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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Ap-
plication No. 16/378964, filed on April 9, 2019, with pub-
lication number US2020328585 A1.

BACKGROUND

[0002] The present invention relates to arc faults and,
more specifically, to arc flash protection of power sys-
tems.
[0003] An electric arc is a luminous bridge formed in
an air gap between two electrodes. An arc flash occurs
when electric current flows through this air gap between
conductors. Specifically, an arc flash is the light and heat
produced by an arc fault, a type of electrical explosion or
discharge resulting from movement of electric discharge
through the air from one voltage phase to another, or to
ground. The arc fault leads to an arc flash, a rapid rise
in temperature and pressure between the conductors,
which can lead to fires, pressure waves, or flying shrap-
nel.
[0004] Currently, arc faults are reduced or mitigated in
various ways. For instance, an organization with equip-
ment in danger of arc faults can perform a hazard analysis
on that equipment to calculate how much energy an arc
flash could release along various points in the power
chain. Personnel can then be made aware of the arc flash
potential, can be required to wear protective equipment,
and can be trained on how to react to arc flashes. Addi-
tionally, the amount of available arc fault current can be
reduced, such as by opening a tie between dual power
feeds during maintenance, which can cut available arc
fault current in half. For another example, high-resistance
grounding (HRG) can be employed to provide a path for
ground current via a resistance that limits current mag-
nitude.
[0005] For further background, US 9,590,524B de-
scribes a power converter system configured to supply
DC power to a load is provided, comprising a power con-
verter device responsive to an AC input voltage and con-
figured to provide an output DC voltage; an output voltage
loop controller in operable communication with the power
converter; an output current loop controller in operable
communication with the power converter; an output pow-
er loop controller in operable communication with the
power converter; and a foldback controller in operable
communication with the power converter. The output volt-
age loop controller, the output current loop controller, the
output power loop controller, and the foldback controller
together control the power converter to provide a multi-
sloped output
characteristic, including constant output voltage in volt-
age mode, increased output current in a first constant
power mode, decreased output current and voltage in a
foldback mode, and increasing output current and de-

creasing output voltage in a second constant power
mode..

SUMMARY

[0006] Embodiments of the present invention are di-
rected to a computer-implemented method according to
claims 1 to 5.
[0007] Embodiments of the present invention are also
directed to a system according to claims 6 to 10.
[0008] Embodiments of the invention are also directed
to a computer-program product for managing an arc fault
according to claims 11 to 14.
[0009] Additional technical features and benefits are
realized through the techniques of the present invention.
Embodiments and aspects of the invention are described
in detail herein and are considered a part of the claimed
subject matter. For a better understanding, refer to the
detailed description and to the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0010] The specifics of the exclusive rights described
herein are particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features and advantages of the em-
bodiments of the invention are apparent from the follow-
ing detailed description taken in conjunction with the ac-
companying drawings in which:

FIG. 1 is a block diagram of a protection system for
protecting an environment from the effects of arc
faults, according to some embodiments of this dis-
closure;
FIG. 2A illustrates an example V-A curve of a power
system to be protected by the power system;
FIG. 2B illustrates a modified version of the V-A curve
of FIG. 2A, where the modification incorporates a
foldback mode, according to some embodiments;
FIG. 3 shows two graphs illustrating an effect of in-
corporating the foldback mode into the V-A curve
with a shutdown and a restart of the power system
responsive to a false alarm, according to some em-
bodiments;
FIG. 4 shows two graphs illustrating an effect of in-
corporating the foldback mode into the V-A curve
with repeated shutdowns and restarts of the power
system responsive to an arc fault, according to some
embodiments;
FIG. 5 is a block diagram of a controller utilized to
control aspects of the protection system, according
to some embodiments;
FIG. 6 illustrates the protection system’s response
to the event of a pulsating arc fault within the power
system, according to some embodiments;
FIG. 7 is a flow diagram of a method of detecting and
managing an arc fault, according to some embodi-
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ments; and
FIG. 8 is a block diagram of a computer system for
implementing some or all aspects of the prediction
system, according to some embodiments of the in-
vention.

[0011] The diagrams depicted herein are illustrative.
There can be many variations to the diagrams or the op-
erations described therein although the scope of the in-
vention is still defined by the appended claims. For in-
stance, the actions may be performed in a differing order
or actions may be added, deleted or modified.

DETAILED DESCRIPTION

[0012] Various embodiments of the invention are de-
scribed herein with reference to the related drawings.
Various connections and positional relationships (e.g.,
over, below, adjacent, etc.) are set forth between ele-
ments in the following description and in the drawings.
These connections or positional relationships, unless
otherwise specified, can be direct or indirect, and the
present invention is not intended to be limited in this re-
spect. Moreover, the various tasks and process opera-
tions described herein can be incorporated into a more
comprehensive procedure or process having additional
steps or functionality not described in detail herein, or
one or more tasks or operations may be optional without
departing from the scope of the invention.
[0013] The following definitions and abbreviations are
to be used for the interpretation of the claims and the
specification. As used herein, the terms "comprises,"
"comprising," "includes," "including," "has," "having,"
"contains," or "containing," or another variation thereof,
are intended to cover a non-exclusive inclusion. For ex-
ample, a composition, mixture, process, method, article,
or apparatus that comprises a list of elements is not nec-
essarily limited to only those elements but can include
other elements not expressly listed or inherent to such
composition, mixture, process, method, article, or appa-
ratus.
[0014] Additionally, the terms "at least one" and "one
or more" may be understood to include a number greater
than or equal to one (e.g., one, two, three, four, etc.). The
term "a plurality" may be understood to include a number
greater than or equal to two (e.g., two, three, four, five,
etc.). The terms "about," "substantially," or "approximate-
ly," or variations thereof, are intended to include a degree
of error associated with measurement of the particular
quantity based upon the equipment available.
[0015] For the sake of brevity, conventional techniques
related to making and using aspects of the invention may
or may not be described in detail herein. In particular,
various aspects of computing systems to implement the
various technical features described herein may be well
known. Accordingly, in the interest of brevity, some con-
ventional implementation details are only mentioned
briefly herein or are omitted entirely without providing the

well-known system or process details.
[0016] Turning now to an overview of technologies that
are more specifically relevant to aspects of the invention,
as discussed above, various mechanisms can be used
to reduce the current available to an arc flash. However,
these mechanisms have drawbacks. For instance, open-
ing a tie between dual power feeds during maintenance
can reduce redundancy in the power scheme, which can
expose equipment to an increased failure risk. Although
HRG can also reduce the available current, this tech-
nique is prohibited in the United States on distribution
systems with service loads that are connected line-to-
neutral. In short, no adequate solutions exist at present.
Current devices and methods are limited to protection of
individual components, and the dominant approach is
simply to cut power to the affected area.
[0017] One or more embodiments of the invention ad-
dress the above-described shortcomings of the prior art
by providing a smart mechanism to recognize and ad-
dress arc faults as described herein.
[0018] FIG. 1 is a block diagram of a protection system
100, for protecting the surrounding environment from the
effect of arc faults, according to some embodiments. As
shown in FIG. 1, the protection system 100 may be inte-
grated with, or in communication with, a power system
105 used to power one or more pieces of equipment, and
the protection system 100 may recognize and mitigate
arc faults in the power system 105. The equipment sup-
ported by the power system 105 may vary between em-
bodiments but may include, for example, a ship, a sub-
marine, or a manufacturing device. In some embodi-
ments, the power system 105 may be initially provided
without the protection system 100, and the protection
system 100 may be added modify and add protection to
the power system 105.
[0019] As shown in FIG. 1, the protection system 100
may include one or more controllers 110, including a cen-
tral controller 112 as well as one or more local controllers
114 in communication with the central controller 112.
Generally, the central controller 112 may control activities
of the local controllers 114 to interact with the power sys-
tem 105 as needed, and as described herein. The local
controllers 114 may make local decisions regarding com-
ponents of the power system 105 to which the local con-
trollers 114 are directly or indirectly connected, as well
be described further below. In some embodiments, the
decisions of one or more controllers 110 may be aggre-
gated, for instance, into a majority decision, to determine
a final decision regarding how to remediate an arc fault.
[0020] As shown in FIG. 1, the power system 105 may
include one or more generators 130 and one or more
converters 140, which may include alternating current
(AC) to direct current (DC) (AC/DC) converters or DC/DC
converters, or a combination of both. As shown in the
example of FIG. 1, each generator 130 may behave as
a prime power source and may be connected to a re-
spective converter 140. Specifically, in the example
shown Generator 1 may be connected to AC/DC Con-
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verter 1, and Generator 2 may be connected to AC/DC
Converter 2. In this example, a common bus 150 con-
nects each such AC/DC converter 140 to a respective
first-level DC/DC converter 140, specifically medium-
voltage (MV) DC/DC Converter 1 and MV DC/DC Con-
verter 2 for AC/DC Converter 1 and AC/DC Converter 2
respectively. Another respective common bus 150 fur-
ther connects each first-level DC/DC converter to a set
of additional second-level DC/DC converters 140, each
of which is connected to the common bus 150 by way of
a respective local bus 160. In this example, such second-
level DC/DC converters 140 connected to DC/DC Con-
verter 1 by way of a shared common bus 150 include
low-voltage (LV) DC/DC Converter 1-1, LV DC/DC Con-
verter 1-2, and LV DC/DC Converter 1-3, and the second-
level DC/DC converters 140 connected to DC/DC Con-
verter 2 by way of a shared common bus are LV DC/DC
Converter 2-1, LV DC/DC Converter 2-2, and LV DC/AC
Converter 2-3, which is connected to a motor 170 for
powering that motor 170. In some embodiments, the
power system 105 supports bidirectional power flow to
facilitate energy transfer as described herein.
[0021] As mentioned above, the protection system 100
may include a central controller 112 and a set of local
controllers 114, including a respective local controller 114
in communication with each generator 130, converter
140, and motor 170 in the power system 105. Addition-
ally, as shown in this example, the protection system 100
may include one or more loads 180, to consume electric
lower, and one or more energy storage units 190, each
of which may be capable of absorbing or releasing energy
as described herein. In some embodiments of the inven-
tion, however, additionally or alternatively to each energy
storage unit 190, the protection system 100 may include
a set of resistors, inductors, or capacitors.
[0022] As will be described further below, in some em-
bodiments, the central controller 112 and local controllers
114 cooperate to detect and manage arc faults. As de-
scribed further below, various operations may be initiated
by the central controller 112 or the local controllers 114,
such as, for example, initiating a foldback mode in the
voltage-ampere curve of a generator 130 or converter
140 to reduce the power available to the arc fault, or
smoothing a profile of bus current during a pulsed arc
fault by drawing power from the bus and depositing that
power in an energy storage unit 190. Together, the cen-
tral controller 112 and the local controllers 114 may form
a hierarchy of intelligence, with the central controller 112
residing at the highest level and with the local controllers
114 residing at a lower level. Further, in some embodi-
ments, one or more additional levels may exist lower than
the local controllers 114, where such additional levels
may be used for internal protection of converters 140 but
need not be used for protection from arc faults as de-
scribed herein.
[0023] FIG. 2A illustrates an example V-A curve 200
of a power system 105. A V-A curve describes the rela-
tionship of static output characteristics of a power source,

where voltage is plotted on the vertical axis and amper-
age is plotted on the horizontal axis. As shown in FIG.
2A, the V-A curve 200 includes various modes, specifi-
cally a voltage mode 210, a first power mode 220, and a
current mode 230. When the power system 105 is in volt-
age mode 210, the voltage output of a power source is
constant, whereas in current mode 230, the current is
constant, and in power mode 220, the power is constant.
While this three-slope V-A curve 200 ensures current and
power sharing, the V-A curve 200 of FIG. 2A presents
problems. For instance, this V-A curve 200 sustains arc
faults of arcs 205 at nearly full output power. This is a
significant problem especially in the case of medium-volt-
age direct current (MVDC) and high-voltage direct cur-
rent.
[0024] FIG. 2B illustrates a modified version of the V-
A curve 200 of FIG. 2A, where the modification is in ac-
cordance to some embodiments. As shown in FIG. 2B,
the protection system 100 may incorporate a foldback
mode 240 into the V-A curve of one or more generators
130 or power converters 140 of the power system 105.
Each of the generators 130 and power converters 140
used in the power system 105 may feature a four-slope
V-A curve 200, such as that in FIG. 2B, supporting a
foldback mode 240. In this example, addition of the fold-
back mode 240 also includes the incorporation of a first
knee 250, a second knee 255, and a second power mode
220, as shown in FIG. 2B. In some embodiments, each
knee 220 is added to the V-A curve 200 to enable the V-
A curve 200 to foldback into the foldback mode 240,
which is neither a power mode 220 nor a voltage mode
210. In some embodiments, by shifting to the foldback
mode 240 below the first knee 250, the protection system
100 cuts down the power available to an arc 205. Further,
the second power mode 220 may provide current at low
voltage and low power for an initial charge-up of a ca-
pacitive load. The resulting four-slope curve of the V-A
curve 200 may thus combine lower fault current with the
ability to start large capacitive or high energy storage
loads.
[0025] Thus, to avoid service interruptions, the fold-
back mode 240 may include characteristics that allow
repeating shutdown-and-restart cycles at reduced pow-
er. In some cases, the restart aspect of a shutdown-and-
restart enables the power system 105 to continue running
in the case of a false alarm of an arc flash, while the
shutdown aspect cuts power to an arc 205.
[0026] FIG. 3 shows two graphs illustrating effects of
incorporating the foldback mode 240 into the V-A curve
200 with a shutdown and a restart of a components of
the power system 105, such as a generator 130 or con-
verter 140, responsive to detection of an arc fault that
turns out to be a false alarm (e.g., the arc 205 extinguish-
es itself), according to some embodiments. Specifically,
FIG. 3 shows a first graph of output current versus time
and a second graph of output power versus time. As
shown in FIG. 3, upon detecting what appears to be arc
fault, the protection system 100 may shut down a com-
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ponent (e.g., a generator 130 or a converter 140) of the
power system 105. Upon restart, however, the compo-
nent may resume normal operations with respect to both
current and power. When no further detection of an arc
fault occurs, then the component of the power system
105 may remain up.
[0027] FIG. 4 shows two graphs illustrating effects of
incorporating the foldback mode 240 into the V-A curve
200 of a component (e.g., a generator 130 or converter
140) of the power system 105 with repeated shutdowns
and restarts of that component responsive to an arc fault,
according to some embodiments. Specifically, FIG. 3
shows a first graph of output current versus time and a
second graph of output power versus time. As shown in
FIG. 4, in foldback mode 240, the component of the power
system 105 can be repeatedly shut down and restarted
responsive to repeated detection of the arc fault after
each restart. Intervals between shutdowns and restarts
and the number of shutdown-restart cycles may vary and
may be adjusted as desired.
[0028] In some cases, an arc 205 may repeatedly self-
extinguish and reignite, creating a large pulsating current.
Thus, in some embodiments, the protection system 100
may monitor the arc current, IARC, and may draw (e.g.,
from an energy storage unit 190) a complementary cur-
rent, ICOMP, to reduce the pulsed component of the bus
current IBUS of the applicable local bus 160 or common
bus 150. One or more energy storage units 190 may draw
the complementary current, ICOMP, to reduce the pulsed
component of the bus current, IBUS, thereby leveling out
the bus current. However, because the duration, TARC,
of the arc pulse may be unpredictable, the protection sys-
tem 100 may estimate the amplitude, shape, and length
of the complementary current pulse, TCOMP, needed.
[0029] Various mechanisms may be used for this es-
timation of characteristics of the complementary current
pulse. For example, and not by way of limitation, one or
more of the following estimation mechanisms may be
used: make TCOMP dependent on or equal to TARC, by
continuing the complementary pulse until the arc pulse
ends, unless or until the arc 205 reignites; monitor the
varying bus current of the applicable bus connected to
the arc 205 and adjust ICOMP to track the running aver-
age value of the bus current; match the energy delivered
to the arc 205; or utilize the arc’s behavioral modes. Here-
in the behavioral modes can include arc’s V-A charac-
teristics that may be attached to faults provide. These
can be dynamic and include time to re-ignite and extin-
guish the arc. In some embodiments, the protection sys-
tem 100 may provide complementary current by charging
the one or more energy storage units 190. If the energy
storage units 190 are full, however, one or more resistors
may be activated to dissipate energy in the energy stor-
age units 190, thereby enabling the energy storage units
190 to be charged in the provision of complementary cur-
rent. If the complementary current cannot match the arc
current IARC, then the protection system 100 may pro-
vide a fraction of the full current required to complement

the arc current.
[0030] As described above, in some embodiments, the
protection system 100 includes one or more controllers
110. Each controller 110 may include one or more sen-
sors, each of which provides or contributes to a mecha-
nism of detection utilized to detect arc faults. The sensors
included in a controller 110 may include, for example, an
ultraviolet light radiation detector, a thermal radiation de-
tector, an ultrasound detector, an electromagnetic radi-
ation detector, or one or more sensors whose output can
be used to estimate the amplitude, shape, or time of a
complementary current pulse designed to equalizing a
bus current profile. For instance, a controller 110 may
detect a series-type arc 205 by the presence of at least
(1) a sudden voltage drop at a load 180, not accompanied
by the load change and (2) the appearance of electro-
magnetic interference (EMI) with typical arc spectrum. A
controller 110 may reduce power available to an arc 205
by applying foldback mode 240 to one or more generators
130 and converters 140 coupled to the arc fault, thereby
shutting down and restarting the one or more generators
and converters 140 for adjustable time intervals. In the
event of a pulsating arc 205, a controller 110 may draw
current from the common bus 150 into a local energy
storage unit 190 or one or more resistors to equalize the
prime power profile. Additionally or alternatively, a con-
troller 110 may re-compensate a local controller’s feed-
back loop for the duration of an arc fault by, for example,
changing the gain or poles and zeros of an error amplifier
in the feedback loop.
[0031] In some embodiments, to perform the above
operations, each controller 110 performs one or more
internal tasks, each of which may be executed by an
agent of the controller 110. The tasks performed by each
controller 110 may include the following: data collection,
analysis, decision-making, communication, and control
signaling.
[0032] FIG. 5 is a block diagram of a controller 110,
which may be the central controller 112 or a local con-
troller 114, according to some embodiments. As shown
in FIG. 5, in some embodiments, a controller 110 includes
five agents, each of which may perform a respective one
of the above internal tasks. More specifically, for in-
stance, as shown in FIG. 5, the controller 110 may include
a data collection agent 510, an analysis agent 520, a
decision-making agent 530, a communications agent
540, and a signaling agent 550, which respectively cor-
respond to the above tasks of the controller 110, specif-
ically, data collection, analysis, decision-making, com-
munication, and control signaling respectively. In some
embodiments, however, an agent may be responsible
for two or more of the above tasks and, therefore, may
be a combination of the agents shown in FIG. 5. Each
controller 110 may be a computing device or portion
thereof, and each agent incorporated into a controller
110 may be, for example, a program running on the con-
troller 110, a specialized hardware device, or a combi-
nation of both.
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[0033] Generally, the central controller 112 may man-
age the protection system 100 at a high level. In some
embodiments, the central controller 112 shuts down a
prime power source (e.g., a generator 130) or a common
bus 150, or both, as needed; sends requests to the local
controllers 114 as needed to apply local crowbars or to
equalize the prime power profile if an arc 205 is pulsating;
coordinates operation of the local controllers 114; and
reconciles conflicts among the local controllers 114 when
two or more local controllers 114 disagree on how to han-
dle an arc fault. The central controller 112 may be in
communication with each local controller 114, and the
local controllers 114 may be in communication with one
another. The mechanism of communication between
controllers 110 may take various forms, such as, for ex-
ample, wired or wireless communication.
[0034] Although the local controllers 114 may take, and
comply with, instructions from the central controller 112,
each local controller 114 may be capable of acting au-
tonomously by making its own decisions and acting upon
such decisions. This autonomous nature can be useful
for fast action or if communications with the central con-
troller 112 are down. The local controllers 114 may pro-
tect specific areas (i.e., local areas) and may provide a
fast first line of defense against an arc fault. In some
embodiments, for instance, the local controllers 114 may
be faster (e.g., having faster processors) than the central
controller 112. Local controller 114 may perform the fol-
lowing tasks, for example: activating the foldback mode
240 described above; equalizing the prime power profile
if an arc 205 is pulsating, by drawing current from a local
bus 160 into a local energy storage unit 190; shunting a
power source (e.g., a generator 130) to the fault area
with a crowbar; and re-compensating the local control-
ler’s feedback loop for the duration of the arc 205.
[0035] In some embodiments, the data collection agent
510 of the controller 110 collects status information de-
scribing local components of the power system 105 (e.g.,
converters 140 or generators 130 that are connected to
the controller 110). This collection of status information
may include performing online (i.e., real-time) measure-
ments of waveforms of the power system 105, such as,
for example, load status input voltage; output voltage;
input current at an interface to an MVDC system, if ap-
plicable; output current at the interface to the MVDC sys-
tem, if applicable; and high-frequency EMI with spectrum
typical for arc faults. These measurements can be indic-
ative of an arc fault. For instance, a sudden voltage drop
unaccompanied by a load change may indicate the pres-
ence of a series-type arc 205.
[0036] In some embodiments, the analysis agent 520
of the controller 110 analyzes the measurements taken
by the respective data collection agent 510 of the con-
troller 110 to determine whether the measurements in-
dicate an arc fault. Various mechanisms exist to deter-
mine whether an arc fault exists based on such meas-
urements, and thus, one of skill in the art will understand
how to configure the analysis agent 520 to perform this

task. In some embodiments, to reduce false alarms, the
analysis agent 520 may use at least to types of meas-
urements (e.g., load power and EMI) to detect an arc
fault. The analysis agent 520 may further determine the
location of the arc fault and the arc’s conduction pattern
(e.g., pulsing or continuous). The analysis agent 520 may
perform self-diagnosis by determining whether the local
controller’s feedback loop re-compensation is adequate
for the present operating conditions.
[0037] The decision-making agent 530 of the controller
110 receives an indication from the analysis agent as to
whether an arc fault is occurring and, if so, the type of
arc fault (e.g., series, parallel, ground) and whether the
arc fault is pulsating. Based on this information, the de-
cision-making agent 530 may decide how to address the
arc fault, if one is deemed to exist. For instance, the de-
cision-making agent 530 may decide to force local shut-
down of a converter 140 or generator 130 to which the
controller 110 is connected; to shunt a power source to
the fault area with a fast crowbar; to apply foldback mode
240 to reduce power to the arc 205 and then restart; to
draw current from the local bus 160 into an energy stor-
age unit 190 to equalize the prime power profile, if the
arc 205 is pulsating; or to re-compensate the local con-
troller’s feedback loop for the duration of the arc 205. If
the decision-making agent 530 is on a local controller
114, the decision-making agent 530 may decide to shut
down the local bus 160. If the decision-making agent 530
is the central controller 112, the decision-making agent
530 may decide to shut down the common bus 150, which
may be implemented by sending to the central controller
112 a request to shut down the common bus 150.
[0038] In some embodiments, the communications
agent 540 of the controller 110 facilitates communica-
tions with other controllers 110. To enable a reliable and
fast connection, wired communications may be used;
however, wireless communications are acceptable in
some embodiments. The communications made by the
communications agent 540 may include the following, for
instance: a communication from a local controller 114 to
the central controller 112 requesting shutdown of the
common bus 150, a local bus 160, or a prime power
source (e.g., a generator); or a communication from the
central controller 112 to a local controller 114 granting or
denying shutdown of the common bus 150, a local bus
160, or a prime power source (e.g., a generator). The
communications agent 540 at the central controller 112
may receive one or more of the following communica-
tions, when applicable: an indication that a local crowbar
has been applied to a fault area; an indication that fold-
back mode 240 has been applied and a local load has
been restarted; or an indication that the pulsating power
component of the prime power profile has been reduced
[0039] In some embodiments, the signaling agent 550
of the controller 110 transmits signals (e.g., instructions)
from the controller 110 to one or more components of
the power system 105, so as to implement a remedial
operation indicated by the decision-making agent 530.
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In other words, the signaling agent 550 may control such
components of the power system 105 as needed. For
instance, the signaling agent 550 may transmit a shut-
down signal to a common bus 150, a local bus 160, or a
generator 130, thereby shutting down the recipient com-
ponent. The signaling agent 550 may draw power from
a local bus 160 or common bus 150 to equalize the cur-
rent power profile during a time interval specified by the
decision-making agent 530.
[0040] FIG. 6 illustrates the protection system’s re-
sponse to the event of a pulsating arc fault 610 within the
power system 105, according to some embodiments.
More specifically, as shown in FIG. 6, an arc fault 610
occurs at LV DC/DC Converter 1-2, which is a converter
140 in the power system 105 monitored by the protection
system 100. In some embodiments, the protection sys-
tem 100 handles this arc fault 610 as described in the
below method.
[0041] FIG. 7 is a flow diagram of a method 700 of
detecting and managing an arc fault 610, according to
some embodiments. Specifically, FIG. 7 shows a method
700 of detecting and managing the arc fault 610 shown
in the example of FIG. 6. It will be understood that other
mechanisms of detecting and managing arc faults 610
are also within the capabilities of the protection system
100.
[0042] At block 705 of FIG. 7, each local controller 114
is taking measurements, through the respective data col-
lection agents 510, and analyzing those measurements,
through the respective analysis agents 520. It will be un-
derstood that the taking of measurements may be a con-
tinuous or periodic process while the protection system
100 is running. At block 710, an arc fault 610 occurs.
Specifically, in this example, as shown in FIG. 6, the arc
fault 610 occurs between LV DC/DC Converter 1-2 and
Load 1-2.
[0043] Thus, at block 715, through the measurements
taken by the respective data collection agents 510 and
analyzed by the respective analysis agents 520 of one
or more local controller 114, specifically Local Controller
1-2-1 and Local Controller 1-2-2, which are respectively
connected to LV DC/DC Converter 1-2 and Load 1-2 in
this example, the one or more local controllers 114 detect
the arc fault 610. At block 720, the one or more local
controllers 114 notify the central controller 112 of the arc
fault 610.
[0044] Upon detecting the arc fault 610 at LV DC/DC
Converter 1-2, at block 725, the local controller 114 of
that converter 140 makes a decision on which remedial
operations to perform. For instance, the decision-making
agent 530 makes such decision based on analysis per-
formed by the analysis agent 520. In some embodiments,
the decision includes a selection of one or more remedial
operations from a pre-established set of available reme-
dial operations, such as those described in this disclo-
sure. Further, in some embodiments, the decision-mak-
ing agent 530 may apply a decision tree to current meas-
urements and analysis to determine which of such reme-

dial actions to take. In some embodiments, the local con-
troller 114 may receive instructions from the central con-
troller 112 as to which actions to take, and in that case,
the local controller 114 may comply with those instruc-
tions in determining which remedial actions to perform.
In this example, the local controller 114 decides to dis-
connect the converter 140 from the local bus 160, spe-
cifically Bus LV DC 1, to implement foldback mode 240
to draw current from the local bus 160 into an energy
storage unit 190, and to re-compensate the feedback
loop of each local controller 114 involved in these activ-
ities.
[0045] At block 730, to perform the disconnection, the
signaling agent 550 of the local controller 114 signals the
local bus 160 to disconnect the converter 1409 or signals
the converter 140 to disconnect from the local bus 160.
At block 735, the local controller 114 may notify the cen-
tral controller 112 of the disconnection. At block 740,
while the converter 140, LV DC/DC Converter 1-2, is dis-
connected from the local bus 160, the local controller 114
activates foldback mode 240 in the converter 140, there-
by reducing the power available to the arc 205. At block
745, the local controller 114 may notify the central con-
troller 112 of the activation of foldback mode. At block
750, the local controller 114 draws current from the local
bus 160 into an energy storage unit 190, specifically En-
ergy Storage 1. As shown in the example of FIG. 6, Local
Controller 1-2 is not directly connected to Energy Storage
1, but rather, it is Local Controller 1-3-2 that is directly
connected to Energy Storage 1. Thus, to draw current to
Energy Storage 1, Local Controller 1-2-1 may communi-
cate with Local Controller 1-3-1, which may communicate
with Local Controller 1-3-2, which is connected to Energy
Storage 1. Local Controller 1-3-1 may draw current from
the local bus 160 and may pass that current through LV
DC/DC Converter 1-3-1, which may pass the current to
Energy Storage 1, which may be signaled by Local Con-
troller 1-3-2 to receive the current. At block 755, the local
controller 114 may notify the central controller 112 that
the pulsating power component of the prime power profile
has been reduced. Additionally, at block 760, for each
local controller 114 involved in the above activities, the
protection system 100 may then re-compensate the feed-
back loops.
[0046] As a result of the above operations performed
responsive to the arc fault 610, the protection system
prevents fault propagation and overall system shutdown,
localizes equipment damage, and reduces impact on the
generators 130.
[0047] FIG. 8 is a block diagram of a computer system
800 for implementing some or all aspects of the protection
system 100, according to some embodiments of this in-
vention. The protection systems 100 and methods de-
scribed herein may be implemented in hardware, soft-
ware (e.g., firmware), or a combination thereof. In some
embodiments, the methods described may be imple-
mented, at least in part, in hardware and may be part of
the microprocessor of a special or general-purpose com-
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puter system 800, such as a personal computer, work-
station, minicomputer, or mainframe computer. For ex-
ample, and not by way of limitation, each controller 110
may be a computer system 800 or portion thereof.
[0048] In some embodiments, as shown in FIG. 8, the
computer system 800 includes a processor 805, memory
810 coupled to a memory controller 110, and one or more
input devices 845 and/or output devices 840, such as
peripherals, that are communicatively coupled via a local
I/O controller 110. These devices 840 and 845 may in-
clude, for example, a printer, a scanner, a microphone,
and the like. Input devices such as a conventional key-
board 850 and mouse 855 may be coupled to the I/O
controller 110. The I/O controller 110 may be, for exam-
ple, one or more buses or other wired or wireless con-
nections, as are known in the art. The I/O controller 110
may have additional elements, which are omitted for sim-
plicity, such as controllers, buffers (caches), drivers, re-
peaters, and receivers, to enable communications.
[0049] The I/O devices 840, 845 may further include
devices that communicate both inputs and outputs, for
instance disk and tape storage, a network interface card
(NIC) or modulator/demodulator (for accessing other
files, devices, systems, or a network), a radio frequency
(RF) or other transceiver, a telephonic interface, a bridge,
a router, and the like.
[0050] The processor 805 is a hardware device for ex-
ecuting hardware instructions or software, particularly
those stored in memory 810. The processor 805 may be
a custom made or commercially available processor, a
central processing unit (CPU), an auxiliary processor
among several processors associated with the computer
system 800, a semiconductor-based microprocessor (in
the form of a microchip or chip set), a macroprocessor,
or other device for executing instructions. The processor
805 includes a cache 870, which may include, but is not
limited to, an instruction cache to speed up executable
instruction fetch, a data cache to speed up data fetch and
store, and a translation lookaside buffer (TLB) used to
speed up virtual-to-physical address translation for both
executable instructions and data. The cache 870 may be
organized as a hierarchy of more cache levels (L1, L2,
etc.).
[0051] The memory 810 may include one or combina-
tions of volatile memory elements (e.g., random access
memory, RAM, such as DRAM, SRAM, SDRAM, etc.)
and nonvolatile memory elements (e.g., ROM, erasable
programmable read only memory (EPROM), electroni-
cally erasable programmable read only memory (EEP-
ROM), programmable read only memory (PROM), tape,
compact disc read only memory (CD-ROM), disk, dis-
kette, cartridge, cassette or the like, etc.). Moreover, the
memory 810 may incorporate electronic, magnetic, opti-
cal, or other types of storage media. Note that the mem-
ory 810 may have a distributed architecture, where var-
ious components are situated remote from one another
but may be accessed by the processor 805.
[0052] The instructions in memory 810 may include

one or more separate programs, each of which compris-
es an ordered listing of executable instructions for imple-
menting logical functions. In the example of FIG. 8, the
instructions in the memory 810 include a suitable oper-
ating system (OS) 811. The operating system 811 es-
sentially may control the execution of other computer pro-
grams and provides scheduling, input-output control, file
and data management, memory management, and com-
munication control and related services.
[0053] Additional data, including, for example, instruc-
tions for the processor 805 or other retrievable informa-
tion, may be stored in storage 820, which may be a stor-
age device such as a hard disk drive or solid-state drive.
The stored instructions in memory 810 or in storage 820
may include those enabling the processor to execute one
or more aspects of the protection systems 100 and meth-
ods of this disclosure.
[0054] The computer system 800 may further include
a display controller 110 coupled to a display 830. In some
embodiments, the computer system 800 may further in-
clude a network interface 860 for coupling to a network
865. The network 865 may be an IP-based network for
communication between the computer system 800 and
an external server, client and the like via a broadband
connection. The network 865 transmits and receives data
between the computer system 800 and external systems.
In some embodiments, the network 865 may be a man-
aged IP network administered by a service provider. The
network 865 may be implemented in a wireless fashion,
e.g., using wireless protocols and technologies, such as
WiFi, WiMax, etc. The network 865 may also be a packet-
switched network such as a local area network, wide area
network, metropolitan area network, the Internet, or other
similar type of network environment. The network 865
may be a fixed wireless network, a wireless local area
network (LAN), a wireless wide area network (WAN) a
personal area network (PAN), a virtual private network
(VPN), intranet or other suitable network system and may
include equipment for receiving and transmitting signals.
[0055] Protection systems 100 and methods according
to this disclosure may be embodied, in whole or in part,
in computer program products or in computer systems
800, such as that illustrated in FIG. 8.
[0056] The description of the present invention has
been presented for the purpose of illustration. Many mod-
ifications and variations will be apparent to those of or-
dinary skill in the art without departing from the scope of
the invention. The embodiments of the invention dis-
cussed herein were chosen and described in order to
best explain the principles of the invention and the prac-
tical applications, and to enable others of ordinary skill
in the art to understand the invention. While certain em-
bodiments of the invention have been described, it will
be understood that those skilled in the art, both now and
in the future, may make various improvements and en-
hancements that fall within the scope of the claims that
follow.
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Claims

1. A computer-implemented method comprising:

measuring, by a first local controller (114) con-
nected to a first converter (140), one or more
characteristics of the first converter (140);
the first converter belonging to a set of two or
more converters in a power system configured
to power equipment, and each of the two or more
converters (140) being connected to a respec-
tive local controller (114);
detecting an arc fault, based at least in part on
the one or more characteristics of the first con-
verter (140);
communicating, to a central controller (112), an
indication of the arc fault; and
remediating the arc fault by performing one or
more remedial operations determined by at least
one of the first local controller (114) and the cen-
tral controller (112),
wherein remediating the arc fault comprises re-
questing, by the first local controller (114), that
the central controller (112) implements discon-
necting the respective converter (140) from a
common bus (150).

2. The computer-implemented method of claim 1,
wherein remediating the arc fault comprises auto-
matically drawing current from a local bus (160) into
an energy storage unit (190).

3. The computer-implemented method of claim 1,
wherein remediating the arc fault comprises auto-
matically disconnecting the first converter (140) from
a local bus (160), optionally wherein remediating the
arc fault further comprises activating a foldback
mode of the first converter (140), and wherein the
foldback mode reduces power available to an arc of
the arc fault.

4. The computer-implemented method of claim 1, fur-
ther comprising:

determining a type of the arc fault, based at least
in part on the one or more characteristics of the
first converter (140); and
determining the one or more remedial opera-
tions to perform based at least in part on the type
of the arc fault.

5. The computer-implemented method of claim 1,
wherein remediating the arc fault comprises coordi-
nating with a second local controller (114) connected
to at least one of a second converter (140), an energy
storage unit (190), and a generator (130).

6. A system (100) comprising:

two or more local controllers (114) connected to
a power system (105) configured to power
equipment, the power system (105) comprising
one or more generators (130) and one or more
converters (140);
wherein each local controller (114) of the two or
more local controllers (114) is connected to at
least one of a respective converter (140) of the
power system (105), a respective generator
(130) of the power system (105), and a respec-
tive energy storage unit (190).
a central controller (112) in communication with
each local controller (114) of the two or more
local controllers (114);
wherein a first local controller (114) of the two
or more local controllers (114) comprises:

a data collection agent configured to meas-
ure one or more characteristics of a first con-
verter (140) connected to the first local con-
troller (114);
an analysis agent configured to identify an
arc fault based at least in part on the one or
more characteristics of the first converter
(140); and
a decision-making agent configured to de-
termine a remedial operation responsive to
the arc fault,

wherein the first local controller (114) is config-
ured to remediate the arc fault by requesting that
the central controller (112) disconnect the re-
spective converter (140) from a common bus
(150).

7. The system (100) of claim 6, wherein the first local
controller (114) further comprises a signaling agent
configured to instruct the first converter (140) to per-
form the remedial operation, optionally wherein in-
structing the first converter (140) to perform the re-
medial action comprises activating a foldback mode
of the first converter (140), wherein the foldback
mode reduces power available to an arc of the arc
fault.

8. The system (100) of claim 6, wherein the first local
controller (114) further comprises a signaling agent
configured to disconnect the first converter (140)
from a bus that connects the first converter (140) to
a prime power source.

9. The system (100) of claim 6, wherein the first local
controller (114) further comprises a communications
agent configured to communicate with the central
controller (112) to report the arc fault and to receive
an instruction for remediating the arc fault.

10. The system (100) of claim 6, wherein the central con-
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troller (112) is configured to reconcile conflicts
among the two or more local controllers (114) with
respect to remediating the arc fault.

11. A computer-program product for managing an arc
fault, the computer-program product comprising a
computer-readable storage medium having program
instructions embodied therewith, the program in-
structions executable by a processor to cause the
processor to perform a method comprising:

measuring, by a first local controller (114) con-
nected to a first converter (140), one or more
characteristics of the first converter (140);
the first converter (140) belonging to a set of two
or more converters (140) in a power system
(105) configured to power equipment, and each
of the two or more converters (140) being con-
nected to a respective local controller (114);
detecting an arc fault, based at least in part on
the one or more characteristics of the first con-
verter (140);
communicating, to a central controller (112), an
indication of the arc fault; and
remediating the arc fault by performing one or
more remedial operations determined by at least
one of the first local controller (114) and the cen-
tral controller (112),
wherein remediating the arc fault comprises re-
questing, by the first local controller (114), that
the central controller (112) implements discon-
necting the respective converter (140) from a
common bus (150).

12. The computer-program product of claim 11, wherein
remediating the arc fault comprises automatically
drawing current from a local bus (160) into an energy
storage unit (190).

13. The computer-program product of claim 11, wherein
remediating the arc fault comprises automatically
disconnecting the first converter (140) from a local
bus (160), optionally wherein remediating the arc
fault further comprises activating a foldback mode
of the first converter (140), and wherein the foldback
mode reduces power available to an arc of the arc
fault.

14. The computer-program product of claim 11, the
method further comprising:

determining a type of the arc fault, based at least
in part on the one or more characteristics of the
first converter (140); and
determining the one or more remedial opera-
tions to perform based at least in part on the type
of the arc fault.

15. The computer-program product of claim 11, wherein
remediating the arc fault comprises coordinating with
a second local controller (114) connected to at least
one of a second converter (140), an energy storage
unit (190), and a generator (130).

Patentansprüche

1. Computerimplementiertes Verfahren, umfassend:

Messen von einem oder mehreren Charakteris-
tika des ersten Wandlers (140) durch einen ers-
ten lokalen Controller (114), der mit einem ers-
ten Wandler (140) verbunden ist;
wobei der erste Wandler zu einem Satz von zwei
oder mehr Wandlern in einem Leistungssystem
gehört, das zur Leistungsversorgung von Gerät-
schaften ausgestaltet ist, und jeder der zwei
oder mehr Wandler (140) mit einem jeweiligen
lokalen Controller (114) verbunden ist;
Detektieren eines Lichtbogenfehlers basierend
mindestens teilweise auf dem einen oder den
mehreren Charakteristika des ersten Wandlers
(140);
Kommunizieren einer Angabe des Lichtbogen-
fehlers an einen zentralen Controller (112),
Abhelfen dem Lichtbogenfehler, indem ein oder
mehrere Abhilfevorgänge durchgeführt
wird/werden, die durch mindestens einen von
dem ersten lokalen Controller (114) und dem
zentralen Controller bestimmt werden,
wobei Abhelfen dem Lichtbogenfehler umfasst,
dass von dem ersten lokalen Controller (114)
angefordert wird, dass der zentrale Controller
die Trennung der Verbindung des jeweiligen
Wandlers (140) zu einem gemeinsamen Bus
(150) implementiert.

2. Computerimplementiertes Verfahren nach An-
spruch 1, wobei Abhelfen dem Lichtbogenfehler um-
fasst, dass automatisch Strom von einem lokalen
Bus (160) in eine Energiespeichereinheit (190) ge-
zogen wird.

3. Computerimplementiertes Verfahren nach An-
spruch 1, wobei Abhelfen dem Lichtbogenfehler um-
fasst, dass automatisch die Verbindung des ersten
Wandlers (140) zu einem lokalen Bus (160) getrennt
wird, wobei Abhelfen dem Lichtbogenfehler gegebe-
nenfalls des Weiteren umfasst, dass ein Foldback-
Modus des ersten Wandlers (140) aktiviert wird, und
wobei der Foldback-Modus die Leistung reduziert,
die einem Lichtbogen des Lichtbogenfehlers zur
Verfügung steht.

4. Computerimplementiertes Verfahren nach An-
spruch 1, des Weiteren umfassend:
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Bestimmen eines Typs des Lichtbogenfehlers
basierend mindestens teilweise auf dem einen
oder den mehreren Charakteristika des ersten
Wandlers (140); und
Bestimmen des einen oder der mehreren durch-
zuführenden Abhilfevorgänge basierend min-
destens teilweise auf dem Typ des Lichtbogen-
fehlers.

5. Computerimplementiertes Verfahren nach An-
spruch 1, wobei Abhelfen dem Lichtbogenfehler Ko-
ordinieren mit einem zweiten lokalen Controller
(114) umfasst, der mit mindestens einem von einem
zweiten Wandler (140), einer Energiespeicherein-
heit (190) und einem Generator (130) verbunden ist.

6. System (100), umfassend:

zwei oder mehr lokale Controller (114), die mit
einem Leistungssystem (105) verbunden sind,
das zur Leistungsversorgung von Gerätschaf-
ten ausgestaltet ist, wobei das Leistungssystem
(105) einen oder mehrere Generatoren (130)
und einen oder mehrere Wandler (140) umfasst;
wobei jeder lokale Controller (114) von den zwei
oder mehr lokalen Controllern (114) mit mindes-
tens einem von einem jeweiligen Wandler (140)
des Leistungssystems (105), einem jeweiligen
Generator (130) des Leistungssystems (105)
und einer jeweiligen Energiespeichereinheit
(190) verbunden ist;
einen zentralen Controller (112) in Kommunika-
tion mit jedem lokalen Controller (114) von den
zwei oder mehr lokalen Controllern (114);
wobei ein erster lokaler Controller (114) von den
zwei oder mehr lokalen Controllern (114) um-
fasst:

einen Datenerhebungsagenten, der ausge-
staltet ist, um ein oder mehrere Charakte-
ristika eines ersten Wandlers (140) zu mes-
sen, der mit dem ersten lokalen Controller
(114) verbunden ist;
einen Analyseagenten, der ausgestaltet ist,
um basierend mindestens teilweise auf dem
einen oder den mehreren Charakteristika
des ersten Wandlers (140) einen Lichtbo-
genfehler zu identifizieren; und
einen Entscheidungsfindungsagenten, der
ausgestaltet ist, um einen Abhilfevorgang
in Reaktion auf den Lichtbogenfehler zu be-
stimmen,
wobei der erste lokale Controller (114) aus-
gestaltet ist, um dem Lichtbogenfehler ab-
zuhelfen, indem angefordert wird, dass der
zentrale Controller (112) die Verbindung
des jeweiligen Wandlers (140) zu einem ge-
meinsamen Bus (150) trennt.

7. System (100) nach Anspruch 6, wobei der erste lo-
kale Controller (114) des Weiteren einen Signalisie-
rungsagenten umfasst, der ausgestaltet ist, um den
ersten Wandler (140) anzuweisen, den Abhilfevor-
gang durchzuführen, wobei gegebenenfalls Anwei-
sen des ersten Wandlers (140), die Abhilfeaktion
durchzuführen, Aktivieren eines Foldback-Modus
des ersten Wandlers (140) umfasst, wobei der Fold-
back-Modus Leistung reduziert, die einem Lichtbo-
gen des Lichtbogenfehlers zur Verfügung steht.

8. System (100) nach Anspruch 6, wobei der erste lo-
kale Controller (114) des Weiteren einen Signalisie-
rungsagenten umfasst, der ausgestaltet ist, um die
Verbindung des ersten Wandlers (140) zu einem Bus
zu trennen, welcher den ersten Wandler (140) mit
einer Hauptleistungsquelle verbindet.

9. System (100) nach Anspruch 6, wobei der erste lo-
kale Controller (114) des Weiteren einen Kommuni-
kationsagenten umfasst, der ausgestaltet ist, um mit
dem zentralen Controller (112) zu kommunizieren,
um den Lichtbogenfehler zu melden und eine An-
weisung zum Abhelfen des Lichtbogenfehlers zu
empfangen.

10. System (100) nach Anspruch 6, wobei der zentrale
Controller (112) ausgestaltet ist, um Konflikte zwi-
schen den zwei oder mehr lokalen Controllern (114)
in Bezug auf Abhelfen dem Lichtbogenfehler zu
schlichten.

11. Computerprogrammprodukt zum Managen eines
Lichtbogenfehlers, wobei das Computerprogramm-
produkt ein computerlesbares Speichermedium um-
fasst, auf dem Programmanweisungen verkörpert
sind, wobei die Programmanweisungen durch einen
Prozessor ausführbar sind, um zu bewirken, dass
der Prozessor ein Verfahren durchführt, welches
umfasst:

Messen von einem oder mehreren Charakteris-
tika des ersten Wandlers (140) durch einen ers-
ten lokalen Controller (114), der mit einem ers-
ten Wandler (140) verbunden ist;
wobei der erste Wandler (140) zu einem Satz
von zwei oder mehr Wandlern (140) in einem
Leistungssystem (150) gehört, das zur Leis-
tungsversorgung von Gerätschaften ausgestal-
tet ist, und wobei jeder der zwei oder mehr
Wandler (140) mit einem jeweiligen lokalen
Controller (114) verbunden ist;
Detektieren eines Lichtbogenfehlers basierend
mindestens teilweise auf dem einen oder den
mehreren Charakteristika des ersten Wandlers
(140);
Kommunizieren einer Angabe des Lichtbogen-
fehlers an einen zentralen Controller (112),
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Abhelfen dem Lichtbogenfehler, indem ein oder
mehrere Abhilfevorgänge durchgeführt
wird/werden, die durch mindestens einen von
dem ersten lokalen Controller (114) und dem
zentralen Controller bestimmt werden,
wobei Abhelfen dem Lichtbogenfehler umfasst,
dass von dem ersten lokalen Controller (114)
angefordert wird, dass der zentrale Controller
die Trennung der Verbindung des jeweiligen
Wandlers (140) zu einem gemeinsamen Bus
(150) implementiert.

12. Computerprogrammprodukt nach Anspruch 11, wo-
bei Abhelfen dem Lichtbogenfehler umfasst, dass
automatisch Strom von einem lokalen Bus (160) in
eine Energiespeichereinheit (190) gezogen wird.

13. Computerprogrammprodukt nach Anspruch 11, wo-
bei Abhelfen dem Lichtbogen umfasst, dass die Ver-
bindung des ersten Wandlers (140) zu einem lokalen
Bus (160) automatisch getrennt wird, wobei Abhel-
fen dem Lichtbogenfehler gegebenenfalls des Wei-
teren Aktivieren eines Foldback-Modus des ersten
Wandlers (140) umfasst, und wobei der Foldback-
Modus Leistung reduziert, die einem Lichtbogen des
Lichtbogenfehlers zur Verfügung steht.

14. Computerprogrammprodukt nach Anspruch 11, wo-
bei das Verfahren des Weiteren umfasst:

Bestimmen eines Typs des Lichtbogenfehlers
basierend mindestens teilweise auf dem einen
oder den mehreren Charakteristika des ersten
Wandlers (140); und
Bestimmen des einen oder der mehreren durch-
zuführenden Abhilfevorgänge basierend min-
destens teilweise auf dem Typ des Lichtbogen-
fehlers.

15. Computerprogrammprodukt nach Anspruch 11, wo-
bei Abhelfen dem Lichtbogen Koordinieren mit ei-
nem zweiten lokalen Controller (114) umfasst, der
mit mindestens einem von einem zweiten Wandler
(140), einer Energiespeichereinheit (190) und einem
Generator (130) verbunden ist.

Revendications

1. Procédé mis en œuvre par ordinateur comprenant :

la mesure, par un premier contrôleur local (114)
connecté à un premier convertisseur (140),
d’une ou plusieurs caractéristiques du premier
convertisseur (140) ;
le premier convertisseur appartenant à un en-
semble de deux convertisseurs ou plus dans un
système d’alimentation configuré pour alimen-

ter un équipement, et chacun des deux conver-
tisseurs ou plus (140) étant connecté à un con-
trôleur local respectif (114) ;
la détection d’un défaut d’arc, sur la base au
moins en partie de la ou des caractéristiques du
premier convertisseur (140) ;
la communication, à un contrôleur central (112),
d’une indication du défaut d’arc électrique ; et
la correction du défaut d’arc en effectuant une
ou plusieurs opérations correctives détermi-
nées par au moins l’un du premier contrôleur
local (114) et du contrôleur central (112),
la correction du défaut d’arc comprenant la de-
mande, par le premier contrôleur local (114),
que le contrôleur central (112) mette en œuvre
la déconnexion du convertisseur respectif (140)
d’un bus commun (150).

2. Procédé mis en œuvre par ordinateur selon la re-
vendication 1, la correction du défaut d’arc consis-
tant à prélever automatiquement le courant d’un bus
local (160) vers une unité de stockage d’énergie
(190).

3. Procédé mis en œuvre par ordinateur selon la re-
vendication 1, la correction du défaut d’arc compre-
nant la déconnexion automatique du premier con-
vertisseur (140) d’un bus local (160), éventuellement
la correction du défaut d’arc comprenant en outre
l’activation d’un mode de repli du premier convertis-
seur (140), et le mode de repli réduisant la puissance
disponible pour un arc du défaut d’arc.

4. Procédé mis en œuvre par ordinateur selon la re-
vendication 1, comprenant en outre :

la détermination d’un type du défaut d’arc, basé
au moins en partie sur la ou les caractéristiques
du premier convertisseur (140) ; et
la détermination de la ou des opérations correc-
tives à effectuer sur la base, au moins en partie,
du type du défaut d’arc.

5. Procédé mis en œuvre par ordinateur selon la re-
vendication 1, la correction du défaut d’arc compre-
nant la coordination avec un deuxième contrôleur
local (114) connecté à au moins un parmi un deuxiè-
me convertisseur (140), une unité de stockage
d’énergie (190), et un générateur (130).

6. Système (100) comprenant :

deux ou plus de deux contrôleurs locaux (114)
connectés à un système d’alimentation (105)
configuré pour alimenter un équipement, le sys-
tème d’alimentation (105) comprenant un ou
plusieurs générateurs (130) et un ou plusieurs
convertisseurs (140) ;

21 22 



EP 3 953 791 B1

13

5

10

15

20

25

30

35

40

45

50

55

chaque contrôleur local (114) des deux ou plus
de deux contrôleurs locaux (114) étant connecté
à au moins l’un d’un convertisseur respectif
(140) du système d’alimentation (105), d’un gé-
nérateur respectif (130) du système d’alimenta-
tion (105), et d’une unité de stockage d’énergie
respective (190) ;
un contrôleur central (112) en communication
avec chaque contrôleur local (114) des deux ou
plus de deux contrôleurs locaux (114.
un premier contrôleur local (114) des deux con-
trôleurs locaux (114) ou plus comprenant :

un agent de collecte de données configuré
pour mesurer une ou plusieurs caractéristi-
ques d’un premier convertisseur (140) con-
necté au premier contrôleur local (114) ;
un agent d’analyse configuré pour identifier
un défaut d’arc basé au moins en partie sur
la ou les caractéristiques du premier con-
vertisseur (140) ; et
un agent de prise de décision configuré pour
déterminer une opération corrective en ré-
ponse au défaut d’arc,
le premier contrôleur local (114) étant con-
figuré pour corriger le défaut d’arc en de-
mandant au contrôleur central (112) de dé-
connecter le convertisseur respectif (140)
d’un bus commun (150).

7. Système (100) selon la revendication 6, le premier
contrôleur local (114) comprenant en outre un agent
de signalisation configuré pour ordonner au premier
convertisseur (140) d’effectuer l’opération correcti-
ve, éventuellement l’ordre au premier convertisseur
(140) d’effectuer l’action corrective comprenant l’ac-
tivation d’un mode de repli du premier convertisseur
(140), le mode de repli réduisant la puissance dis-
ponible à un arc du défaut d’arc.

8. Système (100) selon la revendication 6, le premier
contrôleur local (114) comprenant en outre un agent
de signalisation configuré pour déconnecter le pre-
mier convertisseur (140) d’un bus qui connecte le
premier convertisseur (140) à une source d’énergie
principale.

9. Système (100) selon la revendication 6, le premier
contrôleur local (114) comprenant en outre un agent
de communication configuré pour communiquer
avec le contrôleur central (112) afin de signaler le
défaut d’arc et de recevoir une instruction pour la
correction du défaut d’arc.

10. Système (100) selon la revendication 6, le contrôleur
central (112) étant configuré pour réconcilier les con-
flits entre les deux ou plus de deux contrôleurs locaux
(114) en ce qui concerne la correction du défaut

d’arc.

11. Produit de programme informatique pour la gestion
d’un défaut d’arc, le produit de programme informa-
tique comprenant un support de stockage lisible par
ordinateur ayant des instructions de programme in-
corporées, les instructions de programme exécuta-
bles par un processeur pour amener le processeur
à réaliser un procédé comprenant :

la mesure, par un premier contrôleur local (114)
connecté à un premier convertisseur (140),
d’une ou plusieurs caractéristiques du premier
convertisseur (140) ;
le premier convertisseur (140) appartenant à un
ensemble de deux convertisseurs (140) ou plus
dans un système d’alimentation (105) configuré
pour alimenter un équipement, et chacun des
deux convertisseurs (140) ou plus étant connec-
té à un contrôleur local respectif (114) ;
la détection d’un défaut d’arc, sur la base au
moins en partie de la ou des caractéristiques du
premier convertisseur (140) ;
la communication, à un contrôleur central (112),
d’une indication du défaut d’arc électrique ; et
la correction du défaut d’arc en effectuant une
ou plusieurs opérations correctives détermi-
nées par au moins l’un du premier contrôleur
local (114) et du contrôleur central (112),
la correction du défaut d’arc comprenant la de-
mande, par le premier contrôleur local (114),
que le contrôleur central (112) mette en œuvre
la déconnexion du convertisseur respectif (140)
d’un bus commun (150).

12. Produit de programme informatique selon la reven-
dication 11, la correction du défaut d’arc comprenant
le prélèvement automatique du courant d’un bus lo-
cal (160) dans une unité de stockage d’énergie
(190).

13. Produit de programme informatique selon la reven-
dication 11, la correction du défaut d’arc comprenant
la déconnexion automatique du premier convertis-
seur (140) du bus local (160), éventuellement la cor-
rection du défaut d’arc comprenant en outre l’activa-
tion d’un mode de repli du premier convertisseur
(140), et le mode de repli réduisant la puissance dis-
ponible pour un arc du défaut d’arc.

14. Produit de programme informatique selon la reven-
dication 11, le procédé comprenant en outre :

la détermination d’un type du défaut d’arc, basé
au moins en partie sur la ou les caractéristiques
du premier convertisseur (140) ; et
la détermination de la ou des opérations correc-
tives à effectuer sur la base, au moins en partie,
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du type du défaut d’arc.

15. Produit de programme informatique selon la reven-
dication 11, la correction du défaut d’arc comprenant
la coordination avec un deuxième contrôleur local
(114) connecté à au moins l’un d’un deuxième con-
vertisseur (140), d’une unité de stockage d’énergie
(190) et d’un générateur (130).

25 26 



EP 3 953 791 B1

15



EP 3 953 791 B1

16



EP 3 953 791 B1

17



EP 3 953 791 B1

18



EP 3 953 791 B1

19



EP 3 953 791 B1

20



EP 3 953 791 B1

21



EP 3 953 791 B1

22



EP 3 953 791 B1

23



EP 3 953 791 B1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 37896419 [0001]
• US 2020328585 A1 [0001]

• US 9590524 B [0005]


	bibliography
	description
	claims
	drawings
	cited references

