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(54) Title: POWER SUPPLY SYSTEM AND METHOD

(57) Abstract: A power supply system S comprising a power processor 1, having a power input 2 and an AC power output 3 with
w={ a nominal voltage VN and a nominal current IN, and a power supply safety circuit 6 connected in parallel to said power processor 1
R between said power input 2 and said AC power output 3. The purpose of the power supply safety circuit 6 is to provide an additional
&= current in case of a short circuit condition downstream of the AC power output 3, so as to trigger the opening of an individual circuit
& breaker 4 connected to the short circuited load 5. For this purpose the power supply safety circuit 6 comprises a bidirectional switch
7, control means 12 for closing said bidirectional switch 7 after detecting a short circuit condition downstream of the AC power
output 3 and a current limiter 9, preferably an impedance, connected in series to said bidirectional switch 7 to limit the current that
can flow through the power backup circuit 6 to a maximum current of INout wherein has a value between 5 and 20, preferably
between 7 and 13, and most preferably about 10. The invention also comprises a method of operation of said power supply system S.
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"Power supply system and method"

The present invention relates to the field of power supply
systems and particularly to that of power supply systems for critical
loads.

It is known to protect critical loads supplied with AC power,
by providing at least one power processor for, for instance, filtering
harmonics in the power supply voltage, and circuit breakers to protect
the electric circuitry from overcurrents in the case of a short-circuit at the
critical load. However, such power processors have a weak overcurrent
shortcircuit capacity. For this reason, the power supply system of the
closest prior art, as represented in Fig. 1, comprises, besides a power
processor 1 (in this example, an AC/DC/AC converter) and a first
bidirectional switch 16 connected in series between a power input 2 with
a nominal input voltage Vnin and an AC power output 3 having a nominal
output voltage Vo @and a nominal output current Iyo, @ power backup
circuit 6 connected in parallel to said power processor 1 between said
power input 2 and AC power output 3 and possibly comprising a second
bidirectional switch 7 and control means (not illustrated) for opening said
first bidirectional switch 16 and closing said second bidirectional switch 7
after detecting a short circuit condition downstream of the AC power
output, by, for example, detecting if the voltage at the AC power output 3
of said power processor 1 drops below a threshold set at less than 80%
of said nominal output voltage Vnout. The power supply safety circuit 6 will
therefore bypass said power processor 1 in the case of a shortcircuit at a

critical load 5 to which it is connected through an individual circuit
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breaker 4. A similar power supply system and method was disclosed in
International Patent Application WO 2004/102785.

This arrangement has the drawback that a higher-rated
circuit breaker 8 upstream of the power processor 1 can open at the
same time as the individual circuit breaker 4 downstream of the power
processor 1. Therefore, if the power processor 1 is connected to a
plurality of loads 5, as illustrated, a shortcircuit in one of them will lead to
the power supply to all of them being interrupted. With critical loads, this
is of course undesirable, but providing each individual critical load with
its own power processor and corresponding bidirectional switch would be
complicated and costly.

The power supply system of the invention solves this
problem by also comprising a current limiter in the power backup circuit
connected in series to the bidirectional switch for limiting the current that
can flow through the power backup circuit to aly.: Wherein a has a value
between 5 and 20, preferably between 7 and 13, and most preferably
about 10. The value of a can be selected in function of the power
network specifications (impedance, shortcircuit power of the feeder, short
circuit voltage, ...) and breaker specifications (delay curve, nominal
current, temperature, ...).

It must be noted that by current limiter, what is meant is not
a fuse or circuit breaker, which would interrupt the current altogether
above a certain threshold, but a means for restricting the current flowing
through the power backup circuit to said maximum value.

By providing this current limiter, the invention ensures that,
in case of a shortcircuit in one critical load connected to one of the at
least one of the circuit breakers, a peak of just enough additional current
flows through the power supply safety circuit to trigger that particular

circuit breaker, without any upstream, higher-rated circuit breakers being
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opened. In addition, compared to prior art devices where the critical load
is directly connected to the power input when switch 7 is closed, the
system according to the invention has the advantage that the current
limiter acts as a filter between the power input and the critical load when
switch 7 is closed.

Preferably, the current limiter is an impedance, in particular
a resistor, having an impedance value of:

a‘INouz

The advantages of such an impedance as a current limiter
are its reliability, simplicity and cheapness. Such an impedance could
also be embodied in an inductor instead of in a resistor. This would
however have the drawbacks of generating an overvoltage at switching
off and producing a phase shift between current and voltage.

Preferably, the control means is also provided for opening
said bidirectional switch after it has been closed for a predetermined time
period, preferably 20 ms. Since the switch is closed for a very limited
period of time, the energy losses are substantially reduced compared to
prior art devices. In addition, it improves the lifetimes of the impedance
and the bidirectional switch.

Preferably, the bidirectional switch of the power supply
system of the invention is a triac. In the prior art, the bidirectional switch
was realised in the form of two antiparallel thyristors, since a triac could
have not been robust enough to handle the rapid variation in voltage and
current at the power supply safety circuit of the prior art. An additional
advantage of the invention is that, by slowing down the voltage variation
at the power safety circuit, it enables the two antiparallel thyristors of the
prior art to be substituted by a cheaper, simpler single triac. Alternatively,

however, the bidirectional switch could still be embodied in two
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antiparallel thyristors or any other bidirectional switch which is fast
enough (such as MOS, IGBT or transistor switches).

The invention also comprises a method of supplying an
additional current so as to open an individual circuit breaker connecting
an AC power output of a power processor, having a nominal output
voltage Vnout @and a nominal output current Inoy, to a critical load when
said critical load suffers a short circuit condition, comprising the steps of:

providing a power backup circuit connected in parallel to
the power processor between a power input of said power processor
having a nominal input voltage Vnin and said AC power output and
comprising a bidirectional switch, preferably a triac, and a current limiter
connected in series to the bidirectional switch for limiting the current that
can flow through the power backup circuit to aln.:, wherein a has a value
between 5 and 20, preferably between 7 and 13, and most preferably
about 10; detecting said short circuit condition; and closing said
bidirectional switch.

The invention will be described in detail and non-limitingly
with reference to the accompanying figures, in which:

Fig. 1 represents the prior art;

Fig. 2 represents an embodiment of the invention wherein
the power processor comprises an AC/DC/AC converter; and

Fig. 3 represents an alternative embodiment wherein the
power processor comprises an AC/DC converter and a DC/AC converter
connected in series.

Turning now to Fig. 2, a power supply system S according
to the invention is depicted that comprises a power processor 1 (in this
case comprising an AC/DC converter 10 and a DC/AC converter 11
connected in series) with a power input 2 having a nominal input voltage

Vnin @nd an AC power output 3 having a nominal output voltage Vo and
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a nominal output current Inoy; @and a power backup circuit 6 connected in
parallel to said power processor 1 between said power input 2 and said
AC power output 3. In use, said AC power output 3 is connected to
several parallel individual circuit breakers 4, each one of them being
rated at a current Ig. The rated current Iz of each one of the individual
circuit breakers 4 is lower than the nominal output current Iyo, Of the AC
power output 3. The power input 2 is connected to a power source (not
illustrated) through a higher-rated upstream circuit breaker 8 in order to
meet the segregation requirements (the rated current and the trip
parameter (I?t) of upstream breaker 8 should be higher than the rated
current and the trip parameter of downstream breaker 4) of breaker 8
and each individual circuit breaker 4 is connected to a critical load 5.

The power backup circuit 6 comprises a bidirectional switch
7, in the form of a triac, control means 12 for closing said bidirectional
switch 7 after detecting a short circuit condition downstream of the AC
power output 3, and a current limiter 9, in this case an impedance with
an impedance value of

@
aINout

wherein a has a value between 5 and 20, preferably between 7 and 13,
and most preferably about 10. Although in this depicted example the
current limiter 9 is embodied in a resistor, it could take the form of any
device having such an impedance value, such as an inductance, or
suitable for limiting (in the sense of restricting, not interrupting) the
current flowing through the power backup circuit 6 by, for example,
electronically reducing voltage.

The control means 12 can be set to detect the short circuit
condition downstream of the AC power output 3 when the voltage at the

AC power output 3 falls below a threshold value of at most 80% of the
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nominal output voltage Vo, in particular below 20% of Vo and/or the
output current at the AC power output 3 rises above a threshold value of
at least 120% of the nominal output current Iyo, in particular above
150% of Inout. The control means 12 can also be separate from or
integrated in the power processor 1.

If one of the critical loads 5 suffers a shortcircuit, the control
means 12 will close the bidirectional switch 7. As the bidirectional switch
7 closes, additional current will flow through the power backup circuit 6,
including the current limiter 9, in parallel to the current flowing through
the power processor 1. The current limiter 9 is chosen so that the
additional current flowing through the power backup circuit 6 is just
enough to open the individual circuit breaker 4 connected to the short-
circuited load 5 without opening the upstream circuit breaker 8.

Since after the individual circuit breaker 4 is opened the
power backup circuit 6 has fulfilled its task, it is advantageous to also
include means for automatically opening said bidirectional switch 7 after
it has been closed for a predetermined time period, preferably just
slightly longer than the triggering time of the individual circuit breakers 4.
For instance, if the circuit breakers 4 need 10 ms to open, the
bidirectional switch 7 could be opened after 20 ms of being closed. The
opening of the bidirectional switch 7 could also be triggered by the
output voltage. The switch could be opened when this output voltage
reaches a predetermined value, e.g. 0.8 X Vnout- In this way the other
critical loads 5 are minimally affected and the life of the impedance 9 is
extended. This feature is particularly useful when the power processor 1
is an AC/DC/AC converter, as in the embodiment of Fig. 2, since
otherwise the losses in the current limiter 9 would quickly become very
high and the overall efficiency very poor. Since the bidirectional switch is

closed during a very short time, e.g. 20 ms, the efficiency of the system
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is not affected by power supply safety circuit 6. This power backup circuit
is thus a short time pulse current circuit.

In the embodiment of Fig. 2, the power processor 1 is an
AC/DC/AC converter. Such a converter would provide harmonic filtering
of the voltage at the AC power output 3 if, for instance, harmonic
currents were generated by a nonlinear load 5. Alternative
arrangements, such as an AC/DC converter 10 connected in series to a
DC/AC converter 11 as in Fig. 3 could also fulfil the same function. A
power processor 1 could also incorporate other features, such as a
backup power supply in case supply at the power input 2 failed. As
illustrated, the power processor 1 may have a DC power input 13, which
can be connected to a battery 14, possibly through a DC/DC converter
15.

It could also be envisaged to connect several such power
supply systems S in parallel, as depicted in Fig. 4, so as to provide
redundancy and split the total load between them. In this case, the rated
current Iz of each one of the individual circuit breakers 4 must be lower
than the sum Zlyo Of the nominal output currents Ino Of the AC power
outputs 3 of all the power supply systems S connected in parallel.

Although the present invention has been described with
reference to specific exemplary embodiments, it will be evident that
various modifications and changes may be made to these embodiments
without departing from the broader scope of the invention as set forth in
the claims. Accordingly, the description and drawings are to be regarded

in an illustrative sense rather than a restrictive sense.
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CLAIMS
1. A power supply system (S) comprising:

- a power processor (1) having a power input (2) with a nominal
input voltage Vyin and an AC power output (3) with a nominal output
voltage Vnout and a nominal output current Inoy; and
- a power backup circuit (6) connected in parallel to said power
processor (1) between said power input (2) and said AC power output (3)
and comprising:
— a bidirectional switch (7), and
- control means (12) for closing said bidirectional switch (7) after
detecting a short circuit condition downstream of the AC power output
3)

wherein the power supply system is characterised in that said
power supply safety circuit (6) also comprises a current limiter (9)
connected in series to said bidirectional switch (7) to limit the current that
can flow through the power backup circuit (6) to a maximum current of
alvout Wherein a has a value between 5 and 20, preferably between 7 and
13, and most preferably about 10.

2. A power supply system (S) according to claim 1,

wherein the current limiter (9) is an impedance having an impedance
value of

ol

Nout
wherein a has a value between 5 and 20, preferably between 7

and 13, and most preferably about 10.
3. A power supply system (S) according to claim 2,

wherein said impedance is a resistor.
4. A power supply system (S) according to any one of

the previous claims, wherein the control means (10) is set to detect the
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short circuit condition downstream of the AC power output (3) when the
voltage at the AC power output (3) falls below a threshold value of at
most 80% of the nominal output voltage Vo, in particular below 20% of
Vot @nd/or the current at the AC power output (3) rises above a
threshold value of at least 120% of the nominal output current Iyou, in
particular above 150% of Inout.

5. A power supply system (S) according to any one of
the previous claims, wherein said control means (12) is also provided for
opening said bidirectional switch (7) after it has been closed for a
predetermined time period, preferably 20 ms.

6. A power supply system (S) according to any one of
the previous claims, wherein said bidirectional switch (7) is a triac.

7. A power supply system (S) according to any one of
the previous claims, wherein the power processor (1) comprises an
AC/DC/AC converter.

8. A power supply system (S) according to any one of
claims 1 to 6, wherein the power processor (1) comprises a DC/AC
converter (11).

9. A power supply system (S) according to claim 7,
wherein the power processor (1) comprises an AC/DC converter (10)
connected in series to the DC/AC converter (11).

10. A power supply system (S) according to any one of
the previous claims, wherein the power processor (1) comprises a DC
power input (13) connectable to a battery (14).

11. A plurality of power supply systems (S) according to
any one of the previous claims and connected in parallel.

12. A plurality of power supply systems (S) according to
any one of the previous claims and connected in parallel, wherein

nominal input voltage Vnin and nominal output current Ino,: Of each power
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processor and maximum current of each power backup circuit (6) are
substantially the same.

13. A method of supplying an additional current for
opening an individual circuit breaker (4) connecting an AC power output
(3) of a power processor (1), having a nominal output voltage Vo and a
nominal output current Inoy, to a critical load (5) when said critical load
(5) suffers a short circuit condition, comprising the steps of:

providing a power backup circuit (6) connected in parallel to the
power processor (1) between a power input (2) of said power processor
(1) having a nominal input voltage Vni» and said AC power output (3) and
comprising a bidirectional switch (7), preferably a triac, and a current
limiter (9), preferably a resistor, connected in series to the bidirectional
switch (7) to limit the current that can flow through the power backup
circuit to a maximum current of aly.u, Wherein a has a value between 5
and 20, preferably between 7 and 13, and most preferably about 10;
- detecting said short circuit condition;
— closing said bidirectional switch (7).

14. A method according to claim 13, wherein said short
circuit condition is detected when the voltage at the AC power output (3)
falls below a threshold value of at most 80% of the nominal output
voltage Vo, in particular below 20% of Vo and/or the current at the AC
power output (3) rises above a threshold value of at least 120% of the
nominal output current Inoy, in particular above 150% of Inout.

15. A method according to any one of claims 13 or 14,
further comprising the step of reopening said bidirectional switch (7) after

it has been closed for a predetermined time period, preferably 20 ms.
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