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ABSTRACT

A device and method for protection of an electrical apparatus
against touch currents, the device configured to be connected
between a source of electrical power and a device onboard a
motor vehicle, and including a circuit for detecting leakage
currents and for estimating touch currents, configured to be
connected to the electrical connection lines of the apparatus,
a circuit measuring frame current, and a mechanism control-
ling operation of the apparatus according to the estimated
level of the touch currents and the measured level of the frame
current. The device and method can in one embodiment be
used to protect against leakage currents during recharging of
a hybrid or electrically driven motor vehicle.
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DEVICE AND METHOD FOR ESTIMATING A
TOUCH CURRENT AND PROTECTING AN
ELECTRICAL APPARATUS AGAINST SUCH
TOUCH CURRENTS

[0001] The invention relates to the protection of electrical
apparatus against leakage currents and more particularly the
protection of battery chargers of electrical vehicles against
the leakage currents likely to occur when the charger is con-
nected to an electrical power distribution network.

[0002] The chargers used in certain electrical motor
vehicles are not isolated. Each element of the charger has a
common-mode capacitance relative to the chassis. During
connection to an electrical power distribution network, the
voltages applied to these various elements will cause, through
these capacitances, ground leakage currents.

[0003] These ground leakage currents may, when they
occur, initiate differential protections of residual current
capable of interrupting the charging process.

[0004] If a user touches the bodywork of the electrical
vehicle during charging, the ground leakage currents become
currents called “touch” or “contact” currents, if there is a
defect of grounding of the vehicle. These touch currents are
limited by the international standard 61851-21 to 3.5 mA.

[0005] For the purpose of limiting these currents, it has
been proposed to use a transformer creating a galvanic isola-
tion between the distribution network and the battery.
[0006] Thetransformers used are bulky elements the size of
which increases with the charging power or with the current
passing through them. The drawback of this solution is there-
fore that it leads to an additional cost and an increase in the
volume of the device which greatly penalizes the electrical
motor vehicle.

[0007] Moreover, it is possible to connect the existing
chargers to single-phase or three-phase networks in order to
obtain a higher charging power. During a connection to a
three-phase network, the stresses on the transformers used are
therefore increased.

[0008] It has also been proposed to redirect the leakage
currents to the neutral of the electrical network, for example
by means of a capacitor connected between the bodywork of
the electrical vehicle and neutral.

[0009] The current-limitation solutions have the drawback
of not being able to take account of an increase in the leakage
currents. Such an increase may arise from an increase in the
interference capacitance or from a defect of the compensation
system. The leakage-current limitation systems can therefore
not keep a touch current on the chassis of below than 3.5 mA.
[0010] In the light of the forgoing, the object of the inven-
tion is to provide an estimation of the touch currents and to
protect the electrical vehicle during variations in the touch
currents.

[0011] Another object of the invention is to keep the value
of the touch currents below a predefined limit value.

[0012] According to a first aspect, the invention thus pro-
poses a device for protecting an electrical apparatus against
touch currents, said apparatus being designed to be connected
between an electrical power source and an item of equipment
on board a motor vehicle.

[0013] This device comprises a circuit for detecting leak-
age currents and for estimating touch currents, designed to be
connected to electrical connection lines of the apparatus, a
circuit for measuring the ground current, and means for con-
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trolling the operation of the apparatus according to the esti-
mated level of the touch currents and to the measured level of
the ground current.

[0014] Therefore, the control means make it possible to
allow or prevent the supplying of electrical power if high
leakage currents occur or leakage currents disappear.

[0015] Advantageously, the source of electrical power may
be a three-phase or single-phase power supply network.
[0016] The electrical apparatus may be a charger for a
battery on board the motor vehicle, the electrical motor
vehicle being a motor vehicle with electrical or hybrid drive.
[0017] According to another aspect, the invention proposes
a method for protecting an electrical apparatus against touch
currents, said apparatus being designed to be connected
between an electrical power source and an item of equipment
on board a motor vehicle.

[0018] According to a general feature of the method, the
method comprises a detection of the leakage currents, an
estimation of the touch currents, a measurement of the ground
current, and a control of the operation of the apparatus
according to the estimated level of the touch currents and to
the measured level of the ground current.

[0019] Advantageously, the electrical apparatus is con-
nected to the electrical power source and supplying the
onboard equipment with electrical power is prevented
according to the estimated level of the touch currents and to
the measured level of the ground current.

[0020] Therefore, the onboard equipment is not automati-
cally supplied during the connection.

[0021] If the measured ground current is below a first
defined threshold value, supplying the onboard equipment
with electrical power is prevented.

[0022] Too weak a ground current may indicate a defect in
the ground connection, so it is necessary to prevent the
onboard equipment being supplied with electrical power.
[0023] If the measured ground current is above a second
defined threshold value, supplying the onboard equipment
with electrical power is allowed.

[0024] If the estimation of the touch currents is below a
third defined threshold value, supplying the onboard equip-
ment with electrical power is allowed.

[0025] If the estimation of the touch currents is above a
fourth defined threshold value, supplying the onboard equip-
ment with electrical power is prevented.

[0026] Other advantages and features of the invention will
appear on studying the following description, taken as a non-
limiting example and illustrated by the appended drawings in
which:

[0027] FIG. 1 shows schematically the general principle of
protection against leakage currents according to the inven-
tion;

[0028] FIG. 2illustrates an embodiment of a device accord-
ing to the invention; and

[0029] FIG. 3 illustrates the operation of a protection
method according to the invention.

[0030] FIG. 1 shows the principle of the generation of leak-
age currents in an electrical vehicle to which a battery charger
that is not galvanically isolated is connected.

[0031] TItwill be noted however that this principle applies to
any type of apparatus, of the battery charger or other type,
notably for a motor vehicle with an electrical or hybrid drive
system in which touch currents are capable of occurring after
connection of the apparatus when a person touches the body-
work of the vehicle.
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[0032] In this figure, the reference number 1 indicates the
vehicle in its entirety and reference number 2 indicates an
electrically conductive structure of the vehicle, in this
instance the bodywork of the vehicle.

[0033] As shown, the electrical motor vehicle 1 is in this
instance furnished with a charger 3 and moreover comprises
a set of batteries and an electrical drive system that are not
shown in this figure.

[0034] Naturally, the vehicle 1 may also be fitted with many
additional members that have not been shown in the figure for
reasons of simplification.

[0035] The charger 3 is connected to the power supply
network via an electrical connection 4. The electrical connec-
tion 4 may comprise several phases. A protective device 5 of
the charger 3 is placed on the electrical connection 4.

[0036] When the charger 3 is connected to an electrical
network, an interference capacitor 6 creates a leakage current
between the charger 3 and the structure 2.

[0037] Ifauser7touchesthe bodywork ofthe vehicle 2, the
latter is traversed by a touch current I, created through the
interference capacitor 6.

[0038] The leakage current also produces a ground current
Inr
[0039] The protective device 5 makes it possible to detect
the occurrence of leakage currents and to control the charger
3 notably according to the leakage currents.

[0040] FIG. 2, which shows the detail of the architecture of
the protective device 5, illustrates a vehicle 1 comprising
three electrical connections 4a, 45 and 4¢ connecting the
vehicle to a three-phase or a single-phase network, and a
ground connection 8.

[0041] The protective device 5 comprises a leakage-current
detection and touch-current estimation circuit 9 comprising
current-measuring means advantageously chosen to detect
the intensities to be measured across the phases 44, 45, 4c and
the ground connection 8.

[0042] The circuit 9 provides an estimate according to the
current that enters the charger 3.

[0043] The circuit 9 may consist of a measurement of elec-
tromagnetic flow through a measuring torroid comprising the
phases and ground.

[0044] This circuit 9 may also comprise means for comput-
ing the measurement difference between the ground current
and the leakage current. The measurement of the leakage
current comprises the measurement of the leakage current of
the three phases.

[0045] A matching circuit 10 then makes it possible to
adapt the output of the touch current estimating circuit 9 in
order to reach a processing unit 11. The matching circuit 10
comprises a set of three resistors 12 and two capacitors 13.
[0046] The processing unit 11 comprises means for con-
trolling the charger 3.

[0047] A circuit 14 for measuring the ground currents is
placed on the ground connection 8. This circuit 14 is con-
nected via a resistor 15 to the processing unit 11.

[0048] FIG. 3 gives details of the various steps used within
adevice for protecting an electrical apparatus against leakage
currents.

[0049] These steps are in this instance carried out within an
electrical motor vehicle 1 comprising a charger 3.

[0050] The charger 3 is connected to an electrical power
supply network that may be single-phase or a three-phase
during a connection carried out during step E1.

Nov. 14,2013

[0051] Two steps of measurement and estimation E2 and
E3 are then carried out simultaneously. The step E2 corre-
sponds to the measurement of the ground current I, by the
circuit 14. The step E3 corresponds to the estimation of the
touch currents I, by the circuit 9.

[0052] The step E2 is followed by a comparison step E4 in
which the current I,,is compared with one or more threshold
values that are predefined, for example during tests.

[0053] For example, if the measured current I, is below a
first threshold value, the quantity of current reaching ground
is too weak, which may indicate a ground connection defect.
The charging is not allowed during step E6.

[0054] Ifthe currentl,,is above asecond defined threshold
value, the quantity of current leaving the charger 3 is suffi-
cient to indicate that there is a ground connection and charg-
ing is allowed (step E7).

[0055] Step E3 is followed by a comparison step E5 in
which the estimated touch current I ,.is compared with one or
more predefined threshold values.

[0056] Iftheestimated current],is below athird predefined
threshold value, it is possible to allow charging (step E7); a
user may touch the structure 2 without danger.

[0057] If the estimated current I, is above a fourth pre-
defined threshold value, charging is not allowed (step E6).
[0058] As above, these third and fourth threshold values
may be obtained by prior learning and preferably be set to be
equal, to 3.5 mA for example.

[0059] The invention provides a device that can be used in
any type of unisolated electrical apparatus. The invention
allows protection of the users and of the apparatus at all times
of its use. Moreover, the protection can be used during a
connection to a single-phase network or to a three-phase
network.

[0060] More precisely, the protection method according to
the invention may comprise a step of sending a message, on
detection of a touch current I that is too great or of a ground
current [, that is too weak, to the power supply network of the
electrical apparatus 3 in order to stop the charging of the
electrical apparatus 3.

[0061] Notably if the electrical apparatus 3 is an electrical
vehicle, this message is for example sent from a computer of
the vehicle managing the electrical charging of the vehicle,
over a communication line called a “pilot line”, to the charg-
ing terminal supplying the electrical apparatus 3. On receipt
of this message, the charging terminal opens a contactor
disconnecting the connections 4a, 46, 4c and 8 of the three-
phase or single-phase network hitherto supplying the vehicle.

1-10. (canceled)

11. A device for protecting an electrical apparatus against
touch currents, the apparatus configured to be connected
between an electrical power source and an item of equipment
on board a motor vehicle, comprising:

a circuit detecting leakage currents and estimating touch
currents, configured to be connected to electrical con-
nection lines of the apparatus;

a circuit measuring ground current; and

means for controlling operation of the apparatus according
to an estimated level of the touch currents and a mea-
sured level of the ground current.

12. The device as claimed in claim 11, wherein the electri-
cal power source includes a three-phase or single-phase
power supply network.

13. The device as claimed in claim 11, wherein the electri-
cal apparatus includes a charger for a battery on board the
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motor vehicle, the electrical motor vehicle being a motor
vehicle with an electrical or hybrid drive.

14. A method for protecting an electrical apparatus against
touch currents, the apparatus configured to be connected
between an electrical power source and an item of equipment
on board a motor vehicle, the method comprising:

detection of leakage currents;
estimation of touch currents;
measurement of ground current; and

control of an operation of the apparatus according to an
estimated level of the touch currents and to a measured
level of the ground current.

15. The method as claimed in claim 14, wherein the elec-
trical apparatus is connected to the electrical power source,
and supplying the onboard equipment with electrical poweris
prevented according to the estimated level of the touch cur-
rents and to the measured level of the ground current.
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16. The method as claimed in claim 14, further comprising
preventing supplying the onboard equipment with electrical
power if the measured ground current is below a first thresh-
old value.

17. The method as claimed in claim 14, further comprising
allowing supplying the onboard equipment with electrical
power if the measured ground current is above a second
threshold value.

18. The method as claimed in claim 14, further comprising
allowing supplying the onboard equipment with electrical
power if the estimation of the touch currents is below a third
threshold value.

19. The method as claimed in claim 14, further comprising
preventing supplying the onboard equipment with electrical
power if the estimation of the touch currents is above a fourth
defined threshold value.

20. The method as claimed in claim 15, further comprising
stopping supplying the onboard equipment with electrical
power by sending a message from the onboard equipment
over a communication line to a charging terminal.
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