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& (57) Abstract: The present invention relates to a regulating device (1) for control of flow and/or pressure, including a housing (3)

& enclosing a movable inner member (2) which is provided with a passage corresponding to the housing inlet. The inlet comprises at
least two ports (4, 5, 6, 7) which are spaced apart with a circumferentially equal distance, and the passage comprises apertures (8, 9,
10, 11) positioned correspondingly. The inner member (2) is fitted with radial play inside the housing so that in operation a leakage
of the liquid to be regulated will enter between the inner member and the housing so that these elements are in a floating relationship,
whereby the inner member is relieved from radial forces in operation. The invention also concerns a dynamometer testing device.
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Liquid flow regulating device and dynamometer testing device

Field of the invention
The invention relates to a regulating device, intended for
control of liquid flow and/or pressure, of the kind defined in

the preamble of claim 1.

The invention further relates to a dynamometer testing device

including such.a regulating device.

Background of the invention
Regulating devices that are intended for control of liquid

flow and/or pressure, are known in various embodiments.

In certain applications there exists a need to control the
flow and/or pressure so that the flow and/or pressure may be
accurately set to a desired value. One such application is the-

field of dynamometer testing of motor vehicles.

Here a testing device is adapted to be drivingly connected to
a driven vehicle output shaft and comprises meaﬁs for
measuring one or more quantities significant to the
performance of the engine and the transmission, such asrthe
torque that the driven shaft applies to a power-absorbing

device forming part of the device.

EP 0 210 979 discloses an device comprising load absorbing
means in the form of a hydrostatic pump assembly which has an
input shaft adapted to be in engagement with a driven vehicle
shaft using a rigid coupling. The pump aséembly consists of
two pumps that are drivingly interconnected and thus are both
driven by the shaft. An adjustable control valve is controlled
such that the valve allows the passage of a liquid flow, the
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volumetric rate of which being related to the desired
rotational speed of the rotor, i.e. of the driven vehicle

shatt.

A problem with known regulating devices, however, is that they
do not provide an accurate control fast enough for certain
applications. For example, the known dynamometer testing
device can not be used for precise testing of an engine during
rapidly changing dynamic processes, such as rapid
accelerations, since the response from the control valve

cannot be controlled sufficiently fast.

In WO 01/86113 a sleeve valve is described, wherein a sleeve
is arranged movably inside é housing. The sleeve and the
housing are provided with:corresponding apertures for
adjustment of the flow by bringing the apertures in and out of
correspondence with each 6ther by rotation of the sleeve
relative to the housing. This known device is, however, not

suitable for dynamic regulation of liquid flows.

Summary of the invention

It is an object of. the present invention to provide a
regulating device that solves the above mentioned problem. In
particular it is an object of the invention to provide a
regulating device that allows fast and accurate control of
dynamic hydraulic flow and/or pressure, such as during very

fast processes.

This object is achieved by a regulating device according to

the characterized portion of claim 1.
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It is a further object of the present invention to provide a
dynamometer testing device that solves the above mentioned

problems.

This object is achieved by a dynamometer testing device

according to claim 11.

The regulating device includes a housing having an axis and a
circumferential extension. It is provided with an inlet and an
outlet and encloses an inner member which is arranged movably
relative to the housing. The inner member is provided with a
passage corresponding to the inlet for control of liquid flow

and/or pressure.

According to the invention the inlet comprises at least one
gréup of at least two substantially radial ports which are
spaced apart with a circumferenfially equal distance. The
passage comprises substantially radial apertures positioned
correspondingly with respect to the ports, whereby the inner
member is relieved from'radial forces in operation. This is
because the force distribution over the circumferentiaL )
extension of the inner member will be equalised in operation
of the device so that there will be no force resultant acting

on the inner member.

Further, the inner member is fitted with a minor radial play
inside the housing so that in operation a minor leakage of the
liguid to be regulated will enter the very thin slit between
the inner member and the housing so that these elements are in
a floating relationship with each other. The radial play need
not be noticeable and, as an example, the radial play could be
of a magnitude of about 3/100 - 20/100 mm.
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The separation of the ports and the apertures with a
circumferentially equal distance together with the mutual
floating relationship of the two components, result in the
great advantage that since the inner member becomes relieved
in operation, the force needed to displace it relative to the
housing, in order to achieve regulation of the liquid flow, is
very small and thus enables fast and effortless movement of

the inner member, which in turn enables rapid control.

It should be noted that it is possible to have a plural more
or less independent groups of ports, provided that within each
group the ports are distributed equally such that relief of
resultant forces is obtained. For example a first group may
have two ports spaced apart by 180°, i. e. diagonally. A second
group may have two other ports that are spaced apart by 1800,‘
i. e. diagonally. The poéition of the ports of the first gfoup
with respect of the second group'is then optional. I. e. they

need not all be positioned equaliy spaced.

The outer surface of the inner member and the inner surface of
the housing may have any suitable configuration such as e. g.
a polygonal cross-section. With a non-circular cross-section

axial movement is used'to control the liquid flow.

It is, however most preferred that these surfaces have
circular cross-section since this configuration has the
advantage that in particular a rotation, but also an axial
movement may be used to control the liquid flow. Possibly both
a rotational and an axial movement can be performed during the

actuation of the inner member.

A rotational movement has the advantage that the operation of

the device may be altered from zero flow to full flow or vice
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versa solely by a rotation of the inner member of less that
one revolution. It is also possible to use a simple but
accurate rotational actuator for providing the inner member

with a rotational movement with respect to the housing.

It should be clear for the person skilled in the art that the
housing could be moved with respect of a fixed inner member,

but this is more complicated and therefore not preferred.

The possibility of also providing the inner member with an
axial movement results in even more flexible control

possibilities.

The inner member is preferably provided with an axial outlet.
This has the advantagé that axial forces tending to keep the
inner member in position acts upon the inner member. It also
allows an uncomplicated and easily controlled flow path

through the regulating device.

The inner member may be arranged to be actuated by a stepping
motor. This has the advantage that a very quick and accurate
setting of the regulating device may be obtained at the same
time as this kind of rotational actuator is inexpensive and
easy controlled. As a preferred alternative the actuator is a

servo motor.

The ports and the apertures may have a shape that provides a
substantially constant relative change in opening areas from
one setting position to an adjacent setting position. This has
the advantage that a substantially linear regulation of the
flow, from zero flow to full flow, and pressure may be

obtained.
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Brief description of the drawings

Further advantages are obtained with further aspects of the
invention which will be apparent from the following
description of embodiments with reference to the annexed

drawings.

Fig. 1 shows an axial sectional view through a regulating

device according to the present invention.

Figs. 2a and 2b show a top view of the wvalve in fig. 1.

Fig. 3 shows another embodiment of ports and apertures of the

regulating device.

Fig. 4 shows the present invention applied in a dynamometer

testing device.

Figs. 5a and 5b show alternative embodiments of the present

invention.

Detailed description of preferred embodiments

Fig. 1 shows a regulating device 1 according to the present
invention. The regulating device comprises a valve spindle or
an inner member 2 and a valve housing 3. The housing 3 is
provided with an inlet in the form of ports, spaced apart with
a circumferentially equal distance D (shown in fig. 2a). Two,

4, 5, are indicated in fig. 1.

The inner member 2 is provided with a passage in the form of
apertures 8 (only one is indicated), positioned in
correspondence with the'ports 4, 5. As can be seen in fig. 2a

the inner member 2 and the housing 3 are provided with four
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apertures 8, 9, 10, 11 and ports 4, 5, 6, 7, respectively. The

inner member 2 is further provided with an axial outlet 12.

In operation, hydraulic liquid flows along the paths
designated as 13 and 14 in the figure, that is, from the
outside of the housing 3 via the ports and apertures into the
inside of the inner member 2 and further out through the axial
outlet 12. Provided that equal flow .enters the ports, the
resulting radial force acting on the inner member will become

substantially zero.

This together with the above mentioned floating relationship
between the components makes it possible to rotate the inner
member using only a small force, which in turn enables that
the inner member may be rotated by an accurate low-power

stepping motor 15, shown in fig. 1.

The use of a stepping motor has the advantage that the
position of the ports and the apertures relative each other
may be adjusted in very small steps, and low inertia and low
friction ensures that the desired position may be reached in a
very short time even when the regulating device is subject to

a high and powerful flow.

Since the inner member may be rotated with very small but
distinct steps, the flow may be set with high accuracy. Only
as en example, the flow may set in an interval from virtually
0 litres/minute (with the relative positions of the ports and
the apertures set as shown in fig. 2b, i.e. with no mutual
correlation) to as an example 600 litres/minute (with the
relative positions of the ports and the apertures set as shown
in fig. 2a, i.e. with full mutual correlation) in steps of 0.5

litres/minute, thus enabling great options in setting the
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regulating device to a desired flow. Even smaller steps are of
course possible if it is necessary for the application.
Smaller or greater maximal flows are of course also within the

scope of the invention.

As mentioned above, the criteria for obtaining a radially

relieved inner member is that the flows entering the inner

~ member from opposite apertures are equal. This may be

accomplished in several ways. For example, the liquid
originating from a ligquid source may be led into an equalising
chamber before the liquid flow enters the ports, thus allowing
the ligquid to distribute evenly between the ports, which
results in opposite forces with a resultant force that is

substantially zero.

Such an equalising chamber is indicated with dotted lines and
depicted 20 in figure 1, and is defined by an annular space
surrounding the housing at the outside of the ports 4, 5. The
liquid source may be connected radially from the outside to
this equalising chamber. Other designs are of course possible;
Distribution of the liquid by e.g. an equalising chamber also
has the advantage that a éingle flow source, such as a

hydrostatic pump, may be used.

If the inner member needs to be axially sealed off, this may
be accomplished with only a low pressure sealing, depicted in

fig. 1 with reference numeral 16.

The inner member may also be provided with a channel 17 in its
upper portion, which provides lubrication of the upper surface
of the inner member and also counter-acts axial forces,

originating from the flow through the outlet and acting on the

inner member in a direction opposite to the discharge flow
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through the outlet 12, tending to excessively press the inner

member onto a meeting surface inside the housing.

In operation of the embodiment shown in fig. 1 there is
normally a small leakage of liquid in the slit between the
inner member and the housing. This leakage provides the
floating relationship and lubricates the contact surfaces of
the inner member and the housing, which facilitates rotation

of the inner member.

The leakage will, however, be negligible compared to the flows
through the port and apertures and thus does not in practice
affect the accuracy of the regulating device. Because of this
feature it is possible to produce the housing and the inner
member without having to observe narrow tolerances, since a

certain leakage is not only tolerable but also desired.

This is an advantage which enhances the economy of the device.
Since of the components being fitted with a chosen play, the
device will be virtually unaffected by thermal expansions
because of hot liquid and great flows to be regulated. The
thermal expansion may well be absorbed within the radial play
provided. In case both elements are made from the same
material and the thermal impact is the same for them, there
will of course be substantially equal thermal expansion for

the two elements.

It is, however, also possible to provide the device with a
sealing (not shown) for sealing between the cylinder walls of
the inner member and the housing if it is desired in a
particular application. This sealing in the form of a sealing

ring may advantageously be located near the lower end, as seen
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in figure 2a, to provide lubrication of largest possible

meeting surfaces.

In figs. 1 and 2 the ports and the apertures have been shown
as having a circular cross-section. The ports and/or the
apertures may however have the shape of a polygon, such as a

square or a right-angled triangle or another shape. In a

~preferred embodiment however, at least a portion of the

respective ports and apertures have such cross-sections that
the relative change in opening areas from a setting step to an

adjacent setting step is constant. This may be expressed as:
(1y —=C , where C is a constant, A is the area passing flow

and dA is the area change.

An example of such a constructioh is shoWn in the detail
figure of fig. 3 where only one popt and one aperture is
shown. In the housing 3° is provided a rectangular port 57, '
whereas in the inner member 2° there is provided a triangular
aperture 6°. A rotational movement of the inner member 2° ét |
the beginning of the opening of the path through the free area
defined by the aggregated'opening of the holes defined by the
port 5° and the aperture 6° opens the triangular path area
indicated with 67 7.

This makes it clear that fine adjustment is easily achievable
by forming the ports and apertures adequately. The person
skilled in the art appreciates that different configurations
of the ports and the apertures may be envisaged. One example
is to provide the housing with a triangular port and the inner

member with a rectangular aperture.
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The advantage with such an arrangement is thus that a very
high or low relative change at the end and/or beginning of a
regulating process can be avoided. This woﬁld otherwise have
presented difficult regulating problems. Instead a smooth

adjustment may be easily accomplished in these regions.

Fig. 4 shows the regulating device installed in a dynamometer
testing system where it is advantageously utilised. The system
is connected to a vehicle 40 and comprises a pair of test
units 41, 42. A pair of cooling units 43, 44 having
hydrostatically driven cooling fans is connected to the test
units. A measuring and control system is depicted with 45. The
two assemblies formed by the two test units 41, 42 and the
réspective associated-cooling units 43, 44 are connected to

the common measuring and control system 45.

Each test unit 41, 42 comprises a dynamometer in the form of a
hydrostatic pump assembly 46, 47 provided with means for
measuring the torque applied to the pump input shaft, which is
arranged to be rigidly cbnnected to a drive shaft of the

vehicle 40.

Each pump assembly 46, 47 comprises two commonly driven pumps
connected to a tank. A portion of the liquid flow produced by
the pump assembly is passed to a hydrostatic motor driving a
fan of the cooling unit and then through a cooler of the
cooling unit and back to the tank. The remaining portion is

passed to the tank through a control valve.

By employing the invention in a dynamometer testing device
several important advantages are achieved:
- small liquid flows an pressure can be accurately

regulated
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- great liquid flows and pressure can be accurately
regulated

- the vehicle can be tested during rapid accelerations

- tests can be performed at outgoing shaft rotation speeds
from at least as low as 50 rpm to at least as high as
3000 rpm

-~ a simple but accurate rotational actuator can be employed

- the cost of the regulating device as well as the entire

testing device can be held low

The regulating device according to the present invention is
advantageously used as the control valve. The per se known

features of the operation of the dynamometer testing system
shown in fig. 4 is described in more detail in the European.

patent EP 0 210 979 and therefore not further described here.

Apart from the advantages with the system disclosed therein,
the regulating speed of the present invention enables that the
system may be used for very fast processes such as rapid

accelerations.

There are numerous other applications in which the present
invention may be used. For example, the regulating device
according to the present invention may be used for common
hydraulic applications, for control of a retarder for a motor
vehicle, for speed control of hydraulically powered vehicles,
for flow regulation in a hydro power generator (enabling
frequency control without electronic circuitry), for
thermostatic control of liquid carrying heat and cooling
systems (accurate control of large flows) in buildings,
industries, laboratories and district heating systems, for

control of wave generating systems and fountains.
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In the above description the regulating device has been
described with four ports and apertures in one group. The
number of ports and apertures may however be two, three or any
other integer as long as the ports and the apertures are
circumferentially spaced apart with an equal distance in each
group. As has been indicated above, it is not excluded that

ports and apertures belonging to a plural of groups be used.

The apertures and ports may further be axially displaced as
long as the resulting radial force is substantially zero.
Examples of this are shown in fig 5a and 5b. In both these two
cases the ports and apertures are shown having also an axial

separation.

In the above description the inner member has been described
with an axial outlet. This outlet, however, may as well as the’
inlet consist of apertures and corresponding ports in the
cylindrical wall instead of the axial outlet. As long as this
radial outlet consists of apertures and ports that are
circumferentially spaéed‘apart with an equal distance the

advantages of the present invention is retained.

In such a case it is clear for the person skilled in the art
that inlet and outlet are separated, for example with the aid
of an inlet manifold in the form of a first annular chamber
and a discharge collector in the form of a second annular

chamber.

With this embodiment both inlet and outlet may be used to
control the regulating device which may be advantageous in
some applications. It is not excluded that the regulation

device solely controls at the outlet.
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In case there is no provision for rotation of the inner member

with respect to the housing, e. g. their sections are not

circular, the displacement provided is axial, effected e. g.

by a suitable linear actuator.
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Claims

1.

Regulating device (1) for control of liquid flow and/or
pressure, including a housing (3) having an axis and a
circumferential extension, and being provided with an
inlet and an outlet (12) and enclosing an inner member
(2) which is arranged to be movable by means of an
actuator relative to the housing and provides a passage
for regulated liquid flow, characterised in

- that the inlet comprises at least one group of at least
two substantially radial ports (4,5,6,7) which are spaced
apart with a circumferentially equal distance, and

- that the passage comprises a number of radial apertures
(8,9,10,11), each positioned correspondingly with respect
to each port,

- that the inner member is fitted with a. minor radial
play inside the Housing so that in operation a minor
leakage of the liquid to be regulated will enter a slit
between the inner member and the housing,

whereby the inner member (2) is substantially relieved

from radial forces in operation.

Regulating device according to claim 1, characterised in
that the outer surface of the inner member (2) and the
inner surface of the housing (3) have circular cross-

section.

Regulating device according to claim 1 or 2,
characterised in that the inner member (2) is provided

with an axial outlet (12).

Regulating device according to any of the claims 1-3,
characterised in that the ports (4,5,6,7) and the
apertures (8,9,10,11) are arranged to be brought in and

out of correspondence with each other by rotational
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and/or axial movement of the inner member with respect to

the housing.

Regulating device according to any of the claims 1-4,
characterised in that as an actuator (15) for the inner
member (2) is chosen one of: a stepping motor, a servo

motor.

Regulating device according to any of the claims 1-5,
characterised in that the ports (5°) and the apertures
(6”) have a shape resulting in a substantially constant
relative change in opening areas from a setting position
to an adjacent setting position such that, for at least a
portion of the respective ports and the apertures, the
opening area for ligquid flow path is expressed as: (1)

dA

Z=c , where C is a constant, A 1s the area passing

A

flow and dA is the area chaﬁge.

Regulating device according to any of the claims 1-6,
characterised in that the inner member (2) is

substantially shaped as a circular cylinder.

Regulating device according to any of the claims 1-7,
characterised in that a sealing is provided between the

inner member and the housing.

Regulating device according to any of the previous
claims, characterised in that an equalising camber (20)

is positioned upstream the ports.

.Regulating device according to claim 9, characterised in

that the equalising chamber (20) surrounds the housing

(3) in the region of the ports.
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11.Device for dynamometer testing of motor wvehicles,
comprising a dynamometer having a hydrostatic pump
assembly provided with means for measuring the torgque
applied to a pump input shaft, characterised in that it
includes a regulating device according to any of the

claims 1-10 for controlling the pump.

12.Arrangement for controlling liquid flow or pressure

including at least one regulating device according to any
one of the claims 1 - 10, wherein the arrangement is one
of the group: a device for control of hydraulic flpid, a
retarder for -a motor vehicle, a speed control device for
hydraulically powered vehicles, a flow regulator fbr a
hydro power generator, a device for thermostatic control
of liquid carrying heat and cooling systems in buildings,
industries, laboratories and district heating systems, a :
device for control of wave generating systems, a fountain

device.
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