
US 20210096158A1 
INI 

( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No .: US 2021/0096158 A1 

Kraus et al . ( 43 ) Pub . Date : Apr. 1 , 2021 

Publication Classification ( 54 ) ELECTRICAL ARC DETECTION FOR 
ELECTRIC METER SOCKET 
CONNECTIONS 

( 71 ) Applicant : Landis + Gyr Innovations , Inc. , 
Alpharertta , GA ( US ) 

( 72 ) Inventors : Matthew E. Kraus , Jamestown , IN 
( US ) ; Frank J. Boudreau , JR . , 
Otterbein , IN ( US ) 

( 51 ) Int . Ci . 
GOIR 9/04 ( 2006.01 ) 
GOIR 31/04 ( 2006.01 ) 
HO2H 1/00 ( 2006.01 ) 

( 52 ) U.S. CI . 
CPC GOIR 9/04 ( 2013.01 ) ; HO2H 1/0015 

( 2013.01 ) ; GOIR 31/045 ( 2013.01 ) 
( 57 ) ABSTRACT 
A method for electrical arc detection in an electrical con 
nection between an electric meter and a socket is provided . 
The method may include receiving a vibration signal from a 
vibration sensor and an arc detection signal from an arc 
detector . The vibration signal may be correlated in time with 
the arc detection signal . An electrical arc may be detected 
based on the correlating the vibration signal with the arc 
detection signal . 

( 21 ) Appl . No .: 16 / 586,200 

( 22 ) Filed : Sep. 27 , 2019 

100 

135 

L1 L1 ( Line ) 
L2 GRID 

110 L2 ( Line ) 

Meter Socket 
120 

Meter 
130 

N. L1 ( Load ) 
L1 

Electrical 
Service 
( Load ) 
140 

L2 L2 ( Load ) 

- Voltage Measurement 

1000 Current Measurement 



100 

135 

L1 ( Line ) 

non 

L1 L2 

fooo 

GRID 110 

Patent Application Publication 

N 

L.2 ( Line ) 

{ 

Meter Socket 120 

Meter 130 

N 

L1 ( Load ) 

Electrical Service ( Load ) 140 

Apr. 1 , 2021 Sheet 1 of 5 

L1 L2 

12 ( Load ) 

* Voltage Measurement 
F pool 

Current Measurement 

US 2021/0096158 A1 

FIG . 1 



Patent Application Publication Apr. 1 , 2021 Sheet 2 of 5 US 2021/0096158 A1 

120 

220 

230 
FIG . 2 FIG , 3 

310 
210 

130 

320 
VW ************** ? 

* WW ****** 

0 



US 2021/0096158 A1 

FIG . 4 

* *** *** *** ****** ************************** *** *** *** *** *** *** *** *** *** **** *** *** *** *** *** **** ********************************** **** ****** ****** ****** *************** ****** ****** ******************* **** ****** 

?? { 

} } } 

?? } } 

450 MEMORY 

Apr. 1 , 2021 Sheet 3 of 5 

?? } { } { 

} } } { } } } 

430 ACCELEROMETER 

?? { 3 

} 

} } } 

} 

460 MODULE COMMUNICATIONS 
} { } { 3 

440 PROCESSOR 

} } } 

3 ? } } 

} } } 

420 ARC DETECTOR 

Patent Application Publication 

? ? 

} 

} { 

410 Electric Meter 

} } 

?? 3 



Patent Application Publication Apr. 1 , 2021 Sheet 4 of 5 US 2021/0096158 A1 

530 

520 

510 ANA 
FIG . 5 



Patent Application Publication Apr. 1 , 2021 Sheet 5 of 5 US 2021/0096158 A1 

600 

610 Monitor Arc Detector 
Signals 

620 

N 
Arc Detected ? 

630 
N 

Vibration detected ? 

640 
Correlate Ard 

Detection Signal to 
Low Frequency 
Vibration ? 

Y 

1 
} 
1 
} 650 

Determine whether 
Vibration Includes 2x Line 2X 
Frequency Component 

660 Determine Hot Socket 
Condition 

670 
Generate Notification 

FIG . 6 



US 2021/0096158 A1 Apr. 1 , 2021 
1 

ELECTRICAL ARC DETECTION FOR 
ELECTRIC METER SOCKET 

CONNECTIONS 

BACKGROUND 

[ 0001 ] Unless otherwise indicated herein , the materials 
described in this section are not prior art to the claims in this 
application and are not admitted to be prior art by inclusion 
in this section . 
[ 0002 ] An electric meter measures electrical power con 
sumed by a customer of an electric utility provider . The 
electric meter is plugged into a meter socket that is mounted 
in an enclosure on a building or other structure . The elec 
trical connection between the electric meter and the socket 
is formed with a series of male connectors , sometimes 
referred to as “ blades , ” which are received by a correspond 
ing series of female connectors , also referred to as recep 
tacles . 
[ 0003 ] In some cases , for example , due to wear or con 
tamination , the connection between the meter and the socket 
can become intermittent . A " hot socket ” is a term used to 
describe the intermittent electrical connection between the 
blades of an electrical meter and the corresponding recep 
tacles in the meter socket that results in electrical arcing at 
the connection . The electrical arcing can heat up the con 
nection to the point of causing a fire . Hot socket conditions 
may be detected by detecting radio frequency ( RF ) signals 
that are generated by the socket arcing events . However , RF 
signals in the environment of the electric meter may be 
generated by other sources , for example as electromagnetic 
interference ( EMI ) from other nearby electrical equipment , 
causing false detection of a hot socket condition at the 
electric meter . 

power line signal . The arc detection signal may be correlated 
to the second vibration signal . 
[ 0008 ] The vibration signal may include a first vibration 
signal and a second vibration signal . The first vibration 
signal may be a low frequency vibration signal caused by a 
source external to the electric meter . The second vibration 
signal may have a frequency different than a frequency of a 
power line signal caused by initiation and extinguishment of 
the electrical arc at zero crossings of the power line signal . 
The arc detection signal may be correlated to a portion of the 
first vibration signal having an amplitude exceeding a value 
necessary for the first vibration signal to sustain the electri 
cal arc and the second vibration signal . 
[ 0009 ] The method may further include generating , by the 
processor , a notification that that the electrical arc is 
detected ; and transmitting the notification to a utility pro 
vider . 
[ 0010 ] According to various aspects there is provided an 
electric meter . In some aspects , the electric meter may 
include : an arc detector configured to detect radio frequency 
( RF ) emissions generated by an electrical arc ; a vibration 
sensor configured to detect vibrations ; a communications 
module configured to transmit and receive communication 
signals ; a memory configured to store executable instruc 
tions and data ; and a processor in communication with the 
arc detector , the vibration sensor , the communications mod 
ule , and the memory . 
[ 0011 ] The processor configured to receive a vibration 
signal from the vibration sensor ; receive an arc detection 
signal from the arc detector ; correlate in time the vibration 
signal with the arc detection signal ; and determine that the 
electrical arc is detected based on correlating the vibration 
signal with the arc detection signal . The processor may be 
further configured to determine that the electrical arc is 
detected by determining that a correlation of the vibration 
signal with the arc detection signal is sustained for a 
predetermined period of time . 
[ 0012 ] The vibration sensor may be configured to detect a 
first vibration signal . The first vibration signal may be a low 
frequency vibration signal caused by a source external to the 
electric meter . The processor may be further configured to 
correlate the arc detection signal to a portion of the first 
vibration signal having an amplitude exceeding a value 
necessary for the first vibration signal to sustain the electri 

SUMMARY 

cal arc . 

[ 0004 ] Apparatuses and methods for electrical arc detec 
tion for electric meter socket connections are provided . 
[ 0005 ] According to various aspects there is provided a 
method for electrical arc detection in an electrical connec 
tion between an electric meter and a socket . In some aspects , 
the method may include : receiving , by a processor of the 
electric meter , a vibration signal from a vibration sensor ; 
receiving , by the processor , an arc detection signal from an 
arc detector ; correlating in time , by the processor , the 
vibration signal with the arc detection signal ; and determin 
ing , by the processor , that an electrical arc is detected based 
on the correlating the vibration signal with the arc detection 
signal . The determining that the electrical arc is detected 
may include determining that a correlation of the vibration 
signal with the arc detection signal is sustained for a 
predetermined period of time . 
[ 0006 ] The vibration signal may include a first vibration 
signal . The first vibration signal is a low frequency vibration 
signal caused by a source external to the electric meter . The 
arc detection signal may be correlated to a portion of the first 
vibration signal having an amplitude exceeding a value 
necessary for the first vibration signal to sustain the electri 

[ 0013 ] The vibration sensor may be configured to detect a 
second vibration signal . The second vibration signal may 
have a frequency different than a frequency of a power line 
signal . The second vibration signal may be caused by 
initiation and extinguishment of the electrical arc at zero 
crossings of the power line signal . The processor may be 
further configured to correlate the arc detection signal to the 
second vibration signal . 
[ 0014 ] The processor may be further configured to corre 
late the arc detection signal to a portion of a first vibration 
signal having an amplitude exceeding a value necessary for 
the first vibration signal to sustain the electrical arc and a 
second vibration signal . The first vibration signal may be a 
low frequency vibration signal caused by a source external 
to the electric meter . The second vibration signal may have 
a frequency different than a frequency of a power line signal 
caused by initiation and extinguishment of the electrical arc 
at zero crossings of the power line signal . 

cal arc . 
[ 0007 ] The vibration signal may include a second vibra 
tion signal . The second vibration signal may have a fre 
quency different than a frequency of a power line signal . The 
second vibration signal may be caused by initiation and 
extinguishment of the electrical arc at zero crossings of the 
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[ 0015 ] The processor may be further configured to gener 
ate a notification that the electrical arc is detected , and 
transmit the notification to a utility provider . 
[ 0016 ] According to various aspects there is provided a 
non - transitory computer readable medium . In some aspects , 
the non - transitory computer readable medium may include 
instructions for causing one or more processors to perform 
operations including : receiving a vibration signal from a 
vibration sensor ; receiving an arc detection signal from an 
arc detector ; correlating in time the vibration signal with the 
arc detection signal ; and determining that an electrical arc is 
detected based on the correlating the vibration signal with 
the arc detection signal . 
[ 0017 ] The non - transitory computer readable medium 
may further include instruction for performing operations to 
determine that the electrical arc is detected including deter 
mining that a correlation of the vibration signal with the arc 
detection signal is sustained for a predetermined period of 
time . 
[ 0018 ] Numerous benefits are achieved by way of the 
various embodiments over conventional techniques . For 
example , the various embodiments provide apparatuses and 
methods that can be used to reduce false alarms in the 
prediction of hot socket conditions for electric meter con 
nections . In some embodiments , radio frequency ( RF ) signal 
detection correlated with vibration detection may increase 
the accuracy of detecting electrical arcs that cause hot socket 
conditions . These and other embodiments along with many 
of its advantages and features are described in more detail in 
conjunction with the text below and attached figures . 

BRIEF DESCRIPTION OF THE DRAWINGS 

example methods and systems described herein may be 
made without departing from the scope of protection . 
[ 0027 ] An electric meter measures electrical power con 
sumed by a customer of an electric utility provider . The 
electric meter is plugged in to a meter socket that is mounted 
in an enclosure on a building or other structure and provides 
a connection between the electric power delivered by the 
electrical utility and the customer . FIG . 1 is a block diagram 
100 illustrating electrical connections to an electric meter 
and meter socket according to some aspects of the present 
disclosure . The electric meter and meter socket are located 
at the customer premises . The electric meter measures and 
controls the electricity delivered to the customer premises 
via the grid . The electric meter may be combined with a 
communications module to enable the meter to communi 
cate with other meters and with the utility . 
[ 0028 ] As illustrated in FIG . 1 , power from the grid 110 
( i.e. , the electrical distribution grid ) is supplied to the meter 
socket 120 via electrical wiring L1 and L2 . Electrical wiring 
L1 and L2 may provide power from two phases of the grid . 
The neutral wire N , sometimes referred to as ground , is 
connected between the grid 110 and the electrical service 
140 , for example , at an electrical service panel . In some 
cases , power may be provided from three phases of the grid , 
and appropriate wiring and connections ( not shown ) pro 
vided . 
[ 0029 ] The electrical service 140 is also connected to the 
meter socket 120 via corresponding electrical wiring L1 and 
L2 . The electric meter 130 includes an insulating base 
having electrical connectors to provide electrical connec 
tions to the meter socket 120. The meter socket 120 includes 
an insulating base having electrical connectors to provide 
electrical connections to the electric meter 130 when the 
electric meter 130 is plugged into the meter socket 120. An 
electrical connection between the grid 110 and the electrical 
service 140 is formed through the electric meter 130 when 
the electric meter 130 is plugged into the meter socket 120 . 
Within the electric meter 130 , voltage and current provided 
by the grid 110 to the electrical service 140 is measured , or 
metered , by measuring devices 135 , for example , voltage 
transformers and current transformers . Power delivered to 
the electrical service 140 may be calculated based on the 
voltage and current measurements . 
[ 0030 ] FIG . 2 is a diagram illustrating an example of an 
electrical connector for the electric meter and the meter 
socket according to some aspects of the present disclosure . 
Referring to FIG . 2 , the electric meter 130 may include 
several male ( e.g. , blade ) connectors 210 that mate with 
corresponding female connectors ( e.g. , receptacles ) 220 in 
the meter socket 120. Spring tension of the female connec 
tors 220 causes an interference fit between the male con 
nectors 210 and the female connectors 220 to form the 
electrical connections between the electric meter 130 and the 
meter socket 120 . 
[ 0031 ] The interference fit ( i.e. , the mechanical strength of 
the connection ) between the male contacts and the female 
contacts can become weak due , for example , to fatigue , wear 
from removal and insertion , improper insertion , contamina 
tion , etc. As the connections weaken , external vibrations 
caused by , for example nearby electrical machinery , passing 
vehicle traffic , etc. , may cause small air gaps to form 
between the male contacts and the female contacts . Electri 
cal arcs may occur across the air gaps in the areas 230 of the 
contacts to complete the electrical circuit . The electrical 

[ 0019 ] Aspects and features of the various embodiments 
will be more apparent by describing examples with refer 
ence to the accompanying drawings , in which : 
[ 0020 ] FIG . 1 is a block diagram illustrating electrical 
connections to an electric meter and meter socket according 
to some aspects of the present disclosure ; 
[ 0021 ] FIG . 2 is a diagram illustrating an example of an 
electrical connector for the electric meter and the meter 
socket according to some aspects of the present disclosure ; 
[ 0022 ] FIG . 3 is a diagram illustrating an example of an 
alternating current waveform showing the zero crossings 
according to aspects of the present disclosure ; 
[ 0023 ] FIG . 4 is a block diagram illustrating an example 
implementation of an electrical arc detection circuit in an 
electric meter according to aspects of the present disclosure ; 
[ 0024 ] FIG . 5 is a diagram illustrating an example of a 
correlation between an external vibration waveform , a vibra 
tion waveform caused by connector arcing , and an arc 
detection signal according to aspects of the present disclo 
sure ; and 
[ 0025 ] FIG . 6 is a flowchart illustrating an example of a 
method for electrical arc detection for electric meter socket 
connections according to aspects of the present disclosure . 

DETAILED DESCRIPTION 

[ 0026 ] While certain embodiments are described , these 
embodiments are presented by way of example only , and are 
not intended to limit the scope of protection . The appara 
tuses , methods , and systems described herein may be 
embodied in a variety of other forms . Furthermore , various 
omissions , substitutions , and changes in the form of the 
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emissions caused by the arcing of the contacts are generated 
over a broad range frequencies , including RF frequencies , 
within the bandwidth that can be detected by an electrical arc 
detector . 

[ 0032 ] A “ hot socket ” condition can result from an inter 
mittent electrical connection between the blades of an elec 
tric meter and the corresponding receptacle in the meter 
socket . The intermittent connection can cause electrical 
arcing at the connection that can heat up the connection to 
the point of causing a fire . As the mechanical strength of the 
electrical connectors connecting the meter and the socket 
weaken , external sources of vibration , generally low fre 
quency vibrations , for example less than about 50 Hz , can 
cause arcing due to a poor meter socket interface . External 
sources that create vibrations can be , for example , washer 
machines , air compressors , other nearby machinery , or 
vibrations propagated due to nearby traffic and transferred 
through structures . 
[ 0033 ] The arcing caused by the intermittent connections 
at the socket can cause the arc between the electrical 
connectors to be created and then extinguished during the 
zero crossing of the alternating current ( AC ) power line 
waveform . This cycle of arc creation and extinguishment 
can create a vibration having a frequency different than the 
frequency of the power line . The created frequency may be 
harmonically related to the power line frequency and may be 
a sub - harmonic frequency or a higher harmonic frequency of 
the power line frequency . As an example , a frequency of 
twice the cycle of the power line frequency ( since the current 
will become zero at two points during the cycle ) may be 
created . For a 60 Hz system , the vibration may occur at 120 
Hz . FIG . 3 is a diagram illustrating an example of an 
alternating current waveform showing the zero crossings 
according to aspects of the present disclosure . 
[ 0034 ] Referring to FIG . 3 , the AC waveform 310 may 
have a frequency f equal to 60 Hz . The frequency of the AC 
waveform may be different in different parts of the world . 
For example , the power line frequency in some countries 
may be 50 Hz or another frequency . Regardless of the 
frequency , at the zero crossings 320 of the waveform the arc 
will be extinguished and reinitiated as the waveform passes 
the zero crossings 320. Since the zero crossings 320 occur 
twice during each cycle , the resulting vibration can have a 
frequency of twice the power line frequency . For example , 
for a 60 Hz power line frequency the resulting vibration will 
occur at 120 Hz ; for a 50 Hz power line frequency the 
resulting vibration will occur at 100 Hz . As explained above , 
other vibration frequencies may be created as a result of the 
arcing 
[ 0035 ] Arcing conditions between the contacts of the 
electric meter and the meter socket may be detected using an 
arc detector designed to detect radio frequency ( RF ) signals 
that are generated by the socket arcing events . An electrical 
contact arc detector may be a broadband detector circuit 
installed within close proximity of the electric meter blade 
connectors to detect signal generated by the contact arcing . 
The detector may operate over a range of frequencies in the 
RF band . A minimum threshold signal amplitude may be 
established below which the detector does not respond and 
above which the detector produces a detection signal at its 
output to indicate an occurrence of electrical arcing . The 
electrical contact arc detector can be susceptible to false 
detection of arcing conditions by detecting RF signals 

generated by other electromagnetic interference ( EMI ) 
sources , for example nearby electrical equipment , citizen 
band ( CB ) radios , etc. 
[ 0036 ] In accordance with aspects of the present disclo 
sure , apparatuses and methods for electrical arc detection for 
electric meter socket connections are provided . Some imple 
mentations may correlate EMI event detected by an arc 
detector with low frequency vibrations generated by sources 
external to the electric meter . In some implementations a 
vibration frequency occurring at twice the frequency of the 
power line due to arc creation and extinguishment may be 
detected to reduce false positive detections . In some cases , 
the created frequency and may be a sub - harmonic frequency 
or higher harmonic frequency of the power line frequency . 
[ 0037 ] FIG . 4 is a block diagram illustrating an example 
implementation of an electrical arc detection circuit in an 
electric meter according to aspects of the present disclosure . 
Referring to FIG . 4 , the electric meter 410 may include an 
arc detector 420 , an accelerometer 430 , a processor 440 , a 
memory 450 , and a communications module 460 . 
[ 0038 ] The arc detector 420 may be a broadband detector 
capable of detecting frequencies above a specified amplitude 
in a range of frequencies in the RF band that are generated 
by an electrical arc . The arc detector 420 may produce a 
detection signal at its output to indicate an occurrence of 
electrical arcing . 
[ 0039 ] The accelerometer 430 may be a 2 - axis acceler 
ometer , a 3 - axis accelerometer , an omnidirectional tilt and 
vibration sensor , or other accelerometer or seismic sensor 
capable of detecting vibrations . The accelerometer may be 
operable to detect vibrations in a range of several hertz to 
several hundred hertz . Thus , the accelerometer 430 may 
detect low frequency vibrations caused by external sources 
and vibrations generated by initiation and extinguishment of 
arcs at the electric meter connections . 
[ 0040 ] The communications module 460 may be a wired 
or wireless transceiver operable to communicate via various 
wired or wireless protocols as known in the field . The 
communications module 460 may enable the electric meter 
410 to communicate with other meters and with the utility 
provider . The communications module 460 may transmit 
data and alarm signals to the utility provider and receive any 
of updated program instructions , firmware updates , updates 
to other settings , or other communications . 
[ 0041 ] The memory 450 may be a storage device such as 
a solid state storage device or other storage device , and may 
be a combination of volatile and non - volatile storage or 
memory . In some implementations , portions of the memory 
may be included in the processor 440. The memory 450 may 
be configured to store instructions executable by the pro 
cessor 440 as well as data generated by various sensors of 
the electric meter 410 including , but not limited to , data 
generated by the arc detector 420 and the accelerometer 430 . 
[ 0042 ] The processor 440 may be a general purpose pro 
cessor , a digital signal processor ( DSP ) , an application 
specific integrated circuit ( ASIC ) , a field programmable gate 
array ( FPGA ) or other programmable logic device . The 
processor 440 may be in electrical communication with the 
arc detector 420 , the accelerometer 430 , the memory 450 , 
and the communications module 460 , and may control 
overall operation of the electric meter 410. The processor 
440 may receive data generated by various sensors of the 
electric meter 410 including , but not limited to , data gener 
ated by the arc detector 420 and the accelerometer 430 and 
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may perform operations on , or processing of , the data . In 
some implementations , the data generated by the arc detec 
tor 420 and the accelerometer 430 may be timestamped by 
the arc detector 420 and the accelerometer 430 , respectively . 
In some implementations , the data generated by the arc 
detector 420 and the accelerometer 430 may be timestamped 
by the processor 440. In some implementations , the accel 
erometer data and the arc detector data may not include a 
timestamp . 
[ 0043 ] In accordance with aspects of the present disclo 
sure , when the electric meter 410 is installed in a meter 
socket , the accelerometer 430 may monitor vibrations , for 
example low frequency vibrations caused by external 
sources , experienced by the electric meter 410. The proces 
sor 440 may receive timestamped data from the accelerom 
eter 430 or may receive and timestamp the accelerometer 
data . In some implementations , the processor 440 may cause 
the timestamped accelerometer data to be stored , for 
example in the memory 450 or other storage . The acceler 
ometer data may be stored for a specified period of time , for 
example 10 seconds or another period of time . 
[ 0044 ] Low frequency vibration may cause arcing at the 
connector . The arc may be initiated when the amplitude of 
the low frequency vibration reaches a sufficient value to 
cause an air gap at the connector and the arc may be 
extinguished when the magnitude of the vibration falls 
below the magnitude sufficient to maintain the air gap . The 
external vibration and the resulting arcing may be detected 
by the accelerometer 430 and the arc detector 420 , respec 
tively . 
[ 0045 ] FIG . 5 is a diagram illustrating an example of a 
correlation between an external vibration waveform , a vibra 
tion waveform caused by connector arcing , and an arc 
detection signal according to aspects of the present disclo 
sure . Referring to FIG . 5 , a low frequency external vibration 
signal 510 may be detected by the accelerometer 430. The 
low frequency external vibration signal 510 may be cause 
by , for example , but not limited to , washer machines , air 
compressors , other nearby machinery , or vibrations propa 
gated due to nearby traffic and transferred through struc 
tures . When the amplitude of the low frequency vibrations 
becomes high enough , the low frequency vibrations can 
cause intermittent connections between the meter and the 
socket resulting in arcing at the electrical connection 
between the blades of an electrical meter and the corre 
sponding receptacle in the meter socket . The intermittent 
connections at the socket can also cause vibrations 520 as 
the arc is created and then extinguished during the zero 
crossings of the alternating current ( AC ) power line wave 
form , that is , at twice the power line frequency since there 
are two zero crossings during each cycle . In some cases , the 
created frequency and may be a sub - harmonic frequency or 
higher harmonic frequency of the power line frequency . The 
arc detector 420 may detect the RF signals emitted by the 
arcing and generate a detection signal 530 corresponding to 
the arcing condition . 
[ 0046 ] For each half - cycle of the low frequency vibration 
signal 510 , the amplitude may be high enough during a 
portion of the half - cycle to cause arcing at the connector . 
During that portion of the half - cycle , the arc will initiate and 
extinguish as the amplitude of the current waveform at the 
power line frequency exceeds and falls below a value 
needed to sustain the arc . The power line frequency ( e.g. , at 
50 Hz or 60 Hz ) can be much higher than the low frequency 

vibration signal 510 that initially causes the arcing ; there 
fore , the high frequency arcing will occur twice during the 
full cycle of the low frequency vibration- once during the 
portion of each half - cycle of the low frequency vibration 
that causes the arcing . Thus , during those portions of the low 
frequency vibration signal 510 , arcing at twice the power 
line frequency ( e.g. , 120 Hz for a 60 Hz power line fre 
quency , 100 Hz for a 50 Hz power line frequency ) will occur 
cyclically based on the frequency of the low frequency 
vibration . The RF emissions caused by the arcing can be 
detected by the arc detector 420. The arc detection signal 
530 may be generated at twice the external low frequency 
510 corresponding to the portion of the low frequency 
vibration signal 510 that causes the arcing condition . In 
some cases , the frequency created by the arcing may be 
harmonically related to the power line frequency and may be 
a sub - harmonic frequency or a higher harmonic frequency of 
the power line frequency . In some cases , the arcing may 
occur one or more times during several cycles of the low 
frequency vibration . 
[ 0047 ] The processor 440 can correlate the arc detection 
signal 530 with the external vibration 510 detected by the 
accelerometer 430. Additionally , since the external vibration 
510 will be at a lower frequency than the vibration signal 
520 caused by the arcing , several cycles of the arcing 
vibration signal 520 may occur during each half cycle of the 
external vibration 510 when the amplitude of the external 
vibration 510 exceeds a value to cause arcing of the con 
nector . 

[ 0048 ] As illustrated in FIG . 5 , the substantially periodic 
external vibration 510 may cause cyclic arcing at twice the 
frequency of the vibration 510 caused by the external source 
or at another frequency . Thus , a cyclically sustained RF and 
vibration signature can result and can be detected over a 
period of time , for example , 10 seconds or another time 
period , to determine the occurrence of a hot socket condi 
tion . 

[ 0049 ] The processor 440 can correlate the frequency of 
the vibration detected by the accelerometer 430 with the 
frequency of the arc detection signal generated by the arc 
detector 420 during a same time period and determine that 
arcing is occurring . When the cyclical arcing correlated with 
the external vibration is sustained for a specified period of 
time , for example , 10 seconds or another period of time , the 
processor 440 may determine that a hot socket condition 
exists and transmit a notification via the communications 
module 460 to the utility provider . The correlation of vibra 
tion with the arc detection signal can reduce incidents of 
false detections caused by external EMI sources when only 
an arc detector is used for detecting a hot socket condition . 
[ 0050 ] Additionally , within the low frequency vibration , 
the higher frequency vibration at twice the power line 
frequency caused by the arc being initiated and extinguished 
at the zero crossings may be detected by the accelerometer 
430. Thus , vibration at twice the power line frequency may 
be detected within each portion of the low frequency vibra 
tion having sufficient amplitude to cause arcing . Detection of 
the vibration at twice the power line frequency can further 
increase the accuracy of the connector arcing determination . 
In some cases , the vibration frequency created by the arcing 
may be harmonically related to the power line frequency and 
may be a sub - harmonic frequency or a higher harmonic 
frequency of the power line frequency . 
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[ 0051 ] One of ordinary skill in the art will appreciate that 
these configuration as well as other variations of the dis 
closed configurations may be used without departing from 
the scope of the present disclosure . 
[ 0052 ] FIG . 6 is flowchart illustrating an example of a 
method 600 for electrical arc detection for electric meter 
socket connections according to aspects of the present 
disclosure . Referring to FIG . 6 , at block 610 , signals from 
the arc detector may be monitored . The processor ( e.g. , the 
processor 440 ) may be in electrical communication with the 
arc detector ( e.g. , the arc detector 420 ) to receive arc 
detection signals generated by the arc detector . 
[ 0053 ] At block 620 , it may be determined whether an arc 
is detected by the arc detector . The processor may execute 
instructions to determine whether an arc detection signal 
received from the arc detector indicates occurrence of an arc . 
For example , the processor may determine whether an arc 
detection signal received from the arc detector exceeds a 
predetermined threshold value . 
[ 0054 ] In response to determining that an arc has not been 
detected , for example the arc detection signal received from 
the arc detector does not exceed a predetermined threshold 
value ( 620 - N ) , the process may continue to monitor for 
signals from the arc detector at block 610 . 
[ 0055 ] In response to determining that an arc has been 
detected , for example the arc detection signal received from 
the arc detector exceeds a predetermined threshold value 
( 620 - Y ) , at block 630 , it may be determined whether vibra 
tions are detected . The processor may be in electrical 
communication with the accelerometer ( e.g. , the accelerom 
eter 430 ) and may execute instructions to process signals 
received from the accelerometer . 
[ 0056 ] In response to determining that vibrations have not 
been detected , for example the vibration signal received 
from the accelerometer does not exceed a predetermined 
threshold value ( 630 - N ) , the processor may determine that 
the arc detection signal was caused by external EMI sources , 
for example nearby electrical equipment , citizen band ( CB ) 
radios , etc. , and may cause the process to continue to 
monitor for signals from the arc detector at block 610 . 
[ 0057 ] In response to determining that vibrations have 
been detected , for example the vibration signal received 
from the accelerometer exceeds a predetermined threshold 
value ( 630 - Y ) , at block 640 , it may be determined whether 
the vibrations can be correlated to the arc detection signal . 
The processor may execute instructions to process the 
signals received from the accelerometer . For example , the 
processor may process the accelerometer signals using a 
comb filter , fast Fourier transform ( FFT ) analysis , or another 
method , to determine the frequency content . The processor 
can determine a low frequency content of the accelerometer 
signals that may correspond to vibrations caused by external 
sources such as nearby machinery , or vibrations propagated 
due to nearby traffic and transferred through structures . The 
external sources of low frequency vibrations may initiate 
arcing in the meter socket . 
[ 0058 ] The processor may execute instructions to correlate 
the low frequency vibrations with the arc detection signals . 
For example , the processor may continue to receive arc 
detection signals and accelerometer signals in real time or 
near real time and determine whether the arc detection 
signals correspond to portions of the accelerometer signals 
in a cyclical manner , for example as shown in FIG . 5. In 

some implementations , the processor may store and subse 
quently process time stamped arc detection and accelerom 
eter signals . 
[ 0059 ] In response to determining that the vibrations are 
not correlated to the arc detection signal ( 640 - N ) , the 
process may continue to monitor for signals from the arc 
detector at block 610 . 
[ 0060 ] In response to determining that the vibrations are 
correlated to the arc detection signal ( 640 - Y ) , at optional 
block 650 , it may be determined whether the vibrations 
include vibrations at a frequency approximately equal to 
twice the power line frequency . The processor may option 
ally execute instructions to determine if the frequency 
content of the accelerometer signals includes a frequency 
approximately equal to twice the power line frequency . A 
frequency approximately equal to twice the power line 
frequency included in the accelerometer signals can indicate 
a cycle of arc creation and destruction creating a vibration at 
twice the power line frequency . For example , for a 60 Hz 
system , the vibration may occur at 120 Hz . Optional detec 
tion of a frequency approximately equal to twice the power 
line frequency can increase the probability that an actual hot 
socket condition has been detected . It should be appreciated 
that the vibrations correlated to the arc detection signal may 
be harmonically related to the power line frequency and may 
be a sub - harmonic frequency or a higher harmonic fre 
quency of the power line frequency . 
[ 0061 ] At block 660 , it may be determined that a hot 
socket condition exists . The processor may execute instruc 
tions to determine that a cyclically sustained arc detector 
signal is correlated in time to a vibration signature over a 
period of time , for example , 10 seconds or another time 
period , to determine the occurrence of a hot socket condi 
tion . For example , referring to FIG . 5 , the low frequency 
vibration signal 510 and the arc detection signal 530 may be 
correlated over time to determine that a hot socket ( e.g. , 
arcing ) condition exists at the connection between the elec 
tric meter and meter socket . In some implementations , the 
vibration signal 520 caused by arcing at the connector may 
additionally or alternatively be correlated with the arc detec 
tion signal to determine that a hot socket condition exists . 
[ 0062 ] At block 670 , a notification may be 
Based on the determination that a hot socket condition 
exists , the processor may generate an notification . For 
example , the processor may execute instructions to commu 
nicate ( e.g. , via the communications module 460 ) a notifi 
cation to a central system that a hot socket condition exists 
in the connection between the electric meter and the meter 
socket . The notification may be communicated wirelessly or 
via a wired communication link to a central system of a 
utility provider . In some implementation , when it is deter 
mined that a hot socket condition exists , the processor may 
generate a signal to cause a power switch ( not shown ) to 
disconnect the power line from the building . 
[ 0063 ] It should be appreciated that the specific operations 
illustrated in FIG . 6 provide a particular method for elec 
trical arc detection for electric meter socket connections 
according to an embodiment of the present invention . Other 
sequences of operations may also be performed according to 
alternative embodiments . For example , alternative embodi 
ments of the present invention may perform the operations 
outlined above in a different order . Moreover , the individual 
operations illustrated in FIG . 6 may include multiple sub 
operations that may be performed in various sequences as 

generated . 
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appropriate to the individual operation . Furthermore , addi 
tional operations may be added or removed depending on 
the particular applications . One of ordinary skill in the art 
would recognize many variations , modifications , and alter 
natives . 
[ 0064 ] The method 600 , may be embodied on a non 
transitory computer readable medium , for example , but not 
limited to , the memory 450 or other non - transitory computer 
readable medium known to those of skill in the art , having 
stored therein a program including computer executable 
instructions for making a processor , computer , or other 
programmable device execute the operations of the methods . 
[ 0065 ] In accordance with aspects of the present disclo 
sure , a library of arc detection / vibration signatures may be 
compiled . For example , the processor of the electric meter 
may cause signatures of correlated vibration and arc detec 
tion signals resulting in hot socket detections to be stored , 
for example in the memory 450 , and transmitted to a central 
system of a utility provider for storage in a central library , 
for example on a server of the utility provider . In some 
implementations , the signatures collected and stored in the 
memory of the electric meter may be compared with newly 
obtained vibration and arc detection signals to determine a 
hot socket condition . In some implementations , newly 
obtained vibration and arc detection signals may be trans 
mitted to the central system of the utility provider and 
compared with the signatures stored in the central library to 
determine a hot socket condition . In some implementations , 
signatures may be downloaded from the central library and 
stored in the memory of the electric meter . 
[ 0066 ] The examples and embodiments described herein 
are for illustrative purposes only . Various modifications or 
changes in light thereof will be apparent to persons skilled 
in the art . These are to be included within the spirit and 
purview of this application , and the scope of the appended 
claims , which follow . 
What is claimed is : 
1. A method for electrical arc detection in an electrical 

connection between an electric meter and a socket , the 
method comprising : 

receiving , by a processor of the electric meter , a vibration 
signal from a vibration sensor ; 

receiving , by the processor , an arc detection signal from 
an arc detector ; 

correlating in time , by the processor , the vibration signal 
with the arc detection signal ; and 

determining , by the processor , that an electrical arc is 
detected based on the correlating of the vibration signal 
with the arc detection signal . 

2. The method of claim 1 , wherein the determining that 
the electrical arc is detected comprises determining that a 
correlation of the vibration signal with the arc detection 
signal is sustained for a predetermined period of time . 

3. The method of claim 1 , wherein the vibration signal 
includes a first vibration signal , 

wherein the first vibration signal is a low frequency 
vibration signal caused by a source external to the 
electric meter . 

4. The method of claim 3 , wherein the arc detection signal 
is correlated to a portion of the first vibration signal having 
an amplitude exceeding a value necessary for the first 
vibration signal to sustain the electrical arc . 

5. The method of claim 1 , wherein the vibration signal 
includes a second vibration signal , 

wherein the second vibration signal has a frequency 
different than a frequency of a power line signal . 

6. The method of claim 5 , wherein the second vibration 
signal is caused by initiation and extinguishment of the 
electrical arc at zero crossings of the power line signal . 

7. The method of claim wherein the arc detection signal 
is correlated to the second vibration signal . 

8. The method of claim 1 , wherein : 
the vibration signal comprises a first vibration signal and 

a second vibration signal , 
the first vibration signal is a low frequency vibration 

signal caused by a source external to the electric meter ; 
the second vibration signal has a frequency different than 

a frequency of a power line signal caused by initiation 
and extinguishment of the electrical arc at zero cross 
ings of the power line signal ; and 

the arc detection signal is correlated to a portion of the 
first vibration signal having an amplitude exceeding a 
value necessary for the first vibration signal to sustain 
the electrical arc and to the second vibration signal . 

9. The method of claim 1 , further comprising : 
generating , by the processor , a notification that that the 

electrical arc is detected ; and 
transmitting the notification to a utility provider . 
10. An electric meter , comprising : 
an arc detector configured to detect radio frequency ( RF ) 

emissions generated by an electrical arc ; 
a vibration sensor configured to detect vibrations ; 
a communications module configured to transmit and 

receive communication signals ; 
a memory configured to store executable instructions and 

data ; and 
a processor in communication with the arc detector , the 

vibration sensor , the communications module , and the 
memory , the processor configured to : 
receive a vibration signal from the vibration sensor ; 
receive an arc detection signal from the arc detector ; 
correlate in time the vibration signal with the arc 

detection signal ; and 
determine that the electrical arc is detected based on 

correlating the vibration signal with the arc detection 
signal . 

11. The electric meter of claim 10 , wherein the processor 
is further configured to determine that the electrical arc is 
detected by determining that a correlation of the vibration 
signal with the arc detection signal is sustained for a 
predetermined period of time . 

12. The electric meter of claim 10 , wherein the vibration 
sensor is configured to detect a first vibration signal , wherein 
the first vibration signal is a low frequency vibration signal 
caused by a source external to the electric meter . 

13. The electric meter of claim 12 , wherein the processor 
is further configured to correlate the arc detection signal to 
a portion of the first vibration signal having an amplitude 
exceeding a value necessary for the first vibration signal to 
sustain the electrical arc . 

14. The electric meter of claim 10 , wherein the vibration 
sensor is configured to detect a second vibration signal , 
wherein the second vibration signal has a frequency different 
than a frequency of a power line signal . 

15. The electric meter of claim 14 , wherein the second 
vibration signal is caused by initiation and extinguishment 
of the electrical arc at zero crossings of the power line signal . 
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16. The electric meter of claim 14 , wherein the processor 
is further configured to correlate the arc detection signal to 
the second vibration signal . 

17. The electric meter of claim 10 , wherein the processor 
is further configured to correlate the arc detection signal to 
a portion of a first vibration signal having an amplitude 
exceeding a value necessary for the first vibration signal to 
sustain the electrical arc and a to second vibration signal , 

wherein the first vibration signal is a low frequency 
vibration signal caused by a source external to the 
electric meter , and 

the second vibration signal has a frequency different than 
a frequency of a power line signal caused by initiation 
and extinguishment of the electrical arc at zero cross 
ings of the power line signal . 

18. The electric meter of claim 10 , wherein the processor 
is further configured to generate a notification that the 
electrical arc is detected ; and 

transmit the notification to a utility provider . 
19. A non - transitory computer readable medium having 

stored therein instructions for making one or more proces 

sors execute a method for electrical arc detection in an 
electrical connection between an electric meter and a socket , 
the processor executable instructions comprising instruc 
tions for performing operations including : 

receiving a vibration signal from a vibration sensor ; 
receiving an arc detection signal from an arc detector ; 
correlating in time the vibration signal with the arc 

detection signal ; and 
determining that an electrical arc is detected based on the 

correlating of the vibration signal with the arc detection 
signal . 

20. The non - transitory computer readable medium as 
defined in claim 19 , further comprising instruction for performing operations including : 

determining that the electrical arc is detected comprises 
determining that a correlation of the vibration signal 
with the arc detection signal is sustained for a prede 
termined period of time . 


