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TITLE OF THE INVENTION

REDUNDANT STABILIZED POWER SUPPLY

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
supply circuits makes it possible to accuratély determine which.
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 so .that 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



..

normally called "redundant stabilized power supply circuits

Referring to Fig. 5’. a pair of regulated or stabilized
power supply circuits 10Aand 10B are respectively eléctrically
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 aﬁd 10B in parallél, the differenée
between source voltagés (output voltages) of these is normaliy
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
eleptrically connected tb the other power supply circuit is
cut off b_y the power .supply 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 power 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),



the stabilized power supply circuits 10A and 10B are kept in
balance. Thus, the load 12 is driven (operated or driven in
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
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as an overvoltage detection point, én advantage is brought
about in that the overvoltage states of the stabilized power
supply circuits 10A and 10B can be separately detected. On
the other hand, since vol-t-age 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, fhe 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



two stabilized power supplylcircuits to a load in parallel and
simultaneously driving the load, each power supply circuit
referred to above including:.

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

current detecting means for detecting a current flowing
in a power supply lin'e; 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 relﬁains unchanged, the power.supply control means is
controlled so as to cut off the suppl_y of power from the
stabilized power supply circuit which serves as the overvoltage
side.

In the present invention, the ofrervoltage state is
detected'from 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 other 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 f:he cut-off power

supply circuit side does not flow, whereas the output current



on the other power supply circuit side continues to increases.

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 voltaére 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 time 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 dro_p 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



embodiﬁent of a redundant stabilized power supply according
to the present invention;

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



or bower supplies 1l4a and-14b 'respectively.' As these 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 i.dentical 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



varies so that the value of a current flowing between a plus
side power supply.terminal (cathode K) and a minus side power
éupply 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.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 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
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voltage detecting means 19 composed of three resistors 19%a
through 19c to make a reference voltage REFa of a predetermined
value. This referencg voltage REFa is supplied to a reference
terminal of the shunt. regulator 20.
- When a driving voltage applied to the load 12 varies,

a voltage correspondiﬁg 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 overiroltage 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 Vref.

Therefore, the lpad voltage applied between the sense
terminals 18a and 18b is supplied to the reference terminal
as its reference vo'ltage' REFb through a voltage~divider circuit

33 composed of a pair of resistors 33a and 33b. Further, a _
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detected voltage Cv' obtained at a connection middle point p
is inverted by an inverter 34 and the so-inverted detected
voltage Cv is used as an oirervoltage detection oufput. When
the load voltage results in ovérvoltage, 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 pbtential 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
250mV from the internal reference voltage Vref, the 6vervoltage

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
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stabilized power supply circuit 10B is in a cut-off state.

In the present invention, an overcurrent 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 afi:er
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-inver's-ion terﬁinal 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
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its load end c' and the detection ﬁoint d although it is small.
During a period in which the output current Ia flows in the
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 to 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 overvoltage detecting means 30 and overcurrent
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detectihg means 40, AND circuit 45 and power supply control
means 50 are provided even within the other stabilized powér
supply circuit 10B. Thus, power supply lines 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 t:onsider that the output \foltage 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.cont-inues 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
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detection output Ci (first detection output) corresponding to
the output of the voltage comparator 41 still holds a high-level
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 (see Fig. 4C).
As aresult, apower control signal (first power control signal)
Ta is brought to a high 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 detect_ed 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.
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When lthe output current Ib starts to drop as shown in
Fig. 4A and a voltage 'dfop -Vd at that time reéaches a time T2
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 the .t'ime 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
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supply is not developed.

Duﬁing 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 AA
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.detected 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,
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each of redundant stabil.i-zed power supply circuits that carry
éut a 'parallel operation, is provided with an oVefvoltage
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 éower
from the stabiiized power supply circuit that functions as the
overvoltage side.

'Accordiﬁg 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.'

i‘hus, 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.
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WHAT IS CLAIMED 1IS:

1. A redundant stabilized power supply suitable for a‘
parallel operation, for sﬁpplyin’g two stabilized power supply
circuits to a load.in.parallel'and simultaneously'driving'the
load, said each power supply circuit including:

overvoltage detecﬁing 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 overvoltége apblied.across
the load is detected and a.curfent detection output ét'that
time remains unchanged, said power supply control means is
controlled so as to cut off the supply of power from the

stabilizedpbwersupplycircuitwhichservesastheovervoltage

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
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regulator is electric~ally connected to a power supply line
through a resistor and a voltage at a middle point between the
shunt regulator and the resistér 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 end 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 stabilized power supply circuit is constructed such that
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a comparison outpﬁt of the voltagé comparator provided within
- saild overcurrent detecting means is inverted by an output
cufrent at the time of the cutting off of the other stabilized
power supioly circuit to prevent a power supply control signal
from being outputted fo 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 detect-ing means émd 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's_upply control means uses a

switching element such as an SCR or the like.



