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HIGH-EFFICIENCY ELECTRIC CONVERSION AND CONTINUITY
MANAGEMENT SYSTEM FOR UNINTERRUPTIBLE POWER
SUPPLIES (UPS) AND DERIVED APPARATUSES

The present invention relates to a device and a control method
particularly for uninterruptible power supplies (UPS). In particular, the
invention relates to a hardware and software architecture of an
uninterruptible power supply for energy conversion.

An uninterruptible power supply, hereinafter referenced also as UPS,
is an electric machine that has an alternating voltage input (three-phase or
single-phase), which generates an alternating output (three-phase or single-
phase) of the same or different frequency/amplitude and is adapted to ensure
a continuous flow of power to an output load even if the input alternating
voltage source is temporarily unavailable.

An integral part of the architecture is an internal/external storage
system (usually strings of batteries with disparate manufacturing
technology) which ensures the continuity of the supply of power on the load
for a preset time if the input mains is unavailable. An emergency system that
bypasses completely the UPS (known in the literature as a bypass switch)
connects the load directly on an auxiliary input electric mains in case of
fault or end of runtime of the UPS proper.

Figure 1 and Figure 2 illustrate the blocks that constitute two
examples of UPS of a known type and use different operating principles to
achieve the same result.

Figure 1 shows a UPS 1000 which comprises an AC/DC rectification
system 1001 that is connected in input to an AC source 1002, for example to
the primary electrical mains, with a number of power conductors that can be
comprised between two (single-phase systems) and four (three-phase
systems with neutral) conductors. The AC/DC rectification system 1001 is
connected in output to a DC bus 1003 on which a high-voltage battery string

1004 (the operating values of which are usually comprised between 500 and
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900 V DC) and internal capacitors 1006 are arranged.
In the example of Figure 1, the AC/DC rectification system 1001
performs the dual function of battery charger and stabilizer of the voltage of
the DC bus 1003 on the internal capacitors 1006.

The DC bus 1003 is connected to the input of a DC/AC inverter
system 1005, which supplies the output load 1007, arranged by the user,
drawing power from the battery 1004 and/or from the system of internal
capacitors 1006 according to the operating logic of the UPS. This DC/AC
inverter system 1005 can be isolated from the load by means of a power
switch 1008 known as solid-state switch.

In case of failure of one of the internal components of the UPS or if
the input voltage 1002 leaves the allowable range, in order to ensure
continuity of power on the load, another power switch 1009, known as
bypass switch, is closed in order to connect the load 1007 directly to an
emergency electrical mains 1010, which in some machine configurations
can coincide with the primary mains 1002.

Figure 2 illustrates another UPS 1100 with a medium/low voltage
battery string 1104 (the operating values of which are usually comprised
between 100 and 500 V DC for the medium-voltage version and between 12
and 100 V for the low-voltage version), arranged outside the DC bus 1103
interposed between the AC/DC rectification system 1101 and the DC/AC
inverter system 1105. In this version of the UPS 1100 there are all the
elements of the embodiment of Figure 1, in particular the internal capacitor
system 1006, the load 1007, the solid-state switch 1008, the bypass switch
1009, the emergency mains 1010. In addition to these components, there is a
reversible battery charger (1107), which allows to interface the battery 1104
with the DC bus 1103. The function of this subsystem is to recharge the
battery 1104 in the presence of the primary mains 1002 and to supply the
DC bus 1103 in case of failure of one of the internal components of the UPS

1100 or if the input mains voltage 1002 leaves the allowable range.
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The operating modes that are usually present in a UPS (implemented
with more or less complex logic systems) are the following:

— On-Line mode: in this mode, the battery string does not supply
power to the load but absorbs it, since it is placed in the recharge/float step.
The load 1007 is carried by the AC/DC + DC/AC double conversion
system, the bypass switch 1009 is open and the solid-state switch 1008 is
closed;

— Off-Line mode: in this mode, the system is powered by the bypass
mains 1010 directly and the battery string is placed in a recharge/float
condition. When the bypass mains 1010 is unavailable or abandons
operating tolerance conditions, the AC/DC + DC/AC double conversion
system starts and powers the load 1007 while the bypass switch 1009 is
opened.

— High-efficiency mode (Eco-Mode): this is a plurality of variations
of the preceding modes, in which the element to be privileged is the
efficiency of the transfer of power from the input mains 1002 toward the
output load 1007.

From a standpoint of topological solutions, the strategies adopted to
provide the power blocks are the most disparate. In particular, the following
categories can be distinguished:

— electronic switches: the devices for power bypass on the load are
provided by means of active power devices in order to minimize
intervention delays in transition between the several states of the operating
modes;

— mechanical switches: the devices for power bypass on the load are
provided by means of passive devices of the electromechanical type to
minimize electrical losses;

— one/two-way systems: the flow of power in the devices 1001, 1101,
1005 and 1105 can be one-way (from the input toward the output but not

vice versa) or two-way (from the input toward the output and vice versa).
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The power flow in the devices 1107, 1008 and 1009 is instead two-way.
Among the main advantages of a two-way arrangement there are high
dynamic reaction of the system and versatility; among the main
disadvantages there are cost, lower reliability and a generalized reduction in
conversion efficiency;

— single/multilevel systems: the topological structure of the devices
1001, 1101, 1005, 1105, 1107 can have systems with two voltage levels or
complex systems with multiple voltage levels. Among the main advantages
of the multilevel system there are the low harmonic content in output of the
voltage and of the current in the inductors and the increase in conversion
efficiency; among the disadvantages there are the great circuit complexity,
the higher cost in terms of components and a higher likelihood of failure.

One drawback linked to UPS that constitute the state of the art is
electrical conversion efficiency, which is difficult to improve unless the
complexity and costs are increased.

Another drawback relates to the degradation of the battery string,
which 1s due to several causes, including the connection/disconnection
strategies thereof and the voltage ripples on the bus 1003 and 1103.

The aim of the present invention is to overcome the drawbacks of the
background art, by devising a device and a method particularly for
uninterruptible power supplies that has high electrical conversion efficiency
but low topological complexity.

Within this aim, an object of the invention is to prevent degradation
phenomena on the battery string.

Another object of the invention is to improve the harmonic content of
the current under the voltage in output on the load.

Moreover, an object of the invention is to allow smart management of
the connection and disconnection of the battery on the DC bus.

A further object of the invention is to provide a device and a method

particularly for uninterruptible power supplies that is highly reliable,
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relatively easy to provide and at competitive costs.

This aim, as well as these and other objects that will become better
apparent hereinafter, are achieved by a device, by a UPS, by an inverter and
by a process according to the independent claims.

Further characteristics and advantages of the invention will become
better apparent from the description of preferred but not exclusive
embodiments of the device and of the process according to the invention,
illustrated by way of nonlimiting example in the accompanying drawings,
wherein:

Figure 1 is the diagram of a UPS of a known type with integrated
battery charger;

Figure 2 is the diagram of another UPS of a known type with separate
battery charger;

Figure 3 is the diagram of a UPS with integrated battery charger and
with a connection/disconnection device according to the invention;

Figure 4 is the diagram of the connection/disconnection device used
in Figure 3;

Figure 5 plots the average voltage ripple on the bus capacitor as a
consequence of different driving strategies of the switch 2 of Figure 4;

Figure 6 is a table of operating constants that exemplify the control
algorithm of the present invention;

Figure 7 is a diagram of the state machine of the control system of the
UPS of Figure 3 and of the corresponding device of Figure 4;

Figure 8 shows examples of electrical conditions that must occur
within the UPS system of Figure 3 in order to be able to declare as being set
a certain set of flags used in the state diagram of Figure 7, together with the
exemplifying constants shown in Figure 6;

Figure 9 plots the total electric conversion efficiency (understood as
the filtered ratio between the electric power levels of the active type

supplied to the load 1007 and drawn from the primary electrical mains
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1002) in the On-Line mode with double conversion as some operating
parameters of the UPS vary;

Figure 10 exemplifies in some operating points Figure 9 in order to
illustrate the benefit in terms of electrical efficiency that is the object of the
present invention;

Figure 11 is the diagram of a UPS with a separate battery charger and
with a connection/disconnection device according to the invention.

With reference to the figures, a device according to a first
embodiment of the invention, generally designated by the reference numeral
1, is applied in parallel on the DC bus 103 of a UPS 100 of the type of
Figure 1, ie., comprising an AC/DC rectification system 101 that is
connected in input to an AC source 1002, for example to the primary
electrical mains, with a number of power conductors that can be comprised
between two conductors (single-phase system) and four conductors (three-
phase system with neutral).

The AC/DC rectification system 101 performs the function of battery
charger and stabilizer of the voltage of the DC bus 103 on the internal
capacitors of the device 1.

The DC bus 103 is connected to the input of a DC/AC inverter system
105, which supplies the output load 1007, drawing power from the batteries
and/or internal capacitors of the device 1. The DC/AC inverter system 105

can be isolated from the load by means of a solid-state switch 1008.

There is further a bypass switch 1009 in order to connect, if one of
the internal components of the UPS 100 fails or if the voltage of the input
mains 1002 abandons the allowable range, the load 1007 directly to an
emergency electrical mains 1010, which can optionally coincide with the
primary mains 1002.

The device 1 according to the invention has two bank sections of
batteries with the same name plate data, 4a and 4b, preferably of the high-
voltage type (500-900 V DC), the series arrangement of which constitutes
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the battery of the UPS 100. Each battery 4a and 4b can be constituted
optionally by a group of batteries arranged in series or in parallel to each
other. The embodiment described here considers the case in which the two
battery bank sections are each composed of a single battery 4a and 4b.

Both batteries 4a and 4b can be connected optionally to a common
node P that is equipotential to the neutral conductor N of the input mains
1002, by means of a two-way switch 2 that connects the node P to the node
F for mutual connection of the two batteries 4a and 4b.

The DC bus 103 is buffered by an adapted bank of capacitors having
the same name plate data 6a, 6b, each arranged in parallel to the series
between the  respective  battery 4a/4b and a  respective
connection/disconnection assembly 3a, 3b, described hereinafter. These
capacitors 6a, 6b can be optionally separated with respect to the device 1
and provided on the DC bus 103 in output to the rectification system 101,
on condition that their mutual connection point F is connected to the mutual
connection point of the batteries 4a and 4b, as shown in Figure 4.

Each battery 4a and 4b is connected to a respective branch of the bus
103 by means of the respective connection/disconnection assembly 3a, 3b,
each comprising two one-way switches 31a, 32a, 31b, 32b, which are
mutually connected in parallel and are arranged so as to conduct current in
mutually opposite directions.

In particular, with reference to the first battery 4a, referenced here
also as positive bank section, the first connection/disconnection assembly 3a
comprises a first switch 31a of the active type or provided with a gate
terminal for corresponding control and a second switch 32a, for example a
one-way device that is not controlled. In particular, the first switch 31a can
be an electronic switch that can be voltage-controlled, for example a
thyristor, while the second switch 32a can be a passive diode.

In the preferred embodiment of the invention shown in the figures,

the first switch 31a is an SCR (semiconductor-controlled rectifier) with the
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anode on the positive pole of the battery 4a, with the cathode on the positive
pole of the DC bus 103 and with the gate connected to a control system that
is adapted to operate the device 1 and the UPS 100 with the process
according to the invention.

The diode 32a is connected in parallel to the SCR 31a but with the
anode on the positive pole of the DC bus and the cathode on the positive
pole of the battery 4a, so as to conduct current in the opposite direction with
respect to the direction of the SCR 31a.

As regards the negative bank section, the second
connection/disconnection assembly 3b is connected between the negative
pole of the battery 4b and the negative pole of the DC bus 103 and is
provided with switches 31b, 32b that are identical to those of the first
connection/disconnection assembly 3a.

For example, as shown in the figures, there is an SCR 31b with the
anode on the negative pole of the DC bus 103 and the cathode on the
negative pole of the battery 4b and a passive diode 32b with the cathode on
the negative pole of the DC bus 103 and the anode on the negative pole of
the battery 4b.

The function of the first switch 31a, 31b is to connect/disconnect
under power the bank sections of the battery dynamically during the
discharge step. Since this is a one-way switch, it does not influence the
charging step of the battery but only the discharge step. The fact that it can
be voltage-controlled by means of an adapted external control system allows
to implement procedures for dynamic connection and disconnection that are
adapted to extend the life of the batteries 4a and 4b, to isolate them in case
of failure and to increase the conversion efficiency of the system.

The function of the second switch or uncontrolled one-way device
32a, 32b is to connect statically the DC bus 103 to the bank section in order
to allow its recharging step. Since this is a one-way device, it does not

influence the discharge step but only the charging step. The presence of this
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component allows a battery charger, implemented by the AC/DC
rectification system 101 or by a dedicated circuit, to vary the voltage of the
DC bus 103 dynamically, with a benefit for battery management and
electrical efficiency.

The two-way switch 2 connected between the node F for mutual
connection of the two batteries 4a and 4b and the common reference point P
can be for example of the SCR type or can be an electromechanical passive
two-way switch.

The function of the switch 2 is to isolate the reference point P with
respect to the bank sections. This allows to manage the voltage ripple on the
bank sections 4a and 4b in a smart manner and to extend considerably the
life of the batteries.

The theoretical and practical justification for the insertion of the two-
way switch 2 is the variation of the voltage ripple across the individual bank

sections 4a and 4b.

When the switch 2 is closed, each individual bank section is
connected to the point P, which is the connection point with respect to
which the battery charger (the AC/DC rectification system 101 or an
external battery charger, such as the one designated by 1107 in Figure 11)
performs the recharging process, and to the neutral of the load 1007 in
output. The fact that it is connected entails the presence of a voltage ripple
on the battery, which has a behavior 201 plotted in Figure 5.

When the switch 2 is open, the common point F of each bank section
is isolated from the neutral point P, but from a dynamic point of view its
voltage still coincides on average with that of the point P. This last property
still allows the rules of control of input power adjustment performed by the
battery charger to work. The demonstration of this property derives from
basic theory of electrical systems: for example, if one considers a balanced
three-phase input system, it is demonstrated that the voltage between the

input source 1002 and the node F has a null average component and a
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component at a frequency that is three times that of the mains 1002 (third
harmonic component) that does not intervene in the flow of active power.
Conversely, the voltage ripple that each bank section 4a and 4b receives is
considerably lower than if the point P is in short-circuit with the node F, for
example with the behavior 202 shown in Figure 5. A smaller voltage ripple
(and therefore current ripple) leads to a lower electrochemical stress of the
elements of the battery and therefore to an extension of its life and to a
reduction of the likelihood of failure.

The switch 2 can be driven according to several strategies.

According to a first strategy, the switch 2 can be driven by following
the logic of the output load 1007 of the DC/AC inverter system 105.

In particular, if the power required by the load 1007 and delivered by
the DC/AC inverter system 105 is lower than a certain threshold of the
percentage load (for example 30% of nominal power), the switch 2 is kept
closed. In this condition, the current ripple that occurs over the capacitors 6a
and 6b and therefore over the batteries 4a and 4b is modest.

If instead the power required by the load 1007 and delivered by the
DC/AC inverter system 105 is greater than a certain threshold of the
percentage load (for example 30% of nominal power), the switch 2 is kept
open. In this condition, the current ripple that occurs over the capacitors 6a
and 6b and therefore over the batteries 4a and 4b would be high if the
switch was closed, and therefore one benefits from the advantages explained
earlier.

According to another strategy, the switch 2 can be driven by
following the logic of battery recharging in the Off-Line mode, i.e., in the
mode in which the load 1007 is maintained by the emergency mains 1010
and the DC/AC conversion system 105 is kept off or on with no load. The
battery charger 1107, if any, or the AC/DC rectification system 101 are

instead kept on to recharge the battery string or keep it in a buffer condition.

In this second strategy for driving the switch 2, the logic that is
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followed is as follows.

If the power delivered by the AC/DC rectification system 101 or by
the optional battery charger 1107 is high because the battery is in the
recharging step, the switch 2 is kept open. In this condition, the current
ripple that occurs over the capacitors 6a and 6b and therefore over the
batteries 4a and 4b would be high, because the recharging current is high.
Keeping the switch 2 open, instead, mitigates the problem without
compromising the recharging process.

If instead the power delivered by the AC/DC rectification system 101
or by the optional battery charger 1107 is low because the battery is in the
floating step, the switch 2 is kept closed. In this condition, the current ripple
that occurs over the capacitors 6a and 6b and therefore over the batteries 4a
and 4b is low because the recharging/floating current is low.

In a second embodiment of the invention, shown in Figure 11, the
battery charger function is entrusted to an external battery charger 1107 of
the reversible type, such as the one of Figure 2. In this case, the UPS
comprises an AC/DC rectification system 1101 without battery charger
functions, a DC/AC inverter system 1105 and a DC bus 1103 that connects
the two AC/DC and DC/AC systems and is buffered by an adapted bank of
capacitors 1006a and 1006b that have the same name plate data. In input
and in output to the UPS of Figure 11 there are the same elements as in the
first embodiment of Figure 3.

A device 11 according to the second embodiment of the invention
comprises a connection/disconnection assembly for each one of two battery
bank sections 1104a and 1104b that have the same name plate data,
preferably at high voltage (500-900 V DC), the series arrangement of which
constitutes the battery of the UPS of Figure 11. Each battery 1104a and
1104b can be constituted optionally by a group of batteries, arranged in
series or in parallel to each other. In the second embodiment described here,

the case is considered in which the two battery bank sections are each
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composed of a single battery 1104a and 1104b.

Both batteries 1104a and 1104b can be connected optionally to a
common node that is equipotential to the neutral conductor N of the input
mains 1002, by means of a two-way switch (not shown in the figure) that
connects the common node to the node F for mutual connection of the two

batteries 1104a and 1104b.

The capacitors 1006a, 1006b can be included in the device 11 or can
be separate with respect to the device 11 and provided on the DC bus 1103
in output to the rectification system 1101. In both cases, the point of mutual
connection of the capacitors 1006a, 1006b is rendered equipotential with
respect to the point of mutual connection of the batteries 1104a and 1104b,
as shown in Figure 11.

Each battery 1104a and 1104b is connected to a respective branch of
the bus 103 by means of the respective connection/disconnection assembly,
with the interposition of the reversible battery charger 1107, which is also
connected to the same potential as the mutual connection point of the
batteries 1104a and 1104b. Each connection/disconnection assembly is
structurally identical to the one of the first embodiment, i.e., comprises two
one-way switches 31a, 32a, 31b, 32b, which are mutually connected in
parallel and are arranged so as to conduct current in mutually opposite
directions.

As in the first embodiment, the first switch 31a is of the active type or
provided with a gate terminal for the corresponding voltage or current
control, for example a thyristor or an SCR, while the second switch 32a is a
one-way uncontrolled device such as a passive diode.

In the particular case in which an SCR is used as a first switch 31a,
the corresponding anode is connected to the positive pole of the battery
1104a by means of the battery charger 1107 and has the cathode on the
positive pole of the DC bus 1103 and the gate connected to a control system

adapted to operate the device 11 and the UPS of Figure 11 by means of the
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method according to the invention.

The diode 32a is connected in parallel to the SCR 31a, but with the
anode on the positive pole of the DC bus 1103 and the cathode connected to
the positive pole of the battery 1104a by means of the battery charger 1107,
so as to conduct current in the opposite direction with respect to the
direction of the SCR 31a.

As regards the negative bank section, the second
connection/disconnection assembly is connected between the negative pole
of the battery 1104b, by means of the battery charger 1107, and the negative
pole of the DC bus 1103 and has switches 31b, 32b that are identical to
those of the first connection/disconnection assembly.

For example, as shown in the figures, there is an SCR 31b with the
anode on the negative pole of the DC bus 1103 and the cathode connected
to the negative pole of the battery 1104b by means of the battery charger
1107, and there is a passive diode 32b with the cathode on the negative pole
of the DC bus 1103 and the anode connected to the negative pole of the
battery 1104b.

The first switches 31a, 31b of the connection/disconnection
assemblies of both embodiments of Figures 3 and 11 can be used in a
particularly advantageous embodiment to perform the functions of
management of the battery charging process, management of the transition
of operating modes (On-Line, Off-Line, Eco-Mode) and disconnection of
the battery in case of failure by resorting to a control system, which can be
provided circuitally easily by a person skilled in the art and is characterized
in that it implements a state machine and a process according to the
invention for performing the above cited functions.

These functions lead to a preservation of the life of the battery and to
an increase in the overall electrical efficiency of the UPS, as will be

described hereinafter.

The control system is adapted to control at least the first switches 31a,
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31b of the device (1 or 11) to connect or disconnect it with respect to the
DC bus, to detect the voltage on the DC bus and to set setpoint voltages of
the AC/DC rectification system. Moreover, the control system is adapted to
control the activation and deactivation of the AC/DC rectification system, of
the DC/AC inverter system, and to access and switch off the solid-state
switch 1008, the bypass switch 1009 and optionally the switch 2, if present.

To understand the control diagram, consider the UPS of Figure 3,
which shows some operating constants listed in the table of Figure 6, which
will be used, without any restriction on generality, to illustrate the operating
modes of the present invention.

The same remarks on operation that follow will apply also to the
control of the UPS according to the second embodiment of Figure 11.

The management of the first and second switches 31a, 31b, 32a, 32b
in combination with the elements 101, 105, 1008 and 1009 follows the state
diagram given in Figure 7, which shows the operating modes according to
the invention.

For the sake of simplicity, the operation of the state machine is
described only for the positive bank section of the battery 4a and for the
positive bank section 6a of the DC bus 103: the conditions must be assumed
to be replicated and valid also for the negative bank sections 4b and 6b.

Before proceeding, it is specified that the expression "galvanically
disconnected" is understood to reference a component of the electric circuit
the terminal input and/or output nodes of which are not physically
connected to other terminals of other elements of the circuit to which it
belongs, whereas "electrically disconnected" is understood to reference a
component of the electric circuit the terminal nodes of which are both
connected to other nodes of the circuit to which it belongs but is not
affected by exchanges of electrical charges, i.e., of electric currents, with

other components of the circuit.

With reference to Figure 7, considering the system initially in the
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"Standby" state 701, the first switch 31a is open ("31a ON=0") and the
rectification system 101 is started ("101 ON=1") and set to generate a
voltage on the DC bus 103 ("bulk voltage" or V_BULK) equal to
"RECT LOW_VOLT", i.e., to a preset setpoint value of low voltage of the
AC/DC, that is lower in value, preferably by 5% to 10%, than the nominal
voltage ("BATT NOM ZERQ") of the series of the batteries 4a+4b in the
fully charged state and at zero power. The DC/AC inverter system 105 is
started (105 ON=1) and supplies power to the load 1007, since the solid-
state switch 1008 is closed ("1008 ON=1") and the bypass switch 1009 is
open ("1009 ON=0").

Since the voltage "RECT LOW-VOLT" is lower than the nominal
voltage at zero power of the charged battery ("BATT NOM ZEROQO"), the
diode 32a is off. Since the first switch 31a is kept open and arrives from the
"Charge" state 702 described hereinafter, the first switch 31a is off: the
result is that in this state the battery 4a is disconnected electrically from the
DC bus 103 of the UPS 100, because it is not affected by the flow of
current.

The load 1007 is supported by the AC/DC + DC/AC double
conversion system 101 and 105, since the bypass switch 1009 also is in the
open position and the solid-state switch 1008 is closed. This is the operating
state in which the UPS 100 operates normally in the double conversion On-
Line mode and passes most of the time in this state.

The fact that the battery 4a is disconnected electrically from the DC
bus 103 has the advantage of preserving it and of extending its life with
respect to systems which, despite not discharging/floating it, keep it still
electrically connected to the DC bus.

The additional advantage of this management also resides in the
improvement in the electrical efficiency of the machine, as will be described
hereinafter.

Several migrations from this standby state 701 are possible. If a
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voltage drop of the DC bus 103 below a first voltage threshold
"SLOW BULK VOLT" occurs within a preset long observation time
(comprised by way of indication between 1 second and 10 seconds) or
below a second voltage threshold "FAST BULK VOLT" within a preset
short observation time (comprised by way of indication between 0.001
seconds and 0.5 seconds), one moves to the "Wait" state 703. The reduction
of the bulk voltage can occur for different reasons, such as the lack of the
input mains 1002 that supplies the AC/DC rectification system 101, the
failure of one or more circuits of said system, the self-discharge of the
battery 4a, or any other phenomenon that causes loss of charge in the
capacitor 6a.

In the "Wait" state 703, the only variation with respect to the
"Standby" state 701 is the closure of the first switch 31a of the device 1.
Since the voltage setpoint of the AC/DC has not been altered, the first
switch 31a starts to conduct and the battery 4a is thus connected electrically
to the DC bus 103 in the discharge mode and brings the DC bus 103 to the
"BATT NOM ZERO" voltage. In this step, the load 1007 is powered both
by the AC/DC + DC/AC double conversion system 101 and 105 and by the
battery 4a.

After a preset time "TIME WAIT" for waiting in the state 703, one
passes to the "Discharge" state 704. In this state there are no changes to the
operating state of the components 31a, 101, 105, 1008 and 1009 and the
setpoint of the AC/DC rectification system 101 is brought to the floating
voltage value of the battery 4a "BATT FLOAT", which has a value that is
higher, preferably by 5-10%, than the nominal voltage
(BATT NOM ZERO) of the series of the batteries 4a+4b in the charged
state and at zero power. The purpose of this action is to trigger the battery
charging process (if possible) by raising the voltage across the batteries 4a
and 4b: the determination of what occurs derives from the monitoring of the

current that enters the battery 4a (concisely referenced here as "I BT") and
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of the voltage of the DC bus 103 (referenced here as "V_BT"), which in this
step coincides with the voltage of the batteries 4a and 4b, since the first
switches 31a and 31b are closed.

For current monitoring, it is useful to define flags of the Boolean
type, i.e., which assume the value "TRUE" if the conditions are verified or
"FALSE" if they are not verified, such as the ones indicated in Figure 8. In
particular, one remains in the "Discharge" state 704 until the flags
"BATT IN CHARGE" or "BATT IN BUFFER" assume the value
"TRUE".

In particular, the "BATT IN CHARGE" flag is set to "TRUE" when
I BT becomes greater than the recharge end current of the battery 4a
(I BATT IN CHARGE).

The "BATT IN BUFFER" flag is set to "TRUE" when I BT
becomes greater than or equal to the discharge end current of the battery 4a
(I BATT IN DISCHARGE), smaller than or equal to to the recharge end
current of the battery 4a and V_BT is greater than or equal to a preset
voltage value that is slightly smaller than BATT FLOAT, for example
lower than 10 V DC, as indicated in Figure 8: when these conditions occur
on BATT IN CHARGE or on BATT IN BUFFER, one migrates to the
Charge state 702.

Optionally, before setting the value of the flags to "TRUE", it is
possible to set a timeout period during which the detected condition persists.

In the "Charge" state 702, the battery 4a is subjected to the charging
process, controlling the voltage across it. Since the battery must not be
discharged, the first switch 31a is opened and, in order to provide its off
state (i.e., the actual elimination of the current that flows through it), the
voltage setpoint of the AC/DC rectification system 100 is set to the value
"BATT FLOAT". The battery 4a has a voltage that is in any case comprised
between its discharge end voltage "BATT END DISCHARGE" and its
floating voltage "BATT FLOAT", and therefore the first switch 31a is
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reverse biased and actually opens. The diode 32a starts to conduct and
therefore the battery 4a can absorb current from the DC bus 103 to perform
the recharging step.

The UPS 100 remains in the "Charge" state 702 for a certain time
until the battery 4a ends the charging step; at this point one migrates again
to the "Standby" state 701, in which the battery, which is now charged, is
disconnected electrically (for charging and discharge) from the DC bus 103.

From the "Standby" state 701, one passes to the "Test-Eco" status 705
if a mode referenced here as "ECO MODE" is activated: this state is used to
test the capacity of the battery string 4a and 4b to deliver charge before
migrating to a "saving" mode state. In this state, the AC/DC rectification
system 101 is started and the first switch 31a is closed: therefore, the battery
4a is connected electrically for charging and discharging to the DC bus 103.

The DC/AC inverter system 105 is started but does not supply the
load 1007, because the solid-state switch 1008 is open. The load 1007 is
carried directly by the emergency electrical mains 1010 because the bypass
switch 1009 is closed.

In this step 705, the setpoint of the voltage of the AC/DC rectification
system 101 is still the low one ("RECT LOW_VOLT"): closure of the first
switch 31a connects the battery 4a to the DC bus 103 and if the battery 4a
still has runtime it forces the voltage of the DC bus to a value that tends to
the nominal voltage at zero power with a charged battery
("BATT NOM ZERO") by means of the first switch 31a. If instead the
battery 4a has no runtime, its voltage is close to the discharge end voltage
("BATT _END DISCHARGE") and is recharged by means of the second
switch 32a by the AC/DC rectification system 101. One migrates to the
saving state 706 ("Eco-mode") only if one observes that the voltage of the
DC bus 103 is higher by a certain value than the current setpoint value of
the AC/DC "RECT _LOW_VOLT", so as to indicate a battery with charging
capacity or a recharged battery.
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In the "Eco-mode" state 706, the electrical efficiency of the UPS 100
is optimized in the Off-Line mode and maximum reactivity to restoration of
the On-Line Double Conversion mode is ensured in case of failure or if the
range of allowable voltages of the bypass mains 1010 is abandoned.

Both the AC/DC rectification system 101 and the DC/AC inverter
system 105 are stopped, while the first switch 31a is kept closed and the
battery 4a is kept connected to the DC bus 103 (a battery that substantially
is neither charged nor discharged) and the load 1007 is supplied by the
emergency mains 1010 by means of the bypass switch 1009.

When an exit from tolerance of the emergency mains 1010 that is
powering the load 1007 is detected, by means of an amplitude and
frequency monitoring of the electrical mains, one passes immediately to the
"Wait" state 703, restarting the AC/DC system 101 and the DC/AC system
105 and switching from the line with simultaneous opening of the bypass
switch 1009 and closure of the solid-state switch 1008.

As mentioned, the introduction of the one-way switches 31a, 31b, 32a
and 32b can be used to have a considerable increase in the electrical

efficiency of the machine.

To understand fully the present invention, one should consider how
the elements 101, 1107, 105, 1008 and 1009 are usually provided in the
current background art.

The switches 1008 and 1009 are provided by means of electronic
technology in order to minimize the insertion/disconnection time by using
SCR diodes. These components have mainly conduction losses that depend
on the direct current and negligible switching components at the frequency
of the mains 1002.

The AC/DC system 101, the battery charger system 1107 and the
DC/AC system 105 are provided by means of IGBT or MOSFET technology
according to disparate topologies and are driven according to pulse width

modulation (PWM) techniques. These subsystems are affected by several
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kinds of loss due to the technological and constructive characteristics of the
components. One distinguishes in particular:

— IGBT conduction losses, which depend on the direct current that

flows in the component;

— diode conduction losses, which depend on the direct current that
flows through the diodes that allow recirculation of the power toward the
DC part of the UPS;

— IGBT switching losses, which depend on the switching frequency
of the PWM proportionally, on the DC voltage across the component at on-
off and off-on switching, and on the constructive characteristics of the IGBT
component;

— diode recovery losses, which depend on the switching frequency of
the PWM proportionally, on the DC voltage across the component at on-off
and off-on switching, and on the constructive characteristics of the IGBT
components and diodes according to the phenomenon of "Recovery
Charge", which is known in the literature;

— inductor losses: in order to limit the current in input from the mains
1002 or in output toward the load 1007, power inductors are added between
the electrical mains/load and the semiconductor part, and said inductors are
affected by losses in the copper winding, hysteresis losses and eddy currents
in the ferromagnetic core. For equal constructive characteristics, the losses
in the copper depend on the current and the losses in the iron depend on the
quantity of current ripple that is present in the inductor.

The input/output current cannot be changed, since it is set by the
power rating of the machine and by the nominal values of the electrical
mains 1002 and the nominal values to be generated on the load 1107.
Therefore, for equal components and characteristics thereof, all the
conduction losses described cannot be optimized appreciably.

Switching losses instead can be reduced significantly, for equal

components and characteristics thereof, by lowering the voltage at which
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the IGBT/MOSFET switches switch: this voltage is none other than the bulk
voltage (i.e., the DC voltage in output from the AC/DC rectification system)
or, in the case of the invention, the half-bulk voltage, which is a parameter
that can be varied dynamically thanks to the use of the AC/DC rectification
system 101 or of the battery charger 1107 and can be controlled according
to a couple logic that can be as complex as one wishes.

The increase in machine efficiency can be achieved by raising the
bulk voltage in output from the AC/DC rectification system 101 or from the
battery charger 1107 to a relatively low value, in particular to the value
"RECT LOW_VOLT", which can be comprised by way of indication
between 90% and 95% of nominal voltage ("BATT NOM ZERQ") of the
series of the batteries 4a +4b (or 1104a+1104b) in a fully charged state and
at zero power.

This value must be lower than the "BATT NOM ZERO" voltage of
the battery 4a, so as to inhibit its recharging, and requires the battery 4a to
be disconnected in discharge from the DC bus 103 by the switch-off of the
first switch 31a. In this manner there is no conflict between the need to
extend the operating life of the battery 4a, keeping it disconnected
electrically from the DC bus 103 of the UPS 100, to ensure full runtime and

to increase the electrical transfer efficiency of the machine.

Figure 9 shows a comparison between the electrical conversion
efficiency in the On-Line Double Conversion mode as the percentage load
varies (from 0% to 100%) as a function of the total bulk voltage that the
AC/DC rectification system 101 or the battery charger 1107 forces on the
DC side of the UPS 100. The comparison is provided for three bulk voltages
that are close to the ones of interest referenced in Figure 6. As can be noted,
efficiency is high even with very low percentage loads.

In the current background art, the battery is kept constantly connected
electrically to the DC bus and the AC/DC rectification system needs to force
a voltage that is at least equal to "BATT FLOAT" to avoid the battery from
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intervening in discharge on the flow of power when there is no need, thus
keeping it in floating conditions.

The method presented here, thanks to the smart use of the first one-
way switch 31a in combination with the AC/DC rectification system 101,
allows a total electric efficiency gain (for equal components and topology of
the AC/DC rectification system 101 and, therefore, an equal cost) of
approximately 1% at the point of maximum efficiency at 75% of the
nominal power.

Figure 10 shows the comparisons between a conventional background
art solution with the DC bus 1003 kept at "BATT FLOAT" and the solution
according to the invention, in which the DC bus is adjusted to a
"RECT LOW_VOLT" voltage.

The table of Figure 10 and the advantages of the invention are evident
from the remarks that follow.

First of all, there is a significant operating cost reduction. For an
equal load profile on the load 1007 of the user, an increase in conversion
efficiency entails a minor use of power (and therefore energy consumption)
on the side of the input electrical mains 1002. This leads to a lower
operating cost of the UPS 100. By way of example, a 100 kVA machine that
integrates the functions of the present invention and used with a power
factor of 1 and kept constantly at 75% nominal load in output (statistically
the representative charge) allows a saving of approximately 7400 kWh/year
of power consumed by the mains 1002 with respect to the same solution of
the background art.

A further saving resides in the lower power (usually of the electric
type) that is required for conditioning the installation environment of the
UPS and of its battery string, since the higher electrical efficiency of the
UPS leads in fact to a lower emission of heat on the part of said UPS.

Another advantage of the invention is the higher reliability of the

UPS. The semiconductors usually used to manufacture the components 101,
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105, 1107, 1008, and 1009 have an MTBF ("Medium Time Between
Failure") that decreases as the voltage across them at which the switching of
the pulse width modulation (PWM) technique occurs. Keeping the bulk
voltage low as in the present invention, i.e., at "RECT LOW_ VOLT",
avoids the amplification of degenerative phenomena that are known in the
literature, such as the effect of cosmic rays or degradation due to parasitic
capacitors of the components themselves, increasing the MTBF of the UPS
for equal components and structure of the machine.

Moreover, in contrast with the trend toward increasing the topological
complexity of AC/DC rectification systems and of battery chargers in order
to increase electrical efficiency, the present invention uses a simple solution
that allows higher efficiency for equal components 101, 105, 1107, 1008
and 1009, leaving the MTBF substantially unchanged.

In system installations where redundancy on the load 1007 is
required, usually two or more UPS units are placed, their outputs being
connected in parallel. In an example of redundant parallel with two UPS
units 100 with a nominal power of 100 kVA in which the load conditions
are 100% of the nominal load of the installation, the two UPS units each
provide 50 kVA of power to the load.

An increase in efficiency at low power values (in the example of 50
kVA) due to the solutions of the present invention if compared with the
efficiency of a non-redundant system that had to supply all of the power to
the load (i.e., 100 kVA) entails a saving in energy consumed by the primary
electrical mains 1002 of approximately 7900 kWh/year, with the further
advantage of redundancy on the load proper.

A further element that can be used to improve electrical efficiency
(and therefore the operating cost) of the UPS 100 is the reduction of the
switching frequency of the semiconductors of the AC/DC rectification
system 101 and DC/AC inverter system 105 in modulation with the PWM
method.
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In particular, in the control system frequency with which the
activation variables of the power devices 101, 105 and optionally 1107 are
updated is an integer multiple or an integer submultiple of the PWM
frequency. Typically, digital control algorithms are executed in their entirety
once for each PWM cycle (real-time control); the activation variables of

these controls are generally the control duty cycles of the
IGBT/MOSFET/SCRs.

It is known that most closed-cycle linear control methods performed
with a control frequency (FC) lead to pass-bands that at most can reach the
value of FC/10 without sacrificing excessively the phase margin, which
should not drop below 30°- 40°. In order to obtain acceptable dynamic
performance, in particular in responses to load transients, the closed-cycle
pass-band must have a sufficiently high value: this requirement is in
contrast with the demand to lower the PWM frequency in order to improve
electrical efficiency. In the UPS 100 according to the invention it is
therefore possible to use different per se known methods in order to make
the two requirements coexist.

For example, it is possible to use a frequency FC that is an integer
multiple of the PWM frequency, preferably equal to twice the PWM
frequency.

As an alternative, it is possible to use advanced control techniques, in
which the control systems are synthesized with the aid of predictive
schemes, such as finite delay compensators, Smith predictors, etc.
Alternatively, it is possible to resort to nonlinear techniques that allow to
exceed the above cited FC/10 limit and approach Shannon's theoretical limit
of FC/2.

Optionally, it is possible to resort to mixed control schemes, in which
part of the adjustment is performed in the digital domain and part is
performed in the analog domain. In this manner it is possible to overcome

the limitation set by digital systems, albeit with some disadvantages as
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regards immunity to noise.

The preferred solution that can be used in the UPS according to the
invention is to set FC=2*FPWM, i.c., two updates of the control values at
each PWM cycle, using the following techniques of the predictive type that
aid the expansion of the pass-band for an equal PWM frequency without
sacrificing the phase margin:

— AC/DC current sampling delay compensation technique: the
sampling delay and the execution of digital control can be quantified as 1/
(2*FC), which makes the system a system with a pure finite delay. This
delay can be approximated according to Padé¢ with a polynomial
representation that stops at the first order;

— feed-forward techniques for pre-determining the duty cycle: both in
the adjustment of the AC/DC rectification system 101 and of the DC/AC
inverter system 105, techniques are applied which pre-calculate the duty
cycle to be applied to the respective bridges on the basis of the filtered
readings of the input voltages from the mains 1002, half-bulk voltages on
the capacitors 6a and 6b and instantaneous voltage produced by the UPS
100 on the load 1007.

The output load 1007 can have highly variable characteristics. It is
possible in particular to have linear or nonlinear loads.

In linear loads, the impedance, i.e., the ratio between the voltage
across the load and the current on the load, is constant over time or, in an
equivalent manner, over the phase angle. Linear loads are then classified
according to the power factor (i.e., the cosine of the angle between the first
harmonic of the voltage across the terminals and the first harmonic of the
current). With a unit power factor, one has resistive loads in which all the
apparent power delivered by the UPS 100 is active power used by the load
1007. With a positive non-unit power factor, there are loads in which part of
the apparent power delivered by the UPS 100 is active power and part is

stored reactive power of the reactive elements of the load 1007 of the
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inductive type. With a negative non-unit power factor one has loads in
which part of the apparent power delivered by the UPS 100 is active power
and part is stored reactive power of the reactive elements of the load 1007 of
the capacitive type.

In nonlinear loads, the impedance is not constant over time or, in an
equivalent manner, depends on the phase angle. These types of load are
characterized by a current absorption that is not sinusoidal, when they are
powered by a voltage sinusoid in output from the DC/AC inverter system
105 and are therefore termed "distorting loads".

In order to improve harmonic distortion of the current absorbed by
nonlinear loads, the UPS according to the invention can optionally use a
scheme for compensating harmonics which is integrated in the DC/AC
inverter system 105 without the additional use of external components.

The correction scheme, per se of a known type, calculates the active
power P and the reactive power Q in the fundamental component and in the
component due to harmonics other than the fundamental one, by means of a
vector projection technique based on Clarke's transform. The harmonic
current components that are found are then reinjected in the reference of the
current ring with the opposite sign. Their influence on the duty cycle for
controlling the DC/AC inverter system 105 allows their
reduction/elimination in output.

In practice it has been found that the device and the method according
to the invention, as well as the corresponding UPS, achieve fully the
intended aim and objects.

The invention thus conceived is susceptible of numerous
modifications and variations, all of which are within the scope of the
appended claims. For example, the device 1 or even just the
connection/disconnection assembly 3a/3b can be used also in other devices
not of the UPS type, for example photovoltaic inverters or for industrial

automation. In the case of photovoltaic applications, the system according to
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the invention can be arranged in series to the direct voltage source of the
photovoltaic inverter (i.e., the photovoltaic field) in order to
connect/disconnect the photovoltaic field from said inverter in case of
failure. Moreover, a two-way photovoltaic inverter that can draw power
from the output mains and return it to the direct section of the machine, the
method according to the invention allows intelligent management of the
direct-voltage part of the machine. A typical case is that of solar inverters
that have an energy storage capacity in order to buffer the production peaks
or for operation in the mode known in the literature as "night mode". In this
application, the direct-voltage part of the inverter has the parallel
arrangement between the photovoltaic panels and a battery string at high
voltage with respect to which the photovoltaic inverter behaves like a
battery charger/discharging system, all the remarks made in the invention
for a UPS system being applicable thereto.

Other applications other than the UPS field for the present invention
are inverters for three-phase electric motors. A three-phase electric motor is
an electric machine that is capable of operating both in an absorption
condition and in a generation condition, depending on the control technique
that is used in the inverter that drives it. Since it can operate as a generator
at some moments of its operating state, if it is coupled to a two-way inverter
it allows to extract mechanical energy from the mechanical load and convert
it into electric power that can be stored in a storage element arranged in the
direct-voltage section of the inverter. The storage section of an inverter for
electric motors thus constituted (constituted by a battery string or by banks
of capacitors of different technology) can be interfaced with the DC bus by

means of the same method developed in the present invention.

All the details of the invention may further be replaced with other
technically equivalent elements.

The disclosures in Italian Patent Application No. AR2012A000029

from which this application claims priority are incorporated herein by
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reference.

Where technical features mentioned in any claim are followed by
reference signs, those reference signs have been included for the sole
purpose of increasing the intelligibility of the claims and accordingly such
reference signs do not have any limiting effect on the interpretation of each

element identified by way of example by such reference signs.
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CLAIMS

1. A device (1, 11) for connecting/disconnecting batteries,
particularly for a DC bus (103, 1103) of an uninterruptible power supply or
UPS (100), characterized in that it comprises at least one pair of batteries
with the same name plate data (4a, 4b; 1104a, 1104b) connected in series, so
as to have a common node (F) at one of their poles, wherein the other pole
of each one of the batteries (4a, 4b; 1104a, 1104b) is connected in series, or
with the interposition of a battery charger (1107), to a respective
connection/disconnection assembly (3a, 3b), each assembly (3a, 3b)
comprising a pair of one-way switches (31a, 31b, 32a, 32b) which are
mutually connected in parallel and so as to conduct current in mutually
opposite directions.

2. The device (1) according to claim 1, characterized in that at least
one first switch (31a, 31b) of said pair of one-way switches can be
controlled for switching on and off, in order to disconnect electrically said
batteries from the DC bus (103, 1103).

3. The device (1) according to claim 1 or 2, characterized in that the
first switch (31a, 31b) of said pair of one-way switches is a thyristor, such
as an SCR, and the second switch (32a, 32b) of said pair of one-way
switches is a diode.

4. The device (1) according to one or more of the preceding claims,
characterized in that it further comprises at least one capacitor or capacitor
bank (6a, 6b; 1006a, 1006b) which is connected in parallel to the series of
said connection/disconnection assemblies with said pair of batteries or
connected in parallel to said DC bus (103, 1103).

5. The device (1) according to one or more of the preceding claims,
characterized in that said common node (F) is connected by means of a third
switch (2) to a point (P) at a substantially fixed potential, preferably to a
neutral (N) or to a ground reference, so that said common node (F) is at a

voltage that is substantially equal to the voltage of the point (P) even when
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the third switch is open, said third switch (2) being actuatable in order to
modify the amplitude of the voltage ripple on said batteries (4a, 4b; 1104a,
1104b).

6. An uninterruptible power supply or UPS (100), comprising an
AC/DC rectification system (101, 1101) connected to a DC/AC inverter
system (105, 1105) by means of a DC bus (103, 1103), said AC/DC
rectification system (101, 1101) having in input an AC mains voltage (1002)
and said DC/AC inverter system (105, 1105) having in output a fourth
switch (1008) in order to disconnect temporarily said output from a load
(1007), characterized in that the device (1, 11) according to one or more of
the preceding claims is connected to said DC bus (103, 1103), so that the
batteries of said device (1, 11) constitute the battery of said UPS.

7. The uninterruptible power supply according to claim 6,
characterized in that it comprises, or is connected to, a control system which
is adapted to actuate at least the first switches (31a, 31b) of said device (1)
in order to connect it to, or disconnect it from, the DC bus (103), to detect
the voltage (V_BULK) on the DC bus (103) and to set setpoint voltages of
said AC/DC rectification system (101).

8. The wuninterruptible power supply according to claim 7,
characterized in that said control system is adapted to implement a finite
state machine, wherein the states comprise:

— a standby state (701), in which the first switch (31a, 31b) is open,
the fourth switch (1008) is closed and the AC/DC and DC/AC systems (101,
105; 1101, 1105) are active, and wherein said AC/DC rectification system
(101, 1101) is configured to produce in output on the DC bus (103, 1103) a
first setpoint voltage (RECT LOW VOLT) whose value is lower,
preferably by 5% -10%, than the nominal voltage (BATT NOM ZERO) of
the battery (4a, 4b; 1104a, 1104b) of said UPS (100) in the charged state
and at zero power, so as to supply the load (1007) while keeping said
battery (4a, 4b; 1104a, 1104b) electrically disconnected from the DC bus
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(103, 1103);

— a wait state (703), in which the first switch (31a, 31b) is closed, the
fourth switch (1008) is closed and the AC/DC and DC/AC systems (101,
105; 1101, 1105) are active, and wherein said AC/DC rectification system
(101, 1101) 1s configured to produce in output on the DC bus (103, 1103)
said first setpoint voltage (RECT _LOW_VOLT);

— a discharge state (704), in which the first switch (31a, 31b) is
closed, the fourth switch (1008) is closed and the AC/DC and DC/AC
systems (101, 105) are active, and wherein said AC/DC rectification system
(101, 1101) is configured to produce in output on the DC bus (103, 1103) a
second setpoint voltage (BATT FLOAT) whose value is higher, preferably
by 5% -10%, than the nominal voltage (BATT NOM ZERO) of the battery
(4a, 4b) of said UPS (100) in the charged state and at zero power;

— a charging state (702), in which the first switch (31a, 31b) is open,
the fourth switch (1008) is closed and the AC/DC and DC/AC systems (101,
105, 1101, 1105) are active, and wherein said AC/DC rectification system
(101, 1101) 1s configured to produce in output on the DC bus (103, 1103)
said second setpoint voltage (BATT FLOAT).

9. The uninterruptible power supply according to claim 8§,
characterized in that said control system is configured to perform at least
one of the following steps:

— passing from the standby state (701) or from the charging state
(702) to the wait state (703) if it determines that the voltage on the DC bus
(103, 1103) 1is lower than at least one voltage threshold
(SLOW_BULK VOLT, FAST BULK VOLT);

— passing from the wait state (703) to the discharge state (704) after a
preset time (TIME WAIT);

— remaining in the discharge stage (704) so long as the battery (4a,
4b; 1104a, 1104b) of the UPS (100) is not discharged;

— passing from the discharge state (704) to the charging state (702)
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when the battery (4a, 4b; 1104a, 1104b) of the UPS (100) is discharged;
— passing from the charging state (702) to the standby state (701)

when the battery 1is charged to the nominal voltage value
(BATT NOM ZERO) of the battery (4a, 4b; 1104a, 1104b) of said UPS

(100) in the charged state and at zero power.

10. The uninterruptible power supply according to one or more of
claims 6-9, characterized in that said DC/AC inverter system (105, 1105)
comprises in output a bypass switch (1009) for connection to an emergency
electrical mains (1010).

11. The uninterruptible power supply according to claim 10,
characterized in that said states further comprise:

— a saving state (706), in which the first switch (31a, 31b) is closed,
the fourth switch (1008) is open, the bypass switch (1009) is closed and the
AC/DC and DC/AC systems (101, 105) are inactive;

— a test state (705), in which the first switch (31a, 31b) is closed, the
fourth switch (1008) is open, the bypass switch (1009) is closed and the
AC/DC and DC/AC systems (101, 105; 1101, 1105) are active, and wherein
said AC/DC rectification system (101, 1101) is configured to produce in
output on the DC bus (103, 1103) said first setpoint voltage
(RECT LOW_VOLT).

12. The uninterruptible power supply according to claim 11,
characterized in that said control system is configured to perform at least
one of the following steps:

— passing to the test state (705) from the standby state (701);

— passing from the test state (705) to the saving state (706) if the
voltage on the DC bus (103, 1103) exceeds the first setpoint voltage
(RECT LOW _VOLT);

— passing from the saving state (706) to the wait state (703) if the
voltage of the emergency mains (1010) exceeds preset tolerance levels, said

bypass switch (1009) being open in said wait, standby, discharge and
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charging states.

13. A process for the management of the UPS according to one or
more of claims 6-12, characterized in that it comprises the steps of:

— defining at least two of the states of claims 8 and/or 11;

— passing from one of these states to another one of these states
according to the steps of claims 9 or 12.

14. An inverter of the type comprising a DC bus for connection to
storage batteries adapted to be discharged and recharged, characterized in

that it comprises a device according to one or more of claims 1-5 connected
to said DC bus.
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