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Fig. 2

(57) Abstract: A hydrodynamic retarder device
(4) for installation in a power-train (3) in a
vehicle (1), wherein the retarder device com-
prises: a shovel-equipped stator (7) which, to-
gether with a shovel-equipped rotor (8), forms a
shovel system with a workspace (6) for receipt
of an aqueous working medium, and a retarder
circuit (14) connected to the workspace (6), to
control the inflow of a working medium to the
workspace (6), wherein the retarder circuit (14)
is installed to be connected to the vehicle's or-
dinary cooling water circuit (9). The retarder cir-
cuit (14) comprises valve elements to shut off
the flow of working medium to the workspace
(6), and a negative pressure generator (19) is
connected in the retarder circuit (14), which
negative pressure generator is installed to reduce
the pressure in the workspace (6) to or below the
vapour pressure for the working medium, so that
the workspace is thus evacuated of the liquid
working medium. The invention also relates to a
method and a vehicle.
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HYDRODYNAMIC RETARDER DEVICE, METHOD FOR ITS USE AND VEHICLE

Field of the invention

The present invention relates to a hydrodynamic
retarder device for a vehicle, comprising at least one shovel
head stator in order to, jointly with at least one shovel head
rotor, form a shovel system with a workspace for reception of
an aqueous working medium, and a retarder circuit connected to
the workspace, in order to control the supply of the working
medium to the workspace. The invention also relates to a
method for operation of a hydrodynamic retarder device, and a

vehicle equipped with a hydrodynamic retarder device.

Background of the invention

In order to increase the driving efficiency and
safety, and to reduce wear of the wheel brakes, primarily
heavy goods vehicles are, according to prior art, equipped
with retarder devices. A retarder device is a hydrodynamic
auxiliary brake, which brakes the car’s power—-train with the
help of the resistance exercised by a shovel system, operating
an amount of liguid in a workspace. In operation, the braking
energy absorbed by the retarder device transitions into heat
energy in the liquid, which in turn is cooled down by a
cooling system in the vehicle.

The braking torque is controlled through control of a
pressure prevailing in the workspace between the shovel blades
belonging partly to the retarder device’s stator, and partly
to its rotor. When the retarder device is not used, the
workspace 1is essentially depressurised. However, a certain
drag loss is created in the retarder device, since it still
rotates with the power-train. From a fuel-saving perspective

it is important to keep this drag loss as small as possible.
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A method to avoid the drag loss is to mechanically
disconnect the retarder device from the power-train when it is
not used. This is possible with the help of a coupling, such
as a synchronising clutch or a multi-plate clutch. When the
retarder device then is to be connected to be used for
braking, the retarder device’s rotor has to be accelerated
quickly, and synchronised with the power-train’s engine speed.
This must happen within fractions of a second, and the
acceleration torgque produced must be minimised, in order to
avoid uncomfortable jerks to be generated in the vehicle.

In a retarder device using o0il as a working medium,
this is fully possible thanks to a low acceleration
resistance, which is achieved since the shovel system is
filled with air instead of o0il during this acceleration phase.

In order to minimise the number of components and
systems in the wvehicle, it is advantageous if the wvehicle’s
ordinary coolant, which typically contains a mixture of water
and glycol, may be used as a working medium. A retarder device
applying this principle is called a water retarder.

In a water retarder, however, it is problematic to
aerate the shovel system during acceleration, since air that
comes into contact with the coolant may partly follow the
latter, and have an adverse impact on other components in the
vehicle, with which the coolant comes into contact. For this
reason, water retarders are operated in a partly water-filled
state even when they are disconnected, entailing a relatively
high acceleration torque.

As examples of the technology’s background,
UsS2287130, US2006090971, wWO2010034493, US2007102251 and
DE10054078 may be mentioned.
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The objective and primary characteristics of the invention

It is an objective of the present invention to
provide a further development of a hydrodynamic retarder
device according to the above, and a method, with which the
problems with the background technology are addressed and at
least alleviated. This 1is achieved in an arrangement according
to the invention by way of the retarder circuit comprising a
drain valve device for the forced evacuation of working medium
from the workspace, and by way of a negative pressure
generator being connected in the retarder circuit, arranged to
reduce the pressure in the workspace for receipt of evacuated,
liquid working medium from the workspace in connection with
initiation of the drain valve device.

In general, it should be noted that in the retarder
device according to the invention, the negative pressure
generator is installed to reduce the pressure in the workspace
to or below the wvapour pressure for the working medium, so
that the workspace is vacated of liquid working medium through
the water vapour formed. Thus, the retarder device’s
acceleration torgque at the connection is reduced in order to
be level with the corresponding acceleration torque for an oil
retarder device. Vaporisation is achieved because the pressure
in the enclosed workspace, defined by the stator and the
rotor, is reduced almost instantly to the vapour pressure, or
to a pressure below the vapour pressure. Thus the shovel space
is quickly and efficiently wvacated of ligquid water and
coolant, respectively, and mechanical
connectivity/disconnectivity of the retarder device is made
possible with comfort maintained, and with the use of a clutch
device comprising uncomplicated clutch components. This is a
great advantage, since the retarder device becomes connectible
and disconnectable without the risk of air coming into contact

with the coolant and resulting in an adverse impact on other
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components in the vehicle, with which the coolant comes into
contact.

Through the innovative features relating to the
draining valve device, which is initiated for the forced
evacuation of working medium from the workspace, and in
relation to the negative pressure generator, which is set up
to receive thus forcibly evacuated working medium, several
advantages are achieved. The braking torque applied by the
retarder device is quickly reduced to a minimum. Thus, a quick
disconnection of the retarder device from the power-train may
thus be initiated, in order to further reduce the braking
torque applied by the retarder device. However, in order to
handle an error or a state of emergency in the wvehicle, it may
not be necessary to mechanically disconnect the retarder
device from the power-train. Through the forced evacuation
according to the invention, the torque is reduced sufficiently
for the vehicle’s system to be able, at least at an initial
stage, to handle the error and/or state of emergency arisen.

The draining valve device is advantageously designed
as a safety valve, which may be made to open very quickly if
an error should occur, or if the braking torque needs to be
reduced quickly, e.g. to avoid tendencies to skid in a
vehicle.

The errors may be more or less temporarily sticking
valves, and delays and inertia arising in control systems as
well as in mechanical components. For safety reasons, high
standards with respect to the elements comprised in the
control of the retarder device’s braking torque are regquired.
The valves must not stick or get stuck, since this could
entail problems with interrupting the braking at transitions
between a decelerated and non-decelerated state during normal

operation.
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Furthermore, the retarder device must be such that it
is able to handle the rapid processes initiated, when the
skidding tendencies of the vehicle are noted by an anti-
skidding system (ABS or similar) belonging to the vehicle.
Such processes place great demands on the retarder braking at
least decreasing very rapidly, in order for the anti-skidding
system to be able to operate in a direction of skid
termination, without any unwanted involvement of a braking
retarder device.

The draining valve device according to the invention
is advantageously designed to be optimised for its function as
a safety valve with a large through flow area and brief
opening times, for a fast flow of working medium flowing out
from the workspace. Accordingly, the retarder device’s other
components do not need to be rebuilt or adapted for this
function, but may instead be built and optimised for their
respective functions, relating to control of braking torque
emitted by the retarder device during normal operation.

They therefore do not need to be unnecessarily large,
robust or quick-operated. This entails reduced cost of the
component parts. Furthermore, there is an overall improvement
of the retarder device’s robustness against serious
consequences of errors otherwise arising.

Through the insertion of the negative pressure
generator, the rapidly evacuated amount of working medium from
the workspace may be taken care of efficiently, so that no
major pressure spikes arise in the liguid in the cooling
system. Such pressure spikes would otherwise be highly
undesirable, and even harmful to the component parts in the
cooling system.

Since the retarder circuit comprises a directional
valve, arranged to be initiated to shut off the flow of

working medium to the workspace at the initiation of the drain
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valve device, backfilling of the workspace is avoided in an
advantageous manner.

The negative pressure generator is advantageously
arranged to reduce the pressure in the workspace to or below
the wvapour pressure for the working medium, so that the
workspace thus is vacated of liquid working medium also at
normal operation of the retarder device, to reduce
uncomfortable jerks at connection with and disconnection from
the power-train. For the function of the negative pressure
generator during normal operation, there are typically large
throughput areas in connected channels, as well as, naturally,
a sufficiently significant volume, which, overall, is
advantageous and useful at the present invention.

Generally, at normal operation before connection and
disconnection, the inflow of the working medium to the
workspace is closed, and the pressure in the workspace is
reduced to or below the vapour pressure for the working
medium, and therefore the workspace is vacated of the liquid
working medium. In other words, the workspace is thus isolated
and subjected to said negative pressure, which may,
surprisingly, be brought to result quickly, nearly instantly,
in the desired wvacation of liquid from the workspace.

Preferably, a control valve 1s arranged in the
control circuit downstream of the workspace, to provide for a
possibility of controlling the braking torque applied by the
retarder device. It is preferred to have a one-way valve
arranged inside the retarder circuit in connection with the
control wvalve, in order to ensure protection against back-
flow. This one-way valve may be separate from or integrated
with the control valve.

The negative pressure generator is suitably connected
with the retarder circuit downstream or upstream of the

workspace, or directly with the workspace.
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In some embodiments, the negative pressure generator
is connected to the retarder circuit via an inlet wvalve, and
to said coolant circuit via an exhaust conduit. Either, or
each of the inlet conduit and the exhaust conduit, may thus
need to be equipped with a one-way valve.

Preferably, the draining valve device and the
negative pressure generator constitute one assembled unit
since the cost, space and number of component parts in this
case may be minimised.

Preferably, the negative pressure generator comprises
a cylinder comprising a sealing piston, which may be moved
between a first position, in which a section associated with
the piston seals against a muzzle portion, placed in the
cylinder, of a channel leading between the workspace and the
cylinder, and a second position, in which said muzzle portion
is open and the piston has been operated to generate a
negative pressure.

Suitably, the piston is spring biased in the
direction of its second position, and additionally set up to
be fluid pressure activated in the direction of its first
position.

The negative pressure generator is, at preferred
alternative embodiments, a negative pressure container that
may be pre-charged with negative pressure or a rotation pump.

These devices may, as in the case of a piston
cylinder device, be installed to act at the required speed, so
that in particular the insertion of a negative pressure
container possible to pre-charge, which is constantly ready
and directly switchable through a valve, entails a high degree
of speed in an uncomplicated manner. With the use of a
negative pressure container that may be pre-charged as a
negative pressure generator, the inlet conduit need not be

equipped with a one-way valve. There is no need to arrange an
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outlet conduit, but it is an advantage to have such an outlet
conduit, since in this case no unwanted volumetric limitation
arises.

A method according to the invention for the
operation of a hydrodynamic retarder device according to the
above, for connection and disconnection to a power-train in a
vehicle, 1s characterised by a flow of working medium to the
workspace being controlled by way of a retarder circuit
connected to the workspace, wherein the retarder circuit is
connected to the vehicle’s ordinary coolant circuit, and the
retarder device is connected and disconnected, respectively,
to/from said power—-train. If and when needed, the workspace is
forcibly vacated of working medium by a draining valve device
arranged in the retarder circuit, and evacuated liquid working
medium from the workspace is received by a negative pressure
generator connected in the retarder circuit, through which the
pressure in the workspace is reduced in connection with the
initiation of the draining valve device. Advantages similar to
those described above are achieved through the innovative
method.

The clutch device may subsequently optionally be
initiated to disconnect the retarder device from the power-
train.

Suitably, a directional valve arranged in the
retarder circuit is initiated to shut off the flow of working
medium to the workspace at the initiation of the drain wvalve
device.

Preferably, the pressure in the workspace is reduced
to or below the wvapour pressure for the working medium, in
order to vacate the workspace of ligquid working medium.

Preferably, the negative pressure generator comprises
a cylinder comprising a sealing piston, which piston is moved

between a first position, in which a section associated with
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the piston seals against a muzzle portion, placed in the
cylinder, of a channel leading between the workspace and the
cylinder, and a second position, in which said muzzle portion
is open and the piston is operated to generate negative
pressure.

The piston is operated in the direction of its second
position, suitably by a biased spring, and in the direction of
its first state through pressure fluid impact.

The invention also relates to a vehicle, comprising a

retarder device according to the above.

Description of drawings

The invention will now be described in further detail
based on the example embodiments and with reference to the
enclosed drawings, on which:

Fig. 1 schematically shows a commercial vehicle
equipped with a retarder device according to the invention,

Figs. 2 and 3 show a principle sketch of a retarder
device according to the invention according to a first
embodiment,

Fig. 4 shows a principle sketch of a retarder device
according to the invention according to a second embodiment,
and

Fig. 5 schematically shows a sequence of a method
according to the invention in the form of a simple block

diagram.

Description of example embodiments

The commercial vehicle 1 shown in Fig. 1 is of the
type comprising an engine 2, a power-train 3 and a retarder
device 4, which may be connected and disconnected.

The basic structure of a retarder device 4 is

illustrated by Figs. 2 and 3, wherein a clutch device 5 is
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arranged for connection and disconnection of the retarder
device 4 with the vehicle’s power-train 3. The retarder device
4 has a stator 7 and a rotor 8, which is rotatable around a
shaft R.

Together, the stator 7 and the rotor 8 form a shovel
system with a workspace 6, in which a greater or lesser amount
of fluid is designed to be hurled around, in order to function
as a working medium in the operation of the retarder device,
so that energy absorbed by the retarder device transforms into
heat. This heat is cooled off by the vehicle’s ordinary
cooling system, which comprises a coolant circuit 9, a water
pump 10, a front cooler 11, an expansion tank 21 and a
thermostat 12.

A directional valve 13 inserted in the coolant
circuit 9 is installed to lead coolant as a working medium to
the shovel system’s workspace 6, and to shut off the flow to
the workspace 6, respectively. From the directional valve 13,
a retarder circuit 14 leads to an area in the workspace 6
where a lower pressure prevails during operation, and where
coolant may be added as a working medium. The retarder circuit
14 is also, for the outlet of working medium from the
workspace, connected to a peripheral area of the workspace 6,
in which a higher pressure may be expected during operation
and where outflow of the working medium may occur.

Downstream of the workspace 6, the retarder circuit
passes through a control valve 15, with whose help the
pressure in the workspace, and as a result thereof the amount
of working medium in the workspace, is adijustable.

Further, downstream of the control valve 15, a one-
way valve 16 1s arranged, allowing for a flow of the working
medium from the workspace 6, but preventing flow in the

opposite direction.
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Downstream of the workspace in the retarder circuit
14 and upstream of the control valve 15, a negative pressure
circuit is connected, including a negative pressure generator
19, here displayed in the form of a piston cylinder device. In
a cylinder, a sealing piston 31 is arranged, which may be
moved between a first position (Fig. 2), in which a section 32
associated with the piston seals against a muzzle portion 33,
placed in the cylinder, of a channel 34 leading between the
workspace and the cylinder, and a second position (Fig. 3), in
which said muzzle portion is open and the piston has been
operated to generate negative pressure. Said section 32
associated with the piston, and the muzzle portion 33 form a
draining valve device 22 for the retarder device.

Furthermore, the piston 31 is spring biased in the
direction of its second state with the help of a spring 35.

The piston 31 is also arranged to be pressure fluid
impacted in the direction of its first position in a cylinder
chamber 37 opposite to the muzzle portion 33. For this
purpose, a pressure source 36 for a gaseous medium is
arranged, communicating with said cylinder chamber 37 via a
valve 23. The valve 23 may be shifted between a pressure
conveying position (Fig. 2), where the cylinder chamber 37 is
pressurised, and an emptying position (Fig. 3), where the
cylinder chamber is connected with the atmosphere or similar.

In the valve’s 23 emptying position, the spring 35
presses the piston 31 in a downward direction, seen in Fig. 3,
to open the draining valve device 22 on the one hand, and to
generate a negative pressure in the conduit 34 and thus in the
workspace as set out above, on the other hand.

The valve 23 may in turn be controlled by a system
belonging to the vehicle, in order to quickly transition from
the position in Fig. 2 to the position in Fig. 3 if an error

arises in the retarder circuit, or if e.g. an anti-skid system
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belonging to the vehicle must be initiated. In connection
therewith, the directional wvalve 13 is shifted for
interruption of supply of working medium to the workspace, to
the position displayed in Fig. 3.

At normal retarder braking, all available cooling
water/coolant is permitted to enter as a working medium into
the retarder device’s workspace 6 through the directional
valve 13. In this operating mode a fluid amount is active
within the shovel system, and this fluid amount will during
operation be imparted a rotating movement, according to the
arrows inside the workspace 6.

At this operation, it is possible to control the
braking torque by changing the pressure in the workspace, and
thus the fluid amount, through adjustment of the control wvalve
15.

In this way, the amount of fluid that is impacted
within the shovel system will thus change, entailing that an
inner space becomes larger or smaller.

Overall, it may be said that in this operating mode
the maximum braking action of the retarder device may be
obtained.

In an operating mode with a mechanical connection or
disconnection of the retarder device from the vehicle’s power-
train, a low drag torque is required for the retarder device,
in order to avoid uncomfortable jerks.

Such low drag torgue 1s achieved, on the one hand, by
the retarder circuit 14 being disconnected from the cooling
water circuit, and on the other, by ensuring that the
workspace 6 substantially instantly is subjected to such a
negative pressure that water vapour is formed for fast
evacuation of water from the workspace 6.

Two one-way valves are marked 24, which, on the one

hand, partly allow for a flow to the negative power generator



10

15

20

25

30

WO 2015/126312 PCT/SE2015/050172
13

from the workspace and prevent a flow in the opposite
direction, and, on the other hand, allow for a flow from the
negative pressure generator to the cooling circuit and prevent
a flow in the opposite direction.

Fig. 4 illustrates an alternative embodiment of the
invention, where the negative pressure generator is a negative
pressure container 25 possible to pre-charge, which may be
connected to the retarder circuit via a draining valve device
26.

The draining valve device 26 may be controlled in a
manner similar to the specifications for valve 23 in Figs. 2
and 3. In such case, the one-way valve 24 is optional, but it
is advantageous for the one-way valve 24 to be included.

One sequence of a method according to the invention
is illustrated schematically through the block diagram in Fig.
5.

Position 40 relates to the start of the sequence.

Position 41 relates to normal operation of a vehicle,
with the retarder device connected to the retarder circuit for
retarder braking, through the directional valve’s 13 settings.

Position 42 relates to detection of a state of
emergency for the vehicle, when the retarder braking torque
must immediately at least be reduced.

Position 43 relates to a shifting of the draining
valve device, for substantially instant draining of the
workspace of ligquid working medium.

Position 44 relates to isolation of the retarder
device’s workspace from the cooling water circuit, and
optional disconnection of the retarder device from the
vehicle’s power-train.

Position 45 relates to the completion of the

sequence.
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With the invention, only one single system with
liquid having to be cooled is required for the vehicle. A
vehicle equipped with a retarder device according to the
invention therefore becomes e.g. lighter and less costly to
produce, and also entails an environmental improvement
compared to prior art. Since the retarder device may
additionally be disconnected from the vehicle’s power-train
without any problems, the vehicle’s driving economy is
improved. The drag losses from a co-rotating retarder would
otherwise negatively impact the vehicle’s fuel consumption.

As an alternative to the negative pressure generator
displayed on the drawings, other types of “suction devices”
may be used, such as a fast-acting pump device.

A desired negative pressure generated by the negative
pressure generator is in the range of or below 0.5 bar below
atmospheric pressure, since the vapour pressure at normal
working temperature amounts to approximately this wvalue.
Application of greater negative pressure may be required at
lower temperatures, because of the vapour pressure’s
temperature dependency.

A retarder device according to the invention may
comprise a shovel-equipped stator in order to, together with a
shovel-equipped rotor, form the shovel system with its
workspace. According to the invention, the retarder device may
also comprise more than one shovel-equipped stator,
interacting with corresponding more than one shovel-equipped

rotor, to form the shovel system with its workspace.
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CLAIMS:

1. Hydrodynamic retarder device (4), for connection and
disconnection to a power—-train (3) in a vehicle (1), wherein
the retarder device comprises:

- at least one shovel-equipped stator (7), which, together
with a shovel-equipped rotor (8), forms a shovel system with a
workspace (6) for receipt of an agueous working medium,

- a retarder circuit (14) connected to the workspace (6), in
order to control the inflow of a working medium to the
workspace (6), wherein the retarder circuit (14) is arranged
to be connected to the vehicle’s ordinary coolant circuit (9),
and

— a clutch device for connection and disconnection of said
retarder device (4) to/from said power—-train (3),
characterised in that

- the retarder circuit (14) comprises a draining valve device
(22; 26) for forced evacuation of working medium from the
workspace (6), and

- in that a negative pressure generator (19) is connected in
the retarder circuit (14), arranged to reduce the pressure in
the workspace (6) for receipt of liquid working medium
evacuated from the workspace, in connection with initiation of

the draining valve device (22; 26).

2. Retarder device according to claim 1, characterised in that
the retarder circuit (14) comprises a directional wvalve (13),
which is arranged to be initiated to shut off the flow of
working medium to the workspace (6), when the draining valve

device (22;26) is initiated.

3. Retarder device according to claim 1 or 2, characterised in

that the negative pressure generator (19) is arranged to
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reduce the pressure in the workspace (6) to or below the
vapour pressure for the working medium, so that the workspace

is thus vacated of ligquid working medium.

4. Retarder device according to any of the previous claims,
characterised in that a control valve (15) is arranged in the

control circuit downstream of the workspace.

5. Retarder device according to any of the previous claims,
characterised in that the negative pressure generator (19) is

connected to the retarder circuit (14) with an inlet conduit.

6. Retarder device according to any of the previous claims,
characterised in that the negative pressure generator (19) is
connected to the cooling water circuit (9) with an outlet

conduit.

7. Retarder device according to any of the previous claims,
characterised in that the draining valve device (22) and the
negative pressure generator (19) constitute one assembled

unit.

8. Retarder device according to claim 7, characterised in that
the negative pressure generator (19) comprises a cylinder
comprising a sealing piston, which may be moved between a
first position, in which a section associated with the piston
seals against a muzzle portion, placed in the cylinder, of a
channel leading between the workspace and the cylinder, and a
second position, in which said muzzle portion is open and the

piston is operated to generate a negative pressure.
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9. Retarder device according to claim 8, characterised in that
the piston is spring biased in the direction of its second

position.

10. Retarder device according to claim 8 or 9, characterised
in that the piston is arranged to be pressure fluid impacted

in the direction of its first position.

11. Retarder device according to claim 7, characterised in
that the negative pressure generator (19) is one from among a
group including a negative pressure container, possible to

pre-charge with a negative pressure, and a rotation pump.

12. Method for operation of a hydrodynamic retarder device (4)
for connection and disconnection to a power—-train (3) in a
vehicle (1), wherein:

- at least one shovel-equipped stator (7) which, together with
at least one shovel-equipped rotor (8), forms a shovel system
with a workspace (6) for receipt of an agqueous working medium,
- in-flow of a working medium to the workspace (6) is
controlled by way of a retarder circuit (14) connected to the
workspace (6), wherein the retarder circuit (14) 1is connected
to the vehicle’s ordinary cooling water circuit (9), and

- the retarder device is connected and disconnected,
respectively, to/from said power-train (3),

characterised in that

- where needed, the workspace (6) is forcibly wvacated of
working medium through a draining valve device (22; 26)
arranged in the retarder circuit (14), and

- liquid working medium evacuated from the workspace is
received by a negative pressure generator (19) connected in
the retarder circuit (14), through which negative pressure

generator the pressure in the workspace (6) is reduced, in
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connection with initiation of the draining valve device (22;

26) .

13. Method according to claim 12, characterised in that a
directional valve (13) arranged in the retarder circuit (14)
is initiated to shut off the in-flow of working medium to the
workspace (6), when the draining wvalve device (22;26) 1is

initiated.

14. Method according to claim 12 or 13, characterised in that
the pressure in the workspace (6) is reduced to or below the
vapour pressure for the working medium, so that the workspace

is thus evacuated of liquid working medium.

15. Method according to any of claims 12 - 14, wherein the
negative pressure generator (19) comprises a cylinder
containing a sealing piston, characterised in that the piston
is moved between a first position, in which a section
associated with the piston seals against a muzzle portion,
placed in the cylinder, of a channel leading between the
workspace and the cylinder, and a second position, in which
said muzzle portion is open and the piston is operated to

generate a negative pressure.

16. Method according to claim 15, characterised in that the
piston is operated in the direction of its second position by
a biased spring, and/or in the direction of its first position

through pressure fluid impact.

17. Vehicle comprising a retarder device according to any of

claims 1-11.
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