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(54) DC/DC CIRCUIT FOR UNINTERRUPTIBLE POWER SUPPLY

(57) A DC/DC circuit (8) for an uninterruptible power
supply, which is a bidirectional DC/DC circuit (8) and con-
nected to a battery (B) and a bus bar. In a mains supply
mode, the bidirectional DC/DC circuit (8) draws power
from the bus bar and charges the battery (B), and when
the mains supply is abnormal, the bidirectional DC/DC
circuit (8) works in a state that the battery (B) supplies
power to the bus bar. The bidirectional DC/DC circuit (8)
includes an isolation transformer. The primary side of the
isolation transformer is connected to a push-pull circuit

or a half-bridge circuit or a full-bridge circuit, and the sec-
ondary side of the isolation transformer is connected to
a push-pull circuit or a half-bridge circuit or a full-bridge
circuit. The bidirectional DC/DC circuit (8) performs turn
ratio switching by selecting the taps of the primary side
or the secondary side of the isolation transformer for
charging and discharging voltage regulation. The DC/DC
circuit for an uninterruptible power supply makes the UPS
system simpler and at the same time reduces the system
costs.
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Description

[0001] This application claims the benefit of Chinese Patent Application no. 201110448727.2, filed with the Chinese
Patent Office on December 28, 2011 and entitled "DC/DC Circuit for Uninterruptible Power Supply", and Chinese Patent
Application no. 201210374995.9, filed with the Chinese Patent Office on September 29, 2012 and entitled "UPS and
DC/DC Circuit thereof", both of which are hereby incorporated by reference in their entireties.

Field of the Invention

[0002] The present invention relates to the field of uninterruptible power supplies and in particular to a DC/DC circuit
for an uninterruptible power supply.

Background of the Invention

[0003] In a conventional Uninterruptible Power Supply (UPS), there are generally the following two designs for a
charger of the UPS:
[0004] Firstly in an isolated design, generally backward conversion and sometimes also dual forward conversion or
the like is adopted; and
[0005] Secondly in a non-isolated design, stepping-down conversion by a BUCK circuit, stepping-up and -down con-
version by a BUCK-BOOST circuit or the like is adopted.
[0006] Both the design ideas for the charger of the conventional UPS have the charger arranged separately so that
in the UPS, the charger is a separate component of the UPS regardless of how the charger is attached to UPS.
[0007] As illustrated in Fig.1, there is a first system block diagram of a traditional UPS. The UPS includes an input
filter circuit 1, a rectifier circuit 2, an inverter circuit 3, a static toggled switch 4, an output filter circuit 5, a control circuit
6, an auxiliary circuit 7, a DC/DC circuit A, a charged battery B and a charging circuit C, where the input filter circuit 1,
the rectifier circuit 2, the inverter circuit 3, the static toggled switch 4 and the output filter circuit 5 are connected sequen-
tially, and an output of the input filter circuit 1 is connected with an input of the static toggled switch 4. The charging
circuit C is connected between the charged battery B and the output of the input filter circuit 1, and the DC/DC circuit A
is connected between the charged battery B and an output of the rectifier circuit 2. All the DC/DC circuit A, the rectifier
circuit 2, the inverter circuit 3 and the static toggled switch 4 are controlled by the control circuit 6. Also the charged
battery B powers the auxiliary circuit 7. In the UPS, the charged battery B is charged in a mains supply mode, that is,
the charged battery B is charged by the mains sequentially through the input filter circuit 1 and the charging circuit C,
and the charged battery B is discharged in a battery supply mode, that is, the charged battery B provides the inverter
circuit 3 with an input voltage through the DC/DC circuit A.
[0008] As illustrated in Fig.2, there is a second system block diagram of a traditional UPS. The second system block
diagram is different from the first system block diagram illustrated in Fig.1 in the charging circuit C connected between
the charged battery B and the output of the rectifier circuit 2. Alike the charged battery B is charged in the mains supply
mode, that is, the charged battery B is charged by the mains sequentially through the input filter circuit 1, the rectifier
circuit 2 and the charging circuit C, and the charged battery B is discharged in the battery supply mode, that is, the
charged battery B provides the inverter circuit 3 with an input voltage through the DC/DC circuit A.
[0009] Apparently in the traditional UPS, the charger has to charge the charged battery B using the separate charging
circuit C, thus making the circuitry complex and costly.
[0010] Fig.1 and Fig.2 illustrating the general structure of the Uninterruptible Power Supply (UPS), the structure includes
two DC/DC circuits which are the charger circuit and the battery discharger circuit respectively. In the existing UPS
design, the charger and the battery discharger are designed separately.
[0011] The charger is generally designed as isolated and non-isolated, either of which is determined by a coupling
pattern of its topology. For the isolated charger, a backward converter is generally adopted in a small-power section,
but a dual forward form is also adopted by some manufactures. A general idea of the design for the charger is to have
the charger operate separately as a separate component in the hardware system of the UPS.
[0012] As illustrated in Fig.1 and Fig.2, in the design idea of the conventional charger, the charger is a separate
component of the system regardless of how the charger is attached (coupled), thus making the uninterruptible power
supply costly.
[0013] Thus there is a technical problem to be addressed by those skilled in the art as to how to provide a DC/DC
circuit for an uninterruptible power supply so as to make the UPS system more simplified and less voluminous while
lowering the cost of the system.
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Summary of the Invention

[0014] A technical problem to be addressed by this application is to provide a DC/DC circuit for an uninterruptible
power supply so as to make the UPS system more simplified and less voluminous while lowering the cost of the system.
[0015] According to a first aspect of this application, this application provides a DC/DC circuit for an uninterruptible
power supply, wherein the DC/DC circuit for an uninterruptible power supply is a bidirectional DC/DC circuit connected
with a battery and a bus;
in a mains mode, the bidirectional DC/DC circuit draws power from the bus and charges the battery; and when the mains
becomes abnormal, the bidirectional DC/DC circuit operates in a state where the battery powers the bus;
the bidirectional DC/DC circuit includes an isolated transformer, and a primary side of the isolated transformer is connected
with a push-pull circuit or a half-bridge circuit or a full-bridge circuit; and a secondary of the isolated transformer is
connected with a push-pull circuit or a half-bridge circuit or a full-bridge circuit; and
the isolated transformer is provided with multiple controllable taps; and the bidirectional DC/DC circuit has the ratio of
turns switched by selecting a controllable tap of the primary side and/or the secondary side of the isolated transformer.
[0016] Preferably the secondary side of the isolated transformer is connected with a rectifier circuit and both terminals
of the rectifier circuit are connected concurrently in parallel with first and second transistors and with a capacitor.
[0017] Preferably the controllable taps are two gated taps of the secondary side of the isolated transformer;
the first gated tap is connected with the rectifier circuit or a common terminal of the first and second transistors; and
the second gated gap is connected with or the common terminal of the first and second transistors or the rectifier circuit.
[0018] Preferably the first and second transistors are a half-bridge structure; and one terminal of the first transistor is
connected with a positive terminal of a positive bus, one terminal of the second transistor is connected with a negative
bus, the first transistor is connected with one terminal of the second transistor, and a first gated switch is arranged
between the common terminal of the first transistor and the second transistor and a dotted terminal of a first tap of the
secondary side of the isolated transformer, that is the first gated tap; and
a second gated switch is arranged between a dotted terminal of a second tap of the secondary side of the isolated
transformer, that is the second gated tap, and the rectifier circuit.
[0019] Preferably the controllable taps are first and second switched taps of the secondary side of the isolated trans-
former;
a first toggled switch is arranged between a common terminal of the first transistor and the second transistor and a
dotted terminal of the secondary side of the isolated transformer, that is, the first switched tap and the second switched
tap; and
the first toggled switch is configured to switch the first switched tap or the second switched tap to be closed.
[0020] Preferably a first inductor is arranged between the first switched tap and the first toggled switch.
[0021] Preferably a third filtering inductor and a third switch are added at the battery side, and when the battery is
discharged, the third switch is closed to have the third filtering inductor shorted-circuit, and the battery powers the bus
through a discharger; and when the battery is charged, the third switch is opened, and the filtering inductor plays a role
of filtering.
[0022] Preferably a filtering inductor and a switch are added between a dotted terminal of a fixed tap of the secondary
side of the isolated transformer and a common terminal of the two capacitors.
[0023] Preferably the controllable taps are two sets of switched taps of the secondary side of the isolated transformer;
the first set of switched taps includes a first switched tap and a second switched tap; a first toggled switch SWITCH1 is
arranged between the first switched tap, the second switched tap and the second transistor Q2; and the first switched
tap or the second switched tap is selected and enabled by the first toggled switch;
the second set of switched taps includes a third switched tap and a fourth switched tap; a second toggled switch SWITCH1
is arranged between the third switched tap, the fourth switched tap and the first transistor Q1; and the third switched tap
or the fourth switched tap is selected and enabled by the second toggled switch;
the bus side is a full-wave rectifier circuit, and the ratios of turns of the transformer in charging and discharging are
changed by switching the ratios of turns through the first and second toggled switches; and
a first inductor and a third switch connected in parallel across the first inductor are arranged between a dotted terminal
of a fixed tap of the secondary side of the isolated transformer and the capacitor.
[0024] Preferably the first inductor is arranged between the first switched tap of the secondary side of the isolated
transformer and the second transistor, and a second inductor is arranged between a fourth switched tap of the secondary
side of the isolated transformer and the first switch.
[0025] Preferably the push-pull circuit or the half-bridge circuit or the full-bridge circuit connected at the primary side
of the isolated transformer is embodied as an MOS transistor, and an equivalent diode of the MOS transistor acts as an
equivalent rectifier diode of the secondary side when the bidirectional DC/DC circuit draws power from the bus to charge
the battery.
[0026] According to a second aspect of this application, there is provided a DC/DC circuit for an uninterruptible power
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supply, wherein the DC/DC circuit for an uninterruptible power supply is a bidirectional DC/DC circuit connected between
a bus and a battery; and
in a mains mode, the bidirectional DC/DC circuit draws power from the bus and charges the battery; and when the mains
becomes abnormal, the bidirectional DC/DC circuit draws from the battery and powers the bus.
[0027] Preferably the bidirectional DC/DC circuit includes:

an isolated transformer;

a first selector unit, a first chopper unit and a first rectifier unit arranged at a primary side of the isolated transformer; and

a second selector unit, a second chopper unit and a second rectifier unit arranged at a secondary side of the isolated
transformer; and

in the mains mode, the second selector unit selects the second chopper unit for operation, and the first selector unit
selects the first rectifier unit for operation; and when the mains becomes abnormal, the first selector unit selects the
first chopper unit for operation, and the second selector unit selects the second rectifier unit for operation.

[0028] Preferably there are multiple controllable taps at the primary side and/or the secondary side of the isolated
transformer, and the first chopper unit and the first rectifier unit are connected respectively with different controllable
taps at the primary side of the isolated transformer and/or the second chopper unit and the second rectifier unit are
connected respectively with different controllable taps at the secondary side of the isolated transformer.
[0029] Preferably the first chopper unit and the second chopper unit are a push-pull chopper unit, a full-bridge chopper
unit or a half-bridge chopper unit.
[0030] Preferably the first rectifier unit and the second rectifier unit is a full-bridge rectifier unit, a full-wave rectifier
unit, a voltage-doubling rectifier unit or a current-doubling rectifier unit.
[0031] Preferably the first selector unit and the second selector unit are a relay and/or a solid-state switch.
[0032] Preferably when the first selector unit and the second selector unit are a relay, the relay includes at least one
single-pole single-throw relay, single-pole double-throw relay or double-pole double-throw relay.
[0033] Preferably the bidirectional DC/DC circuit further includes a current mutual inductor or a Hall sensor arranged
at the primary side and/or the secondary side of the isolated transformer to sample current of the primary side and/or
the secondary side of the isolated transformer.
[0034] Preferably the bidirectional DC/DC circuit further includes a filtering inductor arranged at the primary side and/or
the secondary side of the isolated transformer.
[0035] Preferably the first selector unit includes a single-pole single-throw first relay, the second selector unit includes
a single-pole double-throw second relay, the first chopper unit includes a first transistor and a second transistor, the
second chopper unit include a third transistor and a fourth transistor, the first rectifier unit includes a first diode and a
second diode, and the second chopper unit includes a third diode and a fourth diode, and the bidirectional DC/DC circuit
further includes a first filtering inductor arranged at the primary side of the isolated transformer, a second filter inductor
arranged at the secondary side of the isolated transformer, and a current mutual inductor arranged at the primary side
of the isolated transformer, and
an anode of the battery is connected with a second tap, that is a central tap, of the primary side of the isolated transformer,
a cathode of the battery is connected respectively with a second terminal of the first transistor and a second terminal of
the second transistor through the first relay, a first terminal of the first transistor and a first terminal of the second transistor
are connected respectively with a first tap, that is a dotted terminal, and a third tap, that is an undotted terminal, of the
primary side of the isolated transformer, the first tap and the third tap of the primary side of the isolated transformer are
further connected respectively with a cathode of the first diode and a cathode of the second diode through the current
mutual inductor, and an anode of the first diode and an anode of the second diode together are connected with the
cathode of the battery through the first filter inductor; and a third tap, that is a central tap, of the secondary side of the
isolated transformer is connected with a positive bus, a first tap and a fifth tap of the secondary side of the isolated
transformer are connected respectively with a cathode of the third diode and a cathode of the fourth diode, an anode of
the third diode and an anode of the fourth diode together are connected with a first selector tap of the second relay
through the second filtering inductor, a second tap and a fourth tap of the secondary side of the isolated transformer are
connected respectively with a first terminal of the third transistor and a first terminal of the fourth transistor, a second
terminal of the third transistor and a second terminal of the fourth transistor together are connected with a second selector
tap of the second relay, and a moving tap of the second relay is connected with a negative bus.
[0036] Preferably the first selector unit includes a single-pole single-throw first relay and third relay, the second selector
unit includes a single-pole double-throw second relay, the first chopper unit includes a first transistor and a second
transistor, the second chopper unit include a third transistor and a fourth transistor, the first rectifier unit includes a first
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diode and a second diode, and the second rectifier unit includes a third diode and a fourth diode, and the bidirectional
DC/DC circuit further includes a first filtering inductor arranged at the primary side of the isolated transformer, a second
filter inductor arranged at the secondary side of the isolated transformer, and a current mutual inductor arranged at the
primary side of the isolated transformer, and
an anode of the battery is connected with a second tap, that is a central tap, of the primary side of the isolated transformer,
a cathode of the battery is connected respectively with a second terminal of the first transistor and a second terminal of
the second transistor, a first terminal of the first transistor is connected with a first tap, that is a dotted terminal, of the
primary side of the isolated transformer through the first relay, a first terminal of the second transistor is connected with
a third tap, that is an undotted terminal, of the primary side of the isolated transformer through the third relay, the first
tap and the third tap of the primary side of the isolated transformer are further connected respectively with a cathode of
the first diode and a cathode of the second diode through the current mutual inductor, and an anode of the first diode
and an anode of the second diode together are connected with the cathode of the battery through the first filter inductor;
and a third tap, that is a central tap, of the secondary side of the isolated transformer is connected with a positive bus,
a first tap and a fifth tap of the secondary side of the isolated transformer are connected respectively with a cathode of
the third diode and a cathode of the fourth diode, an anode of the third diode and an anode of the fourth diode together
are connected with a first selector tap of the second relay through the second filtering inductor, a second tap and a fourth
tap of the secondary side of the isolated transformer are connected respectively with a first terminal of the third transistor
and a first terminal of the fourth transistor, a second terminal of the third transistor and a second terminal of the fourth
transistor together are connected with a second selector tap of the second relay, and a moving tap of the second relay
is connected with a negative bus.
[0037] According to a third aspect of this application, there is a UPS including the DC/DC circuit according to claims
12-22.
[0038] This application has the following advantages over the prior art:
[0039] Since in the UPS power control circuit according to this application, the bidirectional DC/DC circuit is connected
between the output of the rectifier circuit and the charged battery, and the control circuit is connected with the bidirectional
DC/DC circuit and controlled by the control circuit; and in the battery supply mode, the mains charges the charged battery
sequentially through the input filter circuit, the rectifier circuit and the bidirectional DC/DC circuit; and in the mains supply
mode, the charged battery provides the inverter circuit with an input voltage through the bidirectional DC/DC circuit. The
bidirectional DC/DC circuit is integrated with both charging and discharging functions, so the charged battery does not
need any separate charging circuit to charge itself to thereby make the entire circuitry of the UPS control circuit simpler
and less costly and bring a higher value to a customer.
[0040] On the other hand, in an existing isolated transformer without any controllable tap, the voltage ratio of non-
backward-like (push-pull, full-bridge and half-bridge circuit) primary and secondary sides is approximately to the ratio of
turns of primary and secondary sides of the transformer. In the UPS, the battery needs to be discharged in the battery
mode for a period of time in which the lower voltage of the discharged battery shall maintain the voltage of a bus. In the
mains mode, the battery needs to be charged so that both average and floating charged voltage of the battery are above
the lowest voltage input to the battery, and at this time the voltage of the bus is required to be raised to charge the
battery. The factor by which the voltage of the bus is raised is equal to the square of the ratio the highest charging voltage
of the battery to the lowest discharging voltage of the battery, divided by the square of a duty ratio (see Formula below).

[0041] Note: the lowest discharging voltage of the battery is V_BAT_L; the highest charging voltage of the battery is
V_BAT_H; the voltage of the bus in the mains mode, i.e., the charging mode, is V_BUS_CHG; the voltage of the bus in
the battery mode is V_BUS_BAT; the highest duty ratio of the bidirectional DC/DC circuit is D_max; and n1 is the ratio
the highest charging voltage of the battery to the lowest discharging voltage of the battery.
[0042] Thus with a specific duty ratio D_max, if the lower voltage of the battery is enabled to energize the bus and to
have the battery charged by the bus in the mains mode, then the voltage of the bus in the mains mode shall be raised.
[0043] In the isolated transformer with multiple controllable taps according to this application, the types of the inverter
circuit (the switch device and the bus capacitor) can be selected consistently in the mains mode and the charging mode,
and the voltage of the bus will not be raised, that is, a higher-level bus capacitor will not be selected, in the battery
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charging mode.
[0044] Thus with the selected types of the inverter circuit (the switch device and the bus capacitor) maintained, there
is a wider battery discharging range for the isolated transformer with multiple controllable taps according to this application.
[0045] In summary, the isolated transformer is provided with multiple controllable taps; the bidirectional DC/DC circuit
can have the ratio of turns switched by selecting a controllable tap of the primary side or the secondary side of the
isolated transformer, and better use of the transformer with the bidirectional DC/DC circuit can be made to thereby
achieve wider battery discharging voltages, extend the battery discharging range of the UPS and improve the discharging
period of time for the UPS in the battery mode.

Brief Description of the Drawings

[0046]

Fig. 1 is a first system block diagram of a conventional UPS;

Fig.2 is a second system block diagram of a conventional UPS;

Fig.3 is a system block diagram of a first embodiment of a UPS according to this application;

Fig.4 is a circuit diagram of a first embodiment of the bidirectional DC/DC circuit according to this application;

Fig.5 is a circuit diagram of a second embodiment of the bidirectional DC/DC circuit according to this application;

Fig.6 is a circuit diagram of a third embodiment of the bidirectional DC/DC circuit according to this application;

Fig.7 is a circuit diagram of a fourth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.8 is a circuit diagram of a fifth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.9 is a circuit diagram of a sixth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.10 is a circuit diagram of a seventh embodiment of the bidirectional DC/DC circuit according to this application;

Fig.11 is a circuit diagram of a eighth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.12 is a circuit diagram of a ninth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.13 is a circuit diagram of a tenth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.14 is a circuit diagram of a eleventh embodiment of the bidirectional DC/DC circuit according to this application;

Fig.15 is a circuit diagram of a twelfth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.16 is a logic diagram of a further embodiment of a UPS according to this application;

Fig.17 is a circuit diagram of a thirteenth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.18 is a circuit diagram of a fourteenth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.19 is a circuit diagram of a fifth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.20 is a circuit diagram of a sixteenth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.21 is a circuit diagram of a seventeenth embodiment of the bidirectional DC/DC circuit according to this application;

Fig.22 is a circuit diagram of a eighteenth embodiment of the bidirectional DC/DC circuit according to this application;
and
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Fig.23 is a circuit diagram of a nineteenth embodiment of the bidirectional DC/DC circuit according to this application.

Detailed Description of the Invention

[0047] This application provides a DC/DC circuit for an uninterruptible power supply so as to make the UPS system
more simplified while lowering the cost of the system.
[0048] In order to make the foregoing objects, features and advantages of this application more apparent, particular
embodiments of this application will be described below in details with reference to the drawings.
[0049] As illustrated in Fig.3, there is a system block diagram of a first embodiment of a UPS according to this application.
[0050] The UPS according to the embodiment of this application includes a charged battery B and a UPS control circuit
connected therewith. The UPS control circuit includes an input filter circuit 1, a rectifier circuit 2, an inverter circuit 3, a
static toggled switch 4, an output filter circuit 5, a control circuit 6 and a bidirectional DC/DC circuit 8.
[0051] The input filter circuit 1, the rectifier circuit 2, the inverter circuit 3, the static toggled switch 4 and the output
filter circuit 5 are connected sequentially, and an output of the input filter circuit 1 is connected with an input of the static
toggled switch 4. All the rectifier circuit 2, the inverter circuit 3, the static toggled switch 4 and the bidirectional DC/DC
circuit 8 are connected with the control circuit 6 and controlled by the control circuit 6.
[0052] The bidirectional DC/DC circuit 8 is connected between an output of the rectifier circuit 2 and the charged
battery B. In a battery supply mode, the charged battery B provides the inverter circuit 3 with an input voltage through
the bidirectional DC/DC circuit 8; and in a mains supply mode, an output voltage of the rectifier circuit 2 charges the
charged battery B through the bidirectional DC/DC circuit 8.
[0053] Since in the UPS power control circuit according to this application, the bidirectional DC/DC circuit 8 is connected
between the output of the rectifier circuit 2 and the charged battery B, and the control circuit is connected with the
bidirectional DC/DC circuit 8 and controlled by the control circuit 6; and in the battery supply mode, the mains charges
the charged battery B sequentially through the input filter circuit 1, the rectifier circuit 2 and the bidirectional DC/DC
circuit 8; and in the mains supply mode, the charged battery B provides the inverter circuit 3 with an input voltage through
the bidirectional DC/DC circuit 8. The bidirectional DC/DC circuit 8 is integrated with both charging and discharging
functions, so the charged battery B does not need any separate charging circuit to charge itself to thereby make the
entire circuitry of the UPS control circuit simpler and less costly and bring a higher value to a customer.
[0054] In an existing isolated transformer without any controllable tap, the voltage ratio of non-backward-like (push-
pull, full-bridge and half-bridge circuit) primary and secondary sides is approximately to the ratio of turns of primary and
secondary sides of the transformer. In the UPS, the battery needs to be discharged in the battery mode for a period of
time in which the lower voltage of the discharged battery shall maintain the voltage of a bus. In the mains mode, the
battery needs to be charged so that both average and floating charged voltage of the battery are above the lowest
voltage input to the battery, and at this time the voltage of the bus is required to be raised to charge the battery. The
factor by which the voltage of the bus is raised is equal to the square of the ratio the highest charging voltage of the
battery to the lowest discharging voltage of the battery, divided by the square of a duty ratio (see Formula below). 

[0055] Note: the lowest discharging voltage of the battery is V_BAT_L; the highest charging voltage of the battery is
V_BAT_H; the voltage of the bus in the mains mode, i.e., the charging mode, is V_BUS_CHG; the voltage of the bus in
the battery mode is V_BUS_BAT; and the highest duty ratio of the bidirectional DC/DC circuit is D_max. 

[0056] Note: n1 is the ratio the highest charging voltage of the battery to the lowest discharging voltage of the battery.
[0057] Thus with a specific duty ratio D_max, if the lower voltage of the battery is enabled to energize the bus and to
have the battery charged by the bus in the mains mode, then the voltage of the bus in the mains mode shall be raised.
[0058] For example, with the duty ratio of 0.9 and the ratio of the charging voltage to the lowest discharging voltage
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of the battery is 1.4, then the voltage of the bus in the mains mode is required to be 1.4*1.4/0.9*0.9 times the voltage of
the bus in the battery mode, and such a high voltage range may render it difficult to select a bus capacitor and a transistor
and also increase the cost of the system.
[0059] This factor has to be lowered at the cost of a discharging voltage range of the battery, for example, by modifying
the ratio of the highest to lowest voltages to 1.1, and at this time, the voltage of the bus in the mains mode is 1.49 time
the voltage of the bus in the battery mode.
[0060] However with the ratio of the highest to lowest voltages being 1.1, the battery will be discharged in the battery
mode for a lowered period of time, and with the same discharging period of time configured, the capacity of the battery
will be significantly improved.
[0061] In the isolated transformer with multiple controllable taps according to this application, the types of the inverter
circuit (the switch device and the bus capacitor) can be selected consistently in the mains mode and the charging mode,
and the voltage of the bus will not be raised, that is, a higher-level bus capacitor will not be selected, in the battery
charging mode.
[0062] Thus with the selected types of the inverter circuit (the switch device and the bus capacitor) maintained, there
is a wider battery discharging range for the isolated transformer with multiple controllable taps according to this application.
[0063] In summary, the isolated transformer is provided with multiple controllable taps; the bidirectional DC/DC circuit
can have the ratio of turns switched by selecting a controllable tap of the primary side or the secondary side of the
isolated transformer, and better use of the transformer with the bidirectional DC/DC circuit can be made to thereby
achieve wider battery discharging voltages, extend the battery discharging range of the UPS and improve the discharging
period of time for the UPS in the battery mode.
[0064] A controllable tap can be enabled (gated or switched) by a control signal. A corresponding tap can be particularly
referred to as a gated tap when it is enabled by being gated. A corresponding tap can be particularly referred to as a
switched tap when it is enabled by being switched.
[0065] The UPS according to the embodiment of the invention can further include an auxiliary circuit 7 arranged
between the bidirectional DC/DC circuit 8 and the charged circuit B.
[0066] Referring to Fig.4, there is a circuit diagram of a first embodiment of the bidirectional DC/DC circuit according
to this application.
[0067] The DC/DC circuit for an uninterruptible power supply according to this application is applicable to an uninter-
ruptible power supply, and the DC/DC circuit for an uninterruptible power supply is a bidirectional DC/DC circuit connected
with a battery and a bus.
[0068] In a mains mode, the bidirectional DC/DC circuit draws power from the bus to charge the battery; and when
the mains becomes abnormal, the bidirectional DC/DC circuit operates in a state where the battery powers the bus.
[0069] The bidirectional DC/DC circuit includes an isolated transformer, and the isolated transformer has a primary
side connected with a push-pull circuit or a half-bridge circuit or a full-bridge circuit, and a secondary side of the isolated
transformer can be any of various conventional circuit structures including a half-bridge circuit or a full-bridge circuit or
a push-pull circuit.
[0070] The isolated transformer is provided with multiple controllable taps; and the bidirectional DC/DC circuit has the
ratio of turns switched by selecting a tap of the primary side or the secondary side of the isolated transformer to adjust
charging and discharging voltages.
[0071] Referring to Fig.4, the secondary side of the isolated transformer is particularly connected with a rectifier circuit,
both ends of which are connected concurrently in parallel with first and second transistors Q1 and Q2 and with capacitors
C1 and C2.
[0072] The isolated transformer according to the first embodiment illustrated in Fig.4 includes two gated taps which
control lines corresponding to the two gated taps to be switched on or off dependent upon whether gated switches
SWITCH1 and SWITCH2 are closed or opened.
[0073] For a gated tap, a line of the corresponding tap is switched on or off by controlling a gated switch to be closed
or opened.
[0074] In a first preferred embodiment of the bidirectional DC/DC circuit according to the invention, the rectifier circuit
2 at the battery side includes a third transistor Q3 and a fourth transistor Q4, and a half-wave rectifier circuit constituting
of a body diode of the third transistor Q3 and a body diode of the fourth transistor Q4.
[0075] An anode of the charged battery B (not illustrated in Fig.4) can be connected with a central tap of the primary
side of the isolated transformer through a battery/mains selector switch; and a cathode of the charged battery B is
connected with a dotted terminal of the primary side of the isolated transformer 101 through the third transistor Q3, and
the cathode of the charged battery B is connected with an undotted terminal of the primary side of the isolated transformer
101 through the fourth transistor Q4. The third capacitor C4 is connected between the central tap of the primary side of
the isolated transformer and the cathode of the charged battery B.
[0076] Furthermore (not illustrated in Fig.4), a diode is arranged between the central tap of the primary side of the
isolated transformer and the anode of the charged battery B, and the diode has an anode connected with the central
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tap of the primary side of the isolated transformer and a cathode connected with the anode of the charged battery B.
With the mains supply mode selected by the battery/mains selector switch, the battery/mains selector switch is opened,
and charging current charges the charged battery B through the diode to thereby prevent rippling from affecting the
charged battery B.
[0077] The first and second transistors are a half-bridge structure; and one terminal of the first transistor Q1 is connected
with a positive terminal of a positive bus, one terminal of the second transistor Q2 is connected with a negative bus, and
the first transistor Q1 is connected with one terminal of the second transistor Q2.
[0078] A dotted terminal of the secondary side of the isolated transformer (a first gated tap) is connected with a positive
input I+ of rectified current (a rectifier bridge D) (not illustrated in Fig.4) through the first gated switch SWITCH1, an un-
dotted terminal of the secondary side of the isolated transformer (a fixed terminal)) is connected with a negative input
I- of the rectifier bridge D (not illustrated in Fig.4), a positive output O+ of the rectifier bridge D (not illustrated in Fig.4)
is connected with a negative output O-of the rectifier bridge D (not illustrated in Fig.4) sequentially through the first
transistor Q1 and the second transistor Q2, a node between the first transistor Q1 and the second transistor Q2 is
connected with a second gated tap of the secondary side of the isolated transformer 101 (a dotted terminal) through the
second switch SWITCH2, the positive output O+of the rectifier bridge D is connected with the negative output O- of the
rectifier bridge D sequentially through the first capacitor C1 and the second capacitor C2, and a node between the first
capacitor C1 and the second capacitor C2 is connected with a fixed tap, a dotted terminal, of the secondary side of the
isolated transformer 101.
[0079] When the battery/mains selector switch is closed, the battery supply mode is enabled, and when the bat-
tery/mains selector switch is opened, the mains supply mode is enabled.
[0080] The battery side of Fig.4 is a typical push-pull circuit, and when the first gated tap is enabled, power is drawn
from the battery and boosted by the push-pull circuit and then provided to the bus and further inverted by the inverter
to output a sine voltage to thereby have the UPS operative in the battery mode.
[0081] In this application, when the second gated tap is enabled, power is drawn from the bus and charges the battery
backward through the half-bridge circuit. Particularly with the addition of two switch devices, which are the first transistor
Q1 and the second transistor Q2, in the circuitry of the secondary side, backward DC/DC conversion is performed by a
winding of the secondary side of the transformer to thereby make full use of the windings of the primary side and the
secondary side of the transformer. The switch devices here, which are the first transistor Q1 and the second transistor
Q2, can be IGBTs or MOSFETs or other switches. The added switch devices, which are the first transistor Q1 and the
second transistor Q2, make use of the winding of the secondary side possibly as a half bridge or a full bridge or a push-
pull circuit.
[0082] Referring to Fig.5, there is a circuit diagram of a second embodiment of the bidirectional DC/DC circuit according
to this application.
[0083] The second embodiment of the bidirectional DC/DC circuit according to this application is different from the
first embodiment in different changes in location of the taps.
[0084] Alike the first and second transistors Q1 and Q2 are a half-bridge structure; one terminal of the first transistor
Q1 is connected with the positive terminal of the positive bus, one terminal of the second transistor Q2 is connected
with the negative bus, the first transistor Q1 is connected with one terminal of the second transistor Q2, and the first
gated switch SWITCH1 is arranged between a common terminal of the first transistor Q1 and the second transistor Q2
and the dotted terminal of the first tap of the secondary side of the isolated transformer, i.e., the first gated tap;
[0085] The second switch SWITCH2 is arranged between the dotted terminal of the second tap of the secondary side
of the isolated transformer, i.e., the second gated tap, and the rectifier circuit; and
[0086] A first inductor L1 is arranged between the positive output O+ of the rectifier circuit, i.e., the rectifier bridge D,
and the first transistor Q1; and a second inductor L2 is arranged between the positive output O- of the rectifier circuit,
i.e., the rectifier bridge D, and the second transistor Q2.
[0087] When the second gated tap is enabled, power is drawn from the battery side to power the bus; and when the
first gated tap is enabled, power is drawn from the bus side to power the battery.
[0088] Referring to Fig.6, there is a circuit diagram of a third embodiment of the bidirectional DC/DC circuit according
to this application.
[0089] The third embodiment of the bidirectional DC/DC circuit according to this application is different from the first
and second embodiments in the addition of a filter inductor L3 and a third switch SWITCH3 at the battery side.
[0090] When the charged battery B is discharged, the third switch SWITCH3 is closed to have the filter inductor L3
shorted-circuit, and the charged battery B powers the bus on the right side through the discharger.
[0091] When the charged battery B is charged, the third switch SWITCH3 is opened, and the filter inductor L3 plays
a role of filtering to result in lower rippling of charging current of the battery.
[0092] Referring to Fig.7, there is a circuit diagram of a fourth embodiment of the bidirectional DC/DC circuit according
to this application.
[0093] The fourth embodiment of the bidirectional DC/DC circuit according to this application is different from the first
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and second embodiments in a full-bridge circuit variant at the bus side.
[0094] In the full-bridge circuit variant at the bus side, there are a fourth switch SWITCH4 and a third inductor L3
added. Particularly the third inductor L3 is arranged between a common terminal of the first capacitor C1 and the second
capacitor C2 and a fixed tap of the secondary side of the isolated transformer (a third tap), and the fourth switch SWITCH4
is connected in parallel across the third inductor L3.
[0095] The third inductor L3 plays a role of filter to result in lower current rippling at the bus side.
[0096] When the battery is charged by the bus side, the fourth switch SWITCH4 is closed to have the third inductor
L3 shorted-circuit to thereby charge the charged battery B by the bus side.
[0097] Referring to Fig.8, there is a circuit diagram of a fifth embodiment of the bidirectional DC/DC circuit according
to this application.
[0098] The fifth embodiment of the bidirectional DC/DC circuit according to this application is different from the foregoing
several embodiments in voltage-doubling rectification at the bus side.
[0099] The toggled switch SWITCH2 is arranged between the common terminal of the first transistor Q1 and the
second transistor Q2, and the dotted terminal of the first tap (the first switched tap) and the second switched tap (i.e.,
the central tap in Fig.8, which is the second tap) of the secondary side of the isolated transformer.
[0100] The two switched taps can be selected and enabled by a toggled switch. That is, the toggled switch can only
and must enable one of the switched taps, which is either the first switched tap or the second switched tap, at a time.
[0101] When the first switched tap is enabled, the bus-side powered by battery-side mode is enabled; particularly the
bus is powered by the battery through controlling the transistor of the primary side to perform push-pull (PWM) wave
transmission control.
[0102] When the second switched tap is enabled, the battery powered by bus-side mode is enabled; particularly the
battery is powered by the bus through controlling the half-bridge circuit (PWM) constituted of the first and second
transistors Q1 and Q2 of the secondary side to perform wave transmission control.
[0103] The toggled switch SWITCH2 can particularly a relay, a solid-state switch, etc., and the relay can be a single-
pole double-throw or double-pole double-throw relay or can be two single-pole double-throw relays.
[0104] The common terminal of the first capacitor C1 and the second capacitor C2 is connected with the undotted
terminal of the secondary side of the isolated transformer (the third tap, also referred to a fixed tap).
[0105] Referring to Fig.9, there is a circuit diagram of a sixth embodiment of the bidirectional DC/DC circuit according
to this application.
[0106] The sixth embodiment of the bidirectional DC/DC circuit according to this application is different from the fifth
embodiment in the first inductor L1 arranged between the first switched tap of the secondary side of the isolated trans-
former and the toggled switch SWITCH2.
[0107] The first inductor plays a role of filtering to result in lower current rippling at the bus side and also natural current
commuting of the body diodes of the first and second transistors Q1 and Q2 of the secondary side.
[0108] Referring to Fig. 10, there is a circuit diagram of a seventh embodiment of the bidirectional DC/DC circuit
according to this application.
[0109] The seventh embodiment of the bidirectional DC/DC circuit according to this application is different from the
sixth embodiment in full-wave rectification at the bus side.
[0110] In the seventh embodiment of the bidirectional DC/DC circuit according to this application, the secondary side
of the isolated transformer includes two sets of switched taps including a first set of switched taps and a second set of
switched taps.
[0111] The first set of switched taps includes a first switched tap and a second switched tap, and particularly the first
toggled switch SWITCH1 is arranged between the dotted terminal of the first tap (the first switched tap) and the second
tap (the second switched tap) of the secondary side of the isolated transformer, and the second transistor Q2. The first
switched tap or the second switched tap is selected and enabled by the first toggled switch SWITCH1.
[0112] The second set of switched taps includes a third switched tap and a fourth switched tap, and particularly the
second toggled switch is arranged between an undotted terminal of a fifth tap (the fourth switched tap) and a fourth tap
(the third switched tap) of the secondary side of the isolated transformer, and the first transistor Q1. The third switched
tap or the fourth switched tap is selected and enabled by the second toggled switch SWITCH1.
[0113] The two toggled switches SWITCH1 and SWITCH2 may also be asynchronous to some extent, particularly
different (asynchronous) by an offset on the millisecond (mS) order.
[0114] The two toggled switches SWITCH1 and SWITCH2 are preferably controlled correspondingly in a synchronous
control pattern or by the same control signal.
[0115] The bus side is embodied as a full-wave rectifier circuit, and the ratios of turns of the transformer in charging
and discharging can be changed by switching the ratios of turns through the two toggled switches SWITCH1 and
SWITCH2.
[0116] The first inductor L1 is arranged between the dotted terminal of the fixed tap of the secondary side of the isolated
transformer, that is, the central tap (the third tap) and the first capacitor C1 (there may be only the first capacitor C1 at
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the bus side in this embodiment), and the third switch SWITCH3 is arranged across the first inductor L1.
[0117] The first inductor L1 and the third switch SWITCH3 are used during charging and discharging respectively.
During charging, the third switch SWITCH3 is closed to have the first inductor L1 shorted-circuit, and the first transistor
Q1 and the second transistor Q2 started to transport power of the bus side to the battery side through the transformer.
During discharging, the third switch SWITCH3 is opened, and the first inductor L1 is a filter inductor of the full-wave
rectifier circuit.
[0118] Referring to Fig.11, there is a circuit diagram of an eighth embodiment of the bidirectional DC/DC circuit according
to this application.
[0119] The eighth embodiment of the bidirectional DC/DC circuit according to this application is different from the
seventh embodiment in the removal of the first inductor and the third switch SWITCH3 between the fixed tap of the
secondary side of the isolated transformer, that is, the central tap, and the first capacitor C1. The first inductor L1 is
arranged between the dotted terminal of the secondary side of the isolated transformer, that is, the first switched tap,
and the second transistor Q2, and the second inductor L2 is arranged between the undotted terminal of the fourth
switched tap of the secondary side of the isolated transformer and the first transistor Q1.
[0120] Referring to Fig.12, there is a circuit diagram of a ninth embodiment of the bidirectional DC/DC circuit according
to this application.
[0121] The ninth embodiment of the bidirectional DC/DC circuit according to this application is different from the eighth
embodiment in a topology of the battery side and a full-bridge design of the primary side of the isolated transformer.
[0122] Referring to Fig.13, there is a circuit diagram of a tenth embodiment of the bidirectional DC/DC circuit according
to this application.
[0123] The tenth embodiment of the bidirectional DC/DC circuit according to this application is different from the ninth
embodiment in switching the ratio of turns at the battery side.
[0124] The toggled switch SWITCH1 is arranged between the dotted terminal (the first switched tap) and the central
tap (the second switched tap) of the primary side of the isolated transformer and the rectifier circuit of the full-bridge
structure; and the first inductor L1 is arranged between the toggled switch and the dotted terminal of the primary side
of the isolated transformer.
[0125] When the first switched tap is enabled, the battery is charged by the bus side; and particularly the battery is
charged by the bus side by controlling the first and second transistors Q1 and Q2 for pushing-pulling (the push-pull
circuit can alternatively be a full-bridge circuit or a half-bridge circuit).
[0126] When the second switched tap is enabled, the battery is discharged; and particularly the bus side is powered
by the battery by the full-bridge circuit of the primary side (the full-bridge circuit can alternatively be a push-pull circuit
or a half-bridge circuit).
[0127] Referring to Fig.14, there is a circuit diagram of an eleventh embodiment of the bidirectional DC/DC circuit
according to this application.
[0128] The eleventh embodiment of the bidirectional DC/DC circuit according to this application is different from the
foregoing embodiments in that the secondary side of the isolated transformer is embodied as a full-bridge circuit consisting
of the first, second, third and fourth transistors Q1, Q2, Q3 and Q4.
[0129] The dotted terminal of the first tap of the secondary side of the isolated transformer (the first gated tap) is
connected with the common terminal of the first transistor Q1 and the third transistor Q3 through the first gated switch
SWITCH1.
[0130] The dotted terminal of the second tap of the secondary side of the isolated transformer (the second gated tap)
is connected with the common terminal of the first transistor Q1 and the third transistor Q3 through the second enabled
switch SWITCH2.
[0131] The undotted terminal of the secondary side of the isolated transformer (the fixed tap) is connected with the
common terminal of the second transistor Q2 and the fourth transistor Q4.
[0132] A capacitor is connected in parallel across the full-bridge circuit, the inductor L1 is connected between the
common terminal of the first transistor Q1 and the second transistor Q2, and the capacitor, and the third switch SWITCH3
is connected in parallel across the inductor L1.
[0133] When the battery of the primary side of the isolated transformer is discharged, the first gated switch SWITCH1
is closed (both the second gated switch SWITCH2 and the third switch SWITCH3 are controlled to be opened), and two
push-pull transistors (transistors) of the push-pull circuit of the battery side (the primary side of the isolated transformer)
are turned on and off alternatively at a high frequency to convert direct-current power of the battery into high-frequency
alternating-current power transported to the bus side at the secondary side of the isolated transformer through the
isolated transformer.
[0134] The inductor L1 plays a role of filtering current entering the capacitor of the bus side.
[0135] When the battery is charged, the second gated switch SWITCH2 and the third switch SWITCH3 are closed
(the first gated switch SWITCH1 is opened), and the full-bridge circuit of the first to fourth transistors Q1 to Q4 is turned
on and off to transport power of the bus side to the battery side through the isolated transformer to charge the battery
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after being rectified by the body diode of the transistor of the battery side.
[0136] Referring to Fig.15, there is a circuit diagram of a twelfth embodiment of the bidirectional DC/DC circuit according
to this application.
[0137] The twelfth embodiment of the bidirectional DC/DC circuit according to this application is different from the
eleventh embodiment in a rectifier circuit connected at the secondary side of the isolated transformer and the removal
of the third switch SWITCH3 across the inductor L1.
[0138] The dotted terminal of the first tap of the secondary side of the isolated transformer (the first gated tap) is
connected with the rectifier circuit through the first gated switch SWITCH1.
[0139] The dotted terminal of the second tap of the secondary side of the isolated transformer (the second gated tap)
is connected with the common terminal of the first transistor Q1 and the third transistor Q3 through the second gated
switch SWITCH2.
[0140] The undotted terminal of the secondary side of the isolated transformer (the fixed tap) is connected with the
common terminal of the second transistor Q2 and the fourth transistor Q4.
[0141] A capacitor is connected in parallel across the full-bridge circuit, the inductor L1 is connected between the
common terminal of the first transistor Q1 and the second transistor Q2, and the rectifier circuit.
[0142] When the battery of the primary side of the isolated transformer is discharged, the first gated switch SWITCH1
is closed (the second gated switch SWITCH2 is controlled to be opened), and two push-pull transistors (transistors) of
the battery side (the primary side of the isolated transformer) are turned on and off alternatively at a high frequency to
convert direct-current power of the battery into high-frequency alternating-current power transported to the bus side (the
secondary side of the isolated transformer) through the isolated transformer.
[0143] The inductor L1 plays a role of filtering current entering the capacitor of the bus side.
[0144] When the battery is charged, the second gated switch SWITCH2 is closed (the first gated switch SWITCH1 is
opened), and the full-bridge circuit of the first to fourth transistors Q1 to Q4 is turned on and off to transport power of
the bus side to the battery side through the isolated transformer to charge the battery after being rectified by the body
diode of the transistor of the battery side.
[0145] In any of the embodiments of the bidirectional DC/DC circuit according to this application, the ratio of turns can
be switched at the battery side.
[0146] The toggled switch can particularly a relay, a solid-state switch, etc., and the relay can be a single-pole double-
throw or double-pole double-throw relay or can be two single-pole double-throw relays.
[0147] The push-pull circuit or the half-bridge circuit or the full-bridge circuit connected at the primary side of the
isolated transformer can be embodied as an MOS transistor, and an equivalent diode of the MOS transistor can act as
an equivalent rectifier diode of the secondary side when the bidirectional DC/DC circuit draws power from the bus to
charge the battery.
[0148] Fig.16 is a logic diagram of a further embodiment of a UPS according to this application, and the UPS includes
a PFC rectifier circuit 20, an inverter circuit 30, a battery BAT and a DC/DC circuit 10, where the PFC rectifier circuit 20
is configured to PFC-rectify the mains voltage and charge the bus when the mains is normal; and the inverter circuit 30
is configured to invert the direct-current voltage of the bus to power a load. The following description will be focused
upon the DC/DC circuit 10 which is connected between the bus and the battery BAT and which is a bidirectional DC/DC
circuit, where in the charging mode (powering by the mains), the bidirectional DC/DC circuit 10 draws power from the
bus and charges the battery BAT; and in the discharging mode (abnormality of the mains), the bidirectional DC/DC circuit
10 draws power from the battery BAT and powers the bus.
[0149] With an implementation of this technical solution, since the charging circuit and the discharging circuit are
integrated in the UPS as a DC/DC circuit which is a bidirectional DC/DC circuit capable of both the charging and
discharging functions, the UPS can be made less voluminous and less costly with a centralized hotspot to thereby comply
with the trend of product minimization.
[0150] In a logic diagram of a preferred embodiment of the bidirectional DC/DC circuit of the UPS according to this
application, the bidirectional DC/DC circuit includes an isolated transformer, a first selector unit, a fist chopper unit, a
first rectifier unit, a second selector unit, a second chopper unit and a second rectifier unit, where the first selector unit,
the first chopper unit and the first rectifier unit are arranged at the primary side of the isolated voltage, that is, the battery
side; and the second selector unit, the second chopper unit and the second rectifier unit are arranged at the secondary
side of the isolated transformer, that is, the bus side. Moreover in the charging mode, the second selector unit selects
the second chopper unit for operation, and the first selector unit selects the first rectifier unit for operation; and in the
discharging mode, the first selector unit selects the first chopper unit for operation, and the second selector unit selects
the second rectifier unit for operation. With an implementation of this technical solution, in addition to the advantages of
the UPS with a lower volume, a lower cost and a centralized hotspot, only the isolated transformer is used for both
charging and discharging, and the first chopper unit used in the discharging mode is completely independent from the
first rectifier unit used in the charging mode, and the second chopper unit used in the charging mode is completely
independent from the second rectifier unit used in the discharging mode. Thus for both the battery side and the bus side,
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the separation of the rectifier unit from the chopper unit can have their respective appropriate devices selected effectively
in view of demands for rectification and chopping so as to avoid one of the demands (voltage resistance and a backward
recovery capability) for an improved level of voltage resistance of a device from making it difficult to select the type of
the device in a practical application.
[0151] In the bidirectional DC/DC circuit, preferably there are multiple controllable taps at the primary side and/or the
secondary side of the isolated transformer, and when there are multiple controllable taps at the primary side of the
isolated transformer, the first chopper unit and the first rectifier unit are connected respectively with different controllable
taps at the primary side of the isolated transformer. When there are multiple controllable taps at the secondary side of
the isolated transformer, the second chopper unit and the second rectifier unit are connected respectively with different
controllable taps at the secondary side of the isolated transformer. Of course, there are alternatively multiple controllable
taps at both the primary side and the secondary side of the isolated transformer. Thus the ratios of turns of the primary
side and the secondary side of the isolated transformer can be changed by selecting a controllable tap at the primary
side and/or the secondary side of the isolated transformer to thereby adjust a charging or discharging voltage. Moreover
the first chopper unit and the second chopper unit can be a push-pull chopper unit, a full-bridge chopper unit or a half-
bridge chopper unit; and the first rectifier unit and the second rectifier unit can be a full-bridge rectifier unit, a full-wave
rectifier unit, a voltage-doubling rectifier unit or a current-doubling rectifier unit. The first selector unit and the second
selector unit can be a relay, a solid-state switch, etc. The relay can include at least one single-pole single-throw relay,
single-pole double-throw relay or double-pole double-throw relay. Moreover the bidirectional DC/DC circuit can further
include a current mutual inductor or a Hall sensor arranged at the primary side and/or the secondary side of the isolated
transformer to sample current of the primary side and/or the secondary side of the isolated transformer.
[0152] Fig.17 is a circuit diagram of a thirteenth embodiment of the bidirectional DC/DC circuit in the UPS according
to this application, and at the battery side, the first selector unit is a relay RLY1 which is a single-pole single-throw relay.
In the first chopper unit, the anode BAT+ of the battery is connected with the second (central) tap of the primary side of
the isolated transformer T1, and the cathode BAT- of the battery is connected respectively with the source of the MOS
transistor Q1 and the source of the MOS transistor Q2 through the relay RLY1, and the drain of the MOS transistor Q1
and the drain of the MOS transistor Q2 are connected respectively with the first tap (the dotted terminal) and the third
tap (the undotted terminal) of the primary side of the isolated transformer T1. In the first rectifier unit, the first tap and
the third tap of the primary side of the isolated transformer T1 are further connected respectively with the cathode of the
diode D1 and the cathode of the diode D2 through the current mutual inductor T2, and the anode of the diode D1 and
the anode of the diode D2 together are connected with the cathode BAT- of the battery through the filter inductor L1.
Moreover the voltage-stabilizer capacitor C1 is connected in parallel between the anode BAT+ of the battery and the
cathode BAT- of the battery. At the bus side, there are 5 taps in total at the secondary side of the isolated transformer
T1, where the third (central) tap is connected with the anode of the bus capacitor C2. The second selector unit is a relay
RLY2 which is a single-pole double-throw relay. In the second rectifier unit, the first tap and the fifth tap of the secondary
side of the isolated transformer T1 are connected respectively with the cathode of the diode D3 and the cathode of the
diode D4, and the anode of the diode D3 and the anode of the diode D4 together are connected with a first selector tap
of the relay RLY2 through the filter inductor L2. In the second chopper unit, the second tap and the fourth tap of the
secondary side of the isolated transformer T1 are connected respectively with the collector of the IGBT transistor Q3
and the collector of the IGBT transistor Q4, and the emitter of the IGBT transistor Q3 and the emitter of the IGBT transistor
Q4 together are connected with a second selector tap of the relay RLY2. A moving tap of the relay RLY2 is connected
with the cathode of the bus capacitor C2.
[0153] An operating principle of the bidirectional DC/DC circuit will be introduced below: both the first chopper unit of
the battery side and the second chopper unit of the bus side are a push-pull chopper unit, and both the first rectifier unit
of the battery side and the second rectifier unit of the bus side are a full-wave rectifier unit. In the charging mode, firstly
the moving tap of the relay RLY2 is controlled to be connected with the second selector tap and the relay RLY1 is
controlled to be opened, and at this time, the second chopper unit and the first rectifier unit operate. Then the IGBT
transistor Q3 and the IGBT transistor Q4 are controlled for high-frequency chopping to thereby convert direct-current
power drawn from the bus into high-frequency pulses, and power of the high-frequency pulses is transported to the
battery side through the isolated transformer T1 and rectified by the first rectifier unit formed of the diodes D1 and D2
and then filtered by the filter inductor L1 and then charges the battery. In the discharging mode, firstly the relay RLY1
is controlled to be closed, and the moving tap of the relay RLY2 is controlled to be connected with the first selector tap,
and at this time, the first chopper unit and the second rectifier unit operates. Then the MOS transistor Q1 and the MOS
transistor Q2 are controlled for high-frequency chopping to thereby convert power of the battery into high-frequency
pulses which are transported to the bus side through the isolated transformer T1 and rectified by the second rectifier
unit formed of the diodes D3 and D4 and then powers the bus.
[0154] Fig. 18 is a circuit diagram of a fourteenth embodiment of the bidirectional DC/DC circuit in the UPS according
to this application, and comparing this embodiment with the bidirectional DC/DC circuit illustrated in Fig.17, the circuit
structure of the primary side of the isolated transformer T1 is the same, and a repeated description thereof will be omitted



EP 2 800 230 A1

14

5

10

15

20

25

30

35

40

45

50

55

here, and only the circuit structure of the secondary side of the isolated transformer T1 will be described. In this embod-
iment, the bus side is a dual-bus structure, and the second chopper unit is a half-bridge chopper unit, and the second
rectifier unit is a full-bridge rectifier unit. At the bus side, there are 4 taps in total at the secondary side of the isolated
transformer T1, and the third tap is connected with the cathode of the bus capacitor C2 and the anode of the bus capacitor
C3. The second selector unit includes three solid-state switches SWITCH1, SWITCH2 and SWITCH3. In the second
rectifier unit, diodes D3, D4, D5 and D6 constitute a full-bridge rectifier bridge, and two inputs of the full-bridge rectifier
bridge are connected respectively with the first tap and the fourth tap of the secondary side of the isolated transformer
T1 through the solid-state switches SWITCH1 and SWITCH3, a first output of the full-bridge rectifier bridge is connected
with the anode of the bus capacitor C2 through the filter inductor L2, and a second output of the full-bridge rectifier bridge
is connected with the cathode of the bus capacitor C3 through the filter inductor L3. In the second chopper unit, the
collector of the IGBT transistor Q3 is connected with the anode of the bus capacitor C2, the emitter of the IGBT transistor
Q4 is connected with the cathode of the bus capacitor, and the emitter of the IGBT transistor Q3 and the collector of the
IGBT transistor Q4 together are connected with the second tap of the secondary side of the isolated transformer T1
through the solid-state switch SWITCH2.
[0155] An operating principle of the bidirectional DC/DC circuit will be introduced below: in the charging mode, firstly
the solid-state switches SWITCH1 and SWITCH3 are controlled to be opened, and the solid-state switch SWITCH2 is
controlled to be closed, and the relay RLY1 is controlled to be opened, and at this time, the second chopper unit and
the first rectifier unit operate. Then the IGBT transistor Q3 and the IGBT transistor Q4 are controlled for high-frequency
chopping to thereby convert direct-current power drawn from the bus into high-frequency pulses, and power of the high-
frequency pulses is transported to the battery side through the isolated transformer T1 and rectified by the first rectifier
unit formed of the diodes D1 and D2 and then filtered by the filter inductor L1 and then charges the battery. In the
discharging mode, firstly the relay RLY1 is controlled to be closed, the solid-state switches SWITCH1 and SWITCH3
are controlled to be closed, and the solid-state switch SWITCH2 is controlled to be opened, and at this time, the first
chopper unit and the second rectifier unit operates. Then the MOS transistor Q1 and the MOS transistor Q2 are controlled
for high-frequency chopping to thereby convert power of the battery into high-frequency pulses which are transported
to the bus side through the isolated transformer T1 and rectified by the second rectifier unit formed of the diodes D3,
D4, D5 and D6 and then powers the bus.
[0156] Fig. 19 is a circuit diagram of a fifteenth embodiment of the bidirectional DC/DC circuit in the UPS according
to this application, and comparing this embodiment with the bidirectional DC/DC circuit illustrated in Fig. 17, the only
difference is circuit structures of the first selector unit and the first chopper unit. The first selector unit includes two relays
RLY1-1 and RLY1-2 which are a single-pole single-throw relay respectively. In the first chopper unit, the source of the
MOS transistor Q1 and the source of the MOS transistor Q1 together are connected with the cathode BAT- of the battery,
the drain of the MOS transistor Q1 is connected with the first tap of the primary side of the isolated transformer T1
through the relay RLY1-1, and the drain of the MOS transistor Q1 is connected with the third tap of the primary side of
the isolated transformer T1 through the relay RLY1-2.
[0157] An operating process of the bidirectional DC/DC circuit according to this embodiment is the same as the
operating process of the bidirectional DC/DC circuit according to the first embodiment except for that in the charging
mode, the moving tap of the relay RLY2 is controlled to be connected with the second selector tap, and the relays RLY1-1
and RLY-2 are controlled to be opened, and at this time, the second chopper unit and the first rectifier unit operate. In
the discharging mode, firstly the relays RLY1-1 and RLY-2 are controlled to be closed, and the moving tap of the relay
RLY2 is controlled to be connected with the first selector tap, and at this time, the first chopper unit and the second
rectifier unit operate.
[0158] Fig.20 is a circuit diagram of a sixteenth embodiment of the bidirectional DC/DC circuit in the UPS according
to this application, and comparing this embodiment with the bidirectional DC/DC circuit illustrated in Fig.19, the only
difference is that one terminal of the relay RLY1-1 and the cathode of the diode D1 together are connected with one
terminal of the current mutual inductor T2, and one terminal of the relay RLY1-2 and the cathode of the diode D2 together
are connected with the other terminal of the current mutual inductor T2. In the bidirectional DC/DC circuit according to
this embodiment, the current mutual inductor T2 can sample current of the battery in both the charging mode and the
discharging mode.
[0159] Fig.21 is a circuit diagram of a seventeenth embodiment of the bidirectional DC/DC circuit in the UPS according
to this application, and comparing this embodiment with the bidirectional DC/DC circuit illustrated in Fig.20, the only
difference is that the two single-pole single-throw relays RLY2-1 and RLY2-2 are used instead of the single-pole double-
throw relays RLY2, and one terminal of the relay RLY2-1 is connected with the filter inductor L2, and one terminal of the
relay RLY2-2 is connected with the IGBT transistors Q3 and Q4. Both the other terminal of the relay RLY2-1 and the
other terminal of the relay RLY2-2 are connected with the cathode of the bus capacitor C2.
[0160] Fig.22 is a circuit diagram of an eighteenth embodiment of the bidirectional DC/DC circuit in the UPS according
to this application, and comparing this embodiment with the bidirectional DC/DC circuit illustrated in Fig.20, the only
difference is that the current mutual inductor is omitted, that is, the cathode of the diode D1 and one terminal of the relay
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RLY1-1 together are connected with the first tap of the primary side of the isolated transformer T1, and the cathode of
the diode D2 and the one terminal of the relay RLY1-2 together are connected with the third tap of the primary side of
the isolated transformer T1. Moreover it shall be further noted that the current mutual inductor can alternatively be
arranged at the secondary side of the isolated transformer T1.
[0161] All the foregoing embodiments have been described above by way of an example in which there are multiple
controllable taps at the secondary side of the isolated transformer, and of course, there are multiple controllable taps at
the primary side of the isolated transformer, for example, in the circuit diagram of a nineteenth embodiment of the
bidirectional DC/DC circuit in the UPS according to this application illustrated in Fig.23, at the battery side, there are 5
taps in total at the primary side of the isolated transformer T1, where the third (central) tap is connected with the anode
BAT+ of the battery. The first selector unit includes the relays RLY1-1 and RLY1-2 which are a single-pole single-throw
relay. In the first chopper unit, the cathode BAT- of the battery is connected respectively with the source of the MOS
transistor Q1 and the source of the MOS transistor Q2 through the relay RLY1-1, and the drain of the MOS transistor
Q1 and the drain of the MOS transistor Q2 are connected respectively with the second tap and the fourth tap of the
primary side of the isolated transformer T1. In the first rectifier unit, the cathode BAT- of the battery is connected
respectively with the anode of the diode D1 and the anode of the diode D2 through the relay RLY1-2 and the filter inductor
L1, and the cathode of the diode D1 and the cathode of the diode D2 are connected respectively with the first tap and
the fifth tap of the primary side of the isolated transformer T1 through the current mutual inductor T2. Moreover the
voltage-stabilizer capacitor C1 is connected in parallel between the anode BAT+ of the battery and the cathode BAT-
of the battery. At the bus side, the second selector unit includes the relay RLY2 which is a single-pole single-throw relay.
In the second rectifier unit, the diodes D3, D4, D5 and D6 constitute a full-bridge diode rectifier bridge, and two inputs
of the rectifier bridge are connected respectively with the first tap (the dotted terminal) and the third tap (the undotted
terminal) of the secondary side of the isolated transformer T1, a first output of the rectifier bridge is connected with the
anode of the bus capacitor C2 through the filter inductor L2, and a second output of the rectifier bridge is connected with
the cathode of the bus capacitor C3through the filter inductor L3. In the second chopper unit, the collector of the IGBT
transistor Q3 is connected with the anode of the bus capacitor C2, the emitter of the IGBT transistor Q4 is connected
with the cathode of the bus capacitor C3, the emitter of the IGBT transistor Q3 and the collector of the IGBT transistor
Q4 together are connected with the first tap of the secondary side of the isolated transformer T1 through the relay RLY2,
and the second (central) tap of the isolated transformer T1 is connected with the cathode of the bus capacitor C2 and
the anode of the bus capacitor C3.
[0162] An operating principle of the bidirectional DC/DC circuit according to this embodiment is similar to the operating
principle of the bidirectional DC/DC circuit according to the embodiment illustrated in Fig.18 except for that in the charging
mode, the relay RLY2 is closed, the relay RLY1-2 is closed, and the relay RLY1-1 is opened. In the discharging mode,
the relay RLY1-1 is closed, the relay RLY1-2 is opened, and the relay RLY2 is opened.
[0163] The foregoing is merely illustrative of several embodiment of this application, and of course, in other embodi-
ments, the first chopper unit and the second chopper unit can be in the form of a push-pull chopper unit, a full-bridge
chopper unit or a half-bridge chopper unit, and the first rectifier unit and the second rectifier unit can be in the form of a
full-bridge rectifier unit, a full-wave rectifier unit, a voltage-doubling rectifier unit or a current-doubling rectifier unit, and
the first chopper unit, the second chopper unit, the first rectifier unit and the second rectifier unit in a number of forms
can be combined differently. Moreover this application will not be limited in term of the types of an MOS transistor and
an IGBT transistor and the location where current is sampled, that is, the location of the current mutual inductor or the
Hall sensor.
[0164] The foregoing description is merely illustrative of preferred embodiments of this application but not to limit this
application in any form. Although this application has been disclosed above in the preferred embodiments, this application
will not be limited thereto. Any skilled in the art can make numerous possible variations and modifications to the technical
solution of this application or modify it to equivalent embodiments with equivalent variations in light of the method and
disclosure above without departing from the scope of the technical solution of this application. Accordingly any apparent
modifications, equivalent variations and adaptations made to the foregoing embodiments in light of the technical essence
of this application without departing from the disclosure of the technical solution of this application shall come into the
claimed scope of the technical solution of this application.

Claims

1. A DC/DC circuit for an uninterruptible power supply, wherein the DC/DC circuit for an uninterruptible power supply
is a bidirectional DC/DC circuit connected with a battery and a bus;
in a mains mode, the bidirectional DC/DC circuit draws power from the bus and charges the battery; and when the
mains becomes abnormal, the bidirectional DC/DC circuit operates in a state where the battery powers the bus;
the bidirectional DC/DC circuit comprises an isolated transformer, and a primary side of the isolated transformer is
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connected with a push-pull circuit or a half-bridge circuit or a full-bridge circuit; and a secondary of the isolated
transformer is connected with a push-pull circuit or a half-bridge circuit or a full-bridge circuit; and
the isolated transformer is provided with multiple controllable taps; and the bidirectional DC/DC circuit has the ratio
of turns switched by selecting a controllable tap of the primary side and/or the secondary side of the isolated
transformer.

2. The DC/DC circuit for an uninterruptible power supply according to claim 1, wherein the secondary side of the
isolated transformer is connected with a rectifier circuit and both terminals of the rectifier circuit are connected
concurrently in parallel with first and second transistors and with a capacitor.

3. The DC/DC circuit for an uninterruptible power supply according to claim 2, wherein the controllable taps are two
gated taps of the secondary side of the isolated transformer;
the first gated tap is connected with the rectifier circuit or a common terminal of the first and second transistors; and
the second gated gap is connected with the common terminal of the first and second transistors or the rectifier circuit.

4. The DC/DC circuit for an uninterruptible power supply according to claim 3, wherein the first and second transistors
are a half-bridge structure; and one terminal of the first transistor is connected with a positive terminal of a positive
bus, one terminal of the second transistor is connected with a negative bus, the first transistor is connected with
one terminal of the second transistor, and a first gated switch is arranged between the common terminal of the first
transistor and the second transistor and a dotted terminal of a first tap of the secondary side of the isolated transformer,
that is the first gated tap; and
a second gated switch is arranged between a dotted terminal of a second tap of the secondary side of the isolated
transformer, that is the second gated tap, and the rectifier circuit.

5. The DC/DC circuit for an uninterruptible power supply according to claim 2, wherein the controllable taps are first
and second switched taps of the secondary side of the isolated transformer;
a first toggled switch is arranged between a common terminal of the first transistor and the second transistor and a
dotted terminal of the secondary side of the isolated transformer, that is, the first switched tap and the second
switched tap; and
the first toggled switch is configured to switch the first switched tap or the second switched tap to be closed.

6. The DC/DC circuit for an uninterruptible power supply according to claim 5, wherein a first inductor is arranged
between the first switched tap and the first toggled switch.

7. The DC/DC circuit for an uninterruptible power supply according to any one of claims 1 to 6, wherein:

a third filtering inductor and a third switch are added at the battery side, and when the battery is discharged,
the third switch is closed to have the third filtering inductor shorted-circuit, and the battery powers the bus
through a discharger; and when the battery is charged, the third switch is opened, and the filtering inductor
plays a role of filtering.

8. The DC/DC circuit for an uninterruptible power supply according to claim 3 or 4, wherein:

a filtering inductor and a switch are added between a dotted terminal of a fixed tap of the secondary side of the
isolated transformer and a common terminal of the two capacitors.

9. The DC/DC circuit for an uninterruptible power supply according to claim 2, wherein the controllable taps are two
sets of switched taps of the secondary side of the isolated transformer;
the first set of switched taps comprises a first switched tap and a second switched tap; a first toggled switch SWITCH1
is arranged between the first switched tap, the second switched tap and the second transistor Q2; and the first
switched tap or the second switched tap is selected and enabled by the first toggled switch;
the second set of switched taps comprises a third switched tap and a fourth switched tap; a second toggled switch
SWITCH1 is arranged between the third switched tap, the fourth switched tap and the first transistor Q1; and the
third switched tap or the fourth switched tap is selected and enabled by the second toggled switch;
the bus side is a full-wave rectifier circuit, and the ratios of turns of the transformer in charging and discharging are
changed by switching the ratios of turns through the first and second toggled switches; and
a first inductor and a third switch connected in parallel across the first inductor are arranged between a dotted
terminal of a fixed tap of the secondary side of the isolated transformer and the capacitor.
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10. The DC/DC circuit for an uninterruptible power supply according to claim 9, wherein:

the first inductor is arranged between the first switched tap of the secondary side of the isolated transformer
and the second transistor, and a second inductor is arranged between a fourth switched tap of the secondary
side of the isolated transformer and the first switch.

11. The DC/DC circuit for an uninterruptible power supply according to claim 1, wherein:

the push-pull circuit or the half-bridge circuit or the full-bridge circuit connected at the primary side of the isolated
transformer is embodied as an MOS transistor, and an equivalent diode of the MOS transistor acts as an
equivalent rectifier diode of the secondary side when the bidirectional DC/DC circuit draws power from the bus
to charge the battery.

12. A DC/DC circuit for an uninterruptible power supply, wherein the DC/DC circuit for an uninterruptible power supply
is a bidirectional DC/DC circuit connected between a bus and a battery; and
in a mains mode, the bidirectional DC/DC circuit draws power from the bus and charges the battery; and when the
mains becomes abnormal, the bidirectional DC/DC circuit draws from the battery and powers the bus.

13. The DC/DC circuit for an uninterruptible power supply according to claim 12, wherein the bidirectional DC/DC circuit
comprises:

an isolated transformer;
a first selector unit, a first chopper unit and a first rectifier unit arranged at a primary side of the isolated transformer;
and
a second selector unit, a second chopper unit and a second rectifier unit arranged at a secondary side of the
isolated transformer; and
in the mains mode, the second selector unit selects the second chopper unit for operation, and the first selector
unit selects the first rectifier unit for operation; and when the mains becomes abnormal, the first selector unit
selects the first chopper unit for operation, and the second selector unit selects the second rectifier unit for
operation.

14. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein there are multiple controllable
taps at the primary side and/or the secondary side of the isolated transformer, and the first chopper unit and the
first rectifier unit are connected respectively with different controllable taps at the primary side of the isolated trans-
former and/or the second chopper unit and the second rectifier unit are connected respectively with different con-
trollable taps at the secondary side of the isolated transformer.

15. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein the first chopper unit and the
second chopper unit are a push-pull chopper unit, a full-bridge chopper unit or a half-bridge chopper unit.

16. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein the first rectifier unit and the
second rectifier unit is a full-bridge rectifier unit, a full-wave rectifier unit, a voltage-doubling rectifier unit or a current-
doubling rectifier unit.

17. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein the first selector unit and the
second selector unit are a relay and/or a solid-state switch.

18. The DC/DC circuit for an uninterruptible power supply according to claim 17, wherein when the first selector unit
and the second selector unit are a relay, the relay comprises at least one single-pole single-throw relay, single-pole
double-throw relay or double-pole double-throw relay.

19. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein the bidirectional DC/DC circuit
further comprises a current mutual inductor or a Hall sensor arranged at the primary side and/or the secondary side
of the isolated transformer to sample current of the primary side and/or the secondary side of the isolated transformer.

20. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein the bidirectional DC/DC circuit
further comprises a filtering inductor arranged at the primary side and/or the secondary side of the isolated trans-
former.
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21. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein the first selector unit comprises
a single-pole single-throw first relay, the second selector unit comprises a single-pole double-throw second relay,
the first chopper unit comprises a first transistor and a second transistor, the second chopper unit comprise a third
transistor and a fourth transistor, the first rectifier unit comprises a first diode and a second diode, and the second
chopper unit comprises a third diode and a fourth diode, and the bidirectional DC/DC circuit further comprises a first
filtering inductor arranged at the primary side of the isolated transformer, a second filter inductor arranged at the
secondary side of the isolated transformer, and a current mutual inductor arranged at the primary side of the isolated
transformer, and
an anode of the battery is connected with a second tap, that is a central tap, of the primary side of the isolated
transformer, a cathode of the battery is connected respectively with a second terminal of the first transistor and a
second terminal of the second transistor through the first relay, a first terminal of the first transistor and a first terminal
of the second transistor are connected respectively with a first tap, that is a dotted terminal, and a third tap, that is
an undotted terminal, of the primary side of the isolated transformer, the first tap and the third tap of the primary
side of the isolated transformer are further connected respectively with a cathode of the first diode and a cathode
of the second diode through the current mutual inductor, and an anode of the first diode and an anode of the second
diode together are connected with the cathode of the battery through the first filter inductor; and a third tap, that is
a central tap, of the secondary side of the isolated transformer is connected with a positive bus, a first tap and a
fifth tap of the secondary side of the isolated transformer are connected respectively with a cathode of the third
diode and a cathode of the fourth diode, an anode of the third diode and an anode of the fourth diode together are
connected with a first selector tap of the second relay through the second filtering inductor, a second tap and a
fourth tap of the secondary side of the isolated transformer are connected respectively with a first terminal of the
third transistor and a first terminal of the fourth transistor, a second terminal of the third transistor and a second
terminal of the fourth transistor together are connected with a second selector tap of the second relay, and a moving
tap of the second relay is connected with a negative bus.

22. The DC/DC circuit for an uninterruptible power supply according to claim 13, wherein the first selector unit comprises
a single-pole single-throw first relay and third relay, the second selector unit comprises a single-pole double-throw
second relay, the first chopper unit comprises a first transistor and a second transistor, the second chopper unit
comprise a third transistor and a fourth transistor, the first rectifier unit comprises a first diode and a second diode,
and the second rectifier unit comprises a third diode and a fourth diode, and the bidirectional DC/DC circuit further
comprises a first filtering inductor arranged at the primary side of the isolated transformer, a second filter inductor
arranged at the secondary side of the isolated transformer, and a current mutual inductor arranged at the primary
side of the isolated transformer, and
an anode of the battery is connected with a second tap, that is a central tap, of the primary side of the isolated
transformer, a cathode of the battery is connected respectively with a second terminal of the first transistor and a
second terminal of the second transistor, a first terminal of the first transistor is connected with a first tap, that is a
dotted terminal, of the primary side of the isolated transformer through the first relay, a first terminal of the second
transistor is connected with a third tap, that is an undotted terminal, of the primary side of the isolated transformer
through the third relay, the first tap and the third tap of the primary side of the isolated transformer are further
connected respectively with a cathode of the first diode and a cathode of the second diode through the current
mutual inductor, and an anode of the first diode and an anode of the second diode together are connected with the
cathode of the battery through the first filter inductor; and a third tap, that is a central tap, of the secondary side of
the isolated transformer is connected with a positive bus, a first tap and a fifth tap of the secondary side of the
isolated transformer are connected respectively with a cathode of the third diode and a cathode of the fourth diode,
an anode of the third diode and an anode of the fourth diode together are connected with a first selector tap of the
second relay through the second filtering inductor, a second tap and a fourth tap of the secondary side of the isolated
transformer are connected respectively with a first terminal of the third transistor and a first terminal of the fourth
transistor, a second terminal of the third transistor and a second terminal of the fourth transistor together are connected
with a second selector tap of the second relay, and a moving tap of the second relay is connected with a negative bus.

23. A UPS, wherein the UPS comprises the DC/DC circuit according to claims 12-22.
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