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(54) APPARATUS FOR DETECTING TROUBLE WITH SOLENOID-OPERATED DEVICE

(57) An apparatus for determining faults of an elec-
tromagnetic coil actuator that includes two current paths
having of two pairs of series switches(10,20,30,40) and
an electromagnetic coil(1) connected between the inter-
mediates nodes(2,4) of the pairs. The existence of faults
of an electromagnetic coil actuator is decided based

both on the state of operation of the switch pair and on
the magnitude of the voltage signal corresponding to
the sum of a first voltage signal(VP) and a second volt-
age signal(VN) corresponding, respectively, to poten-
tials at the intermediate nodes(2,4).
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Description

Field of the Invention

[0001] The present invention relates to an appara-
tus for determining faults of an electromagnetic coil
actuator having electromagnetic coils.

Background Art

[0002] The apparatus shown in Fig.1 is known as
an apparatus for determining faults of an electromag-
netic coil actuator used for changing the direction of a
current supplied to an electromagnetic coil into the for-
ward or reverse direction. This apparatus determines a
fault due to a short circuit between the connecting line
and the ground wire in an electromagnetic coil actuator
(hereinafter designated as "line-to-ground fault") and a
fault due to a short circuit between the connecting line
and the power supply line in an electromagnetic coil
actuator (hereinafter designated as "supply-to-line
fault") in order to protect the electromagnetic coil actua-
tor and to prevent current leakage outside of the actua-
tor.
[0003] A power supply line of the power unit (not
shown) is connected to FETs 10 and 30, and switching
elements, via resistors 62 and 63. An operational ampli-
fication element 61 is connected to the connecting line
between the resistor 62 and the FET 10, and the con-
necting line between the resistor 63 and the FET 30. In
addition, the FETs 10 and 30 are connected to FETs 20
and 40, respectively. Both ends of an electromagnetic
coil 1 are connected to the connecting line between the
FET 10 and FET 20, and the connecting line between
the FET 30 and FET 40, respectively. The FET 20 and
FET 40 are connected to a ground via a resistor 72 and
connected to an operational amplification element 71.
[0004] Switching operation of the FETs 10, 20, 30,
and 40 controls the direction of the current and stops
the power supply from the power supply to the electro-
magnetic coil 1. Moreover, the operational amplification
element 61 and resistors 62 and 63 constitute a supply
current detecting circuit 60. The supply current detect-
ing circuit 60 detects the value of current supplied to the
FETs 10 and 30 based on a voltage drop produced
through the resistors 62 and 63. Furthermore, the oper-
ational amplification element 71 and the resistor 72 con-
stitute an over-current detecting circuit 70. The over-
current detecting circuit 70 detects the value of current
passing through the FETs 20 and 40 based on a voltage
drop produced through the resistor 72.
[0005] However, the apparatus shown in Fig.1
required two detecting circuits which are the supply cur-
rent detecting circuit 60 and the over-current detecting
circuit 70. The apparatus is inconvenient because a
determining program for determining a fault of the elec-
tromagnetic coil actuator based on the value of current
detected by the detecting circuits becomes compli-

cated. Additionally, heat generated from the resistors
62, 63, and 72 which were provided for current detection
caused the temperature of a CPU, FETs and the like,
provided near these resistors, to increase and caused
these elements to be subject to malfunctioning. There-
fore, this raised a problem in that a current could not be
supplied properly to the electromagnetic coil. Further-
more, since the signal supplied to an operational ampli-
fication element of a current detecting circuit is a faint
signal, the signal is subject to noise. This also raised a
problem in that a fault of the electromagnetic coil actua-
tor could be determined in a wrong way based upon the
occurrence of noise.

[0006] In view of the foregoing, the object of the
present invention is to provide an apparatus for deter-
mining faults of an electromagnetic coil actuator that
reduces cost, supplies current properly to an electro-
magnetic coil, and determines desirably a fault of an
electromagnetic coil actuator.

Summary and Objects of the invention

[0007] An apparatus for determining faults of an
electromagnetic coil actuator, according to the present
invention, is an apparatus having two current paths
each of which comprises a pair of switches connected in
series to each other, an electromagnetic coil connected
in between connection points of each pair of the pair of
switches, a drive circuit for selectively driving the
switches, and power supply means for applying voltage
to both ends of the both current paths via a power sup-
ply line and ground line, which comprises voltage
detecting means for detecting an electric potential at
respective connection points of the pair and for generat-
ing a first voltage signal and a second voltage signal
according to the electric potential; adding means for
generating a summing voltage signal according to a
value obtained by adding a value of the first voltage sig-
nal to a value of the second voltage signal; and faults
determining means for determining faults of the electro-
magnetic coil actuator based on operational conditions
of the pairs of switches and the value of the summing
voltage signal.
[0008] That is, according to the features of the
present invention, the cost of the apparatus can be
reduced and current can be appropriately supplied to a
power supply coil and a fault of an electromagnetic coil
actuator can be determined precisely.

Brief Description of the Drawings

[0009]

Fig.1 is a circuit diagram showing a background art
apparatus for determining faults of an electromag-
netic coil actuator.
Fig.2 is a circuit diagram showing an apparatus for
determining faults of an electromagnetic coil actua-
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tor according to the present invention.

Fig.3 is a circuit diagram showing the operation of
an electromagnetic coil actuator in an "on" mode.
Fig.4 is a circuit diagram showing the operation of
an electromagnetic coil actuator in an "off" mode.
Fig. 5 is a flowchart showing a subroutine for deter-
mining a line-to-ground fault.
Fig. 6 is a flowchart showing a subroutine for deter-
mining a supply-to-line fault.
Fig.7 is a time chart showing the variation in voltage
and current in an experiment where a line-to-
ground fault is produced.
Fig.8 is a time chart showing the variation in voltage
and current in an experiment where a supply-to-line
fault is produced.

Detailed Description of the Preferred Embodiment

[0010] The embodiments of the present invention
will be explained below with reference to the drawings.
[0011] Fig.2 shows an apparatus for determining
faults of an electromagnetic coil actuator, according to
the present invention. The components corresponding
to those shown in Fig. 1 are given the same symbols.
[0012] Supply voltage VB is supplied to the switch-
ing elements, for example, to the FETs 10 and 30 via a
power supply line VL. The switching elements 10 and 30
are connected, for example, to the FETs 20 and 40,
respectively, and the FETs 20 and 40 are connected to
ground GND via a ground line GL. An end of the electro-
magnetic coil 1 is connected to the connecting line
between the switching element 10 and the switching
element 20, and the other to the connecting line
between the switching element 30 and the switching
element 40, respectively. In addition, a resistor 3 is con-
nected to a connection point 2 of the connecting line
between the switching element 10 and the switching
element 20, and a resistor 5 is connected to a connec-
tion point 4 of the connecting line between the switching
element 30 and the switching element 40. It is to be
understood that a voltage value at the connection point
2 is hereinafter called VP, and a voltage value at the con-
nection point 4 is called VN. The resistors 3 and 5 are
connected to a connection point 6 and then connected
to an A/D converter 51 provided in an engine control
unit 50 via a resistor 7 which is used for setting voltage
to a predetermined voltage value. In the case where the
resistors 3 and 5 are given the same resistance value,
the voltage value at the connection point 6 takes a value
corresponding to the sum of VP and VN. The A/D con-
verter 51 converts a supplied signal to a digital signal
and then supplies the signal to an I/O bus 52. The I/O
bus 52 is configured so as to input a data signal or an
address signal to and output the same from a CPU 53.
In addition, the I/O bus 52 is connected with a ROM 54,
a RAM 55, and drive circuitry 56 for driving switching
elements 10, 20, 30, and 40. The drive circuitry 56 is
connected to the control signal input terminals of the

switching elements 10, 20, 30, and 40. Moreover, the
ROM 54 has a program stored therein which is used for
determining a fault of an electromagnetic coil actuator in
accordance with the flowchart to be explained in Fig.5
and Fig.6.

[0013] As mentioned above, the switching elements
10 and 20 or the switching elements 30 and 40, and the
connecting lines thereof constitute current paths. The
switching elements 10, 20, 30, and 40, and the electro-
magnetic coil 1 constitute the electromagnetic coil actu-
ator. The drive circuitry 56 constitutes the drive circuit.
The power supply (not shown) comprises the power
supply means. The connecting line between the con-
nection point 2 and the resistor 3, and the connecting
line between the connection point 4 and the resistor 5
comprises the voltage detecting means. The resistors 3
and 5 comprises the adding means. The A/D converter
51, the I/O bus 52, the CPU 53, ROM 54, and RAM 55
comprises the faults determining means.
[0014] Hereinafter, it is to be understood that the
state where the switching elements 10 and 30 are
opened and the switching elements 20 and 40 are
closed is called the "off" mode. In contrast, the state
where the switching elements 20 and 30 are opened
and the switching elements 10 and 40 are closed, or the
switching elements 10 and 40 are opened and the
switching elements 20 and 30 are closed is called the
"on" mode. An explanation is to be given below of the
state where the switching elements 20 and 30 are
opened and the switching elements 10 and 40 are
closed. In addition, the switching elements 10, 20, 30,
and 40 are driven in response to a command signal
generated by the aforementioned CPU 53 to switch
between the "on" mode and the "off" mode. Further-
more, it is to be understood that the value of the input
resistance of the A/D converter 51 is high enough to
ignore the value of the current supplied to the A/D con-
verter 51. Furthermore, it is to be understood that the
resistors 12, 22, 32, and 42 to be mentioned later in
Fig.3 and Fig.4 provide resistance included in the
respective switching elements 10, 20, 30, and 40, for
example, the "on" resistance and have the same value
of resistance. Still furthermore, a fault due to a short cir-
cuit between the connecting line of the electromagnetic
coil actuator and the GND is called the "line-to-ground
fault", and a fault due to a short circuit between the con-
necting line of the electromagnetic coil actuator and the
power supply line is called the "supply-to-line fault".
[0015] Fig.3 shows the operation of the electromag-
netic coil actuator in the "on" mode. The components
corresponding to those shown in Fig.2 are given the
same symbols.
[0016] Under this condition, the supply current from
the power supply is supplied to the electromagnetic coil
1 via an on/off switch 11 and a resistor 12 of the switch-
ing element 10, and thereafter flows into the GND via an
on/off switch 41 and a resistor 42 of the switching ele-
ment 40. At this time, VP is lower than the supply volt-
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age VB by a voltage V12 through the resistor 12,
whereas voltage VN is higher than the ground voltage by
a voltage V42 through the resistor 42. In a preferred con-
dition of the electromagnetic coil actuator, the currents
flowing through the resistors 12 and 42 have the same
value, so that the voltages V12 and V42 through the
respective resistors 12 and 42 are identical to each
other and the sum of voltage VP and voltage VN is equal
to the supply voltage VB.

[0017] On the other hand, in cases where a current
flows through the switching element 10 because of the
line-to-ground fault, for example, the connecting line
between the switching elements 10 and 20 is short-
circuited to the GND, an increase in the current flowing
through the resistor 12 of the switching element 10
causes the voltage V12 through the resistor 12 to
increase and the sum of VP and VN becomes less than
VB. Therefore, it can be determined that a line-to-
ground fault has occurred when the difference between
the sum of VP and VN and the value VB is greater than
a predetermined value VD. The predetermined value VD
has been determined experimentally in advance.
[0018] Fig.4 shows the operation of the electromag-
netic coil actuator in the "off" mode. The components
corresponding to those shown in Figs.2 and 3 are given
the same symbols.
[0019] Upon switching from the "on" mode to the
"off" mode, the inductance of the electromagnetic coil 1
causes a current to flow. This current flows through the
circuit from the GND through a resistor 22 and the on/off
switch 21 of the switching element 20, the electromag-
netic coil 1, and the on/off switch 41 and the resistor 42
of the switching element 40 to the GND. At this time, VP
becomes lower than the ground potential by a voltage
V22 through the resistor 22, whereas VN becomes
higher than the ground potential by a voltage V42
through the resistor 42. In a preferred condition of the
electromagnetic coil actuator, the currents flowing
through the resistors 22 and 42 have the same value, so
that the absolute values of the voltages V22 and V42
through the respective resistors 22 and 42 are identical
to each other and the sum of VP and VN is equal to 0.
[0020] On the other hand, in cases where a current
flows through the switching element 40 because of the
supply-to-line fault, for example, the connecting line
between the switching elements 30 and 40 is short-
circuited to the power supply line, an increase in the cur-
rent flowing through the resistor 42 of the switching ele-
ment 40 causes the voltage V42 through the resistor 42
to increase and the sum of VP and VN becomes greater
than 0. Therefore, it can be determined that a supply-to-
line fault has occurred when the sum of VP and VN is
greater than a predetermined value VU. The predeter-
mined value VU has been determined experimentally in
advance.
[0021] It is assumed in the following that start-up
processing such as initializing variables used in the
CPU 53 have been completed and the electromagnetic

coil actuator is performing a predetermined constant
operation such as repeating the aforementioned "on"
and "off" modes at intervals of a constant period.

[0022] Fig. 5 shows a subroutine for determining a
line-to-ground fault.
[0023] First, it is determined whether or not the
electromagnetic coil actuator is in an "on" mode (Step
S11). If it has been determined that the actuator is not in
an "on" mode, the subroutine is terminated immediately.
On the other hand, if it has been determined that the
actuator is in an "on" mode, VP, VN, and VB are detected
(Step S12). Then, it is determined whether or not VB -
(VP + VN) is greater than the predetermined value VD
(Step S13). If it has been determined that VB - (VP + VN)
is equal to or less than VD, the subroutine is terminated.
On the other hand, if it has been determined that VB -
(VP + VN) is greater than VD, the electromagnetic coil
actuator is determined to be at fault due to a line-to-
ground fault. Then a line-to-ground fault processing is
carried out, for example, the switching elements 10, 20,
30, and 40 are made to open to stop power supply to the
electromagnetic coil actuator (Step S14), and then the
subroutine is terminated. As mentioned above, a line-to-
ground fault is determined at the time of an "on" mode.
[0024] Fig.6 shows a subroutine for determining a
supply-to-line fault.
[0025] First, it is determined whether or not the
electromagnetic coil actuator is in an "off" mode (Step
S21). If it has been determined that the actuator is not in
an "off" mode, the subroutine is terminated immediately.
On the other hand, if it has been determined that the
actuator is in an "off" mode, VP and VN are detected
(Step S22). Then, it is determined whether or not VP +
VN is greater than the predetermined value VU (Step
S23). If it has been determined that VP + VN is equal to
or less than VU, the subroutine is terminated. On the
other hand, if it has been determined that VP + VN is
greater than VU, the electromagnetic coil actuator is
determined to be at fault due to a supply-to-line fault.
Then a supply-to-line fault processing is carried out
(Step S24) and the subroutine is terminated. As men-
tioned above, a supply-to-line fault is determined at the
time of an "off" mode.
[0026] As mentioned above, a fault of the electro-
magnetic coil actuator can be determined by the sum of
VP and VN without the need for determining by the
respective VP and VN separately. For this reason, the
apparatus explained in Fig. 2 can have fewer number of
input terminals used for the A/D converter 51 and this
allows the time for operation at the CPU 53 to be short-
ened.
[0027] Fig.7 shows a change in voltage and current
in an experiment where a line-to-ground fault is allowed
to occur.
[0028] It can be seen that the value of VP + VN in an
"on" mode is less than VB when a current produced by
a line-to-ground fault flows through the electromagnetic
coil actuator while a cycle having an aforementioned
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one "on" mode and one "off" mode is executed repeat-
edly at a time interval of 1ms. In this experimental exam-
ple, if it is determined twice on a continual basis that VB
- (VP + VN) is greater than the predetermined value VD,
a line-to-ground fault is determined to have occurred
and then power supply to the electromagnetic coil actu-
ator is stopped.

[0029] Fig. 8 shows a change in voltage and current
in an experiment where a supply-to-line fault is allowed
to occur.
[0030] As in the case of Fig.7, it can be seen that
the value of VP + VN in an "off" mode has become
greater than ground potential when a current produced
by a supply-to-line fault flows through the electromag-
netic coil actuator while a cycle having one "on" mode
and one "off" mode is executed repeatedly at a time
interval of 1ms. If it is distinguished twice on a continual
basis that VP + VN is greater than the predetermined
value VU, a supply-to-line fault is determined to have
occurred and then power supply to the electromagnetic
coil actuator is stopped like the experimental example
shown in Fig.7.
[0031] In cases where the aforementioned electro-
magnetic coil actuator and the apparatus for determin-
ing faults of an electromagnetic coil actuator are used in
a control unit for an electromagnetic actuator for driving
a member to be driven, the electromagnetic coil serves
as a source of magnetomotive force for driving a mag-
netic member which drives a member to be driven. In
this case, the electromagnetic coil actuator controls cur-
rent supplied to the electromagnetic coil and, on the
other hand, the apparatus for determining faults of an
electromagnetic coil actuator determines a fault of the
electromagnetic coil actuator, thereby enables to pro-
vide an increased reliability of the electromagnetic actu-
ator.
[0032] Furthermore, to provide further increased
reliability of the electromagnetic actuator, even in a unit
configured such that two electromagnetic coil actuators
are provided in an electromagnetic actuator, the appa-
ratus for determining faults of an electromagnetic coil
actuator, according to the present invention, may be
provided in the electromagnetic coil actuators, respec-
tively. When it has been distinguished that one of the
electromagnetic coil actuators is at fault, such configu-
ration allows the other electromagnetic coil actuator to
drive the electromagnetic actuator, thereby allowing the
cost to be significantly reduced compared with the case
of providing a conventional apparatus for determining
faults of an electromagnetic coil actuator to the two
respective electromagnetic coil actuators.
[0033] In the aforementioned embodiment, an add-
ing means comprising two resistors 3 and 5 was shown,
however, it is obvious that an analog adding circuit such
as an operational amplification element is used as an
adding means.

Industrial Applicability

[0034] As explained above, the apparatus for deter-
mining faults of an electromagnetic coil actuator,
according to the present invention, is configured so as
to allow for reducing the cost and the number of resis-
tors that are sources of heat generation to prevent an
increase in temperature of the semiconductor devices.
This allows for supplying current appropriately to the
power supply coils and desirably determining a fault of
the electromagnetic coil actuator.

Claims

1. An apparatus for determining faults of an electro-
magnetic coil actuator having two current paths
each of which comprises a pair of switches con-
nected in series to each other, an electromagnetic
coil connected in between connection points of
each pair of said pair of switches, a drive circuit for
selectively driving said switches, and power supply
means for applying voltage to both ends of said
both current paths via a power supply line and
ground line, which comprises:

voltage detecting means for detecting an elec-
tric potential at respective connection points of
said pair and for generating a first voltage sig-
nal and a second voltage signal according to
said electric potential;
adding means for generating a summing volt-
age signal according to a value obtained by
adding a value of said first voltage signal to a
value of said second voltage signal; and
faults determining means for determining faults
of said electromagnetic coil actuator based on
operational conditions of said pairs of switches
and the value of said summing voltage signal.

2. The apparatus for determining faults of an electro-
magnetic coil actuator according to claim 1,
wherein said faults determining means carry out at
least one of a first determining operation and a sec-
ond determining operation,

said first determining operation for determining
that a supply-to-line fault has occurred
because of a short circuit between said electro-
magnetic coil and said power supply line when
the value of said summing voltage signal is
greater than a first predetermined value in a
condition of no power supply to said electro-
magnetic coil with at least one of said pairs of
switches being held open and said second
determining operation for determining that a
line-to-ground fault has occurred because of a
short circuit between said electromagnetic coil
and said ground line when the difference
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between the value of said summing voltage sig-
nal and the value of a power supply voltage is
greater than a second predetermined value in a
condition of power being supplied to said elec-
tromagnetic coil with at least one of said pairs
of switches being connected.

3. The apparatus for determining faults of an electro-
magnetic coil actuator according to claim 1,
wherein said adding means divide said first voltage
signal and second voltage signal into said summing
voltage signal.

9 10

5

10

15

20

25

30

35

40

45

50

55



EP 0 995 997 A1

7



EP 0 995 997 A1

8



EP 0 995 997 A1

9



EP 0 995 997 A1

10



EP 0 995 997 A1

11



EP 0 995 997 A1

12



EP 0 995 997 A1

13



EP 0 995 997 A1

14



EP 0 995 997 A1

15


	bibliography
	description
	claims
	drawings
	search report

