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(57) Abstract: A direct current power supply assembly comprising a bus bar system (2) and a fault detection system (6) adapted to
detect ground faults in the direct current power supply assembly. The bus bar system (2) has a positive bus bar (BB+) and a negative bus
bar (BB-). The fault detection system (6) comprises a capacitor arrangement (62) comprising a first capacitor (C1) connected between
the positive bus bar (BB+) and a middle point (PM), and a second capacitor (C2) connected between the negative bus bar (BB-) and the
middle point (PM), a resistor arrangement (64) providing a high resistance between the middle point (PM) and a ground potential,and
a detector arrangement (68) adapted to detect a fault situation if a voltage value of the middle point (PM) is equal to or greater than
a first threshold voltage.
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DIRECT CURRENT POWER SUPPLY ASSEMBLY PROVIDED WITH FAULT DETECTION
SYSTEM

FIELD OF THE INVENTION

The present invention relates to detection of electrical faults in connec-
tion with a direct current power supply assembly.

Direct current power supply assemblies are used for example for charg-
ing electric vehicles. In order to avoid personal injuries and material damages, di-
rect current power supply assemblies in many cases require a fault detection sys-
tem for detecting ground faults.

A known direct current power supply assembly is provided with a fault
detection system which is based on an insulation measurement method. This type
of fault detection system does detect an insulation fault in the assembly.

One of the problems associated with the above direct current power
supply assembly is that a reaction time of the fault detection system thereof is rel-

atively long, about 15 to 30 seconds.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a direct current power
supply assembly so as to solve the above problem. The objects of the invention are
achieved by a direct current power supply assembly which is characterized by
what is stated in the independent claim. The preferred embodiments of the inven-
tion are disclosed in the dependent claims.

The invention is based on the idea of detecting ground faults in a direct
current power supply assembly by means of common mode voltage monitoring.

An advantage of the direct current power supply assembly of the inven-
tion is thata fault detection system thereof is capable of detecting fast ground faults
in the assembly. Further, the direct current power supply assembly of the invention

is simple and inexpensive.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached Figure 1 which
shows a direct current power supply assembly according to an embodiment of the

invention.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a direct current power supply assembly comprising a
bus bar system 2, a direct current power supply system 4, and a fault detection
system 6. The assembly is adapted for charging electric vehicles.

The bus bar system 2 has a positive bus bar BB+, a negative bus bar BB-
, an output 22 adapted to be connected to a load of the assembly, and a bus bar
switch 207. The output 22 of the bus bar system 2 comprises a plug contact having
a positive load terminal T+ connected to the positive bus bar BB+, and a negative
load terminal T- connected to the negative bus bar BB-. In an alternative embodi-
ment, the output of the bus bar system comprises another type of a temporary cou-
pling device.

The direct current power supply system 4 is adapted to supply direct
current power to an output 42 thereof. The output 42 of the direct current power
supply system 4 is connected to the bus bar system 2 for supplying direct current
power from the direct current power supply system 4 to the bus bar system 2. The
bus bar switch 207 is adapted to selectively connect the output 42 of the direct
current power supply system 4 to the output 22 of the bus bar system 2, and to
disconnect the output 42 of the direct current power supply system 4 from the out-
put 22 of the bus bar system 2.

A nominal voltage of the output 42 of the direct current power supply
system 4 is 400 V. In alternative embodiments, a nominal voltage of the output of
the direct current power supply system is equal to or greater than 40 V.

A nominal power of the direct current power supply system 4 is 50 kVA.
In alternative embodiments, a nominal power of the direct current power supply
system is equal to or greater than 500 VA.

The direct current power supply system 4 comprises a rectifier having
a plurality of controllable semiconductor switches. In alternative embodiments the
direct current power supply system is another type of system such as a direct-cur-
rent converter.

The fault detection system 6 is adapted to detect ground faults in the
direct current power supply assembly. The fault detection system 6 is also adapted
to detect electric arcs in the direct current power supply assembly.

The fault detection system 6 is connected between the positive bus bar
BB+ and the negative bus bar BB-, and comprises a capacitor arrangement 62, a
resistor arrangement 64, a voltage measuring arrangement 66, and a detector ar-

rangement 68.
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The capacitor arrangement 62 comprises a first capacitor C1 connected
between the positive bus bar BB+ and a middle point PM, and a second capacitor
C2 connected between the negative bus bar BB- and the middle point PM. The first
capacitor C1 and the second capacitor C2 are designed the same way as capacitors
of a known output filter for the rectifier of the direct current power supply system
4. The first capacitor C1 and the second capacitor C2 are identical with each other.

In an embodiment, capacitances of the first capacitor and the second
capacitor are identical and in a range of 0.4:Cyi12 to 2:Cyi12, in which Cyiz is calcu-

lated with an equation

Idc_max

C =
vil2
Frpt&Vac rpi

where ldc maxis the maximum output current of the direct current power
supply system, fip is the ripple frequency at the output of the direct current power
supply system, and AVqc rpl is the maximum allowable ripple in an output voltage at
the output of the direct current power supply system. The resistor arrangement 64
provides a high resistance between the middle point PM and a ground potential.
Resistance of the resistor arrangement 64 is 2 MQ. In an alternative embodiment,
resistance provided by the resistor arrangement between the middle point and the
ground potential is equal to or greater than 1 M{). In a further alternative embodi-
ment, resistance Rmg provided by the resistor arrangement between the middle

point and the ground potential is selected based on an inequality

Udc nom
R ~ _Ydcnom
mg = o0.001v/Q

where Ugc nom is a nominal value of an output voltage at the output of the direct
current power supply system. Using the above inequality, the resistor arrangement
64 in the embodiment of Figure 1 should have a resistance greater than or equal to
400 k£, and thereby the value 2 MQ satisfies the inequality.

The fault detection system 6 is adapted to serve as a DC voltage filter to
filter out any ripple in the output 42 of the direct current power supply system 4.

The voltage measuring arrangement 66 is adapted for measuring a volt-
age of the middle point PM relative to the ground potential. The voltage measuring
arrangement 66 comprises a voltage sensor.

In Figure 1, the resistor arrangement 64 is connected between the mid-
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dle point PM and a first ground potential point PGR1 which is in the ground poten-
tial, and the voltage measuring arrangement 66 is adapted for measuring a voltage
of the middle point PM relative to the ground potential by measuring a voltage be-
tween the middle point PM and a second ground potential point PGR2 which is in
the ground potential. In an alternative embodiment, the resistor arrangement is
connected between the middle point and a common ground potential point which
is in the ground potential, and the voltage measuring arrangement is adapted for
measuring a voltage of the middle point relative to the ground potential by meas-
uring a voltage between the middle point and the common ground potential point.

In an alternative embodiment, the resistor arrangement is integrated in
the voltage measuring arrangement.

The detector arrangement 68 is communicatively connected to the volt-
age measuring arrangement 66 and the direct current power supply system 4. The
detector arrangement 68 is adapted to monitor a voltage value of the middle point
PM, and to detect a fault situation if predetermined fault conditions relating to the
voltage value of the middle point PM are fulfilled, the predetermined fault condi-
tions including an absolute value of the voltage value of the middle point PM being
equal to or greater than a first threshold voltage. The predetermined fault condi-
tions further include a requirement that the absolute value of the voltage value of
the middle point PM has to remain equal to or greater than the first threshold volt-
age for a predetermined first minimum duration.

In the assembly of Figure 1, the predetermined first minimum duration
is 5 ms. In alternative embodiments, the predetermined first minimum duration is
less than or equal to 5 s. In many embodiments, the predetermined first minimum
duration is less than or equal to 5 ms, a typical range being from 1 ms to 5 ms.
However, it is possible to use values less than 1 ms, or values in a range of 5 ms to
5 s. In still further alternative embodiments, the predetermined fault conditions
include a plurality of threshold voltages, and a predetermined minimum duration
for each of the plurality of threshold voltages such that the higher the threshold
voltage, the shorter the corresponding predetermined minimum duration.

As a response to the detected fault situation, the detector arrangement
68 is adapted to stop supplying direct current power from the direct current power
supply system 4 to the bus bar system 2.

The detector arrangement 68 is adapted to generate the voltage value
ofthe middle point PM from an output signal of the voltage measuring arrangement

66 through signal processing, wherein the signal processing is adapted to improve
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quality of the fault detection by filtering the output signal of the voltage measuring
arrangement 66. In an alternative embodiment, the signal processing step is car-
ried out by the voltage measuring arrangement. In a further alternative embodi-
ment, the voltage measuring arrangement is integrated in the detector arrange-
ment.

In an alternative embodiment, the detector arrangement is adapted to
respond to a detected fault situation by reducing supply of direct current power
out of the bus bar system through controlling the direct current power supply sys-
tem. In a further alternative embodiment, the detector arrangement is adapted to
respond to a detected fault situation by disconnecting the direct current power
supply system from the output of the bus bar system. In the embodiment of Figure
1, such disconnection could be done by opening the bus bar switch 207.

In the embodiment of Figure 1 the first threshold voltage is 20 V. There-
fore, the predetermined fault conditions relating to the voltage value of the middle
point PM can be fulfilled only if the voltage value of the middle point PM is +20 V
or higher, or -20 V or less.

In an alternative embodiment, a ratio between the first threshold volt-
age and a nominal voltage of the output of the direct current power supply system
isin arange of 1 - 10 %. In a further alternative embodiment, a ratio between the
first threshold voltage and a nominal voltage of the output of the direct current
power supply system is in a range of 4 - 6 %.

It will be obvious to a person skilled in the art that the inventive concept
can be implemented in various ways. The invention and its embodiments are not
limited to the examples described above but may vary within the scope of the

claims.
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CLAIMS

1. A direct current power supply assembly comprising:

a bus bar system (2) having a positive bus bar (BB+) and a negative bus
bar (BB-), the bus bar system (2) comprising an output (22) adapted to be con-
nected to a load of the assembly;

a direct current power supply system (4) having an output (42) con-
nected to the bus bar system (2);

a fault detection system (6) adapted to detect ground faults in the direct
current power supply assembly,

characterized inthatthe fault detection system (6) comprises:

a capacitor arrangement (62) comprising a first capacitor (C1) con-
nected between the positive bus bar (BB+) and a middle point (PM), and a second
capacitor (C2) connected between the negative bus bar (BB-) and the middle point
(PM);

a resistor arrangement (64) providing a high resistance between the
middle point (PM) and a ground potential;

a voltage measuring arrangement (66) for measuring a voltage of the
middle point (PM) relative to the ground potential; and

a detector arrangement (68) adapted to monitor a voltage value of the
middle point (PM), and to detect a fault situation if predetermined fault conditions
relating to the voltage value of the middle point (PM) are fulfilled, the predeter-
mined fault conditions including the voltage value of the middle point (PM) being
equal to or greater than a first threshold voltage.

2. A direct current power supply assembly according to claim 1,
characterized inthatasaresponse toadetected fault situation, the detec-
tor arrangement (68) is adapted to at least reduce supply of direct current power
out of the bus bar system (2).

3. A direct current power supply assembly according to claim 2,
characterized inthatasaresponse to the detected fault situation, the de-
tector arrangement (68) is adapted to stop supplying direct current power from
the direct current power supply system (4) to the bus bar system (2).

4. A direct current power supply assembly according to claim 2 or 3,
characterized inthatasaresponse to the detected fault situation, the de-
tector arrangement (68) is adapted to disconnect the direct current power supply
system (4) from the output (22) of the bus bar system (2).
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5. A direct current power supply assembly according to any one of pre-
ceding claims, characterized in that a ratio between the first threshold
voltage and a nominal voltage of the output (42) of the direct current power supply
system (4) is in a range of 1 - 10 %.

6. A direct current power supply assembly according to any one of pre-
ceding claims, characterized in that a nominal voltage of the output (42) of the
direct current power supply system (4) is equal to or greater than 40 V.

7. A direct current power supply assembly any one of preceding claims,
characterized inthatthe first threshold voltage is in a range of 4 - 50 V.

8. A direct current power supply assembly according to any one of pre-
ceding claims,characterized in thatthe voltage value of the middle point
(PM) is generated from an output signal of the voltage measuring arrangement (66)
through signal processing by the detector arrangement (68), wherein the signal
processing is adapted to improve quality of the fault detection by filtering the out-
put signal of the voltage measuring arrangement (66).

9. A direct current power supply assembly according to any one of pre-
ceding claims,characterized inthata value of the high resistance provided
by the resistor arrangement (64) between the middle point (PM) and the ground

potential fulfils an inequality

Udc nom
R ~ _Ydcnom
mg = o0.001v/Q

where Ry is the value of the high resistance, and Udc nom is a nominal value of an
output voltage at the output (42) of the direct current power supply system (4).
10. A direct current power supply assembly according to any one of pre-
ceding claims, characterized in that the assembly is adapted for charging electric
vehicles.
11. A direct current power supply assembly according to any one of pre-
ceding claims, characterized in that the output (22) of the bus bar system (2) com-

prises a temporary coupling device such as a plug contact.
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