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THE | NVENTI ON Field of the Invention This invention relates to aﬁngﬂQQQ%FL
stabilized power supply applicable to a conputer device or the |iKke.
Specifically, thé present invention relates to a redundant stabilized power
supply-of a type wherein the detection of both an overvoltage state at a

| oad end and changes in output currents fllowing in a pair of

parallel -driven stabilized power supply circuits nmakes it possible to
accurately determ ne which one of the pair of 'stabilized power supply
circuits would be in an overvoltage state. Description of the Related Art
Even when an a.c. source supplied to an audi o video server (AV server), a

conmput er device or the |like |%f¥# fﬁvéﬁ¥¥pﬁly’ stabilized power
supply circuits driven in paralle have recent een used therein so that
y
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BACKGROUND OF THE INVENTIdN

.Field of the Invention

This invention relates to a redundant stabilized power
supply applicable to a computer device or the like.
Specifically, the present invention relates to a redundant
stabilized .power supply of a type wherein the detection of both.
an overvoltage state at a load end and changes in output
currents flowing in a pair of parallel-driven stabilized power
supplycircuitsmakesitpossibletoaccuratélydeterminewhich;
one of the pair of stabilizéd.power_supply circuits would be

in an overvoltage state.

bescription of the Related Art

Even when an a.c. source supplied to an audio wvideo
server (AV server), a computer device or the like is cut off
instantaneously, stabilized power supply circuits driven in
parallel have recently been used therein solthat a device
driving voltaé_e ismaintained at a voltage greater than or equal

~to a specified value during a cut-off period.
Fig. 5 is a prior art showing one example thereof. The

power supply circuits that perform a parallel operation, are



Fig. 5is aprior art showi ng one exanple thereof. The power supply
circuits that performa parallel operation, are 2 normal ly called .
"Teduhdant  stabilized power supply circuits ". Referring to Fig. 5 a pair
of regul ated or stabilized power supplycircuits 10A and 10B are
respectivelyelectrically connected to a load (such as an ICcircuit or the
|l i ke) 12 through di odes Da and Db which 2erve as reverse-current preventive
el ements. As the condition for driving the pair of stabilized power supply
circuits 10A and 10B in parallel, the difference between source voltages
(output voltages) of these is normally less than or equal to 50mV. If the
potential difference exceeding 50nV is produced, then the power supply
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power supply circuit whose termnal voltage is high and the voltage on the
cut-of f power supply circuit side-

Referring to Fig. 5,la.pair of regulated or stabilized
powersupplycircuits10Aand10Barerespectivelyeléctrically
connected to a load (suchas an ICcircuit or the 1ike) 12 through
diodes Da and Db which serve as reverse-current preventive
elements. As the condition for driving the pair of stabilized
power supply circuits 10A.and 10B 1n.parallel, the dlfference
between source voltages (output voltages) of these is normally
less than or equal_to 50mV. If the potential difference
exceeding 50mV is produced, then the power supply circuit low
in voltage is cut off. This is because.the'diode Da or Db
elgctrically connected tb the other power supply circuit is
cut offfby'the powerlsupply'circuit whose tefminal voltage is
high and the voltage on the cut-off power supply circuit side
is not applied across the load 12.

Thus, when the second stabilized.ppwer supply ciréuit
10B is cut off and the load 12 is driven by the first stabilized
power supply circuit 10B alone, for example, output currents
are respectively represented as Ib = 0 and Ia = IL (IL: load
current) as shown in Fig. 6. When the differenée between
output voltages Va and Vb is reversed, Ia = 0 and Ib = IL so
that.the relationship of cut-off'be.tween the stabilized power

supply circuits 10A and 10B is reversed. When Ia = Ib (= IL),



Js not applied across the |oad 12. Thus, when the second stabilized power
supply circuit 10B is cut off and the Ioad 12 is driven by the first
stabi‘lized power supply circuit 10B al one, for exanple, output currents are

respectively represented as Ib = 0 and la = IL (IL: load current) as shown
in Fig: 6. Wien the difference between output voltages Va and Vb is
reversed, la = 0 and Ib = IL so that the3rel ationship of cut-off between
the stabilized power supply circuits 10A and 10B is reversed. Wwen la = 1b
(=1L), the stabilized power supply circuits 10A and 10B are kept in

bal ance. Thus, the load 12 is driven (operated or driven in parallel) by
both the pair of stabilized pomer supply circuits 10A and 10B. \Wen the
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parallel) by both the pair of stabilized power supply circuits
i0Aa and 10B.

When the stabilized power supply circuits are in the
parallel-_driven state, i.e., when. the output voltage Va of one
stabilized power supply circuit 10A. is brought into an
overvoltage state (a time tl) due to some reason when Ia = Ib,
the followihg operations are taken if an overvoltage detection
system does .not exist. _

When the stab;'.lized power supply circuits are in the
parallel-driven state, Va=Vb. ‘However, once the power supply
circuits are brought into unbalance, Va_x > Vb as shown in Fig.
7. Thus, the second stabilized power supply circuit 10B is

- cut off so that Ib = 0. Since the overvoltage étate remains
unchanged even if Ib = 0, the output voltage Va continues to
rise and éxceeds a voltage Vmax giving war:;ant to the load 12

.~ in a short. time. 1If done so, there may be cases in which
components for thg load 12 are deétroyed. It is theref_ore
necessary to proiride some overvoltage detecting means.

As means for detecting the overvoltagje produced in the
aforementioned redundant power supply, the detection of
voltages at points a, b and ¢ shown in Fig. 5has beeh considered.

When the output voltage at the point a or b is selected



system does not exi st. When the stabilized power supply circuits are in the
‘paral l el -driven state, Va =Vb. However, once the power supply circuits are
br ought into unbal ance, Va > Vb as shown in Fig. 7. Thus, the second
stabilized power supply circuit 10B.is cut off so that Ib = 0. Since the
overvotltage state remai ns unchanged even if Ib = 0, the output voltage Va
continues to rise and exceeds a voltage Ynax giving warrant to the | oad 12
in a short tine. |[|f done so, there may be cases in which conponents for
the | oad 12 are destroyed. It is therefore necessary to provide sone
overvol tage detecting nmeans. As neans for detecting the overvoltage
produced in the aforenentioned redundant power supply, the detection of
vol tages at points a, band ¢ shown in Fig., 5 has been considered. Wen the
out put vol tage2itoYeRvebtageadgtegtions odated an advantageis \rought
detection point, an advantage is brought about in that the overvoltage
states of t#leogt aigl Ithadd thewevervoltage states of the stabilized power

supply circuits 10A and 10B can be separately detected. On

the other hand, since voltage drops developed by line

impedances from the detection points a and b to the load 12

differ from each other according to the output currents Ia and

Ib, the overvoltage states cannot be detected with accuracy.

On the other hand, since the power supply circuits 10A

and 10B are driven in parallel when the point c corrlesponding

to a load end is selected as the overvoltage detection point,

it is'nof possible to determine which power' supply circuit would

be placed in the overvoltage state. Thus, a suitable

subsequent process cannot be carried out.

'SUMMARY OF THE INVENTION

Therefore, the present invention has been provided to
solve the prior art problems. ) The present invention proposes
a redundant stabilized power supply capable of accu;:ately
determining which power supply circuit would be in an
overvoltage state and carrying out a suitable subsequent
process.

In order to solve the above problems, there is provided
a redundant stabilized power supply suitable for a parallel

operation, according to the present invention, for supplying



supply circuits 10A and 10B can be separately detected. On the other hand,
si nce vol tage drops devel oped by line inpedances fromthe detection points
a and b to the load 12 differ fromeach other according to the output
currents la and Ib, the overvoltage states cannot be detected with
accuracy. On the other. hand, since the power supply circuits 10A and 10B
are driven in parallel when the point c¢c orresponding to a load end is

sel ected as the overvoltage detection point, it isnot possible to determ ne
whi ch power supply circuit would be placed in the overvoltage state. Thus,
a sui tabl e subsequent process cannot be carried out. SUMVARY COF THE

| NVENTI ON Therefore, the present invention has been provided to solve the
prior art problens. The present |nvent|ontﬁ1oposes a redundant stabilized
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woul d be in an overvoltage state and carrying out a suitable subsequent
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redundant stabilized power suppl SU|tabIe for a parallel operation,
accordi ng teefierred dserabove ehrebwdingt suppl yi ng
' overvoltage detecting means for detecting an
overvoltage applied to a load end;
current detecting means for detecting a current flowing
in a power supply liné; and |
power supply contfol means, and
wherein when a state of the overvoltage applied across
the load is detected énd a current detection.output at that
time reﬁains unchanged, the power.supply control means is
controlled so as to cut off the supply of power from the
stabilized power supply circuit which serves as the overvoltage
side.
In the present invention, the o#ervoltage state is
detected'fram the voltage'applied to the load.end.(point c).
This simple‘detection fails to specify which power supply
circuit would be in the ove_rvoltage state. On the othef hand,
when the power supply circuits are out of balance and the load
is di:iven by the single power supply circuit in an impracticable
state of their parallel operation as described above, the
output currents Ia and Ib afe also. simultaneously brought into
unbalance, so that the output current on the cut-off power

supply circuit side does not flow, whereas the output current



two stabilized power supply circuits to a load in parallel and

'si mul t aneously driving the |oad, each power supply circuit referred to
above including: overvoltage detecting neans for detecting an overvoltage
applied to a load end; current detecting neans for detecting a current

flowing in a power supply line; and power supply control neans, and wherein
when a state of the overvoltage applied6cross the load is detected and a
current detection output at that tinme remai ns unchanged, the power supply
control neans is controlled so as to cut off the supply of power fromthe
stabilizedpower supply circuit which serves as the overvoltage side. In the
present invention, the overvoltage state is detected fromthe voltage.
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hand, Noting the state of the unbalance between the output
currents, which occurs upon the overvoltage state as described
above, a voltage drop developed between a sense end with respect
to the load and the power supply line through which the output
current flows, is detected. When an outpﬁt voltage becomes
high, a voltage drop produced by a 1line impedance from the load
end to an overcurrent detectipn end further increases
correspondingly.

When the output current on the cut-off side reaches zero
and the output current results in zero, the voltaée drop is
also brought to zero. The overvoltage state of the power
supply circuit is determined by ANDing both a change in voltage
drop, which is produced due to the difference between the output:
currents and an output at the_timé that the overvoltage has
been detected.

This intends to specify_the stabilized power supply
circuit being in the 6vervoltage state, utilizing that when
the voltagg drqp occurs, the AND output is inverted to a high

level, whereas when no voltage drop occurs, the AND output

remains at a low level.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 iS a fi:agmentary systematic diagram showing one



When the power supply circuits are out of balance and the load is driven by
the single power supply circuit in an inpracticable state of their parall el
operation as described above, the output currents la and Ib are al so

si mul t aneousl y brought into unbal ance, so that the output current on the
cut - off power supply circuit side does not flow, whereas the output current
on the other power supply circuit side c¢pntinues to increases. Noting the
state of the unbal ance between the output currents, which occurs upon the
overvol tage state as descri bed above, a voltage drop devel oped between a
sense end with respect to the |oad and the power supply |ine through which
the output current flows, is detected. Wien an output voltage becones high,
a vol tage. drop produced by a line inpedance fromthe |oad end to an
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out put current on the cut-off side reaches zero and the output current

resul ts inteetbe presasit dpweneirns al so brought to zero. The overvol t age
state of the power

Fig. 2 is a diagrém illustrating a configuration of a
shunt regulator;

Fig. 3 is a diagram depicting a_symbol mark;

Figs. 4A ~4G are diagram for describing the operation
of tﬁe stabilized power supply according to the present
invention at the time of an overvoltage;

Fig. 5 is a systematic diagram illustrating a

. conventional example of a redundant stabilized power supply;

Fig. 6 is an operation explanatory diagram of a parallel |
operation; and |

Fig. 7 is an explanatory diagram at the time of an

overvoltage operation.

DETAILED DESCRIPTION OF THE. PREFERRED EMBODIMENT

One embodiment of a redundant regulated or stabilized
power supply according to the pfesent invention will
hereinafter be described in detail with referencé to the

| accompanying.drawings.

In a redundant stabilized power supply 10 shown in Fig.
1, according to the present invention, first and second
stabilized power Supply circuits 10A and 10B electrically

connected in parallel to a load 12 has d.c. voltage sources



supply circuit is determ ned by ANDi ng both a change in voltage drop, which
i's produced due to the difference between the output currents and an out put
‘at the tine that the overvoltage has been detected. This intends to specify
the stabilized power supply circuit being in the overvoltage state,
utilizing that when the voltage drop occurs, the AND output is inverted to
a high level, whereas when no voltage dr®p occurs, the AND out put remains
at a low level. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a fragnmentary
systenati ¢ di agram showi ng one enbodi ment of a redundant stabilized
power supply according to the present invention; Fig. 2 is a diagram
Illustrating a configuration of a shunt regulator; Fig. 3 is a diagram
depicting a synbol mark; Figs. 4A ~ 4G are diagram for- descrlblng t he
operation OF Diewen MINRLieS pbdrrandphbth EeeBRELAYedy -t HBS pFResfr d-c.

power supplies 14a and 14b, ones of such types that al.ternating
currents are separately reétified and smoothed, are used.
Since a pair of stabilized power supply circuits 10A and 10B
are identical in configuration to each other, only one
configuration will be illustrated as an example and the other
configuration will be omitted.

A series regulatorwillbe illustrated as the stabilized
power supply circuit 10A. However, it may be a switching
regulator. Therefore, a series regulator 16 is provided
between power supply line La'and La' constituting the
stabilized power supply circuit 10A. In the present
embodiment, a high-accuracy series regulator constructed. by
combining a series regulator with a shunt regulator will be
illustrated as the series regulator 16. Therefore, a series
transistor Q is electrically connected to the power supply line
La and controlled by a shunt regulator 20.

As shown in Fig. 2, the shunf regulator 20 has a voltage
comparator 22 having an inversion terminal to which a voltage
reference source 24 is electrically connected and a non-.
inversion terminal towhicha referénc,e voltage REF is supplied
from a terminal 26. |

As a result of control on a transistor 28 by an output

produced from the voltage comparator 22, its collector current



invention at the tinme of an overvoltage; Fig. 5 is a systematic diagram
illustrating a conventional exanple of a redundant stabilized power supply;
Fig. -6 is an operation explanatory diagramof a parallel operation; and
Fig. 7 is an explanatory diagramat the tinme of an overvoltage operation.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT One enbodi ment of a
redundant regul ated or stabilized power gupply according to the present
invention will hereinafter be described in detail with reference to the
acconpanyi ng drawi ngs. In a redundant stabilized power supply 10 shown in
Fig. 1, according to the present invention, first and second stabilized
power supply circuits 10A and 10B electrically connected in parallel to a

| oad 12 has d.c. voltage sources or power supplies 14a and 14b

respecti velnariess sbhél;etdthe pokue efipd|dwerany ﬁlwm@ befrweenfa Qldks t ypes

that alternating
side power supply terminal (cathode K) and a minus side power
supply terminal (anode A) is controlled by the reference
voltage REF. With an increase in the reference voltage REF,
a shunt current (anode-to-cathode current) is controlled so
"as to increase. As a symbol mark of the shunt regulator 20,
a symbol shown in Fig. 3 is used.

Such a shuht regulator 20 is electrically series-
connected to a resistor 21 so that the cathode K .th'ereof is
set as the plus power side.. Further, the cathode K thereof
is electrically connected to the base of the series transistor

Q. As a result, the high-accuracy series regulator 16 can be

constructed as a whole.

The series transistor Q is electrically connected to
a pulse side power supply terminal 17a thrdugh a diode Da. The
power supply terminal 17a is electrically connected to the load
12 through the pulse sidé powér supply line La. The minus side
power supply line La' electrically connected to the load 12
is eleCtricall&‘connected.to the minus side of the d.c. péwer
supply 14a through a power supply terminal 17b.

Further, sense (SENSE) terminals 18a and 18b are drawn
from both ends of the load 12 to sense a voltage applied across
the load 12. Therefore, a'voléage obtained between the sense

terminals 18a and 18b is first fractioned or divided by a



currents are separately rectified and snoothed, are used. Since a pair of
'stabilized power supply circuits 10A and 10B are identical in configuration
to each other, only one configuration will be illustrated as an exanpl e and
the other configuration will be omtted. A series regulator will be
illustrated as the stabilized power supply circuit 10A. However, it may be
a switching regulator. Therefore, a serigp regulator 16 is provided between
power supply line La and La' constituting the stabilized power supply
circuit 10A. In the present enbodi nent, a high-accuracy series regul ator
constructed by conbining a series regulator with a shunt regulator will be
illustrated as the series regulator 16. Therefore, a series transistor Qis
el ectrically connected to the power supply line La and controlled by a
shunt regul %btage dekeching maapsglo compesasumt thyigatres pstoms k9a

vol tage conparator 22 having an inversion termnal to which a voltage

ref erence sE¥eegb4Scstemale acke forenne astidhgmBEFanofi-a pnedeteoninedni nal
to which a reference voltage REF is supplied froma termnal 26. As a
result of comtuel dJhis refesiencs vedtageREBatimusupplied to a reference

terminal of the shunt. regulator 20.
- When a driving voltage applied to the load 12 varies,

a voltage corresponding to its variation is sensed ahd the
reference voltage REFa is also changed. Correspondingly,
negative feedback is provided so that the voltage across the
load is held constant, whereby the driving voltage is
stabilized. |

Further, the load voltage obtained between the sense
terminals 18a and 18b is supplied to an.overﬁoltage detecting
means 30.. The overvoltagé detecting means 30 is constructed
by electrically series~connecting a resistor 31 and a shunt
regulator. 32 as shown in the drawing. In this case, the shunt
regulator 32 is also identical to that shown in Fig. 2 but
functions as a voltage comparator in this case. A current
(shunt current) flows between the cathode and anode only after
a voltage REFb applied acroés'a reference terminal has become
higher than an internaily—provided reference voltage Vret.

Therefore, the ;oad voltage applied.bétween the sense
terminals 18a and 18b is supplied to the reference terminal
asitsreferencevoitagéREFbthroughaxmﬂtage-dividercircuit

33 composed of a pair of resistors 33a and 33b. Further, a



produced fromthe voltage conparator 22, its collector current vari es so
that the value of a current flowi ng between a plus side power supply
termnal (cathode K) and a m nus side power supply termnal (anode A) is
controlled by the reference voltage REF. Wth an increase in the reference
vol tage REF, a shunt current (anode-to-cathode current) is controlled so as
to increase. As a synbol mark of the shynt regulator 20, a synmbol shown in
Fig. 3 is used. Such a shunt regulator 20 is electrically series- connected
to a resistor 21 so that the cathode K thereof is set as the plus power
side. Further, the cathode K thereof is electrically connected to the base
of the series transistor Q As a result, the high-accuracy series regul ator
16 can be constructed as a whole. The series transistor Qis electrically

connect ed tdeteqhddyoditege SHr oblipined atnpnepnneationJupfdbe RotRt . The
power supply termnal 17a is electrically connected to the |oad 12 through
t he pul se sisidnyesmired dplan|imeerber TBé anduthei ge-inverted detected
voltage Cv is used as an oﬁervoltage detection oufput. When
the load voltage results in o§ervoltage, the shunt regulator
32 is activated to bring.the connection middle point p
substantially to a ground potential. Therefore, the detected
output Cv produced from the inverter 34 is brought to a high
level only after the ground ﬁotential has been reached.

The value of an excessive voltage or overvoltage to be
detected can be selected in the following manner. As
guaranteed voltages for normally operating an IC circuit used.
as the load 12, a voltage of 4.75V, a voltage of 5.25V and a
voltage of 5V are r.jespectively supplied on the reduced voltage
side thereof, the overvoltége side thereof and the normal side
as driving voltages in most cases. When such an IC circuit
is-used as the load 12, the voltage increased by 0.25V (250mV)
from the voltage of 5V is selected as an overvoltage detection
voltage.

Thus, when the reference voltage REFb is increased by
250meromtheinternalreferéncevoltageVref,thebvervoltage
detecting means 30 is activated to obtain an overvoltage

| detection output Cv. Incidentally, since the difference
" between output voltages Va and Vb exceeds 50mV in detection

timing of the overvoltage detecting means 30, the second



power supply line La' electrically connected to the load 12 is electrically.
connected to the mnus side of the d.c. power supply 14a through a power
supply termnal 17b. Further, sense (SENSE) termi nals 18a and 18b are drawn
fromboth ends of the load 12 to sense a voltage applied across the |oad
12. Therefore, a voltage obtained between the sense termnals 18a and 18b
is first fractioned or divided by a 102 vol t age detecting neans 19
conposed of three resistors 19a through 19c to nake a reference voltage
REFa of a predeterm ned value. This reference voltage REFa is supplied to a
reference term nal of the shunt regul ator 20. Wen a driving voltage
applied to the load 12 varies, a voltage corresponding to its variation is
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constant, whereby %gm%ﬁgigéggegglggggn&ioﬁtagdi&%z%current detecting
‘means 40 is further provided. The present example utilizes
the unbalance achieved even between output currents Ia and Ib
by switching a parallel operation to a single operation.after
an overvoltage has been reached. The activation of a power
supply control means with respect to the power supply circuit
on the overvoltage side and the deactivation of the power supply
control means with respect to the power supply circuit on
cut-off side will result in the detection of an overcurrent
incident to the overvoltage.

The overcurrent forming means 40 has a voltage
comparator 41. A reference voltage generating means 42
comprises a pair of resistors 42a and 42b electrically
connected to a minus battery'or'power supply -B. A.minus
voltage -Vr obtained by Ithe refer_ence voltage generating means
42 is supplied to a non-inveréion tefminal of the voltage
coﬁparatér 41 as a reference voltage. An inversion terminal
attached to the voltage comparator 41 is electrically connected
to a suitable position (corresponding to a point d in the
drawing) of a power supply line, or the minus power supply line
La' in the present example.
| Here, the power supply line La' has a line impedance

(which ranges from about a few 10m}: to a few 100m’s) between



Further, the |oad voltage obtained between the sense terminals 18a and 18b
is supplied to an overvol tage detecting neans 30. The overvoltage '
detecting nmeans 30 is constructed by electrically series-connecting a .
resistor 31 and a shunt regulator 32 as shown in the drawing. In this case,
"the shunt regulator 32 is also identical to that shown in Fig. 2 but
functions as a voltage conparator in thif8 case. A current (shunt current)
fl ows between the cathode and anode only after a voltage REFb applied
across a reference term nal has becone higher than an internally-provided
reference voltage Vref. Therefore, the | oad vol tage applied between the
sense termnals 18a and 18b is supplied to the reference termnal as its
reference voltage REFb through a vol tage-divider circuit 33 cpnposagﬁt of a
pair of reditstbead®nd gidandi-hedetgstion poigtid Qe 15el Mt ai ned
at a connection mddle point pis_inverted by an inverter 34 and the
so- i nver t e®uddnac Beperdiodadd ®hich ey onfpitt SEEaRt dfe Hawe i tRsut put .
When the | oad voltage results in overvoltage, the shunt regul ator

power supply line La', a voltage drop (corresponding to a minus

voltage -Vd as viewed from fhe load end c¢') is developed by
the line impedance. Hdwever, when fhe output voltage is out
of balance and one stabilized power supply circuit is cut off,
no output current flows in the stabilized power supply circuit.

Therefore, the minus voltage -Vr is selected as -Vr >
-Vd so that a high-level comparison output {(current detection
output) Ci is always obtained from the voltage comparator 41
when the output .current Ia flows. Thus, when the output
current Ia results in zéro, the potential at the infrersion
terminal becomes high and hence the current detection output
Ci is inverted tq a low level.

The overvoltage detection output Cv and the overcurrent
dete_ction output Ci are ANDed by an AND circuit 45. The
resultant AND output is supplied to a switching element
constituting the power supply control means, i.e., a trigger
terminal of an SCR 50 in the present example as an overvoltage
control signal. The SCR 50 is electrically connected to_ the

resistor 21 and triggered by the overvoltage control signal

so as to fall into an on state.
Constituent means respectively identical to the

aforementioned overvoitage detecting means 30 and overcurrent



32 is activated to bring the connection mddle point p substantially to a
‘ground potential. Therefore, the detected output Cv produced fromthe
inverter 34 is brought to a high |level only after the ground potential has
been reached. The val ue of an excessive voltage or overvoltage to be
detected can be selected in the foll ow ng manner. As guaranteed vol tages
for normally operating an IC circuit uskMl as the load 12, a voltage of
4.75V, a voltage of 5.25V and a voltage of 5V are respectively supplied on
t he reduced voltage side thereof, the overvoltage side thereof and the
normal side as driving voltages in nost cases. Wien such an ICcircuit is
used as the load 12, the voltage increased by 0.25V (250nmV) fromthe

It f 5V is. selected 'vol tage detecti. | tage. Thus. jwh
the ref er eebeGbiba BeRRRyiPs ANDr CALEHLEy 195800 PPURFL REPPAYFREFTOL

reference voltage Vref, the, overvol tage detecting. mean Q.i,s activated to
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di fference between output voltages Va and Vb exceeds 50nV in detection
timng of SHEPdVeFIsrUdfe 108 eclhHE nBIWSI3GURRY Jddfiy Lb and Lb

connect between power supply terminals 17c and 17d and the load
12. A load voltage is introduced between sense terminaié 18c
and 18d.

An overvoltage detecting operation of the redundant
stabilized power supply 10 constructed in this way will now
be described with reference to Fig. 4.

When thé redundant stabilized power supply 10 works
normally, the overvoltage detecting means 30 indicates Va =
Vb (= VL) and Ia = Ib (= IL) as described above. Thus, the
redundant stabilized power supply 10 is in a parallel operating
state.

Now Consider that the output ﬁoltage Va of the first
stabilized power supply circuit .1_01-\ starté to abnprmal]_.y rise
or increase from a time Tl due to some reason as shown in Fig.
4A. | When the difference in potential between the two reaches
50mV or higher, the second stabilized power supply'circuit 10B
is brought into a state identical to the cut-off state. Thus,
the output current Ia.continues to rise but the other output
current Ib starts to drop by degrees. Since the voltage
relative to the voltage comparator 41 is not inverted even if

the output current Ia rises in an overvoltage state, the current



12 stabilized power supply circuit 10Bis in a cut-off state. In the
‘present invention, an overcurrent detecting means 40 is further provided.
The present exanple utilizes the unbal ance achi eved even between out put
currents la and Ib by switching a parallel operation to a single operation
after -an overvol tage has been reached. The activation of a power supply
control nmeans with respect to the powerl®upply circuit on the overvoltage
side and the deactivation of the power supply control neans with respect to
the power supply circuit on cut-off side will result in the detection of an
overcurrent incident to the overvoltage. The overcurrent form ng neans 40
has a vol tage conparator 41. A reference voltage generating nmeans 42

bat {ery. orapbaEFi SR ISPIBCL ALRTRBIREr PauRn QRN h ortd S RE 128 ence
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~ state (see Fig. 4B).

When the output voltage Va rises to.a voltage Vx defined
as an overvoltage (time T3), the shunt regulétor 32 is activated
by a reference voltage REFb at that time so that the overvoltage
detection output Cv is inverted to a high level (s_ee Fig. 4C).
As aresult, apower control signal (first power control signal)
Ta is brought to a.hiéh level firstly at the time T3 (see Fig.
4D). Thus, the SCR 50 is triggered so that it is turned on.

Since the d.c. power supply l4a is shunted through the
resistor 21 when the SCR 50 is turned on, the output voltage
Va becomes zero and correspondingly the output current Ia also
reaches zero.

On the other hand, the same detecting operation as
described above is simultaneously carried out even by'thé
second stabilized power supply circuit 10B. Since an
évervoltage state is detected by the overvoltage detecting
means 30 provided within the stabilized power supply.circuit
10B altl}ough not shown in the drawing, an overvoltage detection
output Cv similar to that showﬁ in Fig. 4C is obtained.

In contrast to this, the overcurrent detecting means
40 provided within the same stabilized power supply circuit

10B performs the following operation.



attached to the voltage conparator 41 is electrically connected to a .
suitabl e position (corresponding to a point d in the drawing) of a power
supply line, or the m nus power supply line La' in the present exanple.
Here, the power supply line La" has a line inpedance (which ranges from
about a few 10nferr] to a few 100nferr]) between 13 its load end ¢' and
the detection point d although it is snmdBl. During a period in which the
output current la flows in the power supply line La', a voltage drop
(corresponding to a mnus voltage -Vd as viewed fromthe load end ¢c') is
devel oped by the |ine inpedance. However, when the output voltage is out of
bal ance and one stabilized power supply circuit is cut off, no output

Voltage Wi selifspotiasobbptPeyEkeRtrEbYSEREEY, bo dERERE b ML,
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at which it exceeds the reference voltage -Vr, the output of
the voltage comparator 41 is inverted. Namely, a second
durrent detectj.on output Ci is ihvérted toa low-level as shown
in Fig. 4E. 1Its inversion timing is antecedent to overvoltage
detection timing (timé T3). Since the relationship of timing
between the detection outputs Cv and Ci inputted to the AND
_c'ircuit 45 is represented as shown in Figs. 4C and 4E, a second
power control signal Tb (see Fig. 4F) indicative of the AND
output holds a low level identical to that at the time of the
normal operation mode.. As a result, fhe SCR 50 in the other
.stabilized power supply circuit 10B is not triggered.

When the firét stabilizedupower supply circuit 10A is
shunted by the turning on of the SCR 50, an output voltage Va
thereof starts to drop from.theltime T3 according to the time
constént determined by the load 12_ and a decoupling capacitor
(not shoﬁn).electrically connected between.both ends of the
load 12. Next, the load 12 is entirely driven by the second
stabilized power supply circuit 10B alone at a time T4 where
Vb > Va. Thus, the output voltage supplied to. the load 12 is
represented as shown in Fig. 4G. As is also apparent from Fig.
47, the operating voltage VL is continuously supplied to the-

load 12, so that the instantaneous cutting off of the power



current la results in zero, the potential at the inversion terninal becones
‘hi gh and hence the current detection output G is inverted to a |low | evel.
The overvoltage detection output Cv and the overcurrent detection output G
are ANDed by an AND circuit 45." The resultant AND output is supplied to a
switching el enent constituting the power supply control neans, i.e., a
trigger termnal of an SCR 50 in the prggent exanple as an overvoltage
control signal. The SCR 50 is electrically connected to the resistor 21 and

triggered by the overvoltage control signal so as to fall into an on state.
Constituent neans respectively identical to the aforenenti oned overvoltage
detecti ng neans 30 and overcurrent 14 detecting neans 40, AND circuit 45

and power supply control neans 50 are provided even within the other
st abi | i zed spppdly dspmlot cdevailiapgdB. Thus, power supply lines Lb and Lb'
connect between power supply termnals 17c and 17d and the | oad
During a period between the times T3 and T4, the load
12 is supplied with a driving voltage owing to a current
discharged from the decoupling capacitor. |
~ Thus, when the first stabilized power supply circuit
10A is brought into an overvoltage state, its overvoltage state
is cut off and the load 12 can be activated by the normal second
stabilized power supply circuit 10B alone. Even when an
overvo'ltege takes place on the second stabilized power supply -
circuit 10B side, it can be easily understood that the same
operation as described above is achieved.
In order to notify to which power supply circuit the
stabilized power supply circuit whose power supply is in a
cut-off state in the overvoltage state, corresponds, to an
operator when the overvoltage stage is detected, a warning lamp
or buzzer (both not shown) may be provided and driven.
In Fig. 1, the.overvoltage is eventually detected by
detecting the currents that £low on the minus power supply 1ines
La' and Lb'. However, the overvoltage can be eetected even
in the case where the 'curfents that flows on the plus power
supply lines La and Lb, are detected. The overvoltage
detecting means 30 may be provided in a dual-purpose

configuration.

In the present invention as has been described above,



12. A load voltage is introduced between sense termnals 18c and 18d. An
‘overvol t age detecting operation of the redundant stabilized power supply 10
eonstructed in this way will now be described with reference to Fig. 4.
Wien t he redundant stabilized power supply 10 works normally, the

overvol tage detecting nmeans 30 indicates Va = Vb (= VL) and la = |Ib (= IL)
as descri bed above. Thus, the redundant18tabilized power supply 10 is in a
paral |l el operating state. Now consider that the output voltage Va of the
first stabilized power supply circuit 10A starts to abnormally rise or
increase froma tine Tl due to sone reason as shown in Fig. 4A. \Wen the
difference in potential between the two reaches 50nV or higher, the second
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ot her output current Ib _starts to drop by degrees.. Since the voltage

rel ati ve teutha pargidelconReFedion 41 ?RH1$%§éV}€% %QeﬂV?FvPh%ag&tput

current la rises in an overvoltage state, the current \
detecting means for detecting an overvoltage applied to a load
end and a current detecting means for detecting a current
flowing in a power supply line. When the state of the
overvoltage applied across the load is detected and a current
def.ection output at that time remains unchanged, a power supply
control means is controlled so as to cut off the supply of power
from the stabiiized power supply circuit that functions as the
overvoltage side.

'According to this, even if the stabilized power supply
circuit is brogght into the overvoltage state, the automatic
switching between the power supply circuits can be implemented
while a voltage giving warrant to the load is beingmaintained.
Further, since the stabilized power supply circuit placed in

the overvoltage state can be accurately specifiéd, the
subsequent treatment for it beéomes also pérfect.'

fhus, the present invention is extremely suitable for |
use in a power suppiy or the like that must maintain the voltage
warranted against the load even if power applied to an AV server,

a computer device or the like is instantaneously cut off.



15 detection output G (first detection output) corresponding to the output
‘of the voltage conparator 41 still holds a high-level state (see Fig. 4B).
When t he out put vol tage Va rises to a voltage Vx defined as an overvoltage
(time TB)HI“IEMI'HHH‘IME“L& or 32 is activated by a reference voltage REFb
at that .t vervol tage detection output Cv is inverted to a
hi gh Ievel * (see ‘Fi { C) As a result, ggpower control signal (first power
control signal) Ta |s brought to a high level firstly at the tine T3 (see
Fig. 4D). Thus, the SCR 50 is triggered so that it is turned on. Since the
d.c. power supply 14a is shunted through the resistor 21 when the SCR 50 is
turned on, the output voltage Va becones zero and correspondingly the
output current la al so reaches zero. On the other hand, the same detecting
oper ati on WERHeE8r CHBEMEDOVS i s sinul taneously carried out even by the

second stabilized power supply circuit 10B. Since an overvoltage state is
detected by the ove’ydla afk extighiglized power supply suitable for a

parallel operation, for supplying two stabilized power supply
circuits to a load in parallelland simultaneously driving the
load, said each power supply circuit including:

overvoltage detecting means for detecting én
overvoltage applied to a load end;

current detecting means for detecting a currént flowing
in a power supply line; and

power .supply ‘control means, and

wherein when a state of the overvolt;'-.tge apblied across
the load is detected and a. curi:ent detection output ;=.1t ‘that
time remains unchanged, said power supply control means is
controlled so as to cut off the supply of power from the

stabilized pbwer supply circuit which serves as the overvoltage

side.

2. A redundant stabilized power supply according to
claim 1, wherein when said one stabilized power supply circuit
is cut off, the load is driven by the other stabilized power

supply circuit alone.

3. A redundant stabilized power supply wherein said

overvoltage detecting means is constructed such that a shunt



nmeans 30 provided within the stabilized power supply ci rc.uit 10B al t hough

‘not shown i - an overvoltage detection output Cv simlar to
that -shown in Fig. 4C is obtained. In contrast to this, the overcurrent
det ectinm‘mtmmim“\umded Wi thin the sane stabilized power supply circuit
10B per R ng operati on. 16 When the output current Ib

starts td d‘f‘opL as shown in Fig. 4A and 20voltage drop -Vvd at that tine
reaches a time T2 at which it exceeds the reference voltage -Vr, the output
of the voltage conparator 41 is inverted. Nanely, a second current
detection output G is inverted to a low level as shown in Fig. 4E Its
l-nversion timng is antecedent to overvoltage detection timng (tine T3).
Since the relationship of timn.n et ween the t ection out a .
Chputted t BTRLARRD LBr BueCtR G 1Sk Serte e ok e BEBLY,LEEE e
a second power control signal Tb (see Fig. [4F) _indicative of .the AND out put
hol ds a | ofhreveh 3 JaRisAT eed ﬁa‘f°]a'fa?%éati ianlﬁlaai?ﬁéOlnt Petwbed the

shunt regulator and the resistor is supplied to an inverter

and
said voltage at the middle point is utilized as an

overvoltage detection voltage.

4. A redundant sﬁabilized power supply according to.
claim 1, wherein said overcurrent detecting means includes a
voltage comparator provided so as to dei:ect an output current
as a voltage change and |

said overcurrent detecting means is constructed such
that a reference voltage is applied to 6ne portion of t.he
voltage cdmparator and a- voltage drop incident to a line
impedance between a sense énd of the load and a current
detection énd‘of a signal line is supplied to the other portion’

thereof.

5. A redundant stabilized power supply according to
claim i, wherein the other stabilized power supply circuit is
cut off by the voltage outputted from the stabilized power
‘supply circuit serving -as the overvoltage side and

said overcurrent detecting means provided within the

other stabilizéd power supply circuit is constructed such that



normal operation node. As a result, thé SCR 50 in the other stabilized
power supp+y—trfCUTf—&6E%rs—not trlggered When the first stabilized power

supply cir d by the turning on of the SCR 50, an out put
vol t age va !Hﬂ drop fromthe time T3 according to the tine

const ant d oad 12 and a decoupling capacitor (not shown)
electrically connected bet ween bot h end8lof the |oad 12. Next, the |oad 12
is entirely driven by the second stabilized power supply circuit 10B al one
at atime T4 where Vb > Va. Thus, the output voltage supplied to the | oad
12 is represented as shown in Fig. 4G As is also apparent fromFig. 4A

- the operating voltage VL is continuously supplied to the load 12, so that

Duri ng o per P et sl Sl ok chiSraatits comle il %fﬁ%p%ﬁ@' Hith a
dr 1 VIng VoL, 64 QLB ant SHVLRYsnt SRS L LAHEEABG R blput

capaC| tor.

current at the time of the cutting off of the other stabilized
power supply circuit to prevent a power supply control signal
from being outputted to said power supply control means

provided within the other stabilized power supply circuit.

6. A redundant stabilized power supply according to
claim 1, wherein when the AND of an output detected by said
overvoltage detecfing means énd an output detected by said.
overcurrent detecting means is obtained as an output, said
power supply control means is controlled so that the éupply

of the power is cut off.

7. A redundant stabilized power supply according to
claim 1, wherein said power'supply control means uses a

switching element such as an SCR or the like.



Thus, when the first stabilized power supply circuit 10A is brought into an
‘overvoltage state, its overvoltage state is cut off and the |oad 12 can be
activated by the normal second stabilized power supply circuit 10B al one.
Even when an overvol tage takes place on the second stabilized power supply
‘circuit 10B side, it can be easily understood that the sanme operation as
descri bed above is achieved. In order to notify to which power supply
circuit the stabilized power supply circuit whose power supply is in a
cut-off state in the overvoltage state, ggrresponds, to an operator when
the overvoltage stage is detected, a war ng l'anp or  buzzer (both not
shown) may be provided and driven. |n Fi t he overvoltage Is eventually
detected by detecting t hdREOHNDANT st’%ﬁnquztﬁﬁ FOWER: SHERIY power supply
lines La' and Lb'. However, the overvoltage can be detected even in the
case where the currents that flows on the plus power supply lines La and

Lb, are detected. The over vol {z3gerdate dr I SECBOSUREY nay be provided in a

dual - purpose configuration. In the present invention as has been descri bed

above, To permit a reliable distinction of a power supply
circuit on the overvoltage side.

An overvoltage state is detected from a voltage at a
load end (point c). Noting the state of an unbalance between
output currents Ia and Ib, which is produced upon the
overvoltage state, a voltage drop developed between a sense
end ¢ with respect to a load 12 and a power supply line La'
through which the output current flows, is detected. When an
output voltage becomes high, a voltage drop produced by a line
impedance from the load end to an overcurrent detection end
further increases correspondingly. When the output current
on the cut-off side reaches zero and the output current becomes
zero, the voltage drop is also brought to zero. A distinction
as to which power supply circuit would be in the overvoltage
state, is done by ANDing a current detection output Ci produced
due to the difference between the output currents and an output

Cv at the .time that the overvoltage has been detected.

Figure 1



18 each of redundant stabilized'powgrisupply circuits that carry out a
- parall el operation, is provided with an‘overvoltage detecting nmeans for
detecting an overvoltage applied to a load end and a current detecting
means for detecting a current flowng in a power supply line. Wen the
state of the overvoltage applied across the load is detected and a current
detection output at that tinme remains unchanged, a power supply control
means is controlled so as to cut off théSsupply of power fromthe :
stabilized power supply circuit that functions as the overvoltage side.
According to this, even if the stabilized power supply circuit is brought
into the overvoltage state, the autonmatic swi tchi ng between the power
supply circuits can be inplenmented while a voltage giving warrant to the
| oad i s being maintained. Further, since the stabilized power supply
circuit placed in the overvoltage state can be accurately specifiéed, the

subsequent treatnent for it becones also perfect. Thus, the present
“invention is extrenely suitable for
_ o
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use in a power supply or the |like that nust maintain the voltage warranted
‘agai nst the load even if power applied to an AV server, a conputer device
or the like is instantaneously cut off. WHAT IS CLAIMED IS: 1. A
redundant stabilized power supply suitable for a parallel operation, for
supplying two stabilized power supply circuits to a load in parallel and
simul taneously driving the |oad, said each power supply circuit including:
overvol tage detecting neans for detecti2/p an overvoltage applied to a | oad
end; current detecting neans for detecting a current flowng in a power
supply line; and power supply control neans, and wherein when a state of
the overvoltage applied across the load is detected and a current detection
output at that tine remains unchanged, said power supply control neans is
controlled so as to cut off the suppfy pf(powe® fromthe stabilized power
supply circuit which serves as the overvoltage
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side. 2. A redundant stabilized power supply according to claim1, wherein
* when said one stabilized power supply circuit is cut off, the load is
driven by the other stabilized power supply circuit alone. 3. A redundant
stabilized power supply wherein said overvoltage detecting neans is
constructed such that a shunt. 20 regulator is electrically connected to
a power supply line through a resistor ‘and a voltage at a mi ddl e point
bet ween the shunt regulator and the reagisstor is supplied to an inverter and
said voltage at the mddle point is utilized as an overvoltage detection
voltage. 4. A redundant stabilized power supply according to . claiml,
wherein said overcurrent detecting neans includes a voltage conpar ator
provi ded so as to detect an output current as a voltage change and
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said overcurrent detecting neans is constructed such that a reference
'voltage is applied to one portion of the voltage conparator and a voltage
drop incident to a line inpedance. between a sense end of the |load and a
current detection end of a signal line is supplied to the other portion
thereof. 5. A redundant stabilized power supply according to claiml,
wherein the other stabilized power supply circuit is cut off by the voltage
outputted fromthe stabilized power supply circuit serving as the

overvol tage side and said overcurrent #éPecting neans provided within the
ot her stabilized power supply circuit is constructed such that 21 a
conpari son output of the voltage conparator provided within said
overcurrent detecting neans is invert iddy a Ou{jﬁiplﬁlﬁﬁn at the tinme of
the cutting off of the other stabillfzdd\poweO suy [ t to prevent a
power supply control signal from being outputted to-said power supply
control neans
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provided within the other stabilized power supply circuit. 6. A redundant
*stabilized power supply according to claimi1, wherein when the AND of an
out put detected by said overvol tage detecting nmeans and an output detected
by said overcurrent detecting neans is obtained as an output, said power
supply control neans is controlled so that the supply of the power is cut
off. 7. A redundant stabilized power supply according to claim1, wherein

sai d power supply control neans uses a §ygtch|ng el enent such -as an SCR or
the like.
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