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ARC FLASH DETECTION SYSTEM
BACKGROUND

The invention generally relates to arc flash detection, particularly to arc detection

using multiple parameters of an arc Hash.

Electric power circuits and swilchgear have conductors separated by insudation. Air
space often serves as part or all of this insulation in some areas. If the conductors are
100 close to each other or voltage exceeds the insulation level, an arc can occur
between conductors.  Air or any other wsulation {gas, solid, or hquid) between
conductors can become ionized, making the insulation conductive thereby enabling an
arcing event. Arc event induces temperatures that can reach as high as 20,0060° C,
aporizing conductors and adjacent materials, and releasing an explosive energy that

destroys surrounding circuits.

Arc tlash s the resalt of a rapid energy release due to an arcing fault between phase-
phase, phase-neutral, or phase-ground. An arc flash can produce high heat, intense
tight, pressure waves, and sound/shock waves similar to that of an explosion.
However, the arc fault current 13 usually much less m magnitude as compared to short
arrcuit current, and hence delayed or no tripping of circuit breakers 18 expected uniess
the breakers are selected to handle an arc fault condition. Typically, arc flash
mitigation techniques use standard fuses and circuit breskers.  However, such

techniques have slow response times and are not fast enough to mitigate an arc flash.

One other technigque to mitigate arc fanlt is to detect specific characteristics of the
arcing event such as light.  Optical sensors detect light within an enclosure and
determine the cccwrrence of the arc flash event. However, such a method of light
detection may lead to erronecus arce detection when stray Hght or light from other
sources is detected. Further, such methods do not provide location of the arcing
event. Other techniques include implementing pressure sensors within the enclosure
to detect arc flash induced pressure change. Such methods, however, result in delayed
detection as pressure build-up takes a significant amount of time after the actual arc
flash has occurred. Early detection of the arc flash from pressure sensor may also be
{



WO 2010/147832 PCT/US2010/038078

fimit by bandwidth and sensitivity thereby not capturing the arcing event that is

beyond the pressure sensor response range.

There 1s a need for improved arc flash prevention mechanism that has an improved

response time and avoid false alarm.
BRIEF DESCRIPTION

Briefly, an apparatus to detect arc 13 presented. The apparatus includes a fiber sensor
1o detect characteristics of an arc flash and a processor to process at least two
characteristics of the arc flash. The processor is further configured to generate an arc
fault signal. A protective device is configured to mitigate the are flash based on the

arc fault signal,

In another embodiment, an arc detection system is presented. The arc flash detection
system includes multiple fiber sensing module to detect one or more characteristics of
an arc flash. The are flash detection system further mcludes an optical splitter
coupled to the fiber sensing modules and muluple filters coupled to the optical
sphitter. A processor 1s coupled to the filters and configured to generate an arc fault

signal based on detect one or more arc tlash characteristics,

In another embodiment, an arc flash detection system having a plurality of fiber
sensing modoles disposed in a plurality of locations in an electrical distribution
system is proposed. The fiber sensing modales are configured to detect one or more
characteristics of an are flash. The arc flash detection system further includes a
plurality of optical splitters to split the arc flash characteristics and a processor {o
compute a location of the arc flash and generate an arc fault signal. Based on the arc
fault signal a protective device 1s configared to interrupt power supply to the electrical

distribution system.

In another embodiment, an intelligent grid is proposed. The intelligent gnd includes
an electrical distribution system coupled to the grid and comprising a plurality of
devices electrically coupled to perform a pre-determined function. A remote

diagnostic system is coupled to the grid to monitor one or more characteristics of the

2
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grid.  The intelligent grid further includes an arc detection svstem comprising a
plurality of fiber sensing modules disposed iy multiple locations in the electrical
distribution system, wherein the fiber sensing modules detect one or more
characteristics of an arc flash. A processor 1s coupled to the plurality of fiber sensors

to generate an are fanlt signal and mitigate the arc flash.

In another embodiment, an arc flash detection system is presented. The svstem
includes fiber sensors to detect at least one of a light, an acoustic, and a thermal
characteristic of an arc flash. A processor to analyze two or more charactenistics of an
arc flash and generate an arc fault signal based on two or more characteristics of an
arc flash 15 coupled to the fiber sensors. The arc flash is mitigated based on the arc

fault signal.
DRAWINGS

These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:
FIG. 1 1s a schematic diagram of an exemplary electrical distribution systen;

FIG. 2 illustrates an embodiment of a fiber sensing moduole mmplemented 1 the

electrical distnibution system of FIG. 1

FIG. 3 ilustrates an exemplary arc flash detection systemn muplemented in the

electrical distribution system of FIG. 1;
FIG. 4 illustrates fiber thermal sensor implemented i FIG. 2;
FIG. 5135 a detailed view of the fiber acoustic sensor implemented in FIG. 2;

FIG. 613 a detailed view of the fiber Light sensor implemented in FIG. 2;

Lrd
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FIG. 7 illustrates an electrical distribution system having multiple enclosures and
implementing are flash detection system according to an embodiment of the

invention,

FIG. 8 illustrates an alternate topology of arc detection system according to an

embodiment of the nvention: and

FIG. 9 illustrates an intelligent grid implementing are flash detection system

according to an aspect of the invention.
DETAILED DESCRIPTION

FIG. 1 is a schematic diagram of an exemplary electrical distribution system.
Electrical distribution system 10 includes an electrical power source 12, protective
device 14, bus bars 16 and load 18, In an exemplary embodiment an arc flash
detection svstem 20 is implemented in the electrical distribution svstem 10, Fiber
sensors 22 and 24 are coupled 1o the arc flash detection system 20 and configured to
detect an arc flash event 26, An example of an electrical power source 12 includes a
generator configured to deliver electrical power through a protective device 14 to bus
bars 16. An example of a protective device 14 includes a circuit breaker that may be
operated through electrical command signals. A load I8 receives electrical power

from the source 12 via the bus bars 16.

An arc flash mayv occur in any location of the system 10 between at least two current
carrying bus bars/conductors. Further the arcing event may occur between current
carrying bus bars/conductor and ground or a neatral conductor. The location of arc
flash occurrence may generally be categorized as a closed location or an open
tocation. Closed locations may include panel boards or enclosed switchgear panels or
the electrical distribution system. Open locations are regions that are exposed to the
environment outside the enclosure, such as the bus bars or electrical leads that connect
the switchgear or panels from the electrical source to the foad. Arcing faults occur
fargely due to the lack of clearance between phase conductors, or between phase and
ground conductors.  Clearance may be affected by several factors, including
environmental condittons (e.g., humidity, or conducting particles in polluted
4
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environment), insulation failure, & foreign object between conductors {e.g., a tool

dropped by a technician.)

An example of one such arc flash 1s tllustrated by the reference numeral 26 that may
emit light and other components (e.g., vaporized matter). The fiber sensors 22 and 24
are configured to detect one or more characteristics of the are flash such as 28 and 30.
Arc flash detection system 20 1s configured to receive signals from the fiber sensors
28, 30, and process the signals further to verify an arcing event. The system 20 may
be configured to generate an arc faolt signal 32 indicative of arce flash. Signal 32 may
be coupled to the protective device 14 that 1s capable of interrupting power to nutigate

the arc flash.

In conventional systems, two categories of protective devices typically are used for
mitigating the arc flash; series devices such as circnit breakers or fuses, and parallel
devices such as a “crowbar™ {that effectively provoke opeming of a circuit) The
series devices are conventional and are not satisfactory due to their slow reaction and
operation ime. The crowbar devices suffer from similar drawbacks, and may actually
establish harmful faults. Furthermore, such conventional systems detect any one
characteristic of the are flash to trigger an alarm. However, relving on any one
characteristic may lead to erroneous arc flash detection and cause false alarm and
tripping.  Embodiments disclosed herein process various parameters of arc flash to

categorize an actual arc flash.

Fiber sensors such 22 and 24 may be disposed in a plurahity of locations m the
electrical distribution system 10, Although two such sensors or sensing modules are
discussed i the present description, more or fewer sensors/modules may be
emploved.  As used herein, the term “electrical distribution system”™ includes a
plurality of devices electrically or optically coupled to perform a pre-determined
function such as AC-DC drives, variable frequency drives to name a few. Further,
“electrical distiibution system” may embody other electrical sub-systems having

electrical devices configured for control or power delivery.

LA
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Turning now to FIG. 2, an embodiment of fiber sensor implemented in the elecirical
distribution system of FIG. 1 is dlustrated. According to an exemplary embodiment,
the fiber sensor 22 includes a fiber optic core 35 and an outer shueld 34, The fiber
core 35 1s configured to receive an input light 36, One or more fiber Bragg gratings
are inscribed within the fiber core 35. Such fiber Bragg gratings may be configured
individually as a fiber thermal sensor 38, a fiber acoustic sensor 40, and a fiber light
sensor 42, In one embodiment, the fiber Bragg grating is configured to reflect a
particular wavelength of light and transmit the rest as transmitied Light 49, In the
tHustrated embodiment, each grating i1s configured to reflect a particular wavelength,
for example, fiber light sensor 42 is configured to reflect a characteristic wavelength
Az of the input light 36 and transmit the rest. Sumilarly, fiber thermal sensor 38 and a
fiber acoustic sensor 40 are configured to reflect respectively, characterstic
wavelengths Ay, 2. In one embodiment, the outer shield 34 arcund the fiber light
sensor 42 is coated with a polymer 44 that 1s sensitive to ultraviolet light, In another
embodiment, the outer shield 34 around the fiber acoustic sensor 40 mncludes a

pressure differential package 46 as will be explained in greater detail below,

In one embodiment, each fiber sensor (38, 40, or 42) may be configured to detect arc
flash. A combination of two or three of such fiber sensors (38, 40, 42) may be
configured as a fiber sensing module.  Such sensing module will simultaneously
measure transient variations of thermal, acoustic and light from arcing event, and
thereby mitigate arc flash. Furthermore, sensing more than one parameter to mitigate
arc flash reduces erronecus arce flash detection.  In another embodiment, the fiber

sensing module provides redundancy and hence reliability in the event of failure of

one of the fiber sensors.

In an exemplary operation, the input light 36 characternized by a broad wavelength is
mcident on the fiber core 35, The sensors 38, 40, 42 reflect mput light characteristics
such as wavelength, intensity among others. Such reflected parameters are measured
at the input 48 by analyzing reflected light 32, Alternatively, the transmitted light 49
may also be analyzed to detect arc flash. In an exemplary embodiment, the central

wavelength of each fiber sensor (38, 40, 42) is determined by the equation A=2-n-A,

&
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where n is the effective refractive index of the fiber optic core 35, and A 15 the
periodicity of a grating modulation.  Each grating (38, 40, 42) 15 configured for a
specific periodicity that defines a central wavelength (for example &y, 22, A3) in the

reflection spectram.

FIG. 3 ilustrates an exemplary arc flash detection system implemented 1 the
electrical distribution system of FIG. 1. The arc flash detection system 20 includes an
optical splitter 53 configured 1o recetve reflected light 52, In one embodiment, the
reflected light 32 is split evenly based on the intensity into at least three signals 54,
56, and 58, Each signal 54, 56, and 58 includes all the characteristic wavelengths A4,
Aa, and g Filters such as band pass filters 60, 62, and 64 are contigured to detect the
mdividual wavelength A5, A, and A Photo detectors 66, 68, and 70 coupled to the
filters are configured to measure the optical intensity of signals from each filter 60,
62, and 64. A processor 5O coupled to the photo detectors 66, 68, 70 1s configured to
analyze the chargcteristic wavelength and detect thermal, acoustic, and light
characteristics of the arc flash. Based on at least two of the above-mentioned
parameters, the processor 30 generates an arc fault signal 32, As will be appreciated,
using at least {wo parameters reduces false detection. For example, the fiber sensor
may detect a stray light (from a flash light) However, such an event may not be
accompanied by pressure variation or thermatl changes. Thus relying on at least two

parameters would reduce false detection of the arc flash,

An arc flash typically emits light, sound, and an increase in femperature. Detecting
each such parameter using fiber sensors are discussed in FIGs. 4-6. FIG. 4 illustrates
fiber thermal sensor unplemented in FIG. 2. The fiber thermal sensor 38 {configured
as a temperatare moaitor) includes a fiber Bragg grating 76 configured to reflect a
characteristic wavelength Ay of the inaident light 36 and transmit the rest of the
wavelength as output light 78, For example, an arc flash 77 incident proximate the
grating 76 causes a change in termaperature.  The central wavelength Ay of the fiber
thermal sensor 38 will be shifted up by A =xAT, where temperature sensitivity a is
about 12 pm/°C and AT is the change in temperature. The fiber thermal sensor 38 is
configured to have a central wavelength A, close to the central wavelength of the filter

7
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60 as referenced in FIG. 3, such that arc flash (77) induced temperature change will
increase the signal strength from the thermal sensor 38, Such vanation in temperature
results in g characteristic reflected light 80, The reflected hight 80 is filtered via a
narrow band pass filter (such as filter 60 referenced i F1G. 3.) having a bandwidth 82
greater than the reflected light 8¢, For convenience of analytics, the filtered reflected
tight is converted to a corresponding electrical voltage 84 The converted electrical
voltage is compared with a threshold voltage 86 to determine a temperature change.
For example, 1t the converted electrical voltage 84 is greater than the threshold

volfage 86 1n amphitude, a positive temperature change is detected,

FIG. 5 15 a detailed view of the fiber acoustic sensor mmplemented i FIG, 2. The

fiber acoustic sensor 40 (configured as g pressure sensor) includes a fiber Bragg

R

]

grating 90 configured to reflect a chavacteristic wavelength &; of the incident Light 78
and transmit the rest of the wavelength as output fight 92, It may be noted that the
pressure differential package 46 disposed around the grating 90 is configured to detect
pressure variations proximate the package 46, For example, an acoustic wave 94
originating from arc flash is incident on the package 40 causing a change in pressure.
Such dynamic variation mn pressure, P{1), 1s compared with a base pressure 96 (inside
the enclosure 46, P} that result in a charactenistic reflected light 98, The reflected
Hight 98 1s filtered via a narrow band pass filter (such as hilter 62 referenced in FIG.
3.} having a bandwidth 100 greater than the reflected light 98. Pressure variations are
induced with difference in pressure AP between the inside and outside the package 46
Such variations in pressure change the central wavelength 2, of the fiber acoustic
sensor 40, For convenience of analytics, the filtered reflected light 1s converted to a
corresponding electiical voltage 102, Since the central wavelength of the filter is
fixed, the voltage 102 is converted into frequency-domain signal 104 that indicate arc
flash signature frequency. The frequency domain signal 104 is indicative of the
frequency of the acoustic wave from the arc flash such as 94 incident on the fiber

acoustic sensor 40,

FIG. 6 15 a detailed view of the fiber hght sensor implemented in FIG. 2. The fiber

hight sensor 42 {configured as a light detector) includes a fiber Bragg grating 108

8
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configured to reflect a characteristic wavelength As of the wmcident light 92 and
transmit the rest of the wavelength as transmitted light 49 In an exemplary
embodiment, a polymer 44 that is photosensitive to ultraviolet light is disposed
around the grating 108, The refractive index of the photosensitive polymer 44 is
configured to adapt from about 10 to about 107 upon exposure to ultraviolet light

sHergy.

The fiber Hyht sensor 42 is configured to respond to change in refractive index of
photosensitive polyvmer 44, The wput hght 92 1n g guided mode propagates along
fiber core. In one embodiment, the fiber grating 108 is apodized and titled such that
evanescent field energy is transmitted to adjscent fiber cladding region to form
cladding mode transmussion.  The photosensitive polymer 44 18 configured for a
higher refractive index than fiber cladding such that the evanescent field energy of the
guided mode can dissipate 1nto photosensitive polymer layer 44 as radiation mode
transmission.  The vanation of refractive index, induced by an arcing event, may
affect coupling strength between the guided mode and cladding mode. Any vanation
m coupling strength change may modity the guided mode wavelength and include
fransmission loss, In an exemplary embodiment, to mcrease the coupling strength, a
titted grating structure with apodized profile 13 mmoplemented that help guide hight
energy to the cladding region.  Such combination of tilted grating structure with
apodized profile effectively expand evanescent field from the fiber core to fiber
cladding.  The ultraviolet light induced refractive index change will modulate the
forward and backward guided mode coupling to effectively shift fiber sensor resonant
wavelength, For example, light 110 originating from are flash incident on the coating
44, will change the refractive index of the polymer coating material 44, Such change
may be detected in the reflected light 112, that affect the central wavelength As. The
reflected fight 112 1s filtered via a narrow band pass filter {such as filter 64 referenced
in FIG. 3) having a bandwidth 114 greater than the retlected hght 112, For
conventence of analytics, the filtered reflected light is converted to a corresponding
electrical voltage 118, The converted electrical voltage is compared with a threshold

volfage 120 to defermine ultraviolet light. For example, if the converted electrical
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voltage 118 is greater than the threshold voltage 120 in amplitude, the presence of

ultraviolet light is confirmed.

FIG. 7 illustrates an electrical distiibution system having multiple enclosures and
implementing arc flash detection system according to an embodiment of the
mvention.  The electrical distribution system 124 includes multiple tiber sensors 22,
24, 126-138 disposed in plurality of locations within multiple enclosures.  Various
detection configurations such as transmission and reflection may be implemented. In
the tlustrated embodiments, one such transmission~-based detection is implemented.
A hght source 140 15 contigured to transmit light having charactenstic wavelength
through the fiber optic core 142, Muluple fiber sensing moduales 22, 24, 126-138
having different grating fiber sensors as discussed in FIG. 2 are configured to detect
multiple characteristics of the arc flash such as temperature, acoustic, and ultraviolet
fight. An optical splitter 144 splits the transmitted light 143 according to the muitiple
enclosures. bach split light is coupled to processor 50, 146-132 for further analysis
{such as filtering and detecting characteristics.) In case of arc flash event, a protective
device such as a circuit breaker is activated via the arc fault signal 32. By tracking the
processor that generated the arc fault signal, the location of the arc flash can be

determined.

FIG. § illustrates an alternate topology of arc flash detection svstem based on
reflection configuration. The electrical distribution system 160 includes nudtiple
fiber sensors 22, 24, 126-138 disposed in plurality of locations within multiple
enclosures. The hght source 140 15 configured to transmut light having characteristic
wavelength through the fiber optic core 142, Multiple fiber sensors 22, 24, 126-138
having grating as discussed in FIG. 2 are configured to detect multiple characteristics
of the arc flash such as temperature, acoustic, and ultraviolet ight.  An optical
coupled 162 is implemented to collaborate all the reflected hight signals from the
muttiple sensors 22, 224, 126-138. Further an optical splitter 144 splits the reflected
ight 164 according to the multiple enclosures. Each split light 1s coupled to processor
50, 146-152 for further analysis (such as filtering and detecting characteristics.) In

case of arc flash event, a protective device such as a circuit breaker is activated via the

10
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arc fault signal 32. By tracking the processor that generated the arc fanlt signal, the

focation of the arc flash may be determined.

FIG. 9 illustrates an intelligent grid implementing arc detection system according o
an aspect of the invention. The intelligent grid 170 includes one or more electrical
distribution systems 10, 172, 174 coupled to the transmission station 176 via the
transmission lines 178, Furthermore, the intelligent grid includes a communication
network (illustrated by the dashed lines) interconnection to the electrical network with
a remote diagnostic system 180 and a regional transnutter operator. In one example,
the predetermined function of the electrical distribution system 10 includes receiving
power from the transmission station (which recerves power from the power generation
station 184) and distribute to vanous mdustrial and residential load network. In one
embodiment, the remote diagnostic system 1s configured to monitor one or more
characteristics of the grnid.  Arc detection system 20 may be coupled to the gnd at
multiple locations,  As discussed earlier, such arc detection systems mmplement a
plurality of fiber sensors disposed in a plurality of locations in the electrical
distribution system, wherein the fiber sensors detect one or more characteristics of an
arc flash. In case arc tlash is detected, a processor coupled to the plurality of fiber
sensors generates an arc fanlt signal. The remote diagnostic system monitors the arc
fault signal across a plurality of arc detection systems coupled to the grid. A regional
transmission operator 182 may be enabled via the remote diagnostic system to

wdentify the exact location of the fault in the grid.

Advantageousty, embodiments disclosed herein, such as arc detection system
implementing fiber sensors have fast response and cost effective.  Detecting
ultraviolet light reduces are detection time, as ultraviolet light 1s one of the first to be
emitted m the light spectrum. Further, arc detection systems mmplementing acoustic
detection help detect precise location of the arc. Relving on at least two or more
characteristics of arc flash for detection help reduce false alarm rate. Fiber detection
systemns have EMI immumity reducing external interference. By integrating the fiber
detection system with grid based monitoring systems, health monttoring of the gnid is

possible.
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While only certain features of the wvention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. R is,
therefore, to be understood that the appended claims are intended to cover all such

maodifications and changes as fall within the true spirit of the invention.
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WHAT {S CLAIMED 1S:

1. An apparatus 1o detect arc comprising.

a fiber sensor to detect characteristics of an arc flash;

a processor to process charactenstics of the arc flash and generate an arc fanlt signal;
a protective device to mitigate the are flash based ov the arc fault signal.

2. The apparatus of claim 1 further comprising a splitter to spht at least one

characteristic of the arc flash detected by the fiber sensor.

3 The apparatas of claim 2 further comprising one or more filters coupled to the
splitter.
4. The apparatus device of claim 1, wherein the characteristics of the arc flash

comprise at least one of an ultraviolet light characteristic, a temperature characteristic,

a pressure characteristic, and an acoustic characteristic,

5. The apparatus device of claim 4, wherein the charactenistics are sensed in a

plurality of locations.

6. The apparatus of claim 1, wherein the {iber sensor comprises one or more of a

fiber light sensor, a fiber thermal sensor, and a fiber acoustic sensor.
7. An arc flash detection system comprising:

a plurality of fiber sensing modules to detect one or more characteristics of an arc

flash;
an optical splitter coupled to the fiber sensing modules;
a plurality of filters coupled to the optical splitter;

a processor coupled to the filters and configured to generate an arc fault signal based

on the detection of one or more arc flash characteristics.

13
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8. An arc flash detection system comprising:

a plurality of fiber sensing modules disposed in a plurality of locations in an electrical
distribution  system, wherein the fiber sensing module detects one or more

characteristics of an arc flash;
a plurality of optical splitters to split the arc flash characteristics;
a processor to compute a location of the arc flash and generate an arc fault signal; and

a protective device to interrupt power supply to the electrical distribution system

based on the arc fault signal.

9. The arc detection system of claim 8, wherein the fiber sensing module
comprises ane or more of fiber Haht sensors, fiber thermal sensors, and fiber acoustic

SENSOTS.

16, The arc detection svstem of claim 9, wherein the fiber light sensor detects

ultraviolet light.

11, The arc detection system of claim 9, wherein the fiber thermal sensor detects
temperanire.
12, The arc detection system of claim 9, wherein the fiber acoustic sensor detects

dynamic pressure waves from the arc flash.

13.  The arc detection system of claim 8, wherein the electrical distribution system

is coupled to a grid.

14 The arc detection system of claim 13, wherein a remote diagnostic device is

coupled to the gnd.
15, An intelligent grid comprising:

an electrical distribution system coupled to a grid and comprising a plurality of

devices electrically coupled to perform a pre-determined function;

14
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a remote diagnostic system to monitor one or more characteristics of the grid; and
an arc flash detection system comprising:

a plurality of fiber sensing modules disposed in a plurality of locations in the
glectrical distnbution system, wheremn the fiber sensing modules detect one or more

charactenstcs of an arc flash:

a processor coupled to the plurality of fiber sensing modules to generate an are fault

signal and mitigate the arc flash.

16, The intelligent grid of claim 15, wherein the remote diagnostic system
monitors the arc fault signal across a plurality of arc flash detection systems coupled

to the grid.

17 The intelligent grid of claim 13, wherein the arc flash detection system further

comprising an optical splitter and a filter coupled to the fiber sensing module.

18, The intelligent gnid of clatm 15, wherein the arc fault signal s indicative of the

characteristics of the grid.
19 An arc flash detection svstem comprising:

fiber sensors to detect at {east one of a light, an acoustic, and a thermal charactenstic

of an arc flash;

a processor to analvze two or more characteristics of an arc flash and generate an arc
fault signal based on two or more characteristics of an arc flash and to mitigate the arc

flash based on the arc fault signal,

20 The fiber arc flash detection system of claim 19, wherein the processor further

includes an optical splitter and a filter,

21, The fiber arc flash detection system of claim 19, further comprising a

protective device coupled to the processor.
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22, The fiber arc flash detection system of claim 21, wherein the protective

device 1s configured to interrupt power,
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