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METHOD FOR OPERATING A PRESSURE CONTROL VALVE, METHOD FOR OPERATING A
FLUID SUPPLY SYSTEM AND DEVICE FOR OPERATING A FLUID SUPPLY SYSTEM

A method for operating a pressure control valve

(110) of a fluid supply system (100) for a vehicle com-
prises:

- applying a control signal (120) for the valve (110) to
hold the valve (110) in a closed state dependent on a
given opening pressure for the valve (110),

- detecting a first frequency (121) of the control signal
(120) in a first period (124) of oscillation,

FIG 3
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- detecting a second frequency (122) of the control signal
(120) in a second period (125) of oscillation, the second
period (125) being adjacent to the first period (124),

- comparing the first frequency (121) with the second
frequency (122),

- determining an opening of the valve (110), if the second
frequency (122) is different from the first frequency (121).
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Description

Field of Technology

[0001] Thedisclosure relatestoa method foroperating
a pressure control valve of a fluid supply system for a
vehicle. The disclosure further relates to a method for
operating a fluid supply system for a vehicle, in particular
for a fluid supply system with a pressure control valve.
The disclosure further relates to a corresponding device
for operating a fluid supply system for a vehicle.

Background

[0002] Fluid supply systems for diesel engines or gaso-
line engines may work with high pressure. So-called com-
mon rail direct fuel injection systems comprise a high
pressure pump for feeding a common fuel rail. For ex-
ample, pressure in the rail is determined with the aid of
a pressure sensor. The pump feeds fuel to the common
rail dependent on a desired pressure and the signal of
the pressure sensor.

[0003] It is desirable to provide methods and devices
for operating a pressure control valve of a fluid supply
system for a vehicle and the fluid supply system that allow
reliable operation.

Summary of the Invention

[0004] Exemplary embodiments herein provide a
method for operating a pressure control valve of a fluid
supply system for a vehicle.

[0005] In particular, the method comprises: operating
a pressure control valve of a fluid supply system for a
vehicle, comprising:

- applying a control signal for the valve to hold the
valve in a closed state dependent on a given opening
pressure for the valve,

- detecting a first frequency of the control signal in a
first period of oscillation,

- detecting a second frequency of the control signal in
a second period of oscillation, the second period be-
ing adjacent to the first period,

- comparing the first frequency with the second fre-
quency,

- determining an opening of the valve, if the second
frequency is different from the first frequency.

[0006] The method allows to use the pressure control
valve as an indicator of the given opening pressure of
the valve being exceeded. For example, the given open-
ing pressure equals a maximum system pressure of the
fluid supply system. The opening pressure of the valve
may be slightly higher than the maximum system pres-
sure. If the valve opens, the system pressure is higher
than the opening pressure of the valve. Due to the de-
tection of the frequency change in the control signal, the
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opening of the valve is easy and reliable to detect. The
change in the frequency of the control system results
from a movement of an armature of the pressure control
valve from a closed state to the open state. For example,
the change in the frequency is due to the pole distance
variation during opening and closing of the valve and the
voltage induced due to the movement of the armature.
The frequency change indicates the opening of the pres-
sure control valve which also means that the rail pressure
is above the opening pressure of the pressure control
valve. This information can be used to indicate that the
supply system has an overpressure. A corresponding
failure reaction is possible to prevent a system burst.
Thus, an overpressure can be avoided even if there is a
malfunction of the rail pressure sensor. If the rail pressure
sensor delivers a faulty signal, e.g. a stack signal, the
overpressure in the system may not be determined de-
pending on the signal of the rail pressure sensor. By de-
tecting the frequency change of the control signal of the
pressure control valve damage to the system due to over-
pressure can still be avoided.

[0007] According to further embodiments, the second
period follows directly after the first period. Thus, a rela-
tive change in the signal is detectable. Therefore other
influencing factors like temperature can be disregarded.
[0008] According to further embodiments, the opening
of the valve is detected if the second frequency is greater
than the first frequency depending on the movement of
the armature and/or the pole piece of the valve relative
to a coil of the valve. According to further embodiments,
the opening of the valve is detected if the second fre-
quency is smaller than the first frequency depending on
the movement of the armature and/or the pole piece of
the valve relative to a coil of the valve.

[0009] The movement of the armature and/or the pole
piece has an effect on the signal applied to the pressure
control valve. The pole distance has an effect on the sig-
nal applied to the pressure control valve. In particular,
the transition from closed to open has an effect on the
current applied on the pressure control valve due to the
movement of the armature. In particular, the transition
from closed to open has an effect on the frequency with
which the intensity of the current changes. The frequency
is higher or lower when the pressure control valve opens
dependent on the design of pressure control valve itself.
A frequency increase or a frequency decrease can be
detected depending on the design of the pressure control
valve. In particular, the frequency change is detectable
when the current of the pressure control valve is control-
led via a current close loop control. The frequency change
is due to the change of current gradient which is in par-
ticular based on the combination of two physical event:
a current induction due to the movement of the anchor
and an inductivity change due to a change in the pole
distance (air gap). If the current of the pressure control
valve is controlled via a PWM (pulse-width modulation)
based control, in particular a fixed PWM control, a current
change due to the change in current gradient can be de-
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tected. For example, a change in an average current is
detected, if the pressure control valve opens. For exam-
ple, a change in an average current is detected, if the
pressure control valve closes.

[0010] According to further embodiments, the method
comprises:

- applying the control signal to hold the valve in a
closed state with an opening pressure greater than
the given opening pressure for the valve in a third
period of oscillation, the third period being subse-
quent to the second period,

- detecting a third frequency of the control signal in
the third period,

- comparing the third frequency with the first frequen-
cy,

- determining a closing of the valve, if the third fre-
quency is smaller than the first frequency.

[0011] Thus, it is possible to have a further transition
from the open state to the closed state of the pressure
control valve. By increasing the opening pressure, the
pressure control closes. If there is a change in the fre-
quency after the opening pressure has been increased,
this is a sign that the pressure control valve has moved
from the open state to the closed state. That confirms
that the pressure control valve has opened in the second
period. Thus a more robust detection is possible.
[0012] According to further embodiments, a control
signal to hold the valve in a closed state with an opening
pressure smaller than the given opening pressure is ap-
plied in response to determining the opening of the valve.
Thus, it is possible to reduce the pressure in the supply
system to avoid an overpressure and a system burst.
[0013] According to a further aspect, a method for op-
erating a fluid supply system for a vehicle comprises de-
termining an overpressure in the fluid supply system if
an opening of the pressure control valve has been de-
tected.

[0014] According to further embodiments, an over-
pressure in a common rail of the supply system is deter-
mined dependent on the detection of the opening of the
valve. The overpressure in the common rail is detected
independent of the signal of a pressure signal of the com-
mon rail. According to further embodiments, a fluid de-
livery of a pump of the supply system is limited in re-
sponse to determining the opening of the valve. Thus, it
is possible to lower the system pressure.

[0015] According to further embodiments, a malfunc-
tion of the pressure sensor of the supply system is de-
termined depending on the opening of the valve. If the
opening of the pressure control valve has been detected
and a signal of the pressure sensor indicates a pressure
below the maximum system pressure, this indicates a
malfunction of the pressure sensor.

[0016] According to a further aspect, a device for op-
erating a fluid supply system for a vehicle is described,
wherein the device is configured to execute a method
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according to at least one of the embodiments explained
above.

[0017] By detecting an overpressure in a fluid supply
system in response to an opening of the pressure control
valve, a low cost software solution is possible. The de-
scribed methods allow a low cost strategy to detect sys-
tem overpressure and prevent an eventual system burst.
Furthermore, the detection is based on the relative
change of frequency which is not affected by component
tolerances and other environmental influences.

Brief Description of the Drawings

[0018] The present invention will be further described
with reference to the accompanying drawings, wherein:

Figure 1 shows a schematic diagram of a fluid supply
system according to an embodiment;

Figure 2 shows a schematic diagram of a pressure
control valve according to an embodiment;

Figures 3 and 4 each show a schematic signal path
according to embodiments; and

Figure 5 shows a flowchart of a method according
to an embodiment.

[0019] While the invention is amenable to various mod-
ifications and alternative forms, specifics thereof have
been shown by way of example in the drawings and will
be described in detail.

Detailed Description of the Drawings

[0020] In the following detailed description of embod-
iments, reference is made to the accompanying draw-
ings, which form a part hereof and in which are shown,
by way of illustration, specific embodiments in which the
invention may be practiced. The illustrated embodiments
are not intended to be exhaustive of all embodiments
according to the invention.

[0021] Figure 1 shows a fluid supply system 100 ac-
cording to an embodiment. In particular, the supply sys-
tem 100 is a common rail fuel injection system for diesel
or gasoline engines of a vehicle.

[0022] The supply system 100 comprises a high pres-
sure pump that feeds the fuel to a common rail 102 which
acts as a pressure reservoir. Out of the common rail 102
the fuel can be injected to an engine wire injector 103.
[0023] A pressure sensor 104 may be assigned to the
common rail 102 to measure the pressure inside the com-
mon rail 102.

[0024] The supply system 100 comprises a pressure
control valve 110 that is an electrovalve with a variable
opening pressure. The electrovalve comprises an elec-
tromagnet. The pressure control valve may be a solenoid
valve. Depending on a given opening pressure for the
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pressure control valve 110 a maximum system pressure
for the supply system 100 inside the common rail 102
can be set.

[0025] Forexample, the pressure sensor 104 is an an-
alog high pressure sensor which is mounted to the com-
mon rail 102. The rail pressure sensor 104 provides an
output signal in the form of a signal voltage to an engine
control unit (ECU). The measured signal voltage by the
ECU might drift away. That means that the measured
value could differ from the actual pressure value inside
the common rail 102. Such a signal drift may lead to a
system overpressure and possibly to a system burst.
[0026] Figure 2 shows the pressure control valve 110
according to an embodiment.

[0027] The pressure control valve 110 comprises a
valve pin 114. To close the pressure control valve 110
the valve pin 114 is pressed against a valve seat 115.
The valve pin 114 is coupled to a pole piece 112 and an
armature 113. A coil 111 surrounds the armature 113.
Thus, by applying a current to coil, the valve pin 114 can
be moved. The value of the current define an opening
pressure of the pressure control valve 110.

[0028] The pressure control valve 110 is used as an
active pressure decrease during engine coasting mode.
Most of the time, the pressure control valve 110 is con-
trolled via open loop mode. A current is applied on the
pressure control valve 110 so that the opening pressure
is above the rail pressure set point or at the maximum
system pressure. A safety margin may be added to the
givenrail pressure setpoint orthe maximum system pres-
sure. This means thatthe pressure control valve is always
in a closed position during normal operation. In the case
of a malfunction of the rail pressure sensor 104, e.g. a
signal stuck, the pressure control valve 110 will open
when the pressure inside the common rail 102 is above
the opening pressure of the pressure control valve 110.
The opening pressure of the pressure control valve 110
depends on the applied current. However, the expecta-
tion that the pressure will stay around the opening pres-
sure will not be fulfilled. The reason for this is that the
pressure control valve 110 does not have the pressure-
limiting function like a pressure-limiting valve. Unless a
system overpressure is detected and further action is tak-
en, the high pressure system 100 runs the risk of over-
pressure and eventual system burst. This is because a
controlled pressure control valve acts as a throttle and
restricts the fluid flow out of the common rail 102. The
pressure control valve, which is supplied with current
and/or magneticforce, pushes the valve againstthe valve
seat. Therefore, the pressure inside the common rail 102
cannot be limited through the pressure control valve 110.
[0029] Figure 3 shows a control signal 120 to control
the pressure control valve 110 according to an embodi-
ment. During a first period 124 the control signal com-
prises a first frequency 121. During the first period 124
the system 100 is in a normal operation.

[0030] Ifthe pressure inside the common rail 102 rises
up over the given opening pressure of the pressure con-
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trol valve 110, the pressure control valve 110 opens. This
can be detected in a frequency change of the control
signal 120. In Figure 3 this is shown by an increased
second frequency 122 during a second period 125. Dur-
ing the second period 125 the valve pin 114 moves to-
gether with the pole piece 112 and the armature 113 rel-
ative to the coil 111. This induces a voltage. The voltage
induced due to the movement of armature 113 leads to
the change in the frequency between the first frequency
121 and the second frequency 122. By comparing the
second frequency 122 with the first frequency 121 the
opening of the pressure control valve 110 is detectable.
[0031] According to further embodiments, the detected
frequency change of the control signal 120is adecreased
second frequency 122 during a second period 125. The
kind of frequency change is dependent on the design and
type of the pressure control valve 110.

[0032] According to embodiments, the second period
125 follows directly after the first period 124. The first
frequency 121 and the second frequency 122 that belong
to directly adjacent periods of oscillation are compared.
Thus, component tolerance and other environmental in-
fluences like temperature can be disregarded.

[0033] In particular, if there is a malfunction of the rail
pressure sensor 104, the pressure inside the common
rail 102 rises over the opening pressure of the pressure
controlvalve 110. The frequency of the control signal 110
defines the opening pressure of the pressure control
valve. In particular, the current applied to the pressure
control valve 110 specifies the opening pressure of the
pressure control valve 110. In response to the pressure
inside the common rail 102 being higher than the opening
pressure of the pressure control valve 110, the pressure
control valve 110 opens. The transition from the closed
state to the open state has an effect on the current applied
on the pressure control valve 110 due to the movement
of the armature 113 relative to the coil 111. The transition
from the closed state to the open position has an effect
on the frequency of the control signal 120 applied on the
pressure control valve 110. The change in the frequency
is due to the pole distance variation during opening and
closing of the pressure control valve 110 and the voltage
induced due to the movement of the armature 113. Thus,
an opening of the pressure control valve is detectable
dependent on the frequency of the control signal 120.
The detection of an opening of the pressure control valve
110 can be used an indicator for a system overpressure
inthe commonrail 102. Further failure reactionis possible
to prevent a system burst, for example lowering the cur-
rent applied to the pressure control valve to decrease the
opening pressure. Furthermore, a limitation of the pump
delivery of the pump 101 is possible or a limp home mode
for the vehicle is possible.

[0034] Figure 4 shows the control signal 120 according
to a further embodiment.

[0035] After detection of the opening of the pressure
control valve 110 during the second period 125 the ap-
plied currentis increased. Thus, in a third period 126 after
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the second period 125 a third frequency 123 is detecta-
ble. The third frequency 123 is different to the second
frequency 122 and different to the first frequency 121. In
particular, the third frequency 123 is smaller than the first
frequency 121 and smaller than the second frequency
122. The applied current is increased after an initial fre-
quency change detection in the second period 125. The
increased applied current leads to a transition to a closed
pressure control valve 110. The increased current de-
fines an increased opening pressure and thus the pres-
sure control valve 110 closes. The closing must lead to
a change of the frequency of the control signal 120. This
change from the second frequency 122 or the first fre-
quency 121 to the third frequency 123 confirms that the
pressure control valve 110 has indeed opened during the
first period 124. Thus, a more robust detection of a sys-
tem overpressure is realized.

[0036] According to further embodiments, the third fre-
quency 123 is greater than the first frequency 121 and
greater than the second frequency 122. The kind of fre-
quency change is dependent on the design and type of
the pressure control valve 110.

[0037] Figure 5 shows a flowchart of a method accord-
ing to an embodiment.

[0038] During step 201 the pressure control valve 110
is applied with a constant current dependent on a desired
opening pressure and/or a desired maximum system
pressure.

[0039] In step 202 a system overpressure detection is
executed. The overpressure is detected dependent on a
detection of an opening of the pressure control valve 110.
The opening of the pressure control valve 110 is detected
dependent on a frequency change of the control signal
120. The valve opening is detected via a frequency
change on the applied current.

[0040] Instep 203 asystem burst prevention is started.
For example the current applied to the pressure control
valve 110 is lowered. Alternatively or in addition a pump
delivery is limited, for example via a volume control valve
intervention. Alternatively or in addition a limp home
mode for the vehicle is initiated to prevent a further in-
crease of the pressure inside the common rail 102.
[0041] The proposed methods realize a low cost strat-
egy to detect a system overpressure. The system over-
pressure is detectable via a software solution via hard-
ware that is usually installed in the supply system 100.
Thus, even with a malfunctioning pressure sensor 104 a
system burst can be prevented.

Claims

1. Method for operating a pressure control valve (110)
of a fluid supply system (100) for a vehicle, compris-

ing:

- applying a control signal (120) for the valve
(110) to hold the valve (110) in a closed state
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dependent on a given opening pressure for the
valve (110),

- detecting a first frequency (121) of the control
signal (120) in a first period (124) of oscillation,
- detecting a second frequency (122) of the con-
trol signal (120) in a second period (125) of os-
cillation, the second period (125) being adjacent
to the first period (124),

- comparing the first frequency (121) with the
second frequency (122),

- determining an opening of the valve (110), if
the second frequency (122) is different from the
first frequency (121).

2. Method according to claim 1, wherein the second
period (125) follows directly after the first period
(124).

3. Method according to claim 1 or claim 2, comprising:

- determining the opening, if the second frequen-
cy (122) is greater than the first frequency (121)
or smaller than the first frequency (121), de-
pendent on a movement of an armature (113)
and/or a pole piece (122) of the valve (110) rel-
ative to a coil (111) of the valve (110).

4. Method according to any one of claims 1 to 3, com-
prising:

- applying the control signal (120) to hold the
valve (110) in a closed state with an opening
pressure greater than the given opening pres-
sure for the valve (110) in a third period (126) of
oscillation, the third period (126) being subse-
quent to the second period (122),

- detecting a third frequency (123) of the control
signal (120) in the third period (126),

- comparing the third frequency (123) with the
first frequency (121),

- determining a closing of the valve (110), if the
third frequency (123) is smaller than the first fre-
quency (121).

5. Method according to any one of claims 1 to 4, com-
prising:

- applying the control signal (120) to hold the
valve (110) in a closed state with an opening
pressure smaller than the given opening pres-
sure in response to determining the opening of
the valve (110).

6. Method for operating a fluid supply system (100) for
avehicle, wherein the fluid supply system (100) com-

prises a pressure control valve (110), comprising:

- if an opening of the valve (110) has been de-
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tected with a method according to any one of
claims 1 to 5, determining an overpressure in
the fluid supply system (100).

Method according to claim 6, comprising:

- determining an overpressure in a common rail
(102) of the supply system (100) dependent on
the detection of the opening of the valve (110).

Method according to claim 6 or claim 7, comprising:

- limiting of a fluid delivery of a pump (101) of
the supply system (100) in response to deter-
mining the opening of the valve (110).

Method according to any one of claims 6 to 8, com-
prising:

- determining a malfunction of a pressure sensor
(104) of the supply system (100) dependent on
the opening of the valve (110) .

Device for operating a fluid supply system (100) for
a vehicle, wherein the device is configured to exe-
cute a method according to any one of the claims 1
to 9.

Amended claims in accordance with Rule 137(2)
EPC.

1.

2,

Method for operating a pressure control valve (110)
of a fuel supply system (100) for a vehicle, compris-

ing:

- applying a control signal (120) for the valve
(110) to hold the valve (110) in a closed state
dependent on a given opening pressure for the
valve (110), wherein the valve (110) opens if a
pressure rises up over the given opening pres-
sure,- detecting a first frequency (121) of the
control signal (120) in a first period (124) of os-
cillation,

- detecting a second frequency (122) of the con-
trol signal (120) in a second period (125) of os-
cillation, the second period (125) being adjacent
to the first period (124),

- comparing the first frequency (121) with the
second frequency (122),

- determining a transition from the closed state
to an open state of the valve (110) and thus an
opening of the valve (110), if the second fre-
quency (122) is different from the first frequency
(121).

Method according to claim 1, wherein the second
period (125) follows directly after the first period
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(124).

3. Method according to claim 1 or claim 2, comprising:

- determining the opening, if the second frequen-
cy (122) is greater than the first frequency (121)
or smaller than the first frequency (121), de-
pendent on a movement of an armature (113)
and/or a pole piece (122) of the valve (110) rel-
ative to a coil (111) of the valve (110).

4. Method according to any one of claims 1 to 3, com-

prising:

- applying the control signal (120) to hold the
valve (110) in a closed state with a further open-
ing pressure greater than the given opening
pressure for the valve (110) in a third period
(126) of oscillation, the third period (126) being
subsequent to the second period (122),

- detecting a third frequency (123) of the control
signal (120) in the third period (126),

- comparing the third frequency (123) with the
first frequency (121),

- determining a closing of the valve (110), if the
third frequency (123) is smaller than the first fre-
quency (121).

Method according to any one of claims 1 to 4, com-
prising:

- applying the control signal (120) to hold the
valve (110) in a closed state with a further open-
ing pressure smaller than the given opening
pressure inresponse to determining the opening
of the valve (110).

Method for operating a fuel supply system (100) for
avehicle, wherein the fuel supply system (100) com-
prises a pressure control valve (110), comprising:

- if an opening of the valve (110) has been de-
tected with a method according to any one of
claims 1 to 5, determining an overpressure in
the fuel supply system (100).

Method according to claim 6, comprising:
- determining an overpressure in a common rail
(102) of the supply system (100) dependent on
the detection of the opening of the valve (110).
Method according to claim 6 or claim 7, comprising:
- limiting of a fuel delivery of a pump (101) of the

supply system (100) in response to determining
the opening of the valve (110) .
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Method according to any one of claims 6 to 8, com-
prising:

- determining a malfunction of a pressure sensor
(104) of the supply system (100) dependent on
the opening of the valve (110).

Device for operating a fuel supply system (100) for
a vehicle, wherein the device is configured to exe-
cute a method according to any one of the claims 1
to 9.
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