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(57) ABSTRACT

An uninterruptible power supply system prevents an output
voltage from dropping due to an operation delay of a relay
for isolating an alternating-current power source side and
avoids an unexpected current flowing between the alternat-
ing-current power source side and the uninterruptible power
supply system side. When short circuit occurs, a parallel
converter connected in parallel to input terminals connected
to an alternating-current power source is made to operate so
that the output voltage thereof becomes “0” or the input
voltage Vin and a series inverter connected in series between
an input relay and one of output terminals is made to carry
out a compensating operation with a smoothing capacitor
taken as a power source so that a value of an applied voltage
to the output terminals becomes an output voltage command
value Vout®. This makes the output voltage of the parallel
converter become “0” or Vin to produce no electric potential
difference between the alternating-current power source side
and the output side of the parallel converter. Therefore, no
current flows between the alternating-current power source
side and the parallel converter, and a value of an applied
voltage to the output terminals is to be continuously main-
tained at the output voltage command value Vout* by the
series inverter.

12 Claims, 3 Drawing Sheets

Ve

...............................

H WVOLTAGE
| P et

CONTROL CIRCUT

Tyl 2
Pz

T WeyT
RELAY 7
LOMD Si0E.

9

vounase |ve
loETECTOR

g

[Pwat aTE srewac]l
(GENERATING
|Section

70 PARALLEL
"CONVERTER 2

[0 T

vourdge  |Vin
e b
42

RELAY 7

[P GATE SIGwAL
(GENERATING
|secriow

|, 70 seies.
WVERTER 3



http://www.freepatentsonline.com

U.S. Patent Mar. 28, 2006 Sheet 1 of 3 US 7,019,989 B2

7 100

.——;Zb— —————— '/— ———————————————— 1 12
N !
| |
| | : 6
: :
: /1 J//Z

T 3 |

J(} T Jl(:} fav

I |
| |
1 |
| |
! J = \ |
| 9 — |
: 2713 ( | 3 i
i |
| |

WM | [VOLTAGE PWM2
8 i DETECTOR
e
VOLTAGE |Vin c CIRCUIT ,52 id |
ONTROL CI L——REL
\DETECTOR il LOAD SIDE |
! $20,20a }
b e e e e e e e e e ——E———— e |
o T
| g} é: A |
L
| J J i | [
: ] 1 t‘vL'\ |
| 1 |
l T
R
: | | C,
4 | | |
b o e e J | I J

273 FIG 2


http://www.freepatentsonline.com

US 7,019,989 B2

Sheet 2 of 3

Mar. 28, 2006

U.S. Patent

_
_ _ mv/ NOILO3S | | |
_ NOILI3S o— INILVEIN3I| |
£ _ ONLLYHINTD — anvwnoo | ! |
| 2wmd “ TWNIIS 3LV WMd | x dWI0A w +HMOA | 391104 1nd1N0] |
| ! Nob = :w "
[ L — - = bA 4 — .L.
_ NOILI3S - B2
LAu_i | 9m1o3130 i |yo193130
1ndNI 0L~ T | ALITYWHONGY ot a7l *3ontion
. JOVLT0A :
| y AN PR N — 7
|05 NOILOFS O, | 8
2 Y3L4IANOI _
- INILYHINTI NOILLIISFa—, 71
137704vd 01 | 1amd wnvors 7109 wama| +1994 Jo— & Homusnray 3900700 * A | [yoro3130
| | ; / IN3y8n9-193410 71" 39uLion
|
| g e / 7 | S
i _ Nm. \m _ 1
_ _ __ 6
_ bt D S
] o€
02



http://www.freepatentsonline.com

US 7,019,989 B2

Sheet 3 of 3

Mar. 28, 2006

U.S. Patent

“- : ﬁ-ln--lln:lll:uunH\ |||||||| -]
_
: | DSh — S¥ NoiLo3s) 1|
_ NOILI3S ONILLYYINII| |}
£ mmEm\_zouA_ . ONILYHINTI QOTF ~ | " avvwnoo| ||
SIHISOL | 2pMd | |TuNals 3Lv9 WMd | «dWI0A £IMOA | 391104 10dLN0] | »
L o /A A
. _.I lllllll - Vv ql, ]\NV |.m '
| NOILI3S Iy bt S S
L AVTIY 9NI123130 “ 40103130
1ndNi 0L T | ALITYWHONGY uipl 39vLI0A
| IO 5
' / - —— - —————~ |~~~ -~ ———————- m g
0S| NOILD3S J o !
2 43LYIANOD |
- . NILYINTO NOILD3S i
13TIvYvd 01 _ IWMd | s\z@m mw_www‘gm »$99// < Homsnray 394110 =N, _ ¥0193130
| 7 \ IN3Y4N2-193410 Y T Ty
| e ogg / / | S
_ _ 2 1€ .
. e ol
_ - _ )
/] 00€



http://www.freepatentsonline.com

US 7,019,989 B2

1
UNINTERRUPTIBLE POWER SUPPLY
SYSTEM

BACKGROUND

A conventional uninterruptible power supply system and
an uninterruptible power supply system according to the
present invention for a single phase circuit share some
common elements. In this respect, the conventional power
supply system will be described in reference to FIGS. 1 and
2. The primary difference between the two is in the control
circuit 20, 20a.

The conventional power supply system also includes an
input relay positioned between input terminals (input end)
11, to which an alternating-current power source 1 is input,
and output terminals (output end) 12, to which a load 6 is
connected. By placing the input relay 7 in a cutoff (non-
conducting) state when an abnormality occurs in the alter-
nating-current power source 1, the alternating-current power
source 1 is isolated from the uninterruptible power supply
system. A parallel converter is connected in parallel to the
input terminals 11 through the input relay 7 and is capable
of carrying out a rectifier operation and an inverter opera-
tion. Moreover, a series inverter 3 is connected in series
between the input relay 7 and one of the output terminals 12
to carry out an inverter operation. Between the parallel
converter 2 and series converter 3, a smoothing capacitor 4
and an energy storing unit 5, such as a battery are connected
in parallel thereto.

According to the conventional power supply system a
control circuit (not illustrated) controls the parallel converter
2 and the series inverter 3. The conventional control circuit,
based on an alternating-current power source voltage Vin,
supplied from the alternating-current power source 1 and
detected by a voltage detector 8, and a terminal voltage Vc
of the smoothing capacitor 4 detected by a voltage detector
9, controls the output voltage to the load 6 to become a
specified voltage. FIG. 2 illustrates a parallel converter 2 and
a series inverter 3 arranged with a full bridge circuit using
semiconductor switches (i.e., transistors). The ON-OFF
operations of these semiconductor switches are, with respect
to the parallel converter 2, carried out based on a gate signal
PWM 1 output from the control circuit. Moreover, with
respect to the series inverter 3, the operations are carried out
based on a gate signal PWM 2 output from the control
circuit. On the output side of the parallel converter 2 or the
series inverter 3, as shown in FIG. 2, a filter, which is
constituted with reactors [ and a capacitor C, can be
disposed.

When the voltage detector 8 detects that the alternating-
current power source voltage Vin of the alternating-current
power source 1 is within a permissible range, the input relay
7 is at the ON-state, and the parallel converter 2 operates to
charge and discharge the smoothing capacitor 4 based on the
terminal voltage Ve of the smoothing capacitor 4 detected by
the voltage detector 9 so that the voltage Vc becomes the
specified voltage. This converts the alternating-current
power of the alternating-current power source 1 to the
direct-current power so that the terminal voltage V¢ of the
smoothing capacitor 4 is maintained at the specified voltage.
In addition, the series inverter 3 is operated to output a
compensating voltage AV to compensate for any excess or
deficiency in the alternating-current power source 1 so that
a voltage applied to the load 6 becomes the specified
voltage. This converts the direct-current power from the
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smoothing capacitor 4 to the alternating-current power with
the applied voltage to the load 6 maintained at the specified
voltage.

When the alternating-current power source voltage Vin
from the alternating-current power source 1 is outside the
permissible range, it is decided that an abnormality has
occurred on the alternating-current power source side, the
input relay 7 is switched into a cutoff state and the operation
of the series inverter 3 is stopped, while the parallel con-
verter 2 is made to perform an inverter operation to convert
the direct-current power of the energy storing unit 5 to a
specified alternating-current power, which is supplied to the
load 6. This makes the applied voltage to the load 6 to be
maintained at the specified voltage even when the alternat-
ing-current power source side is isolated. See for example,
JP-A-2002-199620.

In the conventional uninterruptible power supply system,
however, when the input relay 7 is formed with mechanical
contacts, an operation delay of several milliseconds to ten
and some odd milliseconds occurs in the input relay 7 from
the inception of an ON-OFF command to an actual comple-
tion of operation. Therefore, from the occurrence of the
power failure to the isolation of the alternating-current
power source side from the uninterruptible power supply
system 100, during which the power failure is detected,
while the input relay 7 is controlled to be actually brought
to the cutoff state, the load side of the input relay 7 can
experience power failure or drop out. In this state, where the
power supply to the load is continued with the operation of
the series inverter 3 stopped and the parallel converter 2
made to carryout an inverter operation in response to the
detection of power failure, when the alternating-current
power source voltage Vin is outside the permissible range by
occurrence of short circuit on the alternating-power source
side, for example, the alternating-power source side in the
short circuit state brings the parallel converter 2 connected
to the power source in parallel, also into the short circuit
state. Therefore, it makes it impossible to maintain the
voltage applied to the load 6 at the specified voltage.

Moreover, an operation of the parallel converter 2 for
maintaining the specified voltage produces an electric poten-
tial difference between the power source voltage after the
power failure and the output voltage of the parallel converter
2. This, in some cases, causes current to flow between the
alternating-current power source 1 and the parallel converter
2. In particular, at a short circuit failure occurred at the short
circuit of the alternating-current power source 1, an unex-
pected short circuit current can flow in some cases, inter-
fering with the whole uninterruptible power supply system.
Furthermore, when the alternating-current power source side
is brought into an open circuit state by the power failure,
there is also a problem in which, although the alternating-
current power source side is essentially in a state without
power source, a voltage is supplied thereto from the unin-
terruptible power supply system.

Accordingly, there remains a need to remove the above-
described problems associated with a conventional system
so that an uninterruptible power supply system can avoid
dropout in an output voltage when the alternating-current
power source side is isolated. The present invention
addresses this need.

SUMMARY OF THE INVENTION

The present invention relates to an uninterruptible power
supply system. The present system can supply stabilized AC
power to the load while having the ability supply power
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from an energy storing unit during power failure at the
supply side. More specifically, the present system can supply
stabilized power to the load while carrying out switching
operation from a normal operation to an operation at power
failure.

The uninterruptible power supply system includes a cir-
cuit cutoff unit, a parallel power converting unit, a series
power converting unit, and an electricity storing unit. The
cutoff unit is inserted between an input end to which
alternating-current power is supplied and an output end
connectable to a load, for isolating the alternating-current
power supplying side. The parallel power converting unit is
connected between the cutoff unit and the output end in
parallel to the input end. The series power converting unit is
inserted in series between a parallel connected point of the
parallel power converting unit and the output end. The
electricity storing unit is connected so that it permits electric
power to be interchanged between the parallel power con-
verting unit and series power converting unit.

According to one aspect of the present invention, the
power system further includes a power failure detecting unit
that detects a power failure. In another aspect of the present
invention, the power system further includes a control
circuit that includes the power failure detecting unit; the
control circuit is connected to the parallel power converting
unit and the series power converting unit for controlling the
same.

When the supply of the alternating-current power is
within a normal predetermined range, the series power
converting unit compensates, or the control circuit controls
the series power converting unit to compensate, the supply
of the alternating-current power with the electricity storing
unit taken as an electric power source so that a value of an
alternating-current power output at the output end becomes
a specified value of output, and the parallel power convert-
ing unit charges and discharges, or the control circuit unit
controls the parallel power converting unit to charge and
discharge, the electricity storing unit so that an amount of
stored electricity in the electricity storing unit becomes a
specified amount.

When the power failure detecting unit detects a power
failure, the cutoff unit isolates, or the control circuit controls
the cutoff unit to isolate, the alternating-current power
supplying side, and the series power converting unit oper-
ates, or controls the series power converting unit to operate,
with the electricity storing unit taken as a power source so
that the value of the alternating-current power at the output
end becomes the specified value of output.

More specifically, when the power failure detecting unit
detects a power failure, the series power converting unit
outputs, or the control circuit controls the series power
converting unit to output, the whole voltage of the alternat-
ing-current output at the output end so that the value of the
alternating-current power at the output end becomes the
specified value of output.

Alternatively, the power supply system can include an
alternating-current voltage detecting unit that detects a volt-
age of the supplied alternating-current power. When the
power failure detecting unit detects a power failure, the
parallel power converting unit operates, or the control circuit
controls the parallel power converting unit, so that a voltage
of the parallel connected point side becomes the alternating-
current power source voltage detected by the alternating-
current voltage detecting unit, and the series power convert-
ing unit compensates, or the control circuit controls the
series power converting unit to compensate, an output
voltage of the parallel power converting unit so that the
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value of the alternating-current output at the output end
becomes the specified value of output.

The power supply system or the control circuit can further
include a control for preventing an electric potential differ-
ence produced between the input end and the output of the
parallel power converting unit during a power failure.

In one embodiment, wherein when the power failure
detecting unit detects a power failure, the parallel power
converting unit outputs, or the control circuit controls the
parallel power converting unit to output, a zero voltage to
the output end and to a cutoff unit side connected to the
output end so that no electric potential difference is produced
between the input end and the output of the parallel power
converting unit.

In another embodiment, when the power failure detecting
unit detects a power failure, the parallel power converting
unit outputs, or the control circuit controls the parallel power
converting unit to output, a voltage equivalent to the input
voltage of the input end to the output end and to the cutoff
unit side connected to the output end so that no electric
potential difference is produced between the input end and
the output of the parallel power converting unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an uninterruptible power
supply system according to the present invention.

FIG. 2 schematically illustrates a circuit arrangement of
the parallel converter section or the series inverter section of
FIG. 1.

FIG. 3 schematically illustrates a first embodiment of the
control circuit of FIG. 1.

FIG. 4 schematically illustrates a second embodiment of
the control circuit of FIG. 1.

DETAILED DESCRIPTION

The present uninterruptible power supply system 100 is
illustrated in FIGS. 1 and 2, which is substantially similar to
the conventional system described previously except for the
control circuit 20, 20a, which will be described below.

Referring to FIG. 3, which illustrates a first embodiment
of the control circuit 20 according to the present invention,
the control circuit 20 includes a parallel converter control
section 30 for carrying out control of the parallel converter
2, a series inverter control circuit 40 for carrying out control
of the series inverter 3, and a voltage abnormality detecting
section 50. The parallel converter control section 30 includes
a direct-current voltage adjusting section 31 that carries out
adjusting arithmetic operation so that the value of the
terminal voltage Ve of the smoothing capacitor 4 detected by
the voltage detector 9 and a predetermined specified value
Vc* equal to each other, a subtracter 32 that subtracts a value
of an adjusting voltage calculated at the direct-current
voltage adjusting section 31 from the value of the alternat-
ing-current power source voltage Vin detected by the volt-
age detector 8, a changeover switch 33 that selects either the
subtracted value calculated at the subtracter 32 or a specified
value “0” to provide it as an output voltage command value
Vrect® for the parallel converter 2, and a PWM gate signal
generating section 34 that carries out PWM control based on
the parallel converter output voltage command value Vrect*
set by the changeover switch to produce the gate signal
PWM 1 for making the semiconductor switch forming the
parallel converter 2 perform ON-OFF operation.

The series inverter control section 40 includes an output
voltage command generating section 41 that sets an output
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voltage command value Vout* of the uninterruptible power
supply system 100 according to an alternating-current volt-
age to be applied to the load 6, a subtracter 42 that subtracts
the value of the alternating-current power source voltage Vin
detected by the voltage detector 8 from the output voltage
command value Vout* set at the output voltage command
generating section 41, a changeover switch 43 that selects
either the subtracted value calculated at the subtracter 42 or
the output voltage command value Vout* set at the output
voltage command generating section 41 for a compensating
voltage command value Vocmp*, and a PWM gate signal
generating section 44 that carries out PWM control on the
basis of the compensating voltage command value Vocmp*
selected by the changeover switch 43 to produce the gate
signal PWM 2 for making the semiconductor switches
forming the series inverter 3 perform ON-OFF operation.

Moreover, the voltage abnormality detecting section 50
decides whether or not the alternating-current power source
voltage Vin detected by the voltage detector 8 is within a
predetermined permissible range in which the alternating-
current power source voltage Vin can be regarded as oper-
ating normally. When the voltage is within the predeter-
mined permissible range, the input relay 7 is controlled to
operate in the ON state, while the changeover switch 33 in
the parallel converter control section 30 is controlled so as
to select the output of the subtracter 32, and the changeover
switch 43 in the series inverter control section 40 is con-
trolled so as to select the output of the subtracter 42.

When the alternating-current power source voltage Vin is
determined to be outside the predetermined permissible
range, the input relay 7 is controlled to be in the cutoff state,
while the changeover switch 33 in the parallel converter
control section 30 is controlled to select the specified value
“0”, and the changeover switch 43 in the series inverter
control section 40 is switched to select the output voltage
command value Vout* from the output voltage command
generating section 41.

In operation, when the alternating-current power source
voltage Vin is within the permissible range, in the voltage
abnormality detecting section 50, the input relay 7 is con-
trolled to be in the state of conduction or ON state, while the
changeover switches 33 and 43 are controlled so that the
output of the subtracter 32 is selected by the changeover
switch 33, and the output of the subtracter 42 is selected by
the changeover switch 43. This makes, in the parallel
converter control section 30, a result of an adjusting calcu-
lation at the direct-current voltage adjusting section 31,
which is performed for making the value of the terminal
voltage Vc of the smoothing capacitor 4 equal to the
specified value Vc* thereof, is subtracted from the value of
the alternating-current power source voltage Vin. The result
of the subtraction is set as the output voltage command value
Vrect* of the parallel converter 2, based on which the gate
signal PWM1 is produced.

In the series inverter control section 40, a value, for which
the value of the alternating-current power source voltage Vin
is subtracted from the output voltage command value Vout*
set at the output voltage command generating section 41, is
set as the compensating voltage command value Vocmp*,
based on which the gate signal PWM2 is produced.

Therefore, by the parallel converter 2 operating so that the
value of the terminal voltage Vc of the smoothing capacitor
4 equals to the specified value Vc* thereof, the value of the
terminal voltage Vc of the smoothing capacitor 4 is main-
tained at the specified value Vc* thereof. Moreover, by the
series inverter 3 operating to output the compensating volt-
age command value Vocmp*, the value of the alternating-
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current power source voltage Vin is compensated. As a
result, to the output terminals 12, a voltage with a value
equivalent to the output voltage command value Vout* is to
be applied, which results in the applied voltage to the load
6 maintained at the output voltage command value Vout*.

Drop in the alternating-current power source voltage Vin
from this state by occurrence of short circuit or power failure
on the alternating-current power source 1 side is detected by
the voltage abnormality detecting section 50 when the
alternating-current power source voltage Vin is outside the
permissible range, by which the input relay 7 is switched to
a cutoff state, while control is carried out so that the specified
value “0” is selected by the changeover switch 33, and
control is carried out so that the output voltage command
value Vout™ is selected by the changeover switch 43.

This makes the parallel converter control section 30
operate the parallel converter 2 so that the value of the
output voltage thereof becomes the specified value “0.”
Moreover, the series inverter control section 40 makes the
series inverter 3 perform an inverter operation so that the
value of the output voltage thereof becomes the output
voltage command value Vout*. That is, direct-current elec-
tric power in the energy storing unit 5 is converted to
alternating-current electric power to be applied to the output
terminals 12. Therefore, to the load 6, a voltage with the
output voltage command value Vout* is continuously
applied.

Here, on detecting drop in the alternating-current power
source voltage Vin, the input relay 7 is controlled to operate
in a cutoff state. However, when the input relay 7 is formed
with mechanical contacts, an operation delay occurs until
the alternating-current power source 1 side is isolated from
the power supply side. When the operation of the input relay
7 is not completed, because of occurrence of short circuit,
the alternating-current side of the parallel converter 2 is also
brought into the state of being short circuited. Here, how-
ever, the operation is made so that the output voltage of the
parallel converter 2 becomes “0” so that the voltage on the
side of the input relay 7 connected to the load 6 becomes
“0.” Thus, no electric potential difference is produced
between the alternating-current power source 1 side and the
output side of the parallel converter 2. Therefore, no unex-
pected short circuit current flows between the parallel con-
verter 2 and the alternating-current power source 1. This
makes it possible to avoid adverse effect due to this exerted
on the uninterruptible power supply system itself or equip-
ment connected to the same power system, and improve the
reliability thereof.

Referring to FIG. 4, which discloses a second embodi-
ment of the control circuit 20a according to the present
invention, in the second embodiment the parallel converter
control section 30a, similar the first embodiment, uses the
direct-current voltage adjusting section 31 to carry out the
adjusting arithmetic operation so that the value of the
terminal voltage Ve of the smoothing capacitor 4 detected by
the voltage detector 9 and a specified value Vc* thereof
equal to each other. In the subtracter 32, the value of an
adjusting voltage calculated out at the direct-current voltage
adjusting section 31 is subtracted from the value of the
alternating-current power source voltage Vin. Either the
subtracted value calculated at the subtracter 32 or the value
of the alternating-current power source voltage Vin detected
by the voltage detector 8 is selected by a changeover switch
33a. The selected one is set as an output voltage command
value Vrect* for the parallel converter 2. Furthermore, based
on the parallel converter output voltage command value
Vrect* thus set by the changeover switch 33a, PWM control
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is carried out at the PWM gate signal generating section 34,
by which the gate signal PWM 1 is produced for making the
semiconductor switch forming the parallel converter 2 per-
form an ON-OFF operation.

In the series inverter control section 40a, like in the first
embodiment, the value of the alternating-current power
source voltage Vin detected by the voltage detector 8 is
subtracted by the subtracter 42 from the output voltage
command value Vout* set at the output voltage command
generating section 41. At the subtracter 45, the output
voltage command value Vrect* for the parallel converter 2
selected by the changeover switch 33a in the parallel con-
verter control section 30a is subtracted from the output
voltage command value Vout* set at the output voltage
command generating section 41. Furthermore, either the
subtracted value calculated out at the subtracter 42 or the
subtracted value calculated out at the subtracter 45 is
selected by the changeover switch 43a to provide the
selected one as being the compensating voltage command
value Vocmp*. Based on the compensating voltage com-
mand value Vocmp*, PWM control is carried out at the
PWM gate signal generating section 44 to produce the gate
signal PWM 2 for making the semiconductor switches
forming the series inverter 3 perform ON-OFF operation.

In the voltage abnormality detecting section 50, when the
alternating-current power source voltage Vin is within a
permissible range, the input relay 7 is controlled to be in the
state of conduction, while by the changeover switch 33a, the
value of the output of the subtracter 32 is set as the output
voltage command value Vrect* for the parallel converter 2,
and by the changeover switch 434, the value of the output of
the subtracter 42 is set as the compensating voltage com-
mand value Vocmp*. When the alternating-current power
source voltage Vin is outside the permissible range, the input
relay 7 is controlled to be in the state of cutoff. Furthermore,
by the changeover switch 33a, the value of the alternating-
current power source voltage Vin is set as the output voltage
command value Vrect* for the parallel converter 2. More-
over, by the changeover switch 43q, the value of the output
of the subtracter 45 is set as the compensating voltage
command value Vocmp*.

In operation, when the alternating-current power source
voltage Vin is within the permissible range, the input relay
7 is controlled to be in the state of conduction, while the
output of the subtracter 32 is selected by the changeover
switch 33a, and the output of the subtracter 42 is selected by
the changeover switch 43a. Therefore, the uninterruptible
power supply system 100 operates similarly to the system
incorporating the control circuit of the first embodiment.

When the alternating-current power source voltage Vin is
outside the permissible range by drop in the output of the
alternating-current power source 1 for any reason, the input
relay 7 is controlled to be in the cutoff state. Moreover, by
the changeover switch 33a, the value of the alternating-
current power source voltage Vin is selected as the output
voltage command value Vrect* for the parallel converter 2,
and, by the changeover switch 43a, the value of the output
of the subtracter 45 is set as the compensating voltage
command value Vocmp*. Therefore, in the parallel converter
2, an inverter operation is to be performed so that the value
of the output voltage thereof becomes the value of the
alternating-current power source voltage Vin.

Here, when the input relay 7 is actually not yet in the
cutoff state due to the operation delay thereof, a residual
voltage of the alternating-current power source voltage Vin
appears on the load side of the input relay 7. Therefore, the
parallel converter 2 operates so that the output voltage
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thereof becomes the residual voltage of the alternating-
current power source voltage Vin. Thus, no electric potential
difference is produced between the output voltage of the
parallel converter 2 and the alternating-current power source
voltage Vin. Therefore, the current flowing between the
alternating-current power source 1 and the uninterruptible
power supply system 100 becomes zero. Hence, even when
the input relay 7 is not actually in the cutoff state, it is
possible to make the state thereof equivalent to the state
where the alternating-current power source 1 and the unin-
terruptible power supply system 100 are fully isolated.

In particular, when short circuit occurs, an unexpected
short current flows through the short circuited part. How-
ever, the parallel converter 2 operates so that no electric
potential is produced between the alternating-current power
source voltage Vin and the output voltage of the parallel
converter 2. Therefore, it is possible to avoid adverse effect
due to the flow of unexpected short circuit current exerted on
the uninterruptible power supply system 100 itself or equip-
ment connected thereto.

The series inverter 3 operates with a value for which the
output voltage command value Vrect* for the parallel con-
verter 2 is subtracted from the output voltage command
value Vout*. That is, a value for which the value of the
alternating-current power source voltage Vin is subtracted
therefrom, taken as the compensating voltage command
value Vocmp*. Namely, the series inverter 3 carries out a
compensating operation so that the value of the output of the
system becomes the output voltage command value Vout* to
the output of the parallel inverter 2. The series inverter 3,
when the value of the alternating-current power source
voltage Vin is within the permissible range, carries out a
compensating operation to the alternating-current power
source voltage Vin so that the value of the output voltage of
the system is maintained at the output voltage command
value Vout*, while, when the alternating-current power
source voltage Vin is outside the permissible range, carries
out a compensating operation to the parallel converter 2 so
that the value of the output voltage of the system is main-
tained at the output voltage command value Vout*.

Even when operation delay occurs, until the cutoff of the
input relay 7 is completed, the value of the applied voltage
to the load 6 can be maintained at the output voltage
command value Vout* without any drop in the output
voltage of the system. Moreover, realization of this is
possible without being affected by the residual voltage of the
alternating-current power source voltage Vin. Furthermore,
it is possible to prevent generation of an unexpected current
due to the alternating-current power source voltage Vin
becoming outside the permissible range. In addition, the
output voltages of the parallel converter 2 and the series
converter 3 are provided so that the output voltage command
value Vout* is compensated thereby. Therefore, even though
the operation of the input relay 7 is completed and the
alternating-current power source 1 is isolated from the
uninterruptible power supply system, the system is not
affected at all.

In the second embodiment, the alternating-current power
source voltage Vin is actually detected and the parallel
inverter 2 is to be controlled so that a voltage equivalent to
the alternating-current power source voltage Vin is output.
Thus, the unexpected current can be surely prevented from
flowing.

Although the first and second embodiments were refer-
enced with the parallel converter 2 or the series inverter 3
formed with a full bridge circuit, including switching ele-
ments and diodes connected in inverse-parallel to the ele-
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ments, the parallel converter 2 or the series inverter 3 is not
limited to the full bridge circuit, but other configuration,
such as a half bridge circuit, for example, can be applied.

Moreover, although explanations were made for a single-
phase uninterruptible power supply system, the present
invention is not limited thereto, but can be of course applied
even to an uninterruptible power supply system of other than
a single-phase type, such as a three-phase uninterruptible
power supply system.

The input relay 7 corresponds to the cutting off unit, the
parallel converter 2 to the parallel power converting unit, the
series inverter 3 to the series power converting unit, the
smoothing capacitor 4 and the energy storing unit 5 to the
electricity storing unit, the voltage detector 8 to the alter-
nating-current voltage detecting unit, and the voltage abnor-
mality detecting section 50 to the short circuit detecting unit
and the power failure detecting unit.

As explained above, by the uninterruptible power supply
system according to the present invention, when a short
circuit power failure occurs, for example, on the alternating-
current supplying side, the alternating-current supplying
side is isolated from the uninterruptible power supply sys-
tem side by the cutoff unit, while the parallel power con-
verting unit is operated to make the voltage level of the
parallel connected point side become a short circuit voltage
level set beforehand, and the series power converting unit is
operated to make the value of the alternating-current output
at the output end become a specified output value. Therefore,
even when an operation delay occurs, until isolation of the
alternating-current power supply side is completed, the
value of the alternating-current output at the output end can
be maintained at the specified value.

When the supplied alternating-current power is sound, the
series power converting unit operates to compensate the
supplied alternating-current power with the electricity stor-
ing unit taken as an electric power source so that a value of
an alternating-current power output at the output end
becomes a specified value of output. Moreover, the parallel
power converting unit carries out charging and discharging
of the electricity storing unit so that an amount of stored
electricity in the electricity storing unit becomes a specified
amount. Therefore, when the supplied alternating-current
power is sound, the value of the alternating-current power
output at the output end is maintained at the specified value
of output.

When a short circuit failure, for example, occurs on the
alternating-current power supplying side and is detected by
the power failure detecting unit, the alternating-current
power supplying side is isolated from the uninterruptible
power supply system side by the cutoff unit. Here, during the
time from occurrence of the short circuit on the alternating-
current power supplying side through the operation of the
cutting off unit in response thereto to completion of isolation
of the alternating-current power supplying side, the alter-
nating-current side of the parallel power converting unit is
also brought into the short circuit state. However, when the
short circuit is detected, the series power converting unit
operates to output the entire or whole voltage of the alter-
nating-current output of the uninterruptible power supply
system at the output end so that the value of the alternating-
current power at the output end becomes the specified value
of output. Therefore, even when an operation delay occurs,
until the completion of isolation of the alternating-current
power supplying side, the value of the alternating-current
power at the output end is maintained at the specified value.

Moreover, by the uninterruptible power supply system
according to the present invention, when power failure is
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detected, the alternating-current supplying side is isolated by
the cutting off unit, while the parallel power converting unit
is operated to make the voltage of the parallel connected
point side become a supplied alternating-current power
voltage detected by the alternating-current voltage detecting
unit, and the series power converting unit is made to perform
an operation for compensating the alternating-current output
of' the parallel power converting unit so as to make the value
of the alternating-current output at the output end become a
specified output value. Therefore, even when an operation
delay occurs, until the completion of isolation of the alter-
nating-current power supply side, the value of the alternat-
ing-current output at the output end can be maintained at the
specified value. Along with this arrangement, flowing of an
unexpected current in the uninterruptible power supply unit
can be avoided.

When the supplied alternating-current power is sound, the
series power converting unit operates for compensating the
supplied alternating-current power with the electricity stor-
ing unit taken as an electric power source so that a value of
an alternating-current power output at the output end
becomes a specified value of output. Moreover, the parallel
power converting unit carries out charging and discharging
of the electricity storing unit so that an amount of stored
electricity in the electricity storing unit becomes a specified
amount. Therefore, when the supplied alternating-current
power is sound, the value of the alternating-current power
output at the output end is to be maintained at the specified
value of output.

Meanwhile, when a power failure occurs on the alternat-
ing-current power supplying side and this is detected by the
power failure detecting unit, the alternating-current power
supplying side is isolated from the uninterruptible power
supply system side by the cutting off unit. Here, during the
time from occurrence of the power failure on the alternating-
current power supplying side through the operation of the
cutting out unit in response thereto to completion of isola-
tion of the alternating-current power supplying side, a
residual voltage of the alternating-current power is to appear
on the output end side of the cutting out unit.

When the power failure is detected, the parallel power
converting unit operates so that a voltage on the parallel
connected point side becomes the supplied alternating-
current power voltage detected by the alternating-current
voltage detecting unit. Thus, no electric potential difference
is produced between the alternating-current power supply-
ing side and the parallel connected point side. Therefore, no
unexpected current is to flow due to the power failure. While
the series power converting unit, at the time when the power
failure is detected, carries out the operation for compensat-
ing the alternating-current output of the parallel power
converting unit so that the value of the alternating-current
output at the output end becomes the specified value of
output. Therefore, even when operation delay results until
the completion of isolation of the alternating-current power
supplying side, the value of the alternating-current power at
the output end is maintained at the specified value. More-
over, no unexpected current is to flow in the uninterruptible
power supply system.

Given the disclosure of the present invention, one versed
in the art would appreciate that there may be other embodi-
ments and modifications within the scope and spirit of the
present invention. Accordingly, all modifications and
equivalents attainable by one versed in the art from the
present disclosure within the scope and spirit of the present
invention are to be included as further embodiments of the
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present invention. The scope of the present invention
accordingly is to be defined as set forth in the appended
claims.

The disclosure of the priority application, JP 2003-
095800, in its entirety, including the drawings, claims, and
the specification thereof, is incorporated herein by reference.

What is claimed is:

1. An uninterruptible power supply system comprising:

a circuit cutoff unit, inserted between an input end to
which alternating-current power is supplied and an
output end connectable to a load, for isolating the
alternating-current power supplying side;

a parallel power converting unit connected between the
cutoff unit and the output end in parallel to the input
end;

a series power converting unit connected in series
between a parallel connected point of the parallel
power converting unit and the output end;

an electricity storing unit permitting electric power to be
interchanged between the parallel power converting
unit and series power converting unit; and

a power failure detecting unit that detects a power failure,

wherein when the supply of the alternating-current power
is within a normal predetermined range, the series
power converting unit compensates the supply of the
alternating-current power with the electricity storing
unit taken as an electric power source so that a value of
an alternating-current power output at the output end
becomes a specified value of output, and the parallel
power converting unit charges and discharges the elec-
tricity storing unit so that an amount of stored electric-
ity in the electricity storing unit becomes a specified
amount, and

wherein when the power failure detecting unit detects a
power failure, the cutoff unit isolates the alternating-
current power supplying side, and the series power
converting unit operates with the electricity storing unit
taken as a power source so that the value of the
alternating-current power at the output end becomes the
specified value of output.

2. The power supply system according to claim 1, wherein
when the power failure detecting unit detects a power
failure, the series power converting unit outputs the whole
voltage of the alternating-current output at the output end so
that the value of the alternating-current power output end
becomes the specified value of output.

3. The power supply system according to claim 1, wherein
when the power failure detecting unit detects a power
failure, the parallel power converting unit outputs a zero
voltage to the output end and to a cutoff unit side connected
to the output end so that no electric potential difference is
produced between the input end and the output of the
parallel power converting unit.

4. The power supply system according to claim 1, further
including an alternating-current voltage detecting unit that
detects a voltage of the supplied alternating-current power.

5. The power supply system according to claim 4, wherein
when the power failure detecting unit detects a power
failure, the parallel power converting unit operates so that a
voltage of the parallel connected point side becomes the
alternating-current power source voltage detected by the
alternating-current voltage detecting unit, and the series
power converting unit compensates an output voltage of the
parallel power converting unit so that the value of the
alternating-current output at the output end becomes the
specified value of output.
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6. The power supply system according to claim 1, wherein
when the power failure detecting unit detects a power
failure, the parallel power converting unit outputs a voltage
equivalent to the input voltage of the input end to the output
end and to a cutoff unit side connected to the output end so
that no electric potential difference is produced between the
input end and the output of the parallel power converting
unit.

7. An uninterruptible power supply system comprising:

a circuit cutoff unit, inserted between an input end to
which alternating-current power is supplied and an
output end connectable to a load, for isolating the
alternating-current power supplying side;

a parallel power converting unit connected between the
cutoff unit and the output end in parallel to the input
end;

a series power converting unit connected in series
between a parallel connected point of the parallel
power converting unit and the output end;

an electricity storing unit permitting electric power to be
interchanged between the parallel power converting
unit and series power converting unit; and

a control circuit connected to the parallel power convert-
ing unit and series power converting unit, the control
circuit including a power failure detecting unit that
detects a power failure,

wherein when the supply of the alternating-current power
is within a normal predetermined range, the control
circuit controls the series power converting unit to
compensate the supply of the alternating-current power
with the electricity storing unit taken as an electric
power source so that a value of an alternating-current
power output at the output end becomes a specified
value of output, and controls the parallel power con-
verting unit to charge and discharge the electricity
storing unit so that an amount of stored electricity in the
electricity storing unit becomes a specified amount,

wherein when the power failure detecting unit detects a
power failure, the control circuit controls the cutoff unit
to isolate the alternating-current power supplying side,
and controls the series power converting unit to operate
with the electricity storing unit taken as a power source
so that the value of the alternating-current power at the
output end becomes the specified value of output,

wherein the control circuit includes a control for prevent-
ing an electric potential difference produced between
the input end and the output of the parallel power
converting unit during a power failure.

8. The power supply system according to claim 7, wherein
when the power failure detecting unit detects a power
failure, the control circuit controls the series power convert-
ing unit to output the whole voltage of the alternating-
current output at the output end so that the value of the
alternating-current power at the output end becomes the
specified value of output.

9. The power supply system according to claim 7, wherein
when the power failure detecting unit detects a power
failure, the control circuit controls the parallel power con-
verting unit to output a zero voltage to the output end and to
a cutoff unit side connected to the output end so that no
electric potential difference is produced between the input
end and the output of the parallel power converting unit.

10. The power supply system according to claim 7, further
including an alternating-current voltage detecting unit that
detects a voltage of the supplied alternating-current power.
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11. The power supply system according to claim 10,
wherein when the power failure detecting unit detects a
power failure, the control circuit controls the parallel power
converting unit so that a voltage of the parallel connected
point side becomes the alternating-current power source
voltage detected by the alternating-current voltage detecting
unit, and controls the series power converting unit to com-
pensate an output voltage of the parallel power converting
unit so that the value of the alternating-current output at the
output end becomes the specified value of output.

www.freepatentsonline.com

14

12. The power supply system according to claim 7,
wherein when the power failure detecting unit detects a
power failure, the control circuit controls the parallel power
converting unit to output a voltage equivalent to the input
voltage of the input end to the output end and to a cutoff unit
side connected to the output end so that no electric potential
difference is produced between the input end and the output
of the parallel power converting unit.

#* #* #* #* #*
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