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(57) Contactor system for a fluctuating DC power
supply, comprising:
a contactor (10) that comprises:
- an electromagnetic coil (1),
- a first and a second terminals (2, 4) to operate the elec-
tromagnetic coil (1) at a first voltage provided by the DC
power supply, and
- at least an additional terminal (5) located between the
first and the second terminals (2, 4) connected to the DC
power supply, the first and the additional terminals (2, 5)

and the additional and the second terminals (5, 4) oper-
ating the electromagnetic coil (1) at a second or third
voltage provided by the DC power supply equal or lower
than the first voltage, and

a measuring device (8) operating the contactor (10) from
the first and the second terminals (2, 4) or from the first
and the additional terminals (2, 5) or from the additional
and the second terminals (5, 4).
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Description

Field of the invention

[0001] The invention is related to a contactor system
for a fluctuating continuous (DC) power supply that en-
hances the stability of the connection of the contactor.
The invention have a particular application in a battery
junction box of an electric vehicle.

Background of the invention

[0002] For the protection of batteries, for instance, in
the environment of a battery junction box, a typical solu-
tion is to use electromechanical contactors for the con-
nection and disconnection of the high-voltage cables (HV
cables).
[0003] Two single pole contactors are used, one oper-
ating in the positive high voltage (HV) cable and other
operating in the negative high voltage (HV) cable. The
driving of the contactors is done at low voltage, using the
low voltage (LV) battery of the vehicle, usually rated at
12 V.
[0004] Known contactors comprise an electromagnet-
ic coil having a winding, a first and a second terminals,
or electrical connections of the winding, located in the
electromagnetic coil and connected to the DC power sup-
ply. The first and the second terminals establish a con-
nection with the power supply such that operate the elec-
tromagnetic coil at the voltage provided by the power
supply. The contactor also comprises a switch configured
to be operated by the electromagnetic coil when excited
by the applied voltage. When the voltage is applied to
the electromagnetic coil the switch is closed and it will
be kept closed as long as the voltage is applied to the
electromagnetic coil, when the voltage is not applied, the
switch will be open.
[0005] The driving voltage from the low-voltage battery
(LV battery) may be a fluctuating voltage, not perfectly
stable, and can have overvoltages and undervoltages
that, in some cases, can produce malfunction of the con-
tactor.
[0006] The elements using these known contactors are
tested according to some standards that reproduce pos-
sible abnormal conditions of the low voltage power sup-
ply, applying many test cases with different voltage pro-
files. Some examples show that the low voltage can drop,
for instance, from 12V to 3.2V for 19 ms.
[0007] As a result, if the contactor is working in normal
operation, the contactor suffers an undervoltage in the
electromagnetic coil and the contactor can suddenly
change the switch from "closed" to "open". This event
can produce the disconnection of the high voltage bat-
tery, leaving the electric vehicle under uncontrolled situ-
ation.
[0008] Contactors are usually designed to work with a
low voltage of 12V, plus/minus a certain tolerance, but
not so wide to operate correctly under severe fluctuation

conditions. For instance, a typical voltage range for the
contactor 12V coil is, depending on supplier: 

[0009] In order to avoid this problem, a known solution
is to provide a DC/DC converter that converts a wide
range of low voltage, for instance, from 3V to 26V), to a
stabilized voltage of 12V for the operation of the contactor
coil.
[0010] Nevertheless, this solution is expensive, takes
more surface into the PCBs and produces a lot of noise
(EMC) due to the fact that the DC/DC converter is imple-
mented by high frequency switching and the system is
permanently working.

Summary of the invention

[0011] In order to overcome the aforementioned draw-
backs, a contactor system object of the invention is pro-
vided, the contactor system comprising the following:

- the contactor also comprising at least an additional
terminal located between the first and the second
terminals in the longitudinal axis of the electromag-
netic coil and configured to be connected to the DC
power supply, the first and the additional terminals
and the additional and the second terminals being
configured to operate the electromagnetic coil at a
second or third voltage provided by the DC power
supply, the second and third voltage voltage being
equal or lower than the voltage provided by the DC
power supply for operating the contactor from the
first and second terminals, and

- a measuring device configured to measure the volt-
age provided by the DC power supply and configured
to operate the contactor from the first and the second
terminals or from the first and the additional terminals
or from the additional and the second terminals ac-
cording of the measured voltage.

[0012] Hence, the claimed contactor system is de-
signed with a contactor comprising at least an additional
terminal located at an additional contact point in the wind-
ing to be operated at a lower voltage, for instance, half
voltage of the first terminal. With this system, the contac-
tor could be operated using the connections performed
by the terminal located at a high contact point in the coil
and the terminal located at a lower contact point or by
the terminal located at the additional contact point and
the terminal located at a lower contact poing or even by
the terminal located at a high contact point and the ter-
minal located at the additional contact point. All these
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connections could produce the same result in the con-
tactor operation, for instance, when the additional termi-
nal is located at the mid point between the first and the
second terminals in the longitudinal axis of the electro-
magnetic coil, 12 V between the first terminal and second
terminal, 6V between the additional terminal and second
terminal and 6V between the first terminal and additional
terminal.
[0013] The additional contact point in the winding of
the electromagnetic coil may be located at several loca-
tions in the longitudinal axis of the electromagnetic coil.
For instance, it may located at midpoint between the con-
tact point of the first terminal and the second terminal or
at ª of said distance or located in a different location
between both known contact points as long as the same
result in the contactor operation is achieved.
[0014] Said same result in the contactor operation is
achieved because the contactor is able to perform its
duty at lower tensions provided by the battery or power
supply depending on the length of the electromagnetic
coil, understanding for length of the electromagnetic coil,
the distance in the winding between the contact point of
the first and second terminal. For instance, for half the
reference voltage applied at midpoint in the winding, the
intensity in the coil would be the same because according
to the Ohm law V = R * I and considering that R is pro-
portional to the length of the conductor, the intensity will
be therefore the same as applying the reference voltage
at the first terminal.
[0015] As previously said, the additional terminal may
be located in half the distance between the first and the
second terminals in the longitudinal axis of the electro-
magnetic coil or at a different distance in the longitudinal
axis of the electromagnetic coil, i.e. with an assimetric
location with respect to the first and the second terminals.
The assimetric location of the additional terminal have
the advantage that a more variety of operating voltages
are achieved as there are two distinct potencial differ-
ences between the first and the additional terminal and
between the additional terminal and the second terminal.
[0016] Considering, as previously stated, an embodi-
ment providing 12 V between the first terminal and sec-
ond terminal, 6V between the additional terminal and sec-
ond terminal and 6V between the first terminal and ad-
ditional terminal, a certain overlap should always exist
using the different voltage rates, depending on the two
terminals used for the connection and the tolerances pro-
vided for each terminal. For instance, using the first ter-
minal and the second terminal or the additional terminal
and the second terminal and, in that range, the contactor
could be operated using the first connection, i.e., the first
and second terminals, or the second connection, i.e., the
additional and second terminals, from the range 8V to
9V provided by the power supply.
[0017] Therefore the at least one additional terminal
operating in a different length of the winding allows driving
the contactor with a very wide range of low voltages.
[0018] The claimed contactor is simpler than the

DC/DC converter known in the state of the art often used
in similar applications. Additionally, the contactor may
operate through the additional terminal only when the
voltage drop is less than, for instance, 8.5 V which is not
frequent.
[0019] In known contactors having a connection with
the power supply involving the first terminal and the sec-
ond terminal, at the beginning, the contactor is open and
the voltage is applied to the electromagnetic coil but still
the switch has not moved to closed status. This is called
the pick-up status. In this status it is necessary to exert
a higher force to the electromagnetic coil just to be able
to close the switch, i.e. move the magnetic yoke.
[0020] Afterwards, the voltage remains applied to the
electromagnetic coil but the switch has already moved
to closed status. This is called the hold status. In this
status the necessary force to maintain the contactor
closed is much lower than at the pick-up status. For that
purpose, in many applications a Pulse Width Modulation
(PWM) system is implemented in known converters just
to reduce the power consumption.
[0021] Related to the above phenomenon, an addition-
al advantage of the claimed contactor is that it can be
operated as follows due to its configuration:

Pick-Up Status

[0022] Voltage is applied to the additional and the sec-
ond terminals even in the case that the voltage provided
by the power supply is equal to the voltage applied by
the first and the second terminals. This produces a
stronger power applied to the contactor that facilitates
the switch to close. It means that, for instance, a voltage
of 12 V can be applied through the additional and the
second terminals as long as said additional terminal is
located at an appropriate contact point in the coil, for
instance ª of the total length.

Hold Status

[0023] After some milliseconds (i.e. 300ms), the volt-
age is applied through the first and second terminals, to
reduce the power consumption and the force that the
contactor makes to maintain the switch closed.
[0024] Therefore, an additional advantage of the con-
tactor object of the invention is that a more powerful coil
for the contactor is not needed for the change of state,
since we momentarily force the contactor to apply the
voltage of the first terminal through the additional terminal
and when the contact is available in its stable state is
allowed to the normal input from the first terminal.
[0025] It is also an object of the invention a method for
stabilising a contactor system fed by a fluctuating DC
power supply, the method comprising the following steps:

- providing a contactor comprising:

- an electromagnetic coil having a winding, and
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- a first and a second terminals located in the elec-
tromagnetic coil and configured to be connected
to the DC power supply, the first and second
terminals being configured to operate the elec-
tromagnetic coil at a first voltage provided by the
DC power supply,

- providing at least an additional terminal to the con-
tactor, the additional terminal located between the
first and the second terminals in the longitudinal axis
of the electromagnetic coil and configured to be con-
nected to the DC power supply, the first and the ad-
ditional terminals and the additional and the second
terminals being configured to operate the electro-
magnetic coil at a second or third voltage provided
by the DC power supply, the second and third volt-
ages being equal or lower than the first voltage,

- providing a measuring device configured to measure
the voltage provided by the fluctuating DC power
supply,

- operating the contactor from the first and the second
terminals or from the first and the additional terminals
or from the additional and the second terminals de-
pending of the measured voltage.

Description of the figures

[0026] To complete the description and in order to pro-
vide for a better understanding of the invention, a set of
drawings is provided. Said drawings form an integral part
of the description and illustrate preferred embodiments
of the invention. The drawings comprise the following
figures.

Figure 1 shows a contactor known in the state of the
art.

Figure 2 shows a first embodiment of a contactor
according to the invention.

Figure 3 shows the overlap of voltage operating the
electromagnetic coil of the contactor according the
embodiment of figure 2.

Figure 4 shows an embodiment of the contactor sys-
tem according to the embodiment of figure 2.

Figure 5 shows a second embodiment of the con-
tactor system.

Figure 6 shows a third embodiment of the contactor
system.

Figure 7 shows an implementation of the electronic
circuit of an embodiment of the contactor system.

Detailed description of the invention

[0027] Figure 1 shows a contactor (10) known in the
state of the art comprising an electromagnetic coil (1)
having a winding, a first terminal (2) and a second termi-
nal (4), both terminals (2, 4) being configured to operate
the electromagnetic coil (1) at a predetermined voltage.
Specifically, the second terminal (4) connects the elec-
tromagnetic coil (1) to ground. The contactor (10) also
comprises a switch (3) configured to be operated by the
electromagnetic coil (1).
[0028] Figure 2 shows a first embodiment of a contac-
tor (10) according to the claimed invention disclosing an
additional terminal (5), hence being located between the
first and the second terminals (2, 4) in the longitudinal
axis of the electromagnetic coil (1) and configured to be
connected to the DC power supply. Specifically, the em-
bodiment shown in figure 2 discloses an additional ter-
minal (5) located at mid-point (6) between the first (2)
and the second (4) terminal in the longitudinal axis of the
electromagnetic coil (1).
[0029] In this embodiment, three different connections
can be stablished with the power supply, the already
known connection between the first and the second ter-
minal (2, 4) and the following two additional connections:

- the first and the additional terminals (2, 5), and

- the additional and the second terminals (5, 4).

[0030] Said two additional connections are configured
to operate the electromagnetic coil (1) at a second or
third voltage provided by the DC power supply, the sec-
ond and third voltage being equal or lower than the first
voltage operated by the first and the second terminals
(2, 4). If the additional terminal (5) is located at mid-point
(6) between the first and the second terminals (2, 4), the
second and third voltage that are provided by the first
and additional terminals (2, 5) and the additional and the
second terminals (5, 4) are equal.
[0031] According to an embodiment and the standard
tolerances allowed in the power supply of the electro-
magnetic coil (1) the following ranges could be defined
for the embodiments shown in figure 2:

- 12V operation: (from 8V to 15V), with a connection
stablished with the first and second terminals (2, 4).

- 6V operation: (from 3V to 9V):

• with a connection stablished with the additional
and the second terminals (5, 4), or

• with a connection stablished with the first and
the additional terminals (2, 5).

[0032] As previously stated, in the above embodiment
of voltages, a certain overlap from 8V to 9V exists and,
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in that range, the contactor could be operated through
any of the above combinations of terminals.
[0033] The claimed contactor system also comprises
a measuring device (8) to measure the real input voltage
provided by the fluctuating DC power supply and to com-
pare it with a predetermined value and to choose the
entrance terminal (2, 5) and/or the exit terminal (5, 4) into
the electromagnetic coil (1) according to the obtained
comparison. For instance, if there is only the possibility
to chose for the entrance terminal, the measuring device
(8) compares the voltage provided by the power supply
with a predetermined value and provides a signal to
change to the first terminal (2) if the obtained comparison
is over or equal the predetermined value or to the addi-
tional terminal (5) if the obtained comparison is below
the predetermined value. Said measuring device (8) can
be integrated into the same housing of the contactor (10)
or being an external element to said housing.
[0034] The embodiment shown in Figure 4 additionallly
depictes that the contactor system may comprise an elec-
tronic switch (7) to activate the electromagnetic coil (1)
from the first terminal (2) or the additional terminal (5),
the switch (7) located between the power supply and the
electromagnetic coil (1) and movable between the first
(2) and the additional terminal (5) for activating the elec-
tromagnetic coil (1) from said first (2) or additional (5)
terminal, according to the previously stated for figure 4,
i.e., first and second terminals (2, 4) or even additional
and second terminal (5, 4). Another option would be to
locate the switch (7) such that is movable between the
additional terminal (5) and the second terminal (4) for
operating the electromagnetic coil (1) from the first and
the additional terminals (2, 5) or from the first and the
second terminals (2, 4).
[0035] According to the embodiment of figure 4, in case
that the low voltage (LV) provided by the power supply
is higher or equal than 8.5 V, the low voltage (LV) will be
applied to the first and the second terminals (2, 4). In
case that the LV voltage provided by the power supply
is lower than 8.5V the LV voltage will be applied to the
additional and the second terminals (5, 4).
[0036] Figure 5 discloses a second embodiment of the
contactor having three operating voltages: 12V, 8V and
4V. The contactor comprises the additional terminal (5)
and a second additional terminal (9) configured to oper-
ate the electromagnetic coil (1) at a voltage equal or lower
than the first terminal (2), the additional terminals (5, 9)
being located between the first (2) and the second ter-
minals (4) in the longitudinal axis of the electromagnetic
coil (1).
[0037] The comparator (8) disclosed in figure 5 is also
configured to measure the voltage provided by the fluc-
tuating DC power supply and depending the measured
voltage to operate the contactor (10) between the first
terminal (2) and the second terminal (4), between the
additional terminal (5) and the second terminal (4) or be-
tween the second additional terminal (9) and the second
terminal (4). The switch (7) is movable among the three

corresponding terminals (2, 5, 9), other connection con-
figurations between additional terminals (5, 9) and first
terminal are not ruled out.
[0038] Figure 6 discloses a third embodiment in which
there are three terminals (2, 5, 4) for achieving the contact
operarion in also three different operating voltages:

- 12V with the combination of the first and the second
terminals (2, 4),

- 8V with the combination of the additional and the
second terminals (5, 4), and

- 4 V with the combination of the first and additional
terminals (2, 5).

[0039] The contactor (10) comprises also a second
switch (7’). The switch (7) is movable between the first
and the additional terminal (2, 5) and the second switch
(7’) is movable between the additional terminal (5) and
the second terminal (4). Hence, depending of the position
of the switches (7, 7’), the electromagnetic coil (1) can
be operated by the aforementioned voltages 12V, 8V and
4V.
[0040] The advantage of having two different switches
(7, 7’) in a combination of terminals having the additional
terminal (5) in an assimetric location with respect to the
first and the second terminals (2, 4) is that a more variety
of operating voltages are achieved as there are two dis-
tinct potencial differences between the first and the ad-
ditional terminal (2, 5) and between the additional termi-
nal and the second terminal (5, 4) that can be operated
in an independent way by the two switches (7, 7’).
[0041] Figure 7 discloses an additional embodiment of
the electric circuit of the claimed contactor system com-
prising three terminals (2, 5, 4) and a measuring device
(8) connected to the low voltage battery.

Claims

1. Contactor system for a fluctuating DC power supply,
the contactor system comprising a contactor (10)
that comprises:

- an electromagnetic coil (1) having a winding,
and
- a first and a second terminals (2, 4) located in
the electromagnetic coil (1) and configured to
be connected to the DC power supply, the first
and second terminals (2, 4) being configured to
operate the electromagnetic coil (1) at a first volt-
age provided by the DC power supply,

characterised in that the contactor system com-
prises:

- the contactor (10) also comprising at least an
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additional terminal (5) located between the first
and the second terminals (2, 4) in the longitudi-
nal axis of the electromagnetic coil (1) and con-
figured to be connected to the DC power supply,
the first and the additional terminals (2, 5) and
the additional and the second terminals (5, 4)
being configured to operate the electromagnetic
coil (1) at a second or third voltage provided by
the DC power supply, the second and third volt-
ages being equal or lower than the first voltage,
and
- a measuring device (8) configured to measure
the voltage provided by the DC power supply
and configured to operate the contactor (10)
from the first and the second terminals (2, 4) or
from the first and the additional terminals (2, 5)
or from the additional and the second terminals
(5, 4) according of the measured voltage.

2. Contactor system, according to claim 1, wherein it
comprises a switch (7) configured to be located be-
tween the measuring device (8) and the contactor
(10) and movable between the first terminal (2) and
the additional terminal (5) for operating the electro-
magnetic coil (1) from the first and the second ter-
minals (2, 4) or from the additional and the second
terminals (5, 4).

3. Contactor system, according to claim 1, wherein it
comprises a switch (7) configured to be located be-
tween the measuring device (8) and the contactor
(10) and movable between the additional terminal
(5) and the second terminal (4) for operating the elec-
tromagnetic coil (1) from the first and the additional
terminals (2, 5) or from the first and the second ter-
minals (2, 4).

4. Contactor system, according to claim 2, wherein the
switch (7) is movable between the first terminal (2)
and the additional terminal (5) and the contactor sys-
tem also comprises a second switch (7’) configured
to be located between the measuring device (8) and
the contactor (10) and movable between the addi-
tional terminal (5) and the second terminal (4) for
operating the electromagnetic coil (1).

5. Contactor system, according to any preceding claim,
wherein the contactor (10) also comprises a second
additional terminal (9) located between the first and
the second terminals (2, 4) in the longitudinal axis of
the electromagnetic coil (1) and configured to be con-
nected to the DC power supply, the first and the sec-
ond additional terminal (2, 9), the second additional
terminal (9) and the second terminal (4) and the ad-
ditional terminals (5, 9) being configured to operate
the electromagnetic coil (1) at additional voltages
provided by the DC power supply, said additional
voltages being equal or lower than the first voltage.

6. Contactor system, according to claim 5, wherein the
switch (7) is movable between the first terminal (2),
the additional terminal (5) and the second additional
terminal (9) for operating the electromagnetic coil (1)
from either the first and the second terminals (2, 4),
from the additional and the second terminals (5,4)
or from the second additional and the second termi-
nals (9, 4).

7. Contactor system, according to claim 5, wherein the
switch (7) is movable between the additional terminal
(5), the second additional terminal (9) and the sec-
ond terminal (4) for operating the electromagnetic
coil (1) from either the first and the second terminals
(2, 4), from the first and additional terminals (2, 5) or
from the first terminal and second additional termi-
nals (2, 9).

8. Contactor system, according to any preceding claim,
wherein the additional terminal (5) is located in half
the distance in the longitudinal axis of the electro-
magnetic coil (1) between the first and the second
terminals (2, 4).

9. Contactor system, according to any preceding claim
1 to 7, wherein the additional terminal (5) is located
at a different distance in the longitudinal axis of the
electromagnetic coil (1) of the first and of the second
terminals (2, 4).

10. Method for stabilising a contactor system fed by a
fluctuating DC power supply, the method comprising
the following steps:

- providing a contactor (10) comprising:

- an electromagnetic coil (1) having a wind-
ing, and
- a first and a second terminals (2, 4) located
in the electromagnetic coil (1) and config-
ured to be connected to the DC power sup-
ply, the first and second terminals (2, 4) be-
ing configured to operate the electromag-
netic coil (1) at a first voltage provided by
the DC power supply,

- providing at least an additional terminal (5) to
the contactor (10), the additional terminal (5) lo-
cated between the first and the second terminals
(2, 4) in the longitudinal axis of the electromag-
netic coil (1) and configured to be connected to
the DC power supply, the first and the additional
terminals (2, 5) and the additional and the sec-
ond terminals (5, 4) being configured to operate
the electromagnetic coil (1) at a second or third
voltage provided by the DC power supply, the
second and third voltages being equal or lower
than the first voltage,

9 10 
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- providing a measuring device (8) configured to
measure the voltage provided by the fluctuating
DC power supply,
- operating the contactor (10) from the first and
the second terminals (2, 4) or from the first and
the additional terminals (2, 5) or from the addi-
tional and the second terminals (5, 4) depending
of the measured voltage.

11. Method for stabilising a contactor system fed by a
fluctuating DC power supply, according to claim 10,
comprising the step of providing a switch (7) config-
ured to be located between the measuring device
(8) and the contactor (10) and moving the switch (7)
between the first terminal (2) and the additional ter-
minal (5) for operating the electromagnetic coil (1)
from the first and the second terminals (2, 4) or from
the additional and the second terminals (5, 4).

12. Method for stabilising a contactor system fed by a
fluctuating DC power supply, according to claim 10,
comprising the step of providing two switches (7, 7’)
and moving one of the two switches (7) between the
first and the additional terminal (2, 5) and moving the
other switch (7’) between the additional terminal (5)
and the second terminal (4).

13. Method for stabilising a contactor system fed by a
fluctuating DC power supply, according to claim 10
to 12, comprising the step of providing two additional
terminals (5, 9) located between the first and the sec-
ond terminals (2, 4) in the longitudinal axis of the
electromagnetic coil (1), the first and each of the ad-
ditional terminals (2, 5, 9), each of the additional ter-
minals and the second terminals (5, 9, 4) and the
additional terminals (5, 9) being configured to oper-
ate the electromagnetic coil (1) at a voltage provided
by the DC power supply, said voltage being equal or
lower than the first voltage.
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