plate has a thickness of about 1mm.

[0173] The function plate 6 comprises a key receiver
53’. The key receiver 53’ is configured to receive the
alignment key 53 which is provided at the main body 5.
The key receiver 53’ is configured to align the function
plate 6 with respect to the port face 51 of the main body
5. The key receiver 53’ is positioned at an edge of the
function plate 6. The key receiver 53’ comprises a key
recess which is sized to receive the key protuberance of
the alignment key 53. The key 53 fits inside the key re-
cess.

[0174] The function plate 6 is shown here as a lami-
nated plate. The connector plate 8 has a similarlaminated
structure.

[0175] The laminated plate 6, 8 comprises three main
layers. Lamination means that these three layers are
stacked and fixed together about substantially an entire
contact surface to obtain a one piece item. A lamination
process may include a step of thermo binding or gluing,
or a technique like injection moulding.

[0176] Atthe back side, the laminated function plate 6
comprises a back layer 60B. At the back layer holes are
visible which are to be aligned with respective ports 52
of the port face 51 of the main body 5.

[0177] Atthe front side, the laminated function plate 6
comprises a front layer 60F. The front layer shows the
holes 61 that extend through the plate and it here shows
at least one slotted hydraulic liquid passageway 60.
[0178] In between the back and front layer, the lami-
nated function plate 6 or plate 8 comprises an interme-
diate layer 60I.

[0179] The front and back layer 60F,60B preferably
comprise a plastic material. If desired one or both of the
frontand backlayer can be moulded, e.g. injection mould-
ed, to the intermediate layer 60I.

[0180] Here, the intermediate layer 601 comprises a
filter element, in particular the layer is formed by a filter
membrane. Preferably, the filter membrane comprises a
woven material, e.g. of suitable plastic material or of met-
al.

[0181] In an embodiment the intermediate layer 601
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comprises a support sub-layer for supporting the filter
membrane.

[0182] The slotted passageway 60 is provided as a
groove in a front layer or back layer of the plate, here in
the front layer 60F of the function plate 6. The groove 60
here extends in between at least two holes 61 through
the function plate. The front layer 60F shows through
holes 61 of the function plate 6. The groove in the front
layer between the through holes 61 has a groove depth
which is smaller than the thickness of the laminated func-
tion plate 6, in particular a depth less than or at most
equal to the thickness of the respective layer, here front
layer 60F.

[0183] Thenfilterlayer 601 preferably spans each hole
61 through the plate, to obtain a filter function by the filter
membrane of the intermediate layer 60I.

[0184] In an embodiment a passageway 60 is not
formed as a groove in the body of the plate but as an
trough the plate type passageway which is open from the
back to the front side of the plate. Or, when a multilayer
plate is employed, a groove may made as a through one
layer type passageway. This approach allows a manu-
facturing of passageway by processes like waterjet cut-
ting, punching, etc. which may be cost effective in a mass
production.

[0185] In an embodiment the groove in a layer which
forms the passageway 60 connects to one or more
through holes that extend through the plate, e.g. the
groove has a groove end which is formed by a through
hole.

[0186] The groove end may have a depth which is
equal to the thickness of the respective layer. A groove
section in between groove ends may have a reduced
depth with respect to the groove ends or any location
where the groove is joined to a hole 61. The depth of the
groove section which forms the passageway 60 may be
smaller than a thickness of the respective layer, e.g. front
layer 60F. For example the groove may be manufactured
by moulding the respective layer from plastic material,
e.g. before the layeris laminated to the intermediate layer
60l.

[0187] The front layer 60F, the intermediate layer 60I,
and the back layer 60B are laminated to form a one piece
function plate 6. The same structure is envisaged for plate
8.

[0188] The intermediate layer 60 | comprises the filter
membrane 68. The filter membrane 68 substantially
forms the whole intermediate layer 60I. The intermediate
layer 601 further may comprise a support sub-layer for
supporting the filter membrane 68. The filter membrane
68 provides filter membrane sections positioned to span
each of the holes 61 and the at the at least one reservoir
cut-out 65 when present in the plate.

[0189] In a step of manufacturing the function plate,
the membrane 68 may be connected to the support sub-
layer and then laminated to the front and back layer 60F,
60B. Locally, at a position of a hole 61 of the function
plate 6, the front and back layer 60F, 60B are both locally
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open from a back side to a front side and the support
sub-layer of the intermediate layer 601 is also locally
open which provides a filter membrane at the hole 61.
[0190] The function plate 6 is provided with seals 62
at the front and back side 6F, 6B. The seals 62 are ar-
ranged to seal the function plate 6 with respect to an
abutting component which is here the main body 5 and
the throttle plate 7.

[0191] The seals 62 are permanently affixed to the
function plate 6 as is preferred. Preferably the seals 62
extend partly beyond a face of the plate, and preferably
a portion of the seals is recessed into the plate or plate
layer.

[0192] In an embodiment the seals 62 comprises a
compressible seal material, e.g. a silicone or (synthetic)
rubber material.

[0193] In an embodiment the seals 62 are vulcanised
onto the plate. In another embodiment the seals 62 are
made by 2K injection moulding of the plate, or layer there-
of, e.g. simultaneous forming the one or more passage-
ways, e.g. as a groove in the plate or layer. The seals 62
can also be provided as an insert that is moulded in a
plastic plate or plate layer.

[0194] The seal62is positioned encircling arespective
passageway 60 or hole 61 of the function plate 6, pref-
erably recessed into the plate to form a side wall of the
passageway or hole, or at least a part of said side wall.
The recessing increases the height of the seal which pro-
vides flexibility to the seal 62 to let the seal 62 to be
compressed when the function plate is sandwiched in
between the end and main body 9, 5.

[0195] The seals 62 may comprise a plurality of seal
ribs 621,622. The seal ribs are positioned at a port region
610 of the function plate 6 which port region 610 includes
a plurality of holes 611,612 and slotted passageways
601, 602. The holes and passageways of the function
plate 6 are provided to define flow paths of the hydraulic
circuit which is embedded in the hydraulic pump unit.
After connecting the function plate 6 to the main body 5,
the layout of the slotted passageway 601, 602 deter-
mines a particular liquid connection in between ports 52
in the port face 51 of the main body 5. This liquid con-
nection in between the respective ports forms a particular
flow path which determines the hydraulic circuit of the
pump unit 1.

[0196] Areservoirregion 64 of the function plate 6 may
be separated from the port region 610 by a seal rib 623.
The seal rib 623 encircles the reservoir region 64.
[0197] The function plate 6 here has a first, second and
third reservoir cut-out 651, 652, 653 corresponding to the
reservoir compartments having openings in the outer pla-
nar face of the main body 5. Each reservoir cut-out pro-
vides an open through flow from the back side to the front
side of the function plate 6. The first, second and third
reservoir cut-out 651,652, 653 are positioned in the res-
ervoir region 64. The first, second and third reservoir cut-
outs 651,652, 653 are aligned with the first, second and
third reservoir compartments 31,32,33 situated at the
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main body 5. The first, second and third reservoir cut-
outs are sized in correspondence with the openings
311,312,313 of the first, second and third reservoir com-
partment of the reservoir 3.

[0198] Here, the first, second and third reservoir cut-
outs 651, 652, 653 of the function plate 6 are provided
with a filter membrane section 68. The filter membrane
68 has a first, second and third filter membrane section
681,682,683 in which each section spans the reservoir
cut-out. The filter membrane section is preferably formed
by the filter membrane 68 of the intermediate layer 60I.
[0199] The function plate 6 further comprises the pump
opening 66 for the pump 2 which is mounted in the pump
recess 56 of the main body 5. Here the pump opening
66 has a circular shape in cross-section. The pump open-
ing 66 is positioned at a central position in the reservoir
region 64 of the function plate. The pump opening 66 is
positioned in between the first and third reservoir cut-out
651, 653.

[0200] Thefirstand second reservoir cut-outs 651, 652
here comprise an air vent 661,662. The air vents 661,662
serve to discharge air that has been separated by the
filter membrane from the passing hydraulic liquid. The
air is discharged from the reservoir compartment
351,352, here to the pump recess 56, in particular to the
pump opening 66. Preferably, the air vent 661, 662 is
formed by an open passageway. The open passageway
is positioned upstream and close to the filter membrane
68.

[0201] The throttle plate 7 has a front side 7F and a
back side 7B. The throttle plate 7 here has a rectangular
outer contour. The throttle plate 7 is provided with round-
ed corners and has substantially straight edges. The
throttle plate 7 has substantially the same outer dimen-
sions as the function plate 6. The throttle plate 7 is stack-
able with the function plate 6 to form a stack.

[0202] The throttle plate 7 comprises a plurality of bolt-
holes 77 for the bolts 14. The boltholes 77 are aligned
with the holes 57 of the main body 5.

[0203] The throttle plate 7 comprises a key receiver
53’. The key receiver 53’ is configured to receive the key
53 whichis provided at the main body 5. The key receiver
53’ is configured to align the throttle plate 7 with respect
to the port face 51 of the main body 5. The key receiver
53’ is positioned at an edge of the throttle plate 7. The
key receiver 53’ comprises a key recess which is sized
to receive the key protuberance of the key 53. The key
53 fits inside the key recess.

[0204] The throttle plate 7 comprises at least one throt-
tle orifice 70. The at least one throttle orifice 70 may be
positioned in alignment with a port 52 of the port face 51
of the main body 5. The at least one throttle orifice 70 is
a through hole which is small with respect to a diameter
of a port 52.

[0205] The at least one throttle orifice 70 is sized to
provide a throttling in the hydraulic circuit of the pump
unit 1. The presence of the throttle orifice 70 provides a
particular throttling in a flow path of the hydraulic circuit.
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[0206] The at least one throttle orifice 70 may have a
diameter of atleast 0, 1 mm to at most 3 mm, in particular
at most 2 mm, but preferably at most 1 mm, e.g. between
0.2 and 0.8 mm.

[0207] Further, the throttle plate 7 comprises a hole 71
which is positioned in alignment with a port 52 of the port
face 51 of the main body 5. The hole 71 has a diameter
which is substantially equal to the diameter of the port
52. The hole 71 provides a through flow for a hydraulic
liquid without throttling effect.

[0208] Asingle throttle orifice 70 may comprise a group
of apertures 73 that have very tiny diameters, so that the
apertures also act asfinefilter for passing hydraulic liquid.
The apertures are grouped together at a local position,
which local position is e.g. aligned with a port 52 of the
port face 51 of the main body 5.

[0209] In an embodiment an individual throttle orifice
70 comprises a group of at least 5 small diameter aper-
tures, in particular at least 10 apertures. The apertures
are preferably sized in the micrometre range. In an em-
bodiment the apertures may each have a diameter of at
most 100 wm, in particular at most 50 um, but preferably
atmost20 pm. A total open area of the group of apertures
determines the throttle property of the orifice, while an
open area of an individual aperture determines a filter
property.

[0210] Inits planar face, the throttle plate 7 comprises
an imaginary port region 710 and an imaginary reservoir
region 74. The port region of the throttle plate 7 here is
positioned at a top region and comprises the at least one
throttle orifice 70. The at least one throttle orifice 70 is
positioned in the port region 710. The reservoir region
74 is positioned below the port region 710. The reservoir
region 74 of the throttle plate 7 corresponds with the res-
ervoir region 64 of the function plate 6.

[0211] The throttle plate 7 here also comprises a first,
second and third reservoir cut-out 751, 752, 753. The
reservoir cut-out provides an open, non-filtered, through
flow from the back side to the front side of the throttle
plate 7. The first, second and third reservoir cut-out 751,
752, 753 are positioned in the reservoir region 74. The
first, second and third reservoir cut-outs 751, 752, 753
are aligned with the first, second and third reservoir com-
partments 31, 32, 33 situated at the main body 5. The
first, second and third reservoir cut-outs 751, 752, 753
are sized in correspondence with the openings
311,312,313 of the first, second and third reservoir com-
partment of the reservoir 3.

[0212] The throttle plate 7 further comprises a pump
opening 76 for the pump 2.

[0213] In a preferred embodiment the throttle plate 7
is made out of a single unitary body of hard material, e.g.
of metal or ceramic. The throttle plate 7 may have a thick-
ness of at most 5 mm, in particular at most 3 mm, but
preferably at most 1 mm. Preferably, the throttle plate 7
is made out of a metal plate. The features of the throttle
plate 7, like the throttle orifices, and/or pump opening,
etc., may be manufactured by cutting operations, like wa-
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terjet-cutting or laser-cutting.

[0214] The connector plate 8 has a similar structure as
the earlier shown function plate 6. In fact, the connector
plate 8 may serve as a second function plate 6.

[0215] The connector plate 8 has a front side 8F and
a back side 8B. A registration code may be provided at
the front side of the connector plate 8.

[0216] The connector plate 8 here has a rectangular
outer contour. The connector plate 8 is provided with
rounded corners and has substantially straight edges.
The connector plate 8 has a thickness of at most 5 mm,
in particular at most 3 mm, but preferably at most 1 mm.
[0217] The connector plate 8 has substantially the
same width and length dimensions as the function and
throttle plate 6,7. The connector plate 8 is stackable with
the function and throttle plate 6, 7 to form a stack.
[0218] The connector plate 8 comprises a plurality of
boltholes 87 for the bolts 14.

[0219] The connector plate 8 comprises a key receiver
53'. The key receiver 53’ is configured to receive the
alignment key 53 which is provided at the main body 5.
The key receiver 53’ is configured to align the connector
plate 8 with respect to the port face 51 of the main body
5. The key receiver 53’ is positioned at an edge of the
connector plate 8. The key receiver 53’ comprises the
key recess which is sized to receive the key protuberance
of the key 53. The key 53 fits inside the key recess.
[0220] The connector plate 8 comprises at least one
connector hole 81. The hole 81 is a through-hole which
extends from the back side to the front side of the con-
nector plate 8. The connector hole 81 provides a through
flow for a hydraulic liquid. The at least one connector hole
81 is positioned in alignment with a port 92 of an end
body port face 91 of the end body 9. The at least one
connector hole 81 has a diameter which is substantially
equal to the diameter of the port 92.

[0221] The connector plate 8 is a laminated plate. The
laminated plate 8 here comprises three main layers.
[0222] At the front side, the connector plate 8 compris-
es a front layer 80F. The front layer is provided with con-
nector holes 81 which are each aligned with the ports 92
of the end body port face 91.

[0223] Atthe back side, the laminated connector plate
8 comprises a back layer 80B. The back layer is provided
with the holes 81 and optionally at least one slotted pas-
sageways 80.

[0224] In between the front and back layer 80F, 80B,
the connector plate 8 comprises an intermediate layer
80I. The front and back layer 80F, 80B preferably com-
prise a plastic material, for example the layers can be
moulded onto the intermediate layer 80I.

[0225] Here, the intermediate layer 801 comprises a
filter element, in particular a filter membrane 88. Prefer-
ably, the filter membrane comprises a woven material.
In particular, the intermediate layer 801 comprises a sup-
port sub-layer 89 for supporting the filter membrane.
[0226] The slotted passageway 80 is provided by a
groove which is provided in a layer, here the back layer
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80B, of the connector plate 8. The groove 80 here ex-
tends in between at least two holes 81 of the connector
plate. The back layer 80B comprises through holes at
the position of the holes 81 of the connector plate 8. The
groove in between the through holes of the back layer
80B has a groove depth which is smaller than the thick-
ness of the laminated connector plate 8, in particular at
most equal to the thickness of the back layer 80B to obtain
a filter function by the filter membrane 88 of the interme-
diate layer 801.

[0227] Inmanufacturingthe connector plate 8, the back
layer 80B may include an open passageway which is
open from the back to the front side front layer 80B, which
allows a manufacturing of the back layer 80F by cutting,
or stamping, which may be cost effective in a mass pro-
duction.

[0228] Preferably, the groove in the back layer 80B
which forms the passageway 80 has a groove end which
is formed by a through hole. The groove end may have
a depth which is equal to the thickness of the back layer
80B. A groove section in between the groove ends may
have a reduced depth with respect to the groove ends.
The depth of the groove section which forms the pas-
sageway 80 may be smaller than a thickness of a layer,
e.g. the back layer 80B, in which the back layer 80B may
be manufactured by moulding before the front layer 80F
is laminated to the intermediate layer 801.

[0229] The front layer 80F, the intermediate layer 801
and the back layer 80B are laminated to obtain a one
piece connector plate 8. The intermediate layer 801 com-
prises the filter membrane 88. The filter membrane 88
substantially extends about the whole intermediate layer
801. The intermediate layer 801 further may comprise a
support sub-layer for supporting the filter membrane 88.
The filter membrane 88 provides filter membrane sec-
tions positioned at the holes 81 and at least one reservoir
cut-out 85 if present.

[0230] In a step of an embodiment of manufacturing
the connector plate, the membrane 88 is connected to
the support sub-layer and then laminated to the front and
back layer 80F, 80B. Locally, at a position of a hole 81
of the connector plate 8, the front and back layer 80 F,
80B are both locally open from a back side to a front side
wherein the support sub-layer of the intermediate layer
801 is also locally open which provides a filter membrane
in the hole 81.

[0231] The connector plate 8 comprises at least one
slotted passageway 80, here at the backside of the con-
nector plate 8.

[0232] The connector plate 8 is provided with one or
more seals 82 at the front and back side 8F, 8B of the
connector plate. The seals 82 are arranged to seal the
connector plate 8 with respect to an abutting component
which is here - as shown in Fig.1- the end body 9 and
the throttle plate 7. Another order of the plates is possible.
[0233] The seal 82 is preferably permanently affixed
to the connector plate 8. The seal may be fixed by an in-
mould operation. In particular, the seal 82 comprises a
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silicone or rubber material.

[0234] The seal 82 is recessed in the plate 8 which
provides a flexibility to the seal 82 to let the seal 82 to be
compressed when the connector plate 8 is sandwiched
in between the end and main body 9,5. The seal 82 in
recessed form may delimit a side wall or portion of a side
wall of the respective passageway 80 or hole 81.
[0235] The seal 82 comprises a plurality of seal ribs
821,822. The sealribs are positioned at a port region 810
of the connector plate 8 which port region 810 includes
a plurality of holes 811,812 and slotted passageways
801, 802. The holes and passageways of the connector
plate 8 are provided to define flow paths of the hydraulic
circuit which is embedded in the hydraulic pump unit.
After connecting the connector plate 8 to the end body
5, the layout of the slotted passageway 801, 802 deter-
mines a particular liquid connection in between ports 92
in the port face 91 of the end body 9. This liquid connec-
tion in between the respective ports forms a particular
flow path which determines the hydraulic circuit of the
pump unit 1.

[0236] The depicted connector plate 8 comprises the
portregion 810 and areservoir region 84. The port region
810 of the connector plate 8 is positioned at a top region
and comprises the at least one connector hole 81. The
at least one connector hole 81 is positioned in the port
region 810. The reservoir region 84 is positioned below
the port region 810. The reservoir region 84 is delimited
from the port region 810 by a seal rib 823. The reservoir
region 84 is delimited from the port region 810 at both
sides of the connector plate 8 by a seal rib 823. The seal
rib 823 encircles the reservoir region 84. The reservoir
region 84 of the connector plate 8 corresponds with the
respective reservoir regions 64,74 of the function and
throttle plate 6,7.

[0237] The connector plate 8 here comprises a first,
second and third reservoir cut-out 851, 852, 853. The
reservoir cut-out provides an open through flow from the
back side to the front side of the connector plate 6. The
first, second and third reservoir cut-out 851,852, 853 are
positioned in the reservoir region 84. The first, second
and third reservoir cut-outs 851,852, 853 are aligned with
the first, second and third reservoir compartments
31,32,33 situated at the main body 5. The first, second
and third reservoir cut-outs are sized in correspondence
with the openings 311,312,313 of the first, second and
third reservoir compartment of the reservoir 3.

[0238] Here, the first, second and third reservoir cut-
outs 851, 852, 853 of the connector plate 8 are each
provided with a filter membrane section 88. The filter
membrane 88 has a first, second and third filter mem-
brane section 881,882,883 in which each section spans
the reservoir cut-out. The filter membrane section is
formed by the filter membrane 88 of the intermediate lay-
er 801.

[0239] The connector plate 8 further comprises apump
opening 86 for the pump 2.

[0240] The first and third reservoir cut-outs 851, 853
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comprise an air vent 861,862. The air vent 861,862 serve
to discharge separated air from the reservoir cut-outs
851,853 to the pump opening 86. Preferably, the air vent
861, 862 is formed by an open passageway. The open
passageway is positioned upstream and close to the filter
membrane section 881, 882.

[0241] The end body 9 is designed to sandwich the
one or more plates 6,7,8 together with the main body 5.
[0242] The end body 9 comprises a plurality of bolt-
holes 97 for the bolts 14 or the like that mounting the end
body 9 to the main body 5. Here the boltholes 97 are
aligned with the thread holes 57 of the main body 5.
[0243] At a front side 9F, the end body 9 comprises a
motor mount 98 for mounting the motor 10 to the pump
unit 1 to drive the pump 2 of the pump unit 1. The pump
2 which is installed in the main body 5 and the drive shaft
11 of the motor 10 protrudes through the the end body
to couple the shaft to the pump 2.

[0244] At the side facing the main body the end body
9 has a pump opening 96 that is aligned with the pump
openings 66, 76 and 86 of the respective function, throttle
and connector plate 6, 7, 8. The pump 2 here extends
through these pump openings in the plates into the pump
opening of the end body.

[0245] The endbody 9 comprises multiple line connec-
tors 99 for connecting a set of hydraulic actuators to the
pump unit 1. The line connectors 99 are configured to
connect a line 104, e.g. provided with an insertion end
fitting, to the end body 9 for conducting hydraulic liquid
to the set of actuators. Here, the line connectors 99 are
embodied as simple bores. As is preferred all connectors
99 are positioned on the front side 9F of the end body 9
which allows an easy connection in one direction of the
pump unit 1 to a set of hydraulic actuators.

[0246] Here, the end body 9 comprises six pairs of line
connectors 99 for connecting three actuator pairs, see
Fig. 7.

[0247] At the back side 9B, the end body 9 comprises
a planar port face 91 at an outer surface of the end body
9. The planar port face 91 comprises a plurality of ports
92. The ports 92 are formed by duct ends of an end body
channel system 90 which interconnects the ports 92 to
the multiple line connectors 99. In a simple embodiment
the channel system comprises parallel axial ducts, each
between one port 92 and one connector 99.

[0248] If desired the channel system 90 may also com-
prises multiple intersecting ducts to obtain a plurality of
flow parts of a hydraulic circuit.

[0249] The end body 9 here comprises a port region
910 whichincludes the portface 91 and a reservoir region
94. The reservoir region 94 is aligned with the reservoir
regions 84, 74, 64 and 54 of the other component of the
pump unit 1. The port region 910 here is positioned at a
top region and the reservoir region 94 is positioned below
the port region 910.

[0250] As preferred the port face 91 and any reservoir
region 94 of the end body 9 are arranged without seals.
A sealing of the ports 92 is obtained by placing the con-
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nector plate 8 against the port face 91, wherein the con-
nector plate 8 is provided with said seals.

[0251] A first and second inter reservoir flow path
391,392 may serve for interconnecting the reservoir com-
partments 31, 32, 33. The inter reservoir flow path here
is formed by a blind hole which is positioned at the res-
ervoir region 94 of the end body. The blind hole is aligned
with a plate portion in between neighbouring reservoir
cut-outs. The blind hole has a size which is larger than
awidth of the plate portion, such that a bypass is provided
to let a hydraulic liquid flow through the inter reservoir
flow path 391, 392 from the first to the second reservoir
compartment.

[0252] The motor mount 98 is positioned at a front side
9F of the end body 9. The port face 91 is positioned at a
back side 9B of the end body 9.

[0253] In this example the end body 9 comprises a
wing-shaped alignmentmember 93L, 93R atarespective
leftand right side 9L, 9R of the end body 9. The alignment
members 93 are configured to align the end body 9 with
respect to the main body 5 in the transversal direction.
The pair of left and right alignment members 93 encloses
an inner space in between the alignment members 93
which is arranged to receive at least one plate and the
main body 5.

[0254] Fig. 26 and 27 respectively show, schematical-
ly, a first and a different second hydraulic actuating sys-
tem, e.g. for operating of a convertible roof system of a
convertible car, wherein the invention and aspects there-
of are incorporated.

[0255] As can be seen three pairs 111, 112, 113 of
independent motion actuators are provided, e.g. one or
more tonneau cover actuators 111, a pair of main bow
actuators 112, and a pair of rear bow actuators 113, as
often found in convertible roof systems of convertible
cars. Due to differences between these roof systems a
hydraulic actuation system needs to be tailored to the
specific roof system in order to achieve a desired oper-
ational behaviour of the roof system. As explained the
invention allows for an easy adaptation of the pump unit
1 to such varying market demands.

[0256] As will be explained the pump unit 1 in figures
26 differs from the unit 1°, wherein the main body 5 is the
same and one or more of the plates 6,6, 7,7’, 8,8differ.
In this example also the end bodies 9, 9’ are different,
but one may seek to have identical end bodies in different
circuit pump units 1, 1°.

[0257] The pump unit 1 of the hydraulic actuating de-
vice of figure 26 comprises the main body 5, the function
plate 6, the throttle plate 7, the connector plate 8 and the
end body 9 as illustrated in the preceding figures.
[0258] In the schematic drawings of figures 26 and 27
the main body 5, end body 9, 9’and plates 6,7, and 8,
respectively 6',7°,8’, are shown as separate components
with their dashed lines depicting the relevant interface
surfaces thereof.

[0259] The main body 5 of the pump unit 1 is the same
in figures 26, 27.
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[0260] Here, the main body 5 comprises the pump 2,
the motor 10, the reservoir 3 and three control valves 4.
The main body 5 may comprise several other compo-
nents which are common for the hydraulic circuits of both
hydraulic actuating systems. Such components may in-
clude at least one pressure relief valve 107 which is con-
nected to the third reservoir compartment 33, a non-re-
turn valve, an air vent plug, a filter plug etc.

[0261] The main body 5 comprises the port face 51
which is drafted in the schematic view by a dashed line.
The port face 51 comprises a plurality of ports 52.
[0262] The function plate 6 comprises the filter mem-
brane 68 which spans across the reservoir cut-outs and
the holes 61. Further, the function plate 6 comprises the
slotted passageway 60. The passageway 60 is drafted
by a line which extends in a horizontal direction. Through
flows from the back side to the front side of the function
plate 6 as provided by the holes 61 and the reservoir cut-
outs 651, 652,653 are drafted in the layout section by a
line which extends in a vertical direction.

[0263] The throttle plate 7 comprises the throttle orific-
es 70 indicated by a throttle symbol in the throttle plate
layout section. Through flows from the back side from
side of the plate are drafted in the layout section by aline
which extends in a vertical direction across the layout
section.

[0264] The connector plate 8 has a similar design as
the function plate 6 including connector holes 81 and
possibly at least one slotted passageway 80.

[0265] The end body 9 is indicated in the schematic
layout by an end body layout section. The end body 9
comprises a channel system 90 for interconnecting a port
92 in an end body port face 91 with a line connector 99.
[0266] The actuating system 100 further comprises the
first, second, and third actuators 111, 112, 113 which are
each connected to the pump unit 1 via actuator lines 104
of which end fittings connect to the line connectors 99 of
the end body 9.

[0267] The skilled person will appreciate from compar-
ison of figures 26 and 27 that selecting the proper version
of each of the plates, as well as, optionally, a proper ver-
sion of the end body, allows in a very simple and reliable
manner to create a pump unit adapted for inclusion in a
hydraulic actuating device or system having the desired
fluidic circuit.

[0268] As explained, for example in convertible roof
systems, practical tests of the hydraulic system may re-
veal that throttling effects are not as desired. In that case
it will suffice to prepare or select a differently embodied
throttle plate to achieve correct throttling.

[0269] If, as desired, the throttling plate only has one
or more throttle orifices and one or more through holes,
so no passageways that link ports, the actual fluid paths
are established by the ducts in the main body in combi-
nation with both the function plate and the connector
plate.

[0270] As can be seen in figure 27 the end body may
comprise one or more ducts that are not purely connect-
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ing ducts between one port 92 and one connector 99.
Duct 910 is an example thereof. In figure 26 this duct
may be present but not in use in the end body 9. In figure
27 a valve 911 is arranged in this duct, for example a
pressure relief valve. This duct 910 is also visible in figure
3, where it is shown that a valve 911 can be arranged in
this duct. The same applies to ducts 912, 913 in the end
body 9’, which may be present in end body 9 as well but
not used. In figure 27 check valves are arranged in these
ducts in the end body 9'.

[0271] Therefore, in figure 2, the same main body 5 is
combined with another function plate 6’, throttle plate 7,
and connector plate 8'. It is advantageous to use the
same end body, possibly equipped with one or more
valves, e.g. pressure relief or check valves, in one or
more ducts in the end body. If necessary another version
of the end body 9’ may be used.

[0272] Preferably atleast one of the plate shaped com-
ponents 6,7,8 can be specifically configured to determine
a particular hydraulic circuit. A second hydraulic circuit
may differ from a first hydraulic service in that at least
one flow path extends in between other holes of the
plates.

[0273] Figure 28 shows in a perspective view another
embodiment of the hydraulic pump unit 1. The shown
embodiment generally corresponds with the embodiment
as shown in figures 1-27, but has some distinguishing
features which will be dealt with hereafter. Figures 29
and 30 respectively show a side and top view of the hy-
draulic pump unit as shown in figure 28.

[0274] As described above, the hydraulic pump unit 1
comprises a motor 10, an end body 9, a main body 5, a
reservoir 3 and at least one control valve 4. In between
the end body 9 and the main body 5, the pump unit 1
comprises at least one function plate 6 to define a desired
hydraulic circuit. A generic part of a predetermined hy-
draulic circuit is defined by the main body 5 and the end
body 9. A specific part of the predetermined hydraulic
circuit is defined by the at least one function plate 6.
[0275] Here, the end body 9 comprises two separate
parts 9.1 and 9.2 which are separately mounted to the
main body 5 by bolts.

[0276] The end body 9 has a first end body part 9.1
which is mounted to a port face 51 of the main body 5.
A function plate 6 is sandwiched in between the first end
body part 9.1 and the port face 51 of the main body 5. In
comparison with the shown embodiment in figure 2, the
sandwiched function plate 6 here only extends over a
port region 510 of the main body 5. The function plate 6
does not cover a reservoir region 54 of the main body 5.
Thefirstend body part 9.1 comprises atleast one bolthole
97 for mounting the end body part 9.1 to the main body 5.
[0277] The endbody 9 has a second end body part 9.2
which is mounted to the main body 5. The second end
body part 9.2 comprises at least one bolt hole 97 for
mounting the end body part 9.2 to the main body 5. The
second end body part 9.2 comprises a motor mount 98
for mounting the motor 10 in operational connection with
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a pump 2 of the pump unit 1.

[0278] Figure 31 and 32 show a subassembly of the
first end body part 9.1 together with a connector plate 8,
a throttle plate 7 and a function plate 6. The first end body
part 9.1 is block shaped and has a front side 9F and a
back side 9B.

[0279] At the front side 9F, the first end body part 9.1
has a planar surface for connecting a plurality of actuator
lines. As in the embodiment of figure 26, a plurality of line
connectors 99 are provided at the front side 9F of the
first end body part 9.1. The line connectors 99 are inter-
connected by transversal boreholes. The line connectors
99 of thefirstend body part 9.1 form the end body channel
system 90. The end body channel system is part of a
generic part of the predetermined hydraulic circuit.
[0280] At the back side 9B, the first end body part 9.1
has a planar surface which forms an end body port face
91 provided with at least one end body port 92 as shown
in figure 25. The planar end body port face 91 is config-
ured to obtain an abutting engagement with the connec-
tor plate 8.

[0281] Figure 32 shows in a back sided perspective
view the subassembly including the first end body part
9.1 as shown in figure 31. A stack of plates, including a
function plate 6, a throttle plate 7 and a connector plate
8 is positioned in an abutting engagement with the first
end body part 9.1. The stack of plates comprises a key
recess 53'. Here, the key recess 53’ is only provided at
the throttle plate 7.

[0282] Figure 33 shows a subassembly of the connec-
tor plate 8, the throttle plate 7 and the function plate 6 as
shown in figure 31 and 32 in further detail. Here, the func-
tion plate 6 and the connector plate 8 have a similar con-
figuration. Both plates 6, 8 are laminated plates. The plate
comprises at least two layers of material including a sup-
port layer and a seal layer. Here, the laminated plate
comprises an intermediate layer 601 comprising a metal
plate as a support layer. Typically, the metal plate has a
thickness of about 1mm. The metal plate is laminated
with a front and back layer 60F, 60B. The front and back
layerform aseallayer. The seal layer comprises a sealing
material, like an elastomer or rubber material. Preferably,
the seal layer is a vulcanised layer comprising a com-
pressible material which is vulcanised to the intermediate
layer.

[0283] Here, instead of a rectangular shape as shown
in figures 14 and 20, the function plate 6 and the connec-
tor plate 8 have an organic shape. The outer contour has
an organic shape. The outer contour has an irregular
shape. The organic shape follows from a designed pat-
tern of the atleast one slotted passageway and/or atleast
one hole. The organic shape provides an advantage in
that a volume of surrounding sealing material around a
passageway 60, 80 or hole 61, 81 is limited. The limited
volume of sealing material contributes to a liquid tight
working of the seal layer. Each passageway 60, 80 or
hole 61, 81 is surrounded by a predefined volume of seal-
ing material which is due to the limited volume sufficient
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compressible to prevent leakages. Preferably, each pas-
sageway or hole is circumvented with a predefined vol-
ume of sealing material which sealing material has a layer
thickness of at least 0.05 mm and at most 1 mm, prefer-
ably at least 0.1mm and at most 0.5mm and has a width
-in a plane of the plate- of at least 2 mm and at most 10
mm, particular at mostin 5mm.

[0284] In a method of designing a specific function
plate for a predetermined hydraulic circuit, a predefined
volume of sealing material around a passageway or hole
can be taken as a design rule to obtain a function or
connector plate which is leakage proof. Herewith, a pre-
defined layer thickness of a seal layer and a predefined
width of sealing material around a passageway or hole
can be taken into account in designing a particular pattern
of a group of passageways and holes of the function or
connector plate. An obtained pattern for the function
and/or connector plate can be copied in a design to obtain
a pattern of ports 52,92 in a port region of a main or end
body 5,9. Such a designed function or connector plate
can be manufactured by a cutting technology, like a
stamping, water or laser cutting technology.

[0285] As shown in figure 33, in comparison with the
function and connector plate of figures 14 and 20, the
function and connector plate 6, 8 are here configured
without boltholes (67, 87). Here, the function and con-
nector plate has an outer contour including a group of U-
shaped recesses which recesses are positioned to make
the plate fit in between a group of bolts. The recesses
further contribute to the organic irregular shape of the
plate.

[0286] The function plate 6 has no key recess 53’. The
function plate 6 comprises at least one slotted passage-
way 60. The slotted passageway 60 is a through pas-
sageway which is truly open from a front side 6F to a
back side 6B of the function plate 6.

[0287] The connector plate 8 has no key recess 53'.
The connector plate 6 comprises at least one slotted pas-
sageway 80. The slotted passageway 80 is an open pas-
sageway which is truly open from a front side 8F to a
back side 8B of the connector plate 6.

[0288] Each of the function and connector plate can
be made by a cutting technology, like stamping, water
cutting or preferably laser cutting technology. Each plate
has a plate thickness of atleast 0.2mm and at most 2mm.
[0289] Figure 34 shows a perspective view of the throt-
tle plate 7 as shown in figure 33. The throttle plate 7 has
asingle layer. Here, the throttle plate 7 consist of a metal
plate. The throttle plate 7 can be manufactured by at laser
cutting technology. Small holes, in particular any aper-
tures having a diameter of about 20 pm can be manu-
factured by laser drilling, while large holes, in particular
orifices having a diameter of about 600 pum can be man-
ufactured by laser cutting. Advantageously, such a throt-
tle plate 7 manufactured by laser cutting technology can
be manufactured relatively quick and contributes to a lo-
gistic flexibility to manufacture a throttle plate which is
specific for a particular predetermined hydraulic circuit.
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To allow a manufacturing of the throttle plate by laser
cutting technology, the throttle plate 7 preferably has a
thickness of at least 0.2 millimetres and in particular at
most 2 mm, in particular the throttle plate 7 has a thick-
ness of 0.5 mm.

[0290] For the same reason of allowing laser cutting
technology for manufacturing, it is advantageous to use
a function and/or connector plate with a substantially
same thickness. For example, the function and/or con-
nector plate may comprise a metal plate of atleast0.3mm
and atmost 2mm, in particular the metal plate has a thick-
ness of about 1mm, wherein the metal plate is provided
at both sides with a seal layer of at least 0.05 mm and at
most 1 mm, preferably of about 0.3 mm.

[0291] Itisto be understood that the disclosed embod-
iments are merely exemplary of the invention, which can
be embodiedin various forms. According to the invention,
numerous variants are possible in addition to the embod-
iment shown in the figures.

[0292] In a variant of the illustrated embodiment of the
main body, the main body may comprise at least two
separate parts. Instead of an incorporation of several
technical functions into a main body part formed as a one
piece item, the technical functions may be carried out by
dedicated separate parts of the main body part. The sep-
arate parts of the main body may be configured to carry
out a particular technical function, e.g. the main body
may have a separate part provided with at least one valve
seat for connecting a control valve. In a variant, a sepa-
rate part of the main body may be provided which sepa-
rate part comprises a channel system or a pump recess.
[0293] In a variant of the illustrated embodiment, the
line connectors may be provided on the main body in-
stead of on the end body.

[0294] In a variant of the illustrated embodiment, the
port face of the main body and/or of the end body may
comprise a slotted passageway to interconnect at least
one port of the port face with another port of the port face.
The slotted passageway may extend from a first port to
a second port across the port face. The slotted passage-
way may determine a flow path which is a common flow
path of several hydraulic circuits in which the pumps unit
is applied.

[0295] In a variant of the illustrated embodiment of the
function and connector plate, the function and connector
plate may include at least one slotted passageway at
both the front and the back side of the plate.

[0296] In a variant of the illustrated embodiment, the
separate throttle and function plate may be integrated
into a single plate in which the single plate comprises
both at least one throttle orifice and at least one slotted
passageway. The single plate may be a single layer plate
or a laminated multilayer plate, in which several plates
are fixed to each other.

[0297] In a variant of the illustrated embodiment, the
seal may be arranged as a separate solid seal plate in-
cluding openings which correspond with ports of the port
face or holes of an abutting plate instead of separate
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individual seals which are locally fixed to the function or
connector plate.

[0298] The terms "a" or "an", as used herein, are de-
fined as one or more than one. The term plurality, as
used herein, is defined as two or more than two. The term
another, as used herein, is defined as at least a second
or more. The terms including and/or having, as used
herein, are defined as comprising (i.e., open language,
not excluding other elements or steps).

[0299] Any reference signs in the claims should not be
construed as limiting the scope of the claims or the in-
vention.

[0300] The mere factthat certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage.

[0301] Embodiments are defined inthe following claus-
es:

1. Hydraulic pump unit (1) adapted to supply pres-
surised hydraulic liquid to a set of hydraulic actuators
(110) comprising:

- apump (2);

- areservoir (3) for hydraulic liquid;

- multiple line connectors (99) adapted to connect
the set of hydraulic actuators (110) to the pump
unit (1) via actuator lines (104);

- atleastone valve seat (40), where an electrically
operable valve (4) is or can be installed;

- amainbody (5) including a channel system (50)
for the hydraulic liquid, which channel system
(50) comprises multiple ducts (501) which inter-
connect the pump (2), the reservoir (3) and the
valve seat (40), in which each duct forms a flow
path of a hydraulic circuit (101) and which chan-
nel system (50) includes ducts having duct ends
(502) which define multiple ports (52) in a com-
mon port face (51) of the main body, character-
ised in that, the port face (51) is a planar face
of an outer surface of the main body (5),

and in that the pump unit (1) further comprises:

- a function plate (6), wherein the function plate
comprises at least one slotted hydraulic liquid
passageway (60) which extends across the
function plate (6), wherein the function plate is
retained in position parallel to the port face (51)
of the main body such that the slotted passage-
way (60) mates with at least two ports (52) of
the portface (51) to define aflow path in between
these ports (52);

- an end body (9) which sandwiches the function
plate (6) between the port face (51) of the main
body (5) and the end body (9).

2. Pump unit according to clause 1, wherein the mul-
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tiple line connectors (99) are provided on the end
body (9), wherein the end body (9) comprises an end
body channel system (90) for the hydraulic liquid with
multiple ducts, in which each duct forms a flow path
of a hydraulic circuit, wherein the end body channel
system includes ducts (901) having duct ends (902)
which define multiple ports (92) that are situated in
a common and planar end body port face (91) of an
outer surface of the end body, wherein the end body
channel system (90) interconnects a line connector
(99) and a port (92) of the end body port face (91).

3. Pump unit (1) according to any of the preceding
clauses, wherein the end body (9) comprises at least
two pairs of line connectors (99) for connecting the
pump unitto the set of motion independent actuators.

4. Pump unit (1) according to any of the preceding
clauses, wherein the function plate (6) comprises
multiple holes (61) in addition to the at least one slot-
ted passageway (60) which multiple holes (61) and
at least one slotted passageway (60) each extend
from a back side to a front side through the function
plate (6).

5. Pump unit (1) according to clause 4, wherein the
multiple holes (61) in the function plate (6) are each
arranged in alignment with one of the multiple ports
(52) of the port face (51) of the main body (5).

6. Pump unit (1) according to any of the preceding
clauses, wherein the function plate (6) comprises a
seal rib (621) which encircles a slotted passageway
(60), e.g. an synthetic plastic seal rib.

7. Pump unit (1) according to clause 4, wherein the
function plate (6) comprises a seal rib which encir-
cles a hole (61).

8. Pump unit (1) according to any of the preceding
clauses, wherein the function plate (6) is a laminated
plate, wherein the laminated plate comprises at least
two layers including a support layer for providing ri-
gidity to the function plate, which support layer pref-
erably comprises a metal plate, and the at least two
layers further include at least one a seal layer for a
liquid tight sealing of the function plate under a com-
pression which seal layer includes a compressible
sealing material, which is preferably an elastomer
material.

9. Pump unit (1) according to clause 8, wherein a
predefined volume of sealing material circumvents
a slotted passageway or hole of the function plate,
wherein the predefined volume has a width of at least
2mm and at most 10mm, such that an applied com-
pression in an assembly of the function plate to the
main body results in a liquid tight connection.
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10. Pump unit (1) according to clause 8 or 9, wherein
the at least one slotted passageway is spaced at a
distance of at least 2mm away from another slotted
passageway or borehole.

11. Pump unit (1) according to any of the clauses
8-10, wherein the laminated plate comprises an in-
termediate layer (601), a front layer (60F), provided
with said multiple holes (61) and/or said at least one
slotted passageway (60), and a back layer (60B),
provided with said multiple holes (61) and/or said at
least one slotted passageway (60).

12. Pump unit (1) according to any of the preceding
clauses, wherein the function plate comprises a filter
material layer covering said one or more slotted pas-
sageways and/or holes in the function plate when
present, e.g. in an embodiment the filter material lay-
er is a layer of a laminated function plate, e.g. an
intermediate layer between the front layer and the
back layer of clause 8.

13. Pump unit (1) according to clause 6, or 7, wherein
the seal rib (62) partly protrudes from a face of the
function plate and is partly recessed within the func-
tion plate surface, e.g. in an embodiment of clauses
11 and 12 to adjoin the intermediate filter layer, the
seal rib forming a sidewall of the respective passage-
way (60) or hole (61).

14. Pump unit (1) according to any of the preceding
clauses, wherein the pump unit further comprises a
throttle plate (7), distinct from the function plate(6),
wherein the throttle plate (7) is retained in position
parallel with the port face (51) of the main body (5)
and with the function plate (6) in a sandwich between
the main body and the end body, wherein the throttle
plate (7) comprises at least one hydraulic liquid throt-
tle orifice (70) which is sized to provide a throttling
of passing hydraulic liquid, which throttle orifice (70)
extends from a back side (7B) to a front side (7F) of
the throttle plate (7).

15. Pump unit (1) according to clause 14, wherein a
single throttle orifice (70) comprises a group of ap-
ertures (73) that throttle the hydraulic liquid and also
filter passing hydraulic liquid.

16. Pump unit (1) according to clause 2, wherein the
pump unit further comprises a connector plate (8),
distinct from the function plate (6) and from the throt-
tle plate if present, wherein the connector plate is
retained in position in parallel with the port face of
the end body (9), wherein the connector plate (8)
comprises at least one hydraulic liquid hole (81) that
extends from a back side to a front side through the
connector plate in alignment with one of the multiple
ports (92) of the port face (91) of the end body (9).
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17. Pump unit according to clause 16, wherein con-
nector plate further comprises at least one slotted
hydraulic liquid passageway which extends across
the connector plate (8), such that the slotted hydrau-
lic liquid passageway mates with at least two ports
(92) of the portface (91) of the end body (9) to define
a flow path in between these ports (92).

18. Pump unit according to clause 16 or 17, wherein
the connector plate (8) is provided with a seal rib
(621) which encircles a hole (81) therein or a slotted
hydraulic liquid passageway, e.g. said seal rib seal-
ing against the end body.

19. Pump unit according to any of the preceding
clauses, wherein a stack of atleast one function plate
(6) is sandwiched between the port face (51) of the
main body and the port face (91) of the end body,
wherein the stack of plates is a multi-layer one piece
item provided by producing a fixed connection of sev-
eral pre-fabricated plates, e.g. by fixating a stack of
prefabricated plates in which each plate is manufac-
tured by a laser cutting technology.

20. Pump unit according to at least clauses 1, 2, 14,
and 16, wherein a stack of at least one function plate
(6), throttle plate (7), and connector plate (8) is sand-
wiched between the port face (51) of the main body
and the port face (91) of the end body, preferably
with the throttle plate between the function plate (6)
and the connector plate (8).

21. Pump unit according to clause 20, wherein the
throttle plate (7) is arranged between the function
plate (6) and the connector plate (9), and wherein
the function plate and the connector plate are, at the
respective side thereof adjoining the throttle plate,
provided with one or more sealing ribs each encir-
cling any slotted hydraulic liquid passageway or hy-
draulic liquid hole in said function plate and connec-
tor plate, wherein said sealing ribs are sealing com-
pressed against the throttle plate.

22. Pump unit (1) according to any of the preceding
clauses, wherein the reservoir (3) extends at least
partly within the main body (5), and wherein the res-
ervoir (3) has at least one reservoir opening (351) in
an outer planar surface of the main body (5) that is
continuous with the port face (51) of the main body,
wherein the function plate (6) is arranged adjoining
said port face (51) and said continuous outer planar
surface, and wherein the function plate (6) comprises
a port region (610) and a reservoir region (64),
wherein the port region (610) includes the at least
one slotted passageway (60) and is retained in po-
sition parallel to the port face (51), and wherein the
reservoir region (64) includes at least one reservoir
cut-out (651) in alignment with the at least one res-
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ervoir opening (351) in the main body (5).

23. Pump unit (1) according to clause 22, wherein
the at least one reservoir cut-out (651) comprises a
filter element, in particular a filter material layer (68),
which spans the reservoir cut-out (651), e.g. wherein
the filter material layer is a layer of a laminated func-
tion plate, e.g. an intermediate layer between the
front layer and the back layer of clause 8.

24. Pump unit according to clauses 22 and 23,
wherein the reservoir comprises at least two reser-
voir compartments (31,32,33) that each extend at
least partly within the main body and each have a
respective reservoir opening in the outer planar sur-
face of the main body, and wherein the function plate
(6) has a respective reservoir cut-out for each res-
ervoir opening, and wherein reservoir compartments
are arranged hydraulically in series such that hydrau-
lic passing out of the reservoir opening of one com-
partment flow through the respective filter element
and return through anotherfilter element aligned with
the other compartment, e.g. the hydraulic liquid
passing from said one reservoir compartment to a
passageway provided in the end body via aligned
cut-outs in any throttle plate or connector plate and
then back through other aligned cut-outs in any throt-
tle plate or connector plate to said other reservoir
compartment.

25. Pump unit (1) according to any of clauses 22 -
24, wherein the reservoir region (64) is encircled by
a seal rib (623) on the function plate (6) which sep-
arates the reservoir region (64) from the port region
(610).

26. Pump unit (1) according to any of the preceding
clauses, wherein the main body (5) comprises a
pump recess (56) wherein the pump (2) is housed,
which recess has a pump insertion opening in an
outer planar surface of the main body (5) that is con-
tinuous with the port face (51) of the main body, and
wherein the pump partly protrudes from said outer
planar surface, and wherein the function plate (6),
e.g. the reservoir region thereof, further comprises
a pump opening (66) which is in alignment with the
pump recess (56) so that the protruding portion of
the pump is within said pump opening.

27. Pump unit (1) according to any of the preceding
clauses, e.g. clause 2, wherein the end body com-
prises a motor mount portion (98) that is adapted to
mount a pump motor (10) of the pump unit thereon
or on which a motor (10) is mounted, e.g. an electric
motor with rotary drive shaft (11), and wherein the
main body houses the pump, e.g. a radial plunger
pump, that is to be driven by said pump motor.
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28. Hydraulic actuating device (100) comprising a
set of hydraulic actuators (110), actuator lines (104),
and a pump unit (1) according to any of the preceding
clauses.

29. Method of producing a actuating device compris-
ing a step of:

- producing a first actuating device defining a first
hydraulic circuit which has a generic and specific
hydraulic circuit part;

- producing a second actuating device defining a
second hydraulic circuit which has a generic and
specific hydraulic circuit part, characterised in
that the specific hydraulic circuit part of each ac-
tuating device is defined by a function plate (6),
wherein the function plate comprises at least
one slotted hydraulic liquid passageway (60)
which extends across the function plate (6).

30. Method in particular according to clause 29 of
assembling a hydraulic pump unit (1) according to
any of the clauses 1 - 27 having a hydraulic circuit
of predetermined configuration to operate a set of
hydraulic actuators, which the method comprises the
steps of:

- providing a set of multiple function plates (6)
having differentarrangements of the atleastone
slotted hydraulic liquid passageway (60) and/or
hydraulic liquid holes therein,

- selecting from said set a function plate (6) which
is configured to provide a predetermined flow
path of the hydraulic circuit;

- aligning the function plate with the port face (51)
of the main body (5) of the hydraulic pump unit;

- sandwiching at least the function plate (6) in be-
tween the end body (9) and the main body (5).

31. Method according to clause 29 or 30, wherein
the method further comprises the steps of:

- providing a set of multiple throttle plates (7) hav-
ing different arrangements of the one or more
throttle orifices therein,

- selecting from said set a throttle plate (7) which
is configured to provide a predetermined throt-
tling in a flow path of the hydraulic circuit;

- sandwiching at least the throttle plate (7) and
the function plate (6) in between the end body
(9) and the main body (5).

32. Method according to any of the clauses 29 - 31,
wherein the method further comprises the steps of:

- providing an end body according to clause 2,
- providing a set of multiple connector plates (9)
having differentarrangements of the atleastone
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hydraulic liquid hole therein and/or slotted hy-
draulic liquid passageway (60),

- selecting a connector plate which is configured
to provide a predetermined flow path to a line
connector of said the end body;

- sandwiching at least the function plate (6) and
the connector plate, in between the end body
(9) and the main body (5).

Claims

Hydraulic pump unit (1) adapted to supply pressu-
rised hydraulic liquid to a set of hydraulic actuators
(110) comprising:

-apump (2);

- a reservoir (3) for hydraulic liquid;

- multiple line connectors (99) adapted to con-
nect the set of hydraulic actuators (110) to the
pump unit (1) via actuator lines (104);

- at least one valve seat (40), where an electri-
cally operable valve (4) is or can be installed;

- a main body (5) including a channel system
(50) for the hydraulic liquid, which channel sys-
tem (50) comprises multiple ducts (501) which
interconnect the pump (2), the reservoir (3) and
the valve seat (40), in which each duct forms a
flow path of a hydraulic circuit (101) and which
channel system (50) includes ducts having duct
ends (502) which define multiple ports (52) in a
common port face (51) of the main body, char-
acterised in that, the port face (51) is a planar
face of an outer surface of the main body (5),

and in that the pump unit (1) further comprises:

- a throttle plate (7) which is retained in position
parallel with the port face (51) of the main body
(5), wherein the throttle plate (7) comprises at
least one hydraulic liquid throttle orifice (70)
which is sized to provide a throttling of passing
hydraulic liquid, which throttle orifice (70) ex-
tends from a back side (7B) to a front side (7F)
of the throttle plate (7) which throttle plate is spe-
cific for a particular predetermined hydraulic cir-
cuit; and

- an end body (9) which sandwiches the throttle
plate (7) between the port face (51) of the main
body (5) and the end body (9) whereby the main
body (5) and the end body (9) define a generic
part of the hydraulic circuit.

Pump unit(1) according to claim 1, wherein the throt-
tle plate (7) is a laminated plate, wherein the lami-
nated plate comprises at least two layers including
a support layer for providing rigidity to the throttle
plate, which support layer preferably comprises a
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metal plate, and the atleasttwo layers furtherinclude
at least one a seal layer for a liquid tight sealing of
the throttle plate under a compression which seal
layer includes a compressible sealing material,
which is preferably an elastomer material.

Pump unit (1) according to claim 2, wherein a pre-
defined volume of sealing material circumvents a
throttle orifice of the throttle plate, wherein the pre-
defined volume has a width of at least 2mm and at
most 10mm, such that an applied compression in an
assembly of the throttle plate to the main body results
in a liquid tight connection.

Pump unit (1) according to claim 2 or 3, wherein the
at least one throttle orifice is spaced at a distance of
at least 2mm away from another throttle orifice.

Pump unit, wherein a single throttle orifice (70) com-
prises a group of apertures (73) that throttle the hy-
draulic liquid and also filter passing hydraulic liquid,
whereinin particular the group of apertures (73) com-
prises at least five apertures (73), wherein in partic-
ular the filter apertures (73) each have a diameter of
at most 100pm.

Pump unit (1) according to any of the preceding
claims, wherein the throttle plate (7) comprises at
least one bolthole (77), a key receiver (53’) and/or
at least one seal rib around each individual throttle
orifice (70).

Pump unit (1) according to any of the preceding
claims, wherein the multiple line connectors (99) are
provided on the end body (9), wherein the end body
(9) comprises an end body channel system (90) for
the hydraulic liquid with multiple ducts, in which each
duct forms a flow path of a hydraulic circuit, wherein
the end body channel system includes ducts (901)
having duct ends (902) which define multiple ports
(92) that are situated in a common and planar end
body port face (91) of an outer surface of the end
body, wherein the end body channel system (90) in-
terconnects a line connector (99) and a port (92) of
the end body port face (91), wherein in particular the
end body (9) comprises at least two pairs of line con-
nectors (99) for connecting the pump unit to the set
of motion independent actuators, wherein in partic-
ular the end body comprises a motor mount portion
(98) that is adapted to mount a pump motor (10) of
the pump unit thereon or on which a motor (10) is
mounted, e.g. an electric motor with rotary drive shaft
(11), and wherein the main body houses the pump,
e.g. a radial plunger pump, that is to be driven by
said pump motor.

Pump unit (1) according to any of the preceding
claims, the pump unit (1) further comprises:
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- a function plate (6) which defines a specific
part of the hydraulic circuit (101), wherein the
function plate comprises at least one slotted hy-
draulic liquid passageway (60) which extends
across the function plate (6), wherein the func-
tion plate is retained in position parallel to the
port face (51) of the main body such that the
slotted passageway (60) mates with at least two
ports (52) of the port face (51) to define a flow
path in between these ports (52), wherein the
function plate (6) in particular comprises multiple
holes (61) in addition to the at least one slotted
passageway (60) which multiple holes (61) and
at least one slotted passageway (60) each ex-
tend from a back side to a front side through the
function plate (6).

Pump unit according to any of the preceding claims,
wherein a stack of at least one throttle plate (7) is
sandwiched between the port face (51) of the main
body and the port face (91) of the end body, wherein
the stack of plates is a multi-layer one piece item
provided by producing a fixed connection of several
pre-fabricated plates, e.g. by fixating a stack of pre-
fabricated plates in which each plate is manufactured
by a laser cutting technology.

Pump unit (1) according to any of the preceding
claims, wherein the reservoir (3) extends at least
partly within the main body (5), and wherein the res-
ervoir (3) has at least one reservoir opening (351) in
an outer planar surface of the main body (5) that is
continuous with the port face (51) of the main body,
wherein the throttle plate (7) is arranged adjoining
said port face (51) and said continuous outer planar
surface, and wherein the throttle plate (7) comprises
a port region (710) and a reservoir region (74),
wherein the at least one throttle orifice is positioned
in the port region (710) and wherein the throttle plate
(7)isretained in position parallel to the port face (51),
and wherein the reservoir region (74) includes at
least one reservoir cut-out (751) in alignment with
the at least one reservoir opening (351) in the main
body (5).

Pump unit (1) according to claim 10, wherein the at
least one reservoir cut-out (751) comprises a filter
element, in particular a filter material layer (78),
which spans the reservoir cut-out (751), wherein in
particular the reservoir comprises at least two res-
ervoir compartments (31,32,33) that each extend at
least partly within the main body and each have a
respective reservoir opening in the outer planar sur-
face of the main body, and wherein the function plate
(6) has a respective reservoir cut-out for each res-
ervoir opening, and wherein reservoir compartments
are arranged hydraulically in series such that hydrau-
lic passing out of the reservoir opening of one com-
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partment flow through the respective filter element
and return through another filter element aligned with
the other compartment, e.g. the hydraulic liquid
passing from said one reservoir compartment to a
passageway provided in the end body via aligned
cut-outs in any throttle plate or connector plate and
then back through other aligned cut-outs in any throt-
tle plate or connector plate to said other reservoir
compartment.

Pump unit (1) according to any of the preceding
claims, wherein the main body (5) comprises a pump
recess (56) for housing the pump (2), which recess
has a pump insertion opening in an outer planar sur-
face of the main body (5) that is continuous with the
port face (51) of the main body, and wherein the
pump partly protrudes from said outer planar sur-
face, and wherein the throttle plate (7), e.g. the res-
ervoir region thereof, further comprises a pump
opening (76) which is in alignment with the pump
recess (56) so that the protruding portion of the pump
is within said pump opening.

Hydraulic actuating device (100), in particular a con-
vertible roof actuating device for operating a convert-
ible roof system, comprising a set of hydraulic actu-
ators (110), actuator lines (104), and a pump unit (1)
according to any of the preceding claims.

Method of producing an actuating device comprising
a step of:

- producing a first actuating device defining a
first hydraulic circuit which has a generic and
specific hydraulic circuit part;

- producing a second actuating device defining
a second hydraulic circuit which has a generic
and specific hydraulic circuit part, character-
ised in that the specific hydraulic circuit part of
each actuating device is defined by a throttle
plate (7).

Method according to claim 14, wherein the method
further comprises the steps of:

- providing a set of multiple throttle plates (7)
having different arrangements of the one or
more throttle orifices therein,

- selecting from said set a throttle plate (7) which
is configured to provide a predetermined throt-
tling in a flow path of the hydraulic circuit;

- sandwiching at least the throttle plate (7) in
between the end body (9) and the main body (5).
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