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Description

[0001] This application is being filed on 24 October
2007, as a PCT International Patent application in the
name of ADC Telecommunications, Inc., a U.S. national
corporation, applicant for the designation of all countries
except the U.S., and Joseph C. COFFEY, a citizen of the
U.S., and Bradley J. BLICHFELDT, a citizen of the U.S.,
applicants for the designation of the U.S. only, and claims
priority to U.S. Utility Patent Application Serial No.
11/602,478 filed on 20 November 2006.

Technical Field

[0002] The present disclosure relates to detection and
alarming in circuits using circuit protection devices. More
particularly, the present disclosure relates to use of a
finite state machine to detect conditions of circuit protec-
tion devices.

Background

[0003] Direct current (DC) electrical circuits generally
provide a source of current to downstream devices op-
erating at a specific voltage. The current that is provided
to the downstream devices generally falls within an ac-
ceptable range which corresponds to the expected load
resistance of the devices. Due to variations in the activity
or possible failure of one or more of the downstream de-
vices, the load resistance may vary. Variations in the
load, or variations in a voltage or current source attached
to the load, causing an unexpectedly high current level
can cause device failure if the current drawn by the circuit
exceeds a threshold amount.
[0004] Alarm circuits are commonly used to protect
load devices from electrical currents above the rated
threshold of the particular load. Circuit protection devices
and alarm triggering mechanisms are commonly used in
such alarm circuits. The circuit protection devices, such
as fuses or circuit breakers, are generally located at an
"upstream" location in series with the load, such that an
interruption caused by the circuit protection device dis-
rupts the current path through the load circuit. The alarm
triggers generate an alarm signal when the circuit pro-
tection device interrupts the circuit to indicate the occur-
rence of such an interruption.
[0005] Examples of such alarm circuits are disclosed
in US 2006/087785, FR 2309121 and DE 197 44 765.
[0006] Figures 1A-1C illustrate operation of a prior art
alarm circuit using a secondary alarming fuse which can
be used in a direct current circuit. Figure 1A shows normal
operation of the alarm circuit in which current passes
through the primary circuit protection device, shown as
the main fuse 10. Figure 1B shows the current path when
the main fuse 10 blows, and indicates that the current
shifts to pass through the secondary fuse placed in par-
allel with the main fuse 10, shown as GMT fuse 12. Be-
cause the GMT fuse 12 is selected to have a lower current

rating than the main fuse 10, it also soon blows, enabling
the alarm signal 14 as shown in Figure 1C. This config-
uration has a cost disadvantage, because each time the
primary fuse 10 blows, both it and the secondary alarming
fuse must be replaced, adding to the maintenance cost
of the circuit. Further, additional user-accessible space
is required for two fuses. The secondary fuse also creates
a potential electrical hazard because the full input voltage
is present at the output terminals of the circuit. Also, un-
protected GMT fuses potentially eject the metallic fuse
portion of the blown fuse from the fuse holder when
blown, creating a fire or injury hazard.
[0007] Figures 2A-2B illustrate operation of a prior art
alarm circuit using a monitoring circuit. Figure 2A shows
normal operation of the alarm circuit, in which a monitor-
ing circuit 16 connects in parallel to the main fuse 10.
The current passes through the main fuse 10 and load
20. Figure 2B shows operation of the alarm circuit after
the main fuse 10 blows. The current passes through the
monitoring circuit 16 and load 20. Therefore, even when
the main fuse 10 blows, a current path exists through the
monitoring circuit 16 and a voltage appears at the output
terminals. Therefore, it can be difficult for monitoring per-
sonnel to detect the location or existence of the fault.
[0008] Figure 2C illustrates operation of an alarm cir-
cuit where two power feeds are connected to a load
equipped with OR-ing diodes for power redundancy. In
such a configuration, when a main fuse 10 blows, leakage
current flows though the OR-ing diode which in turn pre-
vents the monitoring circuit from detecting the status of
the main fuse. As a result, no fuse alarm signal is gen-
erated and the load is no longer protected with dual power
feeds. In addition, the leakage current creates a potential
across the power input terminals of the load preventing
on-board voltage sensors from detecting a fault condi-
tion. This can result in a catastrophic system failure be-
cause there is no warning of a fault condition.
[0009] Therefore, improvements are desirable.

Summary

[0010] The embodiments of the present disclosure pro-
vide an alarm circuit using a programmable circuit. The
alarm circuit has a circuit protection device connected in
series at an input voltage of a load, and the programma-
ble circuit is connected in parallel to the circuit protection
device. The programmable circuit includes a plurality of
functional states and controls an alarm signal. At least
one of the functional states corresponds to activation of
the alarm signal. Activation of the alarm signal corre-
sponds to an interrupt condition in the circuit protection
device.
[0011] In another aspect, a method of monitoring a cir-
cuit protection device is disclosed. The method includes
connecting a programmable circuit in parallel to the circuit
protection device. The programmable circuit is pro-
grammed to include a plurality of functional states, and
at least one functional state corresponds to activation of
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the alarm signal. The method also includes detecting the
absence of a circuit protection device. The method further
includes detecting the presence of the circuit protection
device. The method also includes detecting a failure in
the circuit protection device. The method includes, upon
detection of a failure in the circuit protection device, en-
tering the at least one functional state, thereby enabling
an alarm signal.
[0012] The programmable circuit can be clocked or un-
clocked, and can control an indicator and a pull down
circuit. The indicator visually displays the status of the
circuit protection device. The pull down circuit ensures
that there is less than 1 VDC of voltage difference across
the load of the general DC circuit when the circuit pro-
tection device has interrupted the circuit. The program-
mable circuit can be implemented in a circuit panel, such
as a power distribution panel.

Brief Description of the Drawings

[0013]

Figures 1A-1C represent a schematic diagram of a
prior art fuse alarm circuit having a secondary fuse
in normal and blown states;
Figures 2A-2B represent a schematic diagram of a
prior art fuse alarm circuit having a monitoring circuit
in normal and blown states;
Figure 2C represents a schematic diagram of a prior
art fuse alarm circuit in which two fused power cir-
cuits are monitored by monitoring circuits;
Figure 3 is a schematic diagram of an alarm circuit
incorporating a programmable circuit according to a
possible embodiment of the present disclosure;
Figure 4 is a schematic diagram of an interrupted
alarm circuit incorporating a programmable circuit
according to a possible embodiment of the present
disclosure;
Figure 5 is a finite state diagram of operation of a
programmable circuit according to a possible em-
bodiment of the present disclosure;
Figure 6 is a finite state diagram of operation of a
programmable circuit according to a further possible
embodiment of the present disclosure;
Figure 7 is a perspective schematic view of a circuit
panel according to a possible embodiment of the
present disclosure; and
Figure 8 is a top schematic view of the circuit panel
of Figure 7.

Detailed Description

[0014] The present disclosure relates to use of a finite
state machine to control alarm states in an alarm circuit
for a direct current circuit. The alarm circuit includes a
circuit protection device, such as a fuse or circuit breaker,
placed in series with a load element. The load element
is the device or port to which direct current electricity is

intended to be delivered.
[0015] Referring now to Figures 3-4, a schematic dia-
gram of an alarm circuit 100 added to a direct current
circuit is shown in both normal operation and interrupted
states. The generalized direct current circuit includes an
input voltage 50, a return 60, and a load 20. During stand-
ard operation of the direct current circuit, a current path
passes from the input voltage 50 through the load 20 and
back through the return 60. A direct current power source
connects across the input voltage 50 and the return 60
to power the circuit. The load 20 can be any electrical
device requiring direct current for operation, or can be a
connection to a circuit requiring direct current.
[0016] The alarm circuit 100 includes a circuit protec-
tion device, shown as main fuse 10, and a programmable
circuit 102. The main fuse 10 electrically connects be-
tween the input voltage 50 and the load 20 to protect the
load from excess current, as shown in Figure 3. The main
fuse 10 has a threshold current rating, above which the
fuse 10 will blow, causing a discontinuity in the current
path as seen in Figure 4. In an alternate embodiment, a
circuit breaker or other circuit protection device substi-
tutes for the main fuse 10.
[0017] Alarm circuit 100 can be used in a variety of
devices, including power distribution panels which house
power outputs and inputs, and the circuitry for circuit pro-
tection. For example, the alarm circuit 100 can be imple-
mented in a multiple port panel component in which six
main fuses 10 are protected by six alarm circuits 100.
U.S. Patent No. 6,456,203 shows one example of a panel
construction for the alarm circuit 100 of the present in-
vention. U.S. Patent No. 6,456,203 is hereby incorporat-
ed by reference.
[0018] Various implementations of the programmable
circuit 102 can be used in conjunction with a panel such
as the one disclosed in U.S. Patent No. 6,456,203. In
one embodiment using such a panel, the programmable
circuit 102 resides within circuitry mounted on a single
fuse module. In another embodiment, multiple program-
mable circuits 102 reside on an alarm circuit module sep-
arate from one or more fuse modules, and which can be
selectively added or removed from the panel. In a further
embodiment, multiple programmable circuits 102 reside
within circuitry incorporated within the panel itself, and
monitor multiple fuses 10 modularly added or removed
from the panel.
[0019] The programmable circuit 102 includes a
number of input and output connections. Inputs to the
programmable circuit 102 include the input voltage 50
and output voltage 70, across which the programmable
circuit is connected in parallel with the circuit protection
device. The programmable circuit 102 connects to the
input voltage 50 and output voltage 70 via a comparator
(not shown) which outputs logic based voltage differenc-
es between the input voltage 50 and output voltage 70
which indicate the state of the fuse 10 or other circuit
protection device. A difference between the input voltage
and the output voltage above a given threshold indicates
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the presence of a good fuse, and outputs a logic level
"1" to the programmable circuit 102. A difference between
the input voltage 50 and the output voltage 70 below the
given threshold indicates the absence of a fuse or pres-
ence of a blown fuse, and results in a logic level "0" pro-
vided to the programmable circuit 102.
[0020] In a possible embodiment, the programmable
circuit 102 includes an input configured to receive a clock
signal, such as a signal generated by an oscillator (not
shown). In such an embodiment, the programmable cir-
cuit 102 operates at frequencies up to and exceeding 10
Hz. An alternate embodiment of the programmable circuit
102 is unclocked, and changes state based on input val-
ues to the programmable circuit.
[0021] According to the present invention, Outputs
from the programmable circuit 102 include an alarm sig-
nal 14, a pull down clamp control signal 104, and indicator
control signals 106. Additional control outputs optionally
control further aspects of the alarm circuit 100 or generate
additional alarm notifications. The alarm signal 14 out-
puts an alarm indication signal upon programmable cir-
cuit 102 detecting that the circuit protection device fails,
and can be electrically connected to a remote system
monitor so as to allow remote sensing of failure of the
fuse 10.
[0022] The pull down clamp control signal 104 enables
or disables a pull down clamp 108, which connects in
parallel with the load 20. In normal operation, as shown
in Figure 3, the pull down clamp 108 remains disabled
to allow a voltage difference between the output voltage
70 and the return 60 so as to power the load 20. When
the fuse 10 blows and the pull down clamp control signal
104 is enabled, the pull down clamp 108 equalizes the
output voltage 70 and the return voltage 60, such as by
grounding both connections, thereby limiting the poten-
tial across the output voltage 70 and the return voltage
60 to less than 1VDC.
[0023] The indicator control signals 106 control an in-
dicator, shown as a bi-color light emitting diode 110. The
bi-color light emitting diode 110 displays a green light
during normal operation of the system as shown in Figure
3, but displays a red light indicating a blown fuse or other
circuit interruption in the configuration shown in Figure
4. In other embodiments, one or more single color light
emitting diodes or other visual indicators are used to dis-
play one or both of the normal and interrupted states.
[0024] In one embodiment, the programmable circuit
102 is a microcontroller. The microcontroller is program-
mable in any of a number of programming languages,
such as assembly language, C, or other low-level lan-
guage. In alternate embodiments, the programmable cir-
cuit 102 is a programmable logic device (PLD) such as
a field programmable gate array (FPGA), Complex Pro-
grammable Logic Device (CPLD), or Power ASIC (Ap-
plication Specific Integrated Circuit). In these embodi-
ments, a hardware description language such as Verilog,
ABEL, or VHDL defines operation of the programmable
circuit 102. In embodiments having multiple alarm circuits

100, each alarm circuit can be located on a separate logic
device, or multiple alarm circuits can be programmed into
the same logic device. In an embodiment in which the
programmable circuit 102 is a microcontroller, multiple
programmable circuits are implementable within a single
microcontroller, if desired, by implementing a time-shar-
ing scheduling system in which each programmable cir-
cuit operates at an effective frequency determined by the
frequency of the microcontroller and the number of pro-
grammable circuits required.
[0025] Although in Figures 3-4 a generalized alarm cir-
cuit 100 is shown, the programmable circuit 102 and the
methods and systems of the present disclosure can be
implemented in a number of other circuits, such as in
redundant power delivery circuit applications as shown,
for example, in Figure 2C above.
[0026] Figure 5 illustrates a finite state machine 200
defining operation of the programmable circuit 102 of Fig-
ures 3-4 according to a possible embodiment of the
present disclosure. The finite state machine 200 includes
a plurality of states, at least some of which correspond
to physical conditions of the alarm circuit 100, such as a
blown fuse, normal operation, or other conditions. The
finite state machine 200 operates in a "clocked" embod-
iment of the programmable circuit 102, i.e. a PLD having
an enabled clock signal input. In this clocked embodi-
ment, the finite state machine will periodically change
states or determine if a state change should occur. The
period can correspond to a clock cycle, or some division
thereof. In one embodiment, the finite state machine 200
is programmed to change state each clock cycle. In a
further embodiment, the finite state machine 200 is pro-
grammed to change state in a period which is defined by
a plurality of clock cycles.
[0027] Each state includes a definition of the output
signals which are represented by that state. In the exem-
plary embodiment shown in Figures 3-4, the alarm signal
14, the indicator control signal 106, and the pull down
clamp control signal 104 control the aspects of the alarm
circuit 100.
[0028] The finite state machine 200 is instantiated in a
state S0 at 202. The state S0 corresponds to a startup
state in which the fuse 10 may or may not be installed.
In the startup state, the alarm signal 14 is deactivated,
indicating that a blown fuse is not present. The pull down
clamp control signal 104 is activated. The indicator con-
trol signals 106 deactivate the indicator, causing the LED
to turn off.
[0029] Operational flow proceeds to a check fuse mod-
ule 204. The check fuse module 204 determines whether
a fuse 10 is present. If a fuse is present, operational flow
proceeds to state S1 at 206. If a fuse 10 is not present,
operational flow remains with state S0 at 202.
[0030] The state S1 at 206 corresponds to a startup
phase after a fuse 10 has been detected in which the
finite state machine 200 waits to test the fuse. This delay
ensures that the comparator input to the programmable
circuit 102 is stable and unaffected by electrical noise

5 6 



EP 2 092 621 B1

5

5

10

15

20

25

30

35

40

45

50

55

generated during fuse insertion (i.e. debounce control).
The delay also ensures that the occurrence of a blown
fuse shortly after fuse insertion is detected by the func-
tional state machine 200. During state S1 at 206, the
alarm signal 14 is deactivated, indicating that a blown
fuse is not detected. The indicator control signals 106
remain deactivated, indicating that no fuse is yet detect-
ed. The pull down clamp control signal 104 is deactivated,
allowing a voltage difference across the output voltage
70 and the return voltage 60.
[0031] The finite state machine 200 remains in state
S1 for a predetermined length of time. In the embodiment
shown, the finite state machine remains in state S1 for
five seconds. In alternative embodiments, a longer or
shorter time is implemented, provided that debounce
control and quickly blown fuse conditions are detectable.
[0032] Operational flow proceeds to state S2 at 208.
State S2 represents normal operation of the circuit as
shown above in Figure 3. In state S2, the alarm signal
14 is deactivated, indicating that a blown fuse is not
present. The indicator control signals 106 cause a green
light output from the bi-color light emitting diode 108 of
Figures 3-4. Other indicator modes corresponding to a
normally operational circuit state are possible as well.
The pull down clamp control signal 104 is again deacti-
vated.
[0033] Operational flow proceeds to a check fuse mod-
ule 210. The check fuse module 210 determines whether
the fuse 10 inserted into the alarm circuit has blown. If
the fuse 10 has not blown, operational flow remains with
state S2 at 208. If the fuse 10 has blown, operational flow
proceeds to state S3 at 212.
[0034] State S3 at 212 corresponds to a blown fuse
state of the alarm circuit, as shown above in Figure 4.
The alarm signal 14 activates, and is configured to indi-
cate to a remote monitor of the alarm circuit that the fuse
10 has blown. The indicator control signals 106 drive a
red light output from the bi-color light emitting diode 108
of Figures 3-4. Other indicator modes corresponding to
an interrupted circuit state are possible as well. The pull
down clamp control signal is activated, limiting the po-
tential across the output voltage 70 and the return voltage
60 to less than 1VDC.
[0035] Operational flow proceeds to a check fuse mod-
ule 214. The check fuse module 214 determines whether
the blown fuse is replaced by a technician or other user.
If the fuse 10 has not been replaced, operational flow
remains with state S3 at 212. If the fuse has been re-
placed, operational flow proceeds to state S4 at 216.
[0036] State S4 at 216 corresponds to a delay state
following replacement of a blown fuse in the alarm circuit
100 shown above in Figures 3-4. This delay state ensures
a stable comparator output analogously to operation of
state S1. The delay also ensures that the occurrence of
a blown fuse shortly after fuse insertion is detected by
the functional state machine 200. In the embodiment
shown, the delay occurs for ten seconds. However, a
longer or shorter time that would still detect a faulty fuse

could be implemented as well.
[0037] In state S4 at 216, the alarm signal 14 is deac-
tivated, indicating that the blown fuse has been removed.
The indicator control signals 106 are configured to gen-
erate a green light output from the bi-color light emitting
diode 108 of Figures 3-4. Other indicator modes corre-
sponding to an interrupted circuit state are possible as
well. The pull down clamp control signal 104 is deacti-
vated, allowing a voltage difference across the output
voltage 70 and the return voltage 60.
[0038] Operational flow proceeds to a check fuse mod-
ule 218. The check fuse module 218 determines whether
the replacement fuse 10 inserted into the alarm circuit
which caused the finite state machine 200 to switch from
state S3 to state S4 blew shortly after insertion. If the
replacement fuse 10 has blown, then operational flow
returns to state S3 at 212. If the replacement fuse 10 has
not blown, operational flow proceeds to state S5 at 220.
[0039] State S5 at 220 corresponds to a further delay
state. This delay allows a technician or other individual
replacing the fuse in the alarm circuit an opportunity to
then remove the replacement fuse 10, causing the circuit
to reset. State S5 therefore optionally can be used as a
fuse test mechanism by a technician who wishes to de-
termine whether a fuse is blown. In state S5, the indicator
control signals are configured to generate a flashing
green light output from the bi-color light emitting diode of
Figures 3-4. This indicates to the technician that the finite
state machine 200 can be reset by removing the fuse 10
inserted into the alarm circuit 100. The pull down clamp
control signal 104 is deactivated. The alarm signal 14 is
deactivated, indicating a blown fuse is not present.
[0040] Operational flow proceeds from state S5 to a
check fuse state 222. The check fuse state 222 deter-
mines whether a fuse 10 is present. If a fuse is present,
operational flow returns to state S2 at 208. If a fuse is
not present, a technician or other user of the system has
removed the fuse and operational flow returns to state
S0 at 202.
[0041] Referring to Figure 5 generally, multiple finite
state machines can be programmed into a single pro-
grammable circuit 102, and can monitor multiple alarm
circuits. Furthermore, a single finite state machine object
can be implemented so as to monitor multiple alarm cir-
cuits 100, with each alarm circuit using a clock cycle in
sequence to monitor the state of that alarm circuit 100.
In such a configuration, the clock frequency is effectively
divided by the number of circuits monitored by the finite
state machine 200, and can be increased as appropriate
so as to ensure accurate alarm operation and avoid state
machine faults.
[0042] In additional alternate embodiments, indicators
other than the bi-color light emitting diode of Figures 3-4
display the status of the alarm circuit 100. In such em-
bodiments, appropriate indicator control signals are set
to indicate normal operation, interrupted operation, or the
absence of a circuit protection device altogether. For ex-
ample, single color light emitting diodes, LCD displays,
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incandescent bulbs, or other visual indicators can be
used.
[0043] In further embodiments, circuit breakers or oth-
er circuit protection modules are substitutable for the fuse
10 in the alarm circuit 100 with corresponding changes
to the finite state machine 200 described above. For ex-
ample, the check fuse modules 204, 210, 214, 218, and
222 can instead test for the presence or tripped state of
circuit breakers used in place of the fuse 10 of Figures 3
and 4.
[0044] Figure 6 illustrates a finite state machine 300
defining operation of the programmable circuit 102 of Fig-
ures 3-4 according to a further possible embodiment of
the present disclosure. The finite state machine 300 in-
cludes a plurality of states corresponding to physical con-
ditions of the alarm circuit, such as a blown fuse, normal
operation, or a reset condition. The finite state machine
300 operates in an "unclocked" embodiment of the pro-
grammable circuit 102, i.e. the programmable circuit is
configured to change states based on input values, rather
than clock signals and input values as is the case in the
embodiment shown in Figure 5.
[0045] Operational flow is instantiated at state S0’ at
302. State S0’ correlates to state S0 of Figure 5 in that
both states correspond to a startup state in which a fuse
may or may not be installed. In state S0’, the alarm signal
14 is deactivated, indicating that a blown fuse is not
present. The pull down clamp control signal 104 is acti-
vated. The indicator control signals 106 deactivate the
indicator, causing the LED to turn off. Operation of the
finite state machine 300 remains in state S0’ until a fuse
is inserted into the alarm circuit.
[0046] Upon detection of a fuse based on the differ-
ence in voltages as determined by the comparator incor-
porated into the alarm circuit, operational flow proceeds
to state S1’ at 304. State S1’ correlates to state S2 of
Figure 5, in that both states correspond to normal oper-
ation of the alarm circuit 100 as shown in Figure 3. The
alarm signal 14 is deactivated, and the indicator control
signals 16 drive a green light output from the bi-color light
emitting diode 108 of Figures 3-4. The pull down clamp
control signal 104 is deactivated, allowing current to flow
through the load 20. The finite state machine remains in
state S1’ at 304 until the comparator output indicates that
the fuse 10 has blown.
[0047] Upon detection of a blown fuse based on the
difference in voltages as determined by the comparator
incorporated into the alarm circuit 100, operational flow
proceeds to state S2’ at 306. State S2’ correlates to state
S3 of Figure 5, in that both states correspond to inter-
rupted operation of the alarm circuit 100 as shown in
Figure 4. The alarm signal 14 activates, and is optionally
configured to transmit an indication to a remote monitor
of the alarm circuit that the fuse has blown. The indicator
control signals 106 drive a red light output from the bi-
color light emitting diode 108. The pull down clamp con-
trol signal 104 activates. The finite state machine 300
remains in state S2’ until the comparator detects that the

blown fuse has been replaced. Upon detection of a re-
placed fuse 10, operational flow returns to state S1’.
[0048] Referring back to Figures 5 and 6, additional or
fewer states can be used in clocked or unclocked finite
state machines to monitor the status of a circuit protection
device such as a fuse or circuit breaker. Additional states
may be added, as well as manual inputs, such as a reset
button associated with either of the finite state machines
which would return each to state S0 or S0’, respectively.
Furthermore, additional input or output signals can be
incorporated to provide additional circuit protection or
fault indication features to the alarm circuit.
[0049] Referring now to Figures 7 and 8, an example
circuit panel 400 incorporates the alarm circuit 100 de-
scribed above in conjunction with Figures 3-4. The circuit
panel 400 has a top panel, bottom panel, and side panels
defining front and back ends. In the embodiment shown,
the panel 400 is a power distribution panel, and the front
end includes a plurality of circuit protection modules 402
and indicators 408. The back end of the panel 400 in-
cludes one or more power blocks 410 and load blocks
412.
[0050] The power blocks 410 include one or more volt-
age and return posts for connecting a direct current power
source to the panel 400. The load blocks include one or
more load and return voltage connections for connecting
equipment requiring power from the direct current power
source. Internal circuitry within the panel 400 connects
a power block 410 to a load block 412 (or a portion there-
of) through one or more circuit protection modules 402.
[0051] In the embodiment shown, each circuit protec-
tion module 402 includes a fuse 404 and an indicator
404. The fuse 404 can be any of a number of types of
fuses, such as a GMT fuse, a TPM fuse, or any other
suitable fuse. In an alternative embodiment, the circuit
protection module 402 can include a plurality of fuses,
circuit breakers, or a combination of the two.
[0052] The indicator 404 includes one or more light
emitting diodes, and in the embodiment shown is a bi-
color light emitting diode. Other indicators can be used
as well, such as incandescent bulbs or LCD displays.
[0053] A programmable circuit 414 incorporated into
the internal circuitry in the panel 400 connects in parallel
to one or more of the circuit protection modules 402 as
disclosed above in conjunction with Figures 3-4. The pro-
grammable circuit controls the indicator 404 on each
module. The programmable circuit 414 includes one or
more of the programmable circuits 102 of Figures 3-4,
and may be implemented on one or more programmable
logic devices or in one or more microcontrollers. Option-
ally, a programmable circuit can be incorporated onto
each circuit protection module 402. An alarm output (not
shown) optionally allows connection to a remote system
for remote monitoring of the status of the circuit protection
modules 402.
[0054] The indicators 408 on the front end of the circuit
panel 400 illuminate when a voltage difference is applied
to the power block 410 associated with the indicator 408.
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The indicators 408 therefore visually display when cur-
rent is passing through the circuit protection modules 408
on the front face of the panel 400.
[0055] Various additional embodiments of circuit pan-
els are possible as well. The programmable circuit 414
can be incorporated on a separate module, which can
also include the indicators 404. The separate module
would therefore monitor and display the status of the cir-
cuit protection devices on other modules present in the
panel. In a further embodiment, the circuit protection de-
vices are not located on modules, and are attached to
the panel.
[0056] The various embodiments disclosed herein are
useable in a direct current power distribution panel. Alarm
circuits such as the alarm circuit 100 shown provide a
compact current protection structure by which two or
more current protection circuits can fit within a DC power
distribution panel without interfering with additional elec-
tronics included in the system, such as voltage monitor-
ing systems present in the panel.
[0057] The above specification, examples and data
provide a complete description of the manufacture and
use of the composition of the invention. Since many em-
bodiments of the invention can be made without depart-
ing from the spirit and scope of the invention, the inven-
tion resides in the claims hereinafter appended.

Claims

1. An alarm circuit (100) comprising:

(a) a circuit protection device (10) connected in
series with the current path through and at an
input voltage (50) of a load (20);
(b) a programmable circuit (102) connected in
parallel to the circuit protection device (10) and
including an alarm signal (14), the programma-
ble circuit (102) programmed to include a plu-
rality of functional states, at least one functional
state corresponding to activation of the alarm
signal (14); and
(c) a pull down clamp (110) having a control input
electrically connected to the programmable cir-
cuit (102), the pull down clamp (110) connected
in parallel with the load (20) in order to equalize
the voltage across the load (20) upon operation
of the programmable circuit (102);
(d) wherein the at least one functional state ac-
tivating the alarm signal (14) corresponds to a
circuit interrupt condition in the circuit protection
device (10).

2. The alarm circuit (100) of claim 1, wherein the pro-
tection device (10) comprises a fuse.

3. The alarm circuit (100) of claim 1, wherein the pro-
tection device (10) comprises a circuit breaker.

4. The alarm circuit (100) of claim 1, further comprising
an indicator (108).

5. The alarm circuit (100) of claim 1, wherein the indi-
cator (108) emits at least two different colors.

6. The alarm circuit (100) of claim 5, wherein the indi-
cator (108) is a bi-color light emitting diode.

7. The alarm circuit (100) of claim 1, wherein the pro-
grammable circuit (102) is a programmable logic de-
vice.

8. The alarm circuit (100) of claim 1, wherein the pro-
grammable circuit (102) is a microcontroller.

9. The alarm circuit (100) of claim 1, wherein a second
functional state different from the at least one func-
tional state corresponds to the absence of a circuit
protection device (10) from the alarm circuit (100).

10. The alarm circuit (100) of claim 1, wherein the at
least one functional state corresponds to a blown
fuse (10).

11. The alarm circuit (100) of claim 1, wherein a func-
tional state corresponds to a delay condition in the
alarm circuit (100).

12. The alarm circuit (100) of claim 1, further comprising
a clock signal applied to the programmable circuit
(102), and wherein the frequency of the clock signal
is preferably above 10 Hz.

13. A method of monitoring a circuit protection device
(100), the method comprising:

connecting a programmable circuit (102) in par-
allel to the circuit protection device (10), the pro-
grammable circuit (102) programmed to include
a plurality of functional states, at least one func-
tional state corresponding to activation of the
alarm signal (14);
detecting the absence of a circuit protection de-
vice (10);
detecting the presence of the circuit protection
device (10);
detecting a failure in the circuit protection device
(10);
upon detection of a failure in the circuit protec-
tion device (10), activating a pull down clamp
(110) using the programmable circuit (102), the
pull down clamp (110) connected in parallel with
a circuit load (20); and
upon detection of a failure in the circuit protec-
tion device (10), entering the at least one func-
tional state, thereby enabling an alarm signal
(14).
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14. The method of claim 13, further comprising, upon
detecting the presence of the circuit protection de-
vice (10), deactivating the pull down clamp (110).

Patentansprüche

1. Alarmstromkreis (100), umfassend:

(a) eine Stromkreisschutzvorrichtung (10), die
mit dem Strompfad durch eine und an einer Ein-
gangsspannung (50) einer Last (20) in Reihe
geschaltet ist;
(b) eine programmierbare Schaltung (102), die
mit der Stromkreisschutzvorrichtung (10) paral-
lel geschaltet ist und ein Alarmsignal (14) um-
fasst, wobei die programmierbare Schaltung
(102) so programmiert ist, dass sie eine Vielzahl
von Funktionszuständen umfasst, wobei we-
nigstens ein Funktionszustand einer Aktivierung
des Alarmsignals (14) entspricht, und
(c) eine Verschlussklemme (110) mit einem
Steuereingang, der elektrisch an die program-
mierbare Schaltung (102) angeschlossen ist,
wobei die Verschlussklemme (110) mit der Last
(20) parallel geschaltet ist, um die Spannung
über die gesamte Last (20) bei Betrieb der pro-
grammierbaren Schaltung (102) auszugleichen;
(d) wobei der wenigstens eine Funktionszu-
stand, der das Alarmsignal (14) aktiviert, einer
Stromkreisunterbrechungsbedingung in der
Stromkreisschutzvorrichtung (10) entspricht.

2. Alarmstromkreis (100) nach Anspruch 1, wobei die
Schutzvorrichtung (10) eine Sicherung umfasst.

3. Alarmstromkreis (100) nach Anspruch 1, wobei die
Schutzvorrichtung (10) einen Schutzschalter um-
fasst.

4. Alarmstromkreis (100) nach Anspruch 1, ferner um-
fassend eine Blinkleuchte (108).

5. Alarmstromkreis (100) nach Anspruch 1, wobei die
Blinkleuchte (108) wenigstens zwei unterschiedliche
Farben emittiert.

6. Alarmstromkreis (100) nach Anspruch 5, wobei die
Blinkleuchte (108) eine zweifarbige Leuchtdiode ist.

7. Alarmstromkreis (100) nach Anspruch 1, wobei die
programmierbare Schaltung (102) ein programmier-
barer Logikbaustein ist.

8. Alarmstromkreis (100) nach Anspruch 1, wobei die
programmierbare Schaltung (102) ein Mikrocontrol-
ler ist.

9. Alarmstromkreis (100) nach Anspruch 1, wobei ein
zweiter Funktionszustand, der sich von dem wenigs-
tens einen Funktionszustand unterscheidet, der Ab-
wesenheit einer Stromkreisschutzvorrichtung (10) in
dem Alarmstromkreis (100) entspricht.

10. Alarmstromkreis (100) nach Anspruch 1, wobei der
wenigstens eine Funktionszustand einer durchge-
brannten Sicherung (10) entspricht.

11. Alarmstromkreis (100) nach Anspruch 1, wobei ein
Funktionszustand einer Verzögerungsbedingung in
dem Alarmstromkreis (100) entspricht.

12. Alarmstromkreis (100) nach Anspruch 1, ferner um-
fassend ein Taktsignal, das an der programmierba-
ren Schaltung (102) anliegt, wobei die Frequenz des
Taktsignals vorzugsweise über 10 Hz liegt.

13. Verfahren zum Überwachen einer Stromkreis-
schutzvorrichtung (100), wobei das Verfahren die
Schritte umfasst:

Schalten einer programmierbaren Schaltung
(102) parallel zur Stromkreisschutzvorrichtung
(10), wobei die programmierbare Schaltung
(102) so programmiert ist, dass sie eine Vielzahl
von Funktionszuständen umfasst, wobei we-
nigstens ein Funktionszustand einer Aktivierung
des Alarmsignals (14) entspricht;
Erkennen der Abwesenheit einer Stromkreis-
schutzvorrichtung (10) ;
Erkennen der Anwesenheit einer Stromkreis-
schutzvorrichtung (10) ;
Erkennen eines Fehlers in der Stromkreis-
schutzvorrichtung (10) ;
Aktivieren einer Verschlussklemme (110) mit-
tels der programmierbaren Schaltung (102)
nach Erkennung eines Fehlers in der Strom-
kreisschutzvorrichtung (10), wobei die Ver-
schlussklemme (110) mit einer Schaltungslast
(20) parallel geschaltet ist, und
Übergehen in den wenigstens einen Funktions-
zustand nach Erkennung eines Fehlers in der
Stromkreisschutzvorrichtung (10), wodurch ein
Alarmsignal (14) aktiviert wird.

14. Verfahren nach Anspruch 13, ferner umfassend das
Deaktivieren der Verschlussklemme (110) nach Er-
kennung der Anwesenheit einer Stromkreisschutz-
vorrichtung (10).

Revendications

1. Circuit d’alarme (100) comprenant :

(a) un dispositif de protection de circuit (10) con-
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necté en série avec le chemin de courant à tra-
vers et au niveau d’une tension d’entrée (50)
d’une charge (20) ;
(b) un circuit programmable (102) connecté en
parallèle au dispositif de protection de circuit
(10) et incluant un signal d’alarme (14), le circuit
programmable (102) étant programmé pour in-
clure une pluralité d’états fonctionnels, au moins
un état fonctionnel correspondant à une activa-
tion du signal d’alarme (14) ; et
(c) une bride de rappel vers le bas (110) ayant
une entrée de commande électriquement con-
nectée au circuit programmable (102), la bride
de rappel vers le bas (110) étant connectée en
parallèle avec la charge (20) afin d’égaliser la
tension aux bornes de la charge (20) lors d’un
fonctionnement du circuit programmable (102) ;
(d) dans lequel l’au moins un état fonctionnel
activant le signal d’alarme (14) correspond à une
condition d’interruption de circuit dans le dispo-
sitif de protection de circuit (10).

2. Circuit d’alarme (100) selon la revendication 1, dans
lequel le dispositif de protection (10) comprend un
fusible.

3. Circuit d’alarme (100) selon la revendication 1, dans
lequel le dispositif de protection (10) comprend un
disjoncteur.

4. Circuit d’alarme (100) selon la revendication 1, com-
prenant en outre un indicateur (108).

5. Circuit d’alarme (100) selon la revendication 1, dans
lequel l’indicateur (108) émet au moins deux cou-
leurs différentes.

6. Circuit d’alarme (100) selon la revendication 5, dans
lequel l’indicateur (108) est une diode électrolumi-
nescente bicolore.

7. Circuit d’alarme (100) selon la revendication 1, dans
lequel le circuit programmable (102) est un dispositif
logique programmable.

8. Circuit d’alarme (100) selon la revendication 1, dans
lequel le circuit programmable (102) est un micro-
contrôleur.

9. Circuit d’alarme (100) selon la revendication 1, dans
lequel un second état fonctionnel différent de l’au
moins un état fonctionnel correspond à l’absence
d’un dispositif de protection de circuit (10) dans le
circuit d’alarme (100).

10. Circuit d’alarme (100) selon la revendication 1, dans
lequel l’au moins un état fonctionnel correspond à
un fusible sauté (10).

11. Circuit d’alarme (100) selon la revendication 1, dans
lequel un état fonctionnel correspond à une condition
de retard dans le circuit d’alarme (100).

12. Circuit d’alarme (100) selon la revendication 1, com-
prenant en outre un signal d’horloge appliqué au cir-
cuit programmable (102), et dans lequel la fréquence
du signal d’horloge est de préférence au-dessus de
10 Hz.

13. Procédé de surveillance d’un dispositif de protection
de circuit (100), le procédé comprenant :

la connexion d’un circuit programmable (102)
en parallèle au dispositif de protection de circuit
(10), le circuit programmable (102) étant pro-
grammé pour inclure une pluralité d’états fonc-
tionnels, au moins un état fonctionnel corres-
pondant à une activation du signal d’alarme
(14) ;
la détection de l’absence d’un dispositif de pro-
tection de circuit (10) ;
la détection de la présence du dispositif de pro-
tection de circuit (10) ;
la détection d’une défaillance dans le dispositif
de protection de circuit (10) ;
lors de la détection d’une défaillance dans le dis-
positif de protection de circuit (10), l’activation
d’une bride de rappel vers le bas (110) à l’aide
du circuit programmable (102), la bride de rappel
vers le bas (110) étant connectée en parallèle
avec une charge de circuit (20) ; et
lors de la détection d’une défaillance dans le dis-
positif de protection de circuit (10), l’entrée dans
l’au moins un état fonctionnel, autorisant ainsi
un signal d’alarme (14).

14. Procédé selon la revendication 13, comprenant en
outre, lors de la détection de la présence du dispositif
de protection de circuit (10), la désactivation de la
bride de rappel vers le bas (110).
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