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Title: ELECTRO-PNEUMATIC PARKING BRAKE

(57) Abstract: An electro-pneumatic parking brake arrangement, comprising a 3 by 2 pneumatically controlled valve (3) having a
fluid connection from an output port (3.3) to a control port (3.4) for defining the valve switching position by the output pressure and
providing control pressure for a relay valve (5) setting up a parking brake pressure in a springbrake chamber of a brake cylinder (8)
through an output port (B) of the relay valve (5), wherein a variable pressure level which is feeding an inlet port (3.1) of the pneu-
matically controlled valve (3) is provided by two 3 by 2 magnet valves (1, 2), further comprising: - a fluid connection to the parking
brake pressure supply input (A) provided through the parking brake check valve (7) by inlet port (1.2) of load magnet valve (1), and
- a fluid connection to the ambient pressure provided by exhaust port (2.2) of the exhaust magnet valve (2), and - a fluid connection
from an outlet port (1.3) of load magnet valve (1) to an inlet port (2.1) of the exhaust valve (2) and the inlet port (3.1) of the pneu -
matically controlled valve (3), and - a fluid connection from an outlet port (2.3) of the exhaust valve (2) to an inlet port (1.1) of the
load valve (1).
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Electro-pneumatic parking brake

Field of the Invention

The invention relates to an electro-pneumatic parking brake arrangement, comprising a 3 by 2
pneumatically controlled valve having a fluid connection from an output port to a control port
for defining the valve switching position by the output pressure and providing control pres-
sure for a relay valve setting up a parking brake pressure in a springbrake chamber of a brake

cylinder through an output port of the relay valve.

Electronic solutions to control a parking brake of the commercial vehicles are a new trend in
the vehicle system development. Although working mechanisms are only available in the pas-
senger car market, a few technical solutions of electro-pneumatic parking brakes are already

described in technical literature as discussed below.

Technological background

In the parking brake systems the main requirement is to ensure the so-called safe state, mean-
ing park or release, even if failure occurs. This bi-stable property has to be combined with the
proportional brake force control and the partly independent control of the trailer service
brakes depending of the selected trailer strategy, which can be ‘applied trailer service brakes
at park’ (trailer braked) or ‘released trailer service brakes at park’ (trailer unbraked). The pos-
sibility to reduce the parking brake force to avoid overload of the brake mechanism during
service brake usage is an additional requirement which has to be performed without changing

the park safe state.
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The document DE102007014423A1 discloses an electro-pneumatic parking brake arrange-
ment in that the bi-stability is solved by a bi-stable magnet valve. In case of electricity break-

down the actual pressure state is kept. Both trailer strategy as described above is supported.

The document DE102008007877A1 describes another electro-pneumatic parking brake ar-
rangement in that the bi-stability is solved by a 3 by 2 valve which is pneumatically controlled
by its output pressure supervised by a select-low valve. Safe state is ensured in all cases with

the restriction that minimal pressure in drive state is limited above zero.

The document EP1464557B1 discloses an integrated air processing unit and electro-
pneumatic parking brake in that the pressure control of the parking brake is solved by a valve
block which is capable to inflate and deflate the springbrake chambers. The arrangement
comprises a pressure sensor inserted between the valve arrangement and the parking brake

connection.

The known solutions predominantly provide stable control by expensive and not durable solu-
tion. Some solutions are more effective, but requires a very complicate and accurate control to
be able to provide stability, or rather works with extra constrains to be able to keep the system

in the desired working mode.

Brief description of the invention

It is an object of the present invention to provide an electro-pneumatic parking brake ar-

rangement which is easy but accurate to control using robust technical means.

According to the invention a variable pressure level which is feeding an inlet port of the
pneumatically controlled valve is provided by two 3 by 2 magnet valves, comprises:

- a fluid connection to the parking brake pressure supply input A provided through the
parking brake check valve by inlet port of load magnet valve, and

- a fluid connection to the ambient pressure provided by exhaust port of the exhaust mag-
net valve, and

- a fluid connection from an outlet port of load magnet valve to an inlet port of the exhaust

valve and the inlet port of the pneumatically controlled valve, and
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- a fluid connection from an outlet port of the exhaust valve to an inlet port of the load

valve.

Due to this special combination of the pneumatically controlled valve with two 3 by 2 magnet
valves, a robust arrangement is achieved which provides an accurate pressure control for the

parking brake of a commercial vehicle.

Brief description of the drawings

Additional measures that improve the invention are included in the dependent claims and will
be illustrated in greater detail below in conjunction with the description of preferred exem-

plary embodiments of the invention based on the figures. Shown on:

Fig. 1 is a pneumatic diagram of an electro-pneumatic parking brake arrangement

according to a first embodiment,

Fig. 2 is a pneumatic diagram of an electro-pneumatic parking brake arrangement

according to a second embodiment,

Fig. 3 is a pneumatic diagram of an electro-pneumatic parking brake arrangement

according to a third embodiment,

Fig. 4 is a pneumatic diagram of an electro-pneumatic parking brake arrangement

according to a forth embodiment,

Fig. 5 is a pneumatic diagram of an electro-pneumatic parking brake arrangement

according to a fifth embodiment, and

Fig. 6 is a schematic of three different parking brake valve blocks containing an elec-
tro-pneumatic parking brake arrangement according to one of the preceding

embodiments.
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Detailed description of the drawings

According to Figure 1, in the initial park state of the parking brake a springbrake chambers 8
of a brake cylinder is continuously deflated via a relay valve 5. The control of the relay valve
5 is deflated through a pneumatically controlled valve 3, through a exhaust magnet valve 2 by

inlet port 2.2 connected to the exhaust.

To change the safe state to release, the exhaust valve 2 is activated connecting the parking
brake supply pressure input A through the parking brake check valve 7 and through the load
magnet valve 1 to the inlet port 3.2 of the pneumatically controlled valve 3 providing high air
pressure to switch itself to release position by its control port 3.4 and controlling the relay

valve 5 with the pressure inflating the springbrake chamber 8.

The released position of the pneumatically controlled valve 3 is kept stable after the deactiva-
tion of the exhaust valve 2 by the connection of its control port 3.4 to the parking brake sup-
ply A through the pneumatically controlled valve 3, the load magnet valve 1 and the parking
brake check valve 7. The pressure level can be reduced keeping the released position of the
pneumatically controlled valve 3 until its designed switching pressure level by activating the
exhaust valve 2 and the load valve 1 providing path for deflation from the relay valve 5 con-
trol through the pneumatically controlled valve 3 through the load magnet valve 1 and the

exhaust magnet valve 2 to the ambient.

When the desired pressure level is reached, it can be kept constant by deactivating the exhaust
magnet valve 2 to close the connection to the ambient while the activated load magnet valve 1
keep the connection to the parking brake supply pressure A interrupted. The pressure can be
increased back by the deactivation of the load magnet valve 1. The position of the pneumati-
cally controlled valve 3 can be changed back to the park position by decreasing the pressure

below its designed switching level following the above mentioned method.

To be able to realise trailer unbraked control strategy, where a trailer control valve 6 is in-
flated both in stable park and release state, the trailer control module has connection to the
outlet port 1.3 of the load magnet valve 1. The pressure which controls the trailer control

module 6 is measured by pressure sensor 13 to provide information for the electronic control
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unit to manage the activations of the load and exhaust magnet valves 1 and 2 setting up inter-

mediate pressure level both for the trailer control module 6 and the relay valve 5.

A variable pressure level which is feeding an inlet port 3.1 of the pneumatically controlled
valve 3 is provided by both 3 by 2 magnet valves 1, 2 and a fluid connection to the parking
brake pressure supply input A provided through the parking brake check valve 7 by inlet port
1.2 of load magnet valve 1, and a fluid connection to the ambient pressure provided by ex-
haust port 2.2 of the exhaust magnet valve 2, and a fluid connection from the outlet port 1.3 of
load magnet valve 1 to an inlet port 2.1 of the exhaust valve 2 and the inlet port 3.1 of the
pneumatically controlled valve 3, and a fluid connection from an outlet port 2.3 of the exhaust

valve 2 to an inlet port 1.1 of the load valve 1.

To increase the monitoring precision, an additional position sensor 9 is included into the

pneumatically controlled valve 3 to measure its actual position.

Having a 3/2 magnet valve 14 and select-high valve 15 instead of the previously mentioned
two 2/2 magnet valves as shown in Figure 2, the capability to reduce the pressure in the relay
valve 5 control below the pneumatically controlled valve 3 switching level without its posi-
tion change and the functionality related to the trailer control valve 10 controlled by braked

trailer strategy can be realised.

The inlet port 3.2 of the pneumatically controlled valve 3 is connected to the ambient pres-
sure. A 3 by 2 valve 14 is connected by its inlet port 14.1 to the outlet port 1.3 of the load
magnet valve 1, and is connected by its inlet port 14.2 to the outlet port 3.3 of the pneumati-
cally controlled valve 3, and is connected by its outlet port 14.3 to the control port 3.4 of the
pneumatically controlled valve 3. A select-high valve 15 is connected of its inlet ports 15.1,
15.2 to the outlet port 3.3 of the pneumatically controlled valve 3, and the outlet port 2.3 of
the exhaust valve 2 is connected by its outlet port 15.3 to a trailer control module 10) through

output (D) for realising trailer braked strategy.

To provide information for the — not shown - electronic control unit for the switching man-
agement of the magnet valves, pressure sensors 4 and/or 13 are included. Having pressure
sensor 4 in channel connected to trailer control module 10 controlled by trailer braked strat-

egy, the control of the system can be realised. If this channel is not exist due to reduced func-



WO 2015/000718 PCT/EP2014/062993

tionality of the layout, at least the pressure sensor 13 is connected to the channel of the trailer

control module 6 controlled by trailer unbraked strategy.

Having additional 2/2 magnet valve 11 as shown in Figure 3, the control port 3.4 of the
pneumatically controlled valve 3 can be separated from the relay valve 5 control which pro-
vides capability to decrease the pressure of the relay valve 5 control below the pneumatically
controlled valve 3 designed switching level while a pressure level which is above of that can
be kept on the control port 3.4 of the pneumatically controlled valve 3 keeping its released
position. To change the position of the pneumatically controlled valve 3 to park position, the
2/2 magnet valve 11 has to be activated with the load and exhaust magnet valves 1 and 2 to-

gether.

In park position of the pneumatically controlled valve 3 the relay valve 5 control can be in-
flated by activation of the exhaust magnet valve 2 for reduce the compound effect on the
brake calliper during service brake usage while the switching of the pneumatically controlled

valve can be avoided by the activation of the 2/2 magnet valve 11.

Having additional 2/2 magnet valve 12 as shown in Figure 4, the outlet port 3.3 of the pneu-
matically controlled valve 3 can be separated from the relay valve 5 control and a trailer con-
trol module 10 can be connected to the outlet port 3.3 of the pneumatically controlled valve 3
to realise trailer braked control strategy which inflates the trailer control module 10 in release
state, deflates it in park state, but it is able to inflate it temporary without inflating the relay
valve 5 in park state for testing the standing position of the vehicle combination having brake

force provided by the truck only.

Combining the inclusion of both 2/2 magnet valve 11 and 12 as shown in Figure 5, the func-
tionalities related to the trailer control valve 10 controlled by trailer braked strategy and the
functionality to decrease the pressure below the pneumatically controlled valve 3 designed
switching level in the relay valve 5 control without changing the position of the pneumatically
controlled valve 3 and the functionality to avoid the compound effect in park state can be

combined in one layout.

According to Figure 6 a parking brake valve block 16 containing the arrangement as de-

scribed above is integrated into the electronic air processing system 17 of the vehicle.
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Alternatively, the parking brake valve block 16 containing the arrangement is integrated into

the electronic levelling system 18 of the vehicle.

Alternatively, the parking brake valve block 16 containing the arrangement is integrated into

the electronic service brake system 19 of the vehicle.

In addition, let it be noted that “encompass”™ does not preclude any other elements or steps,
and “an” or “a” do not rule out a plurality. Let it further be noted that the features or steps
described with reference to one of the above exemplary embodiments can also be used in
combination with other features or steps of other exemplary embodiments described above.

References in the claims are not to be construed as a limitation.
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Claims

1. Electro-pneumatic parking brake arrangement, comprising a 3 by 2 pneumatically con-
trolled valve (3) having a fluid connection from an output port (3.3) to a control port (3.4) for
defining the valve switching position by the output pressure and providing control pressure
for a relay valve (5) setting up a parking brake pressure in a springbrake chamber of a brake
cylinder (8) through an output port (B) of the relay valve (5),
characterised in that a variable pressure level which is feeding an inlet port (3.1) of the
pneumatically controlled valve (3) is provided by two 3 by 2 magnet valves (1, 2), further
comprising:

- a fluid connection to the parking brake pressure supply input (A) provided through the
parking brake check valve (7) by inlet port (1.2) of load magnet valve (1), and

- a fluid connection to the ambient pressure provided by exhaust port (2.2) of the exhaust
magnet valve (2), and

- a fluid connection from an outlet port (1.3) of load magnet valve (1) to an inlet port (2.1)
of the exhaust valve (2) and the inlet port (3.1) of the pneumatically controlled valve (3), and

- a fluid connection from an outlet port (2.3) of the exhaust valve (2) to an inlet port (1.1)
of the load valve (1).

2. Electro-pneumatic parking brake arrangement according to claim 1,

characterised in that an inlet port (3.2) of the pneumatically controlled valve (3) is con-
nected to the ambient pressure, and a 3 by 2 valve (14) is connected by its inlet port (14.1) to
the outlet port (1.3) of the load magnet valve (1), and is connected by its inlet port (14.2) to
the outlet port (3.3) of the pneumatically controlled valve (3), and is connected by its outlet
port (14.3) to the control port (3.4) of the pneumatically controlled valve (3), wherein a select-
high valve (15) is connected of its inlet ports (15.1, 15.2) to the outlet port (3.3) of the pneu-
matically controlled valve (3), and the outlet port (2.3) of the exhaust valve (2) is connected
by its outlet port (15.3) to a trailer control module (10) through output (D) for realising trailer
braked strategy.

3. Electro-pneumatic parking brake arrangement according to claim 1,
characterised in that the outlet port (2.3) of the exhaust magnet valve (2) is connected to the

inlet port (3.2) of a pneumatically controlled valve (6).
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4. Electro-pneumatic parking brake arrangement according to at least one of the preceed-
ing claims,
characterised in that the outlet port (1.3) of the load magnet valve (1) is connected to a

trailer control valve (6) through output (C) for realising trailer unbraked strategy.

5. Electro-pneumatic parking brake arrangement according to at least one of the preceed-
ing claims,

characterised in that a 2 by 2 magnet valve (11) is connected by its inlet port (11.1) to the
outlet port (3.3) of the pneumatically controlled valve (3) and its outlet port (11.2) is con-
nected to the control port (3.4) of the pneumatically controlled valve (3).

6. Electro-pneumatic parking brake arrangement according to at least one of the claims 1,
3 and 4,

characterised in that a 2 by 2 magnet valve (12) is connected by its outlet port (12.2) to the
control of the relay valve (5) and the control port (3.4) of the pneumatically controlled valve
(3) and by its inlet port (12.1) to the outlet port (3.3) of the pneumatically controlled valve (3)
having also connection to the trailer control module (10) through output (D) for realising

trailer braked strategy.

7. Electro-pneumatic parking brake arrangement according to at least one of the claims 1,
3,4and5,

characterised in that the 2 by 2 magnet valve (12) is connected by its inlet port (12.1) to the
outlet port (3.3) of the pneumatically controlled valve (3) and to the output (D) to the trailer
control valve (10) as a second trailer control option to perform trailer braked strategy, wherein
the outlet port (12.2) of the 2 by 2 magnet valve (12) is connected to relay valve (5) and the
control port (3.4) of the pneumatically controlled valve (3).

8. Electro-pneumatic parking brake arrangement according to at least one of the claims 2,
6 and 7,
characterised in that the trailer control output (D) is connected to a pressure sensor (4)

measuring the pressure level by an electronic control unit.

9. Electro-pneumatic parking brake arrangement according to at least one of the preced-

ing claims,
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characterised in that the outlet port (1.3) of the load magnet valve (1) is connected to pres-

sure sensor (13) measuring the pressure level by the electronic control unit.

10.  Electro-pneumatic parking brake arrangement according to at least one of the preced-
ing claims,
characterised in that the position of the pneumatically controlled valve (3) is measured by

the electronic control unit via a position sensor (9).
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