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1
FUSE STATUS INDICATOR SYSTEM

The invention described herein may be manufac-
tured, used, and licensed by or for the Government for
governmental purposes without the payment to me of
any royalties thereon.

BACKGROUND OF THE INVENTION

Many sophisticated electronic circuits comprise a
large number of fuses for protecting the circuitry and its
power supplies against damaging short circuits and
other excessive current drains. In such systems a single
“blown” fuse usually means that the entire electronic
device must be shut down until the defective fuse is
found and replaced. This can require extensive time of
skilled technicians and results in excessive down time of
the hardware. The system of the present invention per-
mits blown or open fuses to be quickly detected. The
output of the system comprises a visual indictor which
may comprise a light emitting diode (LED) which is
connected to each one of the fuses of the system and is
arranged to illuminate if its connected fuse fails or
blows. A plurality of these on-line indicators may be
connected to a master indicator which will indicate
whether any one of the on-line indicators connected
thereto has a defective fuse. This connection to the
master indicator forms an OR gate. Such on-line indica-
tors may be provided for all of the fuses or circuit
breakers on an electronic sub-asssembly such as a circuit
board, with all of the LEDs and associted circuits com-
prising these on-line indicators mounted on the circuit
board. The aforementioned master indicator for all of
the on-line indicators on a particular circuit board may
then be located on the console or main control panel of
the overall system. Thus illumination of the master fuse
status indicator would indicate which of many circuit
boards has the defective fuse and the technician would
then simply inspect this board and its on-line indicators
to quickly pinpoint the defective fuse and/or circuit.

SUMMARY OF THE INVENTION

The on-line indicators may comprise a diode con-
nected to the load side of the fuse being monitored in
such a way that the normal load voltage back biases the
diode. This diode is connected to a transistor which is
saturated when the diode is back biased. The transistor
has an LED connected to its collector electrode. In the
saturated state of the transistor, the LED voltage will
be too low to illuminate it, however a short circuit in
the load will cause the aforementioned diode to become
forward biased and the resulting current there through
will change the bias conditions on the transistor so that
it becomes cut off and its collector voltage will rise and
the LED becomes illuminated. A large number of these
on-line indicators may be connected to a master indica-
tor, as explained above. On-line indicators of this type
can be designed to operate with either negative or posi-
tive power supplies simply by changing the polarities of
the diodes and the bias supplies for the transistor and
utilizing another type of transistor.

In two other embodiments of the invention, the LED
of each on-line indicator is connected in series with a
current-limiting resistor across the fuse being protected.
When the fuse blows and becomes an open circuit, all of
the supply voltage is applied to the LED-resistor series
circuit and also to the optical or LED portion of an
opto-isolator which is connected in parallel with the
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LED comprising the on-line indicator. The output of
the LED of the opto-isolator then renders either a Dar-
lington circuit or a reverse biased diode conductive.
The resulting current is then applied to a master indica-
tor via an isolation diode. The use of opto-isolators of
this sort reduces the stand-by current to negligible val-
ues as well as providing isolation between the different
fused circuits.

It is thus an object of the invention to provide cir-
cuitry for indicating the status of all fuses in a muiti-
fused electrical circuit.

Another object of the invention is to provide cir-
cuitry for quickly identifying a fauity or blow fuse or
circuit breaker in a circuit which contains several fuses
and/or circuit breakers.

Another object of the invention is to provide a novel
fuse indicator system in which each fuse is provided
with a substrate visual indicator for fuse malfunction
and groups of fuses are provided with a master indicator
which provides a visual and/or audible signal shouid
any of the fuses of the group malfunction.

A still further object of the invention is to provide a
fuse status indicator system which' draws minimal cur-
rent in the stand-by condition.

These and other objects and advantages of the inven-
tion will become apparent from the following detailed
description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a fuse status indicator circuit for use
with positive power supplies.
. FIG. 2 shows a similar circuit adapted for use with
negative power supplies.

FIG. 3 shows a fuse status indicator system which
utilizes a photo-Darlington type of opto-isolator.

FIG. 4 is a diagram of a fuse status indicator system
utilizing another type of opto-isolator.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The system of FIG. 1 comprises a positive power
supply 17 which has two positive voltage outputs +V1
and + V2 which may or may not be the same positive
voltages. Each of these voltage outputs supplies sepa-
rate loads, load #1, 5, and load #2, 7, with each load
separately fused by means of fuses F1 and F2, respec-
tively. Each of the fuses is provided with an on-line fuse
status indicator. The circuitry within the dashed-line
box 9 comprises the on-line indicator for fuse F1 and 11
the on-line indicator for fuse F2. The circuitry of these
on-line indicators is similar and each comprises a means
to sense the voltage on the load side of the fuse being
monitored and a light emitting diode arranged to be
illuminated if the sensed voltage drops substantially
below the normal positive voltage of the protected
circuit. The on-line indicator 9 connected to fuse F1
comprises an NPN transistor Q1 with a collector resis-
tor R3 and positive collector voltage bias supply + Vcc.
Base-emitter bias is provided by the resistor network
R1, R2 and R4, with the junction of R1 and R2 con-
nected to the anode of voitage sensing diode D1 and the
base of Q1 to the junction of R2 and R4. The negative
base bias supply — Vbb is connected to R4, as shown.
The emitter of Q1 is grounded. The bias supply voltages
+Vcc and —Vbb and the resistor values of R1, R2 and
R4 are chosen so that the normal power supply output
voltage + V1 will back the bias the diode D1, and also
with diode D1 so back biased, the transistor Q1 will be
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heavily conducting or saturated. Thus when the circuit
is operating and fuse F1 good, the so-called stand-by
condition, the voltage at the junction of R1 and R2 will
be somewhat less positive then +V1. The indicator
LED for fuse F1 is LED1 and it is connected from the
collector of Q1 to ground in series with current-limiting
resistor R9. In the stand-by condition, the voltage at the
collector of Q1 will be too low to illuminate LED1.
However, if fuse F1 blows for any reason, the positive
voltage +V1 would be removed from the cathode of
D1 and D1 would become forward biased because of
the positive voltage on its anode. This will result in
additional current flowing through R1, D1 and Load
#1 from bias supply +Vce. This added current lowers
the base voltage of Q1 below ground which cuts off Q1
and causes its collector voltage to rise to such a level
that LED1 will become illuminated.

The second on-line indicator 11 comprises the same
circuitry connected to load #2 and to fuse F2. If the
positive voltage + V2 which supplies the second load
circuit 7 differs from + V1, then the resitors R6, R7 and
R8 and the bias voltages + Vcc and — Vbb of indicator
circuit 11 would be selected to provide the desired back
biasing of voltage sensing diode D2 with the circuit
operating and F2 good. LED2 is the visual on-line indi-
cator of circuit 11. The operation of on-line indicator 11
is the same as on-line indicator 9, described above.

The circuit of FIG. 1 is provided with a master fuse
status indicator 13 which is arranged to illuminate
LED3 if either or both of the on-line indicators 9 or 11
are activated by a faulty fuse. The master indicator 13
forms the output of an OR gate, the inputs of which are
the collectors of the transistors Q1 and Q2. The collec-
tor of Q1 is connected to the anode of isolating diode
D3 and the collector of Q2 to the anode of similar diode
D4. The cathodes of both of these diodes are connected
together and form the input of master indicator 13. The
indicator 13 may comprise simply the LED3 in series
with its current limiting resistor R11, or it may addition-
ally include an audible alarm 15 in parallel with LED3
to provide an audible as well as visual indication of fuse
failure. It is apparent that with this circuitry, the master
indicator 13 is activated whenever either one or both of
the on-line indicators 9 or 11 is activated. Also it can be
seen that the diodes D3 and D4 prevent activation of
the other on-line indicator when one of them is illumi-
nated.

FIG. 2 is a variation of the fuse status indicator sys-
tem of FIG. 1 adapted to operate with a negative polar-
ity power supply 19, which has negative outputs of
—V1and —V2. It can be seen that this circuit is similar
to FIG. 1 but with the polarities of all of the diodes and
LEDs reversed, with PNP transistors substituted for
the NPN transistors of FIG. 1, and with the bias supply
voltage polarities reversed. Thus, in the first on-line
indicator 9 of FIG. 2, the anode of diode DS is con-
nected to load #1, 21, which is protected by fuse F3.
The collector bias supply of PNP transistor Q3, — Vcc,
is negative and the base bias supply, +Vbb, is positive.
In the stand-by or operating condition with fuse F3
good, the voltage at the junction of R13 and R15 is
chosen to back bias D5 and thus this junction voltage
must be less negative than — V1. Also, the bias supply
voltages and the three series resistors R13, R15 and R17
are chosen so that the base of Q3 is normally slightly
negative so that Q3 is saturated and indicator LED4
thus not illuminated in the stand-by condition. If the
fuse F3 becomes open-circuited, the diode D5 will be-
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come forward biased and will cause additional current
through R13 which will be sufficient to raise the bias
voltage of Q3 to ground level or higher and thus cut off
Q3 and illuminate the on-line indicator LED4 con-
nected to the collector thereof. The second on-line
indicator 11 of FIG. 2 is the same as the first one, 9, but
the resistor values of R20, R21, and R22 and the bias
supply voltages would be selected to accommodate the
negative load voltage —V2 according to the criteria
explained above for on-line indicator 9. The master fuse
status indicator 13 of FIG. 2 functions in the same way
as does the same circuit of FIG. 1. The isolating diodes
D7 and D8 are reversed in polarity compared to the
isolating diodes of FIG. 1.

Thus in the circuits of both FIGS. 1 and 2, the nor-
mally back biased voltage sensing diodes sense the load
voltages and become forward biased whenever the
absolute value of the load voltage decreases appreciably
below its normal value.

As noted above, both of the circuits of FIGS. 1 and 2
draw current when in the stand-by condition when the
fuses are good, which is the great majority of the time.
The fuse status indicator systems of FIGS. 3 and 4 do
not draw any appreciable current in the stand-by condi-
tion. In both of these circuits, the on-line LED indica-
tors are connected across each individual fuse being
protected, and when the protected fuse opens due to a
short circuit or other excessive current drain in the load
connected thereto, the entire power supply voltage is
applied to the on-line indicator LED. With this arrange-
ment, different power supply polarities can be accom-
modated by merely connecting the on-line indicator
LEDs to the fuse with the proper polarity. Another
feature of the circuits of FIGS. 3 and 4 is that they
utilize opto-isolator circuits between each of the on-line
indicators and the master fuse status indicator, so that
there is no conductive path through leakage or other
desired currents could flow.

The circuit of FIG. 3 comprises a positive power
supply 17 with two positive output voltages + V3 and
+ V4 supplying power to loads 33 and 31 via fuses F6
and FS5, respectively. The on-line indicator 22 for fuse
F5 comprises LED6 and its series resistor R2S, con-
nected across fuse F5. It is apparent that in the event of
short circuit in load #1, 31, all of the positive voltage
-+ V4 would be applied across R25 and LED6 and cause
illumination thereof. A photo-Darlington opto-isolator
27 is connected to LEDS. The LED7 of opto-isolator
27 is connected in series with its current limiting resistor
R26 across the LEDS6. Thus both of these LEDs will
become illuminated upon the failure of fuse FS. The
LED7 is arranged so that its light output illuminates and
renders conductive the two transistors Q5 and Q6
which are connected in the Darlington configuration
with the two collectors connected together and the
emitter of Q5 connected to the base of Q6. The two
collectors are connected to the positive bias supply
+Vce. The emitter of Q6 is connected to the anode of
isolating diode D9. All of the circuitry within dashed-
line box 22 comprises the on-line indicator circuit asso-
ciated with fuse F5 and box 24 the identical on-line
indicator circuitry for fuse F6. The opto-isolator 25 of
circuit 24 comprises LED9 and the Darlington con-
nected transistors Q7 and Q8. LEDS is the on-line indi-
cator of circuit 24. The isolating diode for this circuit is
D10. Both of the isolating diodes D9 and D10 are con-
nected to master fuse status indicator 13, which com-
prises the same circuitry as the master indicators of the
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previously described embodiments and functions in the
same way. In FIG. 3, operation of either one or both of
on-line indicator circuits 22 or 24 will cause master
indicator 13 to become activated by illumination of its
LED.

The circuit of FIG. 4 operates similarly to that of
FIG. 3 but it utilizes opto-isolators which include back
biased diodes in place of Darlington-connected transis-
tors. Also, in FIG. 4 each of the on-line indicator cir-
cuits 39 and 41 accommodate power supplies of differ-
ent polarity. The positive power supply 35 supplies load
#1, 37, through fuse F7 which has on-line indicator
circuit 39 connected thereto. The indicator diode
LED10 is connected in series with its current limiting
resistor R31 across fuse F7, with the cathode of the
LED connected to the load 37, as shown. Thus a short
circuit in the load will apply the positive voltage +V$§
of power supply 35 to the anode of LED10, thus illumi-
nating it. The opto-isolator, 53, of circuit 39 comprises
LED11, connected in parallel with LED10 through its
series resistor R40 and back biased diode D13 having its
cathode connected to positive bias supply 4V6 and
having resistor R37 connecting its anode to ground.
The blowing of fuse F7 will illuminate both LED10 and
LED11. The light output of LED11 will fall on D13
and render this diode conducting in the reverse direc-
tion, causing a positive voitage across R37. This posi-
tive voltage is applied to master fuse status indicator 13
via isolating diode D11.

The other on-line indicator circuit 41 of FIG. 4 is
arranged to accommodate a negative power supply 45
which is connected to load #2, 43, via fuse F8. The
circuit 41 comprises indicator LED13 with its cathode
connected to the negative terminal of power supply 45
which applies the negative voltage V7 to the load 43.
The LED12 of the opto-isolator 55 is connected in
series with R34 across LED13 and its light output is
arranged to illuminate back biased diode D14 which
also has its cathode connected to voltage supply + V6.
The resistor R38 is connected between the anode of
D14 and ground. Circuit 41 functions just as does
circuit 39 to produce a positive voltage upon the failure
of its protected fuse, which voltage is applied to the
master fuse status indicator 13 through isolating diode
D12. The master indicator circuit 13 is somewhat
different from the previously described one in that it
includes a transistor amplifier to amplify the low power
positive voltage applied thereto from the online indica-
tors 39 and 41. The diodes D11 and D12 have their
cathodes connected together and to resistor R36 which
is connected to the base transistor Q9, the emitter of
which as the LED14 and its resistor RS0 connected
thereto, with the audible alarm circuit 15 connected in
parallet-with LED14. The collector of Q9 is connected
to positive voltage supply +V8 via R35. Thus the
positive currents applied to the base-emitter circuit
through the diodes D11 and D12 will render Q9
conductive and illuminate LED14 and sound the audi-

ble alarm 15.
The system of FIG. 3 could be used with power

supplies with both positive and negative voltages, as
does the system of FIG. 4. For example, in FIG. 3, if the
voltage +V3 were negative, the on-line indicator
LEDS connected to fuse F6 would simply be reversed
in polarity with its anode connected to load #2, 33.
Also, the two LEDs of each of the on-line indicators
of FIGS. 3 and 4 could in some cases be consolidated
into a single LED which sould provide both the visual
indication of the blown fuse and also function as part of
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6
the opto-isolated. Thus for example in FIG. 4, a single
LED could perform the functions of LED10 and
LED11. This would not be possible if the opto-isolators
were sealed units so that the LEDs thereof would not
be visible.

While the illustrated embodiments show only two
on-line indicators connected to a single master indica-
tor, many more such on-line indicators may be con-
nected to a single master indicator.

While the invention has been illustrated in connection
with preferred embodiments, obvious variations thereof
are possible without departing from the novel concepts
disclosed herein, accordingly the invention should be
limited only by the scope of the appended claims.

What is claimed is:

1. A fuse status indicator system comprising, one or
more power supplies comprising a plurality of voltage
outputs supplying separate loads, a fuse connecting

- each of said voltage outputs to each of said loads, an

on-line indicator connected to each of said fuses, said
on-line indicators each comprising a first light emitting
diode which is passive and not illuminated if its pro-
tected fuse is good and which becomes illuminated if its
protected fuse opens due to a short circuit or excessive
current drain in the said load connected thereto, and a
master fuse status indicator comprising a second light
emitting diode connected to each of said on-line indica-
tors by means of OR gates, said second light emitting
diode of said master indicator adapted to become illumi-
nated whenever any one of the said on-line indicators
connected thereto beomes illuminated.

2. The system of claim 1 wherein each of said on-line
indicators comprises a voltage sensing diode which in
the stand-by condition with its protected fuse good will
be back biased and said voltage sensing diode is ar-
ranged to become forward biased if the voitage across
said load decreases appreciably in absolute value from
its normal positive or negative value.

3. The system of claim 1 wherein said first light emit-
ting diode is connected across its said protected fuse,
whereby upon a short circuit in said load connected to
said fuse, said first light emitting diode will become
illuminated, said on-line indicator further comprising an
opto-isolator circuit arranged to produce an output
when the said first light emitting diode becomes illumi-
nated, the output of said opto-isolator being connected
to said master fuse status indicator via one of said OR
gates.

4. A fuse status indicator system comprising, one or
more power supplies which are provided with a plural-
ity of output voltages which may be of positive or nega-
tive polarity, said output voltages being connected to
separate loads via separate fuses, an on-line indicator
circuit connected to each of said fuses, said on-line
indicator circuits each comprising first visual means
which are arranged to become illuminated on the failure
of its protected fuse, and wherein groups of said on-line
indicators are connected via an OR gate to a single
master fuse status indicator which comprises second
visual means which is arranged to become illuminated
upon the failure of any one of the fuses connected to
said on-line indicators.

5, The system of claim 4 wherein said first visual
means are all located on a single electronic sub-assem-
bly such as a circuit board and said second visual means
is located on the console or main control panel in which

said sub-assembly is located.
* * * ® -



