
(12) STANDARD PATENT (11) Application No. AU 2013392626 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Method to detect arcing faults using switched elements at outlet 

(51) International Patent Classification(s) 
HO2H 3/00 (2006.01) 

(21) Application No: 2013392626 (22) Date of Filing: 2013.06.21 

(87) WIPO No: W014/204485 

(43) Publication Date: 2014.12.24 
(44) Accepted Journal Date: 2018.06.21 

(71) Applicant(s) 
Schneider Electric USA, Inc.  

(72) Inventor(s) 
Beierschmitt, Joseph;Schroeder, Jeremy D.  

(74) Agent / Attorney 
WRAYS PTY LTD, L7 863 Hay St, Perth, WA, 6000, AU 

(56) Related Art 
US 2008/0169824 Al



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2014/204485 Al 
24 December 2014 (24.12.2014) W I P 0 I P C T 

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 
H02H 3/00 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 

DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR, 

PCT/US2013/047037 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 

21 June 2013 (21.06.2013) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, 
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 

(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every 

(71) Applicant: SCHNEIDER ELECTRIC USA, INC. kind of regional protection available): ARIPO (BW, GH, 

[US/US]; 1415 S. Roselle Road, Palatine, Illinois 60067 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 

(US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 

(72) Inventors: BEIERSCHMITT, Joseph; 3455 Cottonwood EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
Lane, Marion, Iowa 52302 (US). SCHROEDER, Jeremy, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
D.; 1300 South Street, Urbana, Iowa 52345 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 

(74) Agents: FILL, Peter, N. et al.; c/o Locke Lord LLP, 3 KM, ML, MR, NE, SN, TD, TG).  

World Financial Center, New York, NY 10281-2101 (US). Published: 

(81) Designated States (unless otherwise indicated, for every - with international search report (Art. 21(3)) 
kind of national protection available): AE, AG, AL, AM, 

(54) Title: METHOD TO DETECT ARCING FAULTS USING SWITCHED ELEMENTS AT OUTLET 

100 

132 
112 

/ 10 

120 128 120 
1030 1 148A 114 148B 116 148C 

Branc Win n 

18 
140 

- ~110 
122 Circuit Breake 

122 

124 126 

14 A146B 146C 
Out et A Outlet B Outlet C 

___ 142 
144 144 144 

144 

(57) Abstract: A system and method to detect arc faults in branch wiring. The system includes a line conductor and a neutral con
ductor. A circuit breaker is connected to an alternating current source via the line and neutral conductors. Electrical outlet devices 
are coupled to the circuit breaker via the line and neutral conductors. Each of the electrical outlet devices has a neutral shorting 
switching element coupled between the line and neutral conductors, and a load control switching element in the line conductor. The 

r4 electrical outlet devices also each include an outlet controller to control the switching elements. The outlet controllers close the neut 
ral shorting switching elements and the master controller determines if high impedance is present to detect a series arc fault. The out 
let controllers open the load control switching elements and the master controller determines if any current is flowing on the line 
conductor to detect a parallel arc fault.
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METHOD TO DETECT ARCING FAULTS USING SWITCHED ELEMENTS AT OUTLET 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to fault detection in an electrical system 

and more specifically to arc fault detection on branch wiring through switched elements at an 

outlet.  

BACKGROUND 

[0001A] Each document, reference, patent application or patent cited in this text is 

expressly incorporated herein in their entirety by reference, which means that it should be 

read and considered by the reader as part of this text. That the document, reference, patent 

application or patent cited in this text is not repeated in this text is merely for reasons of 

conciseness.  

[0001B] Discussion of the background to the invention is intended to facilitate an 

understanding of the present invention only. It should be appreciated that the discussion is not 

an acknowledgement or admission that any of the material referred to was published, known 

or part of the common general knowledge of the person skilled in the art in any jurisdiction as 

at the priority date of the invention.  

[0002] Electrical outlets distribute power via a three socket connector having contacts 

connected to a line conductor, a neutral conductor and ground. Traditional circuit breakers 

protect against current surges or short circuits by detecting an overcurrent from downstream 

electrical outlets connected to branch wiring. The circuit breaker interrupts power via a trip 

mechanism when a current surge or short circuits are detected. Traditional circuit breakers 

cannot detect other faults such as arc faults which may occur in the outlet or wiring to the 

outlets, posing safety hazards. Thus, various other fault detection and protection devices are 

required for safety reasons in relation to electrical power distribution. For example, ground 

fault circuit interrupter (GFCI) outlets have been standard required equipment for a number 

of years. Such devices protect against faults occurring on the ground line. Additional 

protection is desired for other types of faults such as arc faults which occur on the line and 

neutral conductors. For example, arc fault detection is required in the form of an arc fault 

circuit interrupter (AFCI) device in outlets for safety reasons. Such devices detect current arc 

faults on the line and neutral conductors and cut off power before such arcs can cause an 

electrical fire. Such AFCI protected outlets provide protection against arcing thus decreasing



2 

the risk of electrical fires. AFCI devices must analyze arcs to determine whether the arc is a 

result of conventional use of an electrical outlet such as turning on a load device or whether 

the arc is a fault which could threaten to cause a fire.  

[00031 Present AFCI devices perform arc fault detection by running a complicated 

probability based algorithm to detect whether a detected arc event constitutes a series or 

parallel arc fault in branch wiring downstream from the AFCI device. Some non-probability 

(impedance) based arc fault detection algorithms methods exist that require complete 

calibration to the circuit and load in a non-fault condition in memory for comparison with 

sensed values during the AFCI device operation. Algorithms detect any deviation from the 

calibrated values to determine whether an arc fault exists. With a probability based algorithm 

unwanted tripping caused by load incompatibility is an issue since such a load may fall 

outside of the calibrated values but may not be an arc fault. Intense troubleshooting is then 

required to determine if the trip was due to an actual arc fault or load incompatibility.  

[0004] It is against this background that various embodiments described herein have 

been developed.  

SUMMARY 

[0004A] According to a first principal aspect, there is provided a system comprising an 

electrical outlet device to detect branch arc faults, comprising: 

a line conductor; 

a neutral conductor, the line conductor and neutral conductor to provide electrical 

power to a load connected to the electrical outlet device, 

a neutral shorting switching element coupled between the line conductor and the 

neutral conductor having an open position and a closed position, the closed position coupling 

the line conductor to the neutral conductor; 

a load control switching element in the line conductor, the load control switching 

element having an open position and a closed position for controlling current through the line 

conductor, wherein the neutral shorting switching element is in its open position and the load 

control switching element is in its closed position to provide power from the line conductor; 

and 

an outlet controller coupled to the neutral shorting and load control switching 

elements, the outlet controller opening the load control switching element for a current sensor
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upstream of the electrical outlet device to determine whether a current is present on the line 

conductor to detect a parallel arc fault.  

[0004B] Optionally, a voltage sensor is coupled between the line conductor and the 

neutral conductor upstream of the electrical outlet device and wherein the outlet controller 

closes the neutral shorting switching element to detect a series arc fault by determination of 

whether an impedance determined from the sensed voltage and current exceeds a threshold 

value.  

[0004C] Optionally, an upstream circuit breaker is coupled to the line conductor and 

neutral conductor, wherein if a fault is detected, the circuit breaker interrupts power on the 

line conductor.  

[0004D] Optionally, a master controller is coupled to the voltage sensor and current 

sensor in the circuit breaker.  

[0004E] Optionally, the neutral shorting and load control switching elements are placed 

in their open and closed positions by the outlet controller based on a periodic cycle.  

[0004F] Optionally, the frequency of the periodic cycle is a function of the magnitude 

of the current on the line conductor.  

[0004G] Optionally, the neutral shorting and load control switching elements are placed 

in their open and closed positions under the control of the master controller communicating 

with the outlet controller.  

[0004H] Optionally, the master controller is configured to determine the location of the 

series arc fault by being configured to: open the neutral shorting switching element of the 

electrical outlet device, close the neutral shorting switching element of a second electrical 

outlet device and determine whether an impedance from the sensed voltage and current 

exceeds a threshold value.  

[00041] Optionally, the outlet controller is a microcontroller.  

[0004J] Optionally, the neutral shorting and load control switching elements are solid 

state devices.  

[0004K] Optionally, the electrical outlet device comprises a conventional outlet device 

including the line conductor and neutral conductor and the neutral shorting and load control 

switching elements and outlet controller are in a module connected to the conventional outlet 

device.
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[0004L] According to a second principal aspect, there is provided a method of 

determining arc faults downstream from a circuit breaker coupled to an alternating current 

power source via a line conductor and a neutral conductor, comprising: 

opening a load control switching element controlling current through the line 

conductor in a first electrical outlet device downstream from the circuit breaker; 

determining whether current is flowing on the line conductor; 

detecting a parallel arc fault based on whether current is flowing on the line 

conductor; 

closing a neutral shorting switching element in the first electrical outlet device to 

couple the line conductor to the neutral conductor; 

measuring the voltage between the line conductor and the neutral conductor and the 

current flowing on the line conductor to determine an impedance; and 

detecting a series arc fault if the impedance exceeds a threshold value.  

[0004M] Optionally, the method further comprises interrupting the current to the line 

conductor via the circuit breaker when either the parallel arc fault or series arc fault is 

detected.  

[0004N] Optionally, the neutral shorting and load control switching elements are solid 

state devices.  

[00040] Optionally, the method further comprises: 

opening the neutral shorting switching element in the first electrical outlet device; 

closing a neutral shorting switching element in a second electrical outlet device 

downstream from the first electrical outlet device to disconnect the line conductor from a load 

coupled to the second electrical outlet device; 

measuring the voltage between the line conductor and the neutral conductor and the 

current flowing on the line conductor to determine a second impedance; and 

determining the location of a series arc fault based on whether the determined 

impedances exceed the threshold value when the load control switching element of the first 

electrical outlet device is closed or when the load control switching element of the second 

electrical outlet device is closed.  

[0004P] Optionally, the method further comprises opening a load control switching 

element in the second electrical outlet device controlling current through the line conductor in
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the second electrical outlet device simultaneously with opening the load control switching 

element of the first electrical outlet device.  

[0004Q] Optionally, the neutral shorting and load control switching elements are 

opened and closed on a periodic cycle.  

[0004R] Optionally, the neutral shorting and load control switching elements are 

opened and closed under the control of a master controller in the circuit breaker.  

[0004S] According to a third principal aspect, there is provided a system to detect arc 

faults, the system comprising: 

a line conductor; 

a neutral conductor; 

a circuit breaker connected to the line and neutral conductors; 

a plurality of electrical outlet devices each being coupled to the circuit breaker via the 

line and neutral conductors, each of the plurality of electrical outlet devices having a neutral 

shorting switching element coupled between the line and neutral conductors, and a load 

control switching element coupled to the line conductor, the plurality of electrical outlet 

devices each including an outlet controller controlling the neutral shorting and load control 

switching elements, wherein the outlet controller closes the neutral shorting switching 

elements to detect a series arc fault and opens the load control switching element to detect a 

parallel arc fault.  

[0004T] Optionally, the circuit breaker includes a voltage sensor coupled between the 

line conductor and the neutral conductor, a current sensor coupled to the line conductor, and a 

master controller is coupled to the voltage and current sensors.  

[0004U] Optionally, the circuit breaker interrupts power on the line conductor if a 

parallel or series fault is detected.  

[0005] One disclosed example is a system and method of detecting and locating branch 

wiring arc faults using voltage and current measurements at the origin of the branch.  

Switching elements at all branch end use device points such as electrical outlets, electrical 

receptacles, fixed lighting, etc. are used for detection of the arc fault. The detection system 

includes a circuit breaker with current and voltage sensors. The circuit breaker is connected 

to multiple outlets via a line conductor and a neutral conductor. Each of the outlets has line 

and neutral conductors therein and incorporates a neutral shorting switching element between 

the line and neutral conductor and a load control switching element on the line conductor.
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Under normal operation, the neutral shorting switching element is open and the load control 

switching element is closed and thus any load connected to outlet receives power and no 

current will flow through the neutral shorting switching element.  

[00061 The circuit breaker is used in conjunction with the switching elements in the 

outlets which are opened and closed to determine whether series or parallel arc faults exist 

downstream from the circuit breaker. For parallel arc fault detection, the load control 

switching elements of all the outlets are momentarily opened and a current sensor on an 

upstream circuit breaker measures the current. Since all loads have been momentarily 

disconnected, any measured current is the result of a fault current, i.e. current is not 

accounted for and the circuit breaker will open.  

[00071 For series arc fault detection, the neutral shorting switching elements of each 

outlet are momentarily closed and the current sensor and a voltage sensor of the upstream 

circuit breaker measures voltage and current. When the neutral shorting switching element is 

connected between the line and neutral conductor, a low impedance path is formed and the 

circuit breaker can calculate the resulting circuit's impedance. If the impedance is too large, 

a series fault is present and the circuit breaker will open. In addition to providing series fault 

detection, the location of series faults can be approximated by comparing the impedance 

measurements of each outlet.  

[00081 The example electrical system allows detection of series and parallel arc faults 

in branch wiring connecting outlets. The system provides accurate detection of such faults 

thereby eliminating the need of probability based algorithms for arc fault detection in branch 

wiring. The present system does not require any calibration with circuit or loads for such an 

algorithm. The system allows for the determination of the location of a series arc fault.  

Finally, because the arc faults are detected using actual measurements, the probability of false 

tripping is reduced.  

[0008A] In view of the above, embodiments described herein may operate to provide an 

AFCI device that detects arcing conditions with impedance measurement thus eliminating or 

reducing the need for a probability based algorithm and the associated troubleshooting 

between actual faults in branch wiring and potential load incompatibility; a system for arc 

detection using impedance measurement without the need for complete circuit calibration; an 

AFCI system that allows a user to detect the particular location of a series fault; and/or an 

AFCI system that allows a user to detect parallel arc faults.
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[0009] Additional aspects will be apparent to those of ordinary skill in the art in view of the 

detailed description of various embodiments, which is made with reference to the drawings, a 

brief description of which is provided below.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and other advantages of the invention will become apparent upon 

reading the following detailed description and upon reference to the drawings.  

[0011] FIG. 1 is a circuit diagram of an arc fault protection system for electrical outlets; 

[0012] FIG. 2 is a circuit diagram showing the location of representative arc faults 

detected by the arc fault protection system in FIG. 1; 

[0013] FIG. 3 is a state table for the process of detecting arc faults using the arc fault 

protection system in FIG. 1; and 

[0014] FIG. 4 is a flow diagram of the control algorithm executed by the controller to 

detect arc faults.  

[0015] While the invention is susceptible to various modifications and alternative forms, 

specific embodiments have been shown by way of example in the drawings and will be 

described in detail herein. It should be understood, however, that the invention is not 

intended to be limited to the particular forms disclosed. Rather, the invention is to cover all 

modifications, equivalents, and alternatives falling within the spirit and scope of the invention 

as defined by the appended claims.  

DETAILED DESCRIPTION 

[00161 On example disclosed is an electrical outlet device to detect branch arc faults.  

The electrical outlet device includes a line conductor and a neutral conductor. The line 

conductor and neutral conductor provide electrical power to a load connected to the electrical 

outlet device. A neutral shorting switching element is coupled between the line conductor 

and the neutral conductor. The neutral shorting element has an open position and a closed 

position, the closed position coupling the line conductor to the neutral conductor. A load 

control switching element is connected to the line conductor. The load control switching 

element has an open position and a closed position for controlling current through the line 

conductor. The neutral shorting switching element is in the open position and the load 

control switching element is in the closed position to provide power from the line conductor.
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An outlet controller is coupled to the switching elements. The outlet controller opens the 

load control switching element for a current sensor upstream of the electrical outlet device to 

determine whether a current is present on the line conductor to detect a parallel arc fault.  

[00171 Another example is a method of determining arc faults downstream from a 

circuit breaker coupled to an alternating current power source via a line conductor and a 

neutral conductor. A load control switching element controlling current through the line 

conductor in a first outlet device downstream from the circuit breaker is opened. It is 

determined whether current is flowing on the line conductor. A parallel arc fault is detected 

based on whether current is flowing on the line conductor. A neutral shorting switching 

element in the first electrical outlet device is closed to couple the line conductor to the neutral 

conductor. The voltage between the line conductor and the neutral conductor is measured 

and the current flowing on the line conductor is measured to determine an impedance. A 

series arc fault is detected if the impedance exceeds a threshold value.  

[00181 Another example is a system to detect arc faults. The system includes a line 

conductor and a neutral conductor. A circuit breaker is connected to the line and neutral 

conductors. A plurality of electrical outlet devices are each coupled to the circuit breaker via 

the line and neutral conductors. Each of the plurality of electrical outlet devices has a neutral 

shorting switching element coupled between the line and neutral conductors, and a load 

control switching element coupled to the line conductor. Each of the electrical outlet devices 

includes an outlet controller controlling the switching elements. The outlet controller closes 

the neutral shorting switching elements to detect a series arc fault and opens the load control 

switching element to detect a parallel arc fault.  

[0019] FIG. 1 shows an arc fault detection system 100. The system 100 includes an AC 

power source 110 which may be a conventional 15-20 Amp power line to a building such as a 

residence. The arc fault detection system 100 includes a circuit breaker unit 112 and a series 

of downstream electrical outlets 114, 116 and 118 connected through branch wiring. Of 

course it is to be understood that there may be any number of outlets similar to the outlets 

114, 116 and 118 in the system 100. In this example, the outlets 114, 116 and 118 are 

conventional three-prong power outlets which provide power when a load device is 

connected (plugged in). However, any electrical outlet device powered through the branch 

wiring may utilize the arc fault detection system 100. Additional electrical outlet devices 

besides the three-prong power outlets such as the outlet 114 may include electrical switches,
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electrical receptacles, lighting devices, etc. As is understood, the circuit breaker unit 112 is 

used to protect against short circuits and other overload situations from the outlets 114, 116 

and 118 by interrupting power to the outlets in a case of an abnormal situation such as 

excessive current.  

[0020] A line conductor 120 which may serve as the branch wiring couples the AC 

power source 110 to the circuit breaker unit 112 and the outlets 114, 116 and 118. A neutral 

conductor 122 also couples the AC power source 110 to the circuit breaker unit 112 and the 

outlets 114, 116 and 118. A ground line also couples the circuit breaker unit 112 to the 

outlets 114, 116 and 118.  

[0021] The circuit breaker unit 112 includes conventional overcurrent detection 

capabilities as well as arc fault detection based on switching elements in the outlets 114, 116 

and 118 as will be explained below. The circuit breaker unit 112 includes a trip controller 

124, a master controller 126, a current sensor 128 and a voltage sensor 130. The trip 

controller 124 controls a trip mechanism 132 which when activated interrupts the flow of 

power in the line conductor 120. The trip mechanism 132 may be a relay through which 

power flows when the relay is closed and interrupts power when the relay is open. Of course 

other trip mechanisms may be used.  

[0022] The current sensor 128 is coupled to sense current on the line conductor 120 and 

provide an output signal representative of the detected current on the line conductor 120 to 

the master controller 126. The voltage sensor 130 is coupled between the line conductor 120 

and the neutral conductor 122 to provide the voltage between the line and neutral conductors 

120 and 122. The voltage sensor 130 provides an output signal representative of the detected 

voltage between the line conductor 120 and neutral conductor 122 to the master controller 

126. The master controller 126 uses the detected current and voltage to determine whether an 

overcurrent condition exists and controls the trip controller 124 to trigger the trip mechanism 

132 when an abnormal condition is detected.  

[0023] As will be explained below, each of the outlets 114, 116 and 118 in combination 

with the circuit breaker unit 112 provide arc fault detection and protection. For explanation 

purposes, attention is directed toward the outlet 114, although the outlets 116 and 118 operate 

in the same manner and contain identical components. The outlet 114 includes two electrical 

socket interfaces 140 and 142 which include three pronged sockets for electrical connection 

of a load device to the line conductor 120, neutral conductor 122 and ground. An outlet
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controller 144 controls the open and closed position of a neutral shorting switching element 

146A and a load control switching element 148A. In this example, the switching elements 

146A and 148A are solid state switches, although other either mechanical or solid state 

switching devices such as transistors, IGFETs, MOSFETS, etc. may be used. The neutral 

shorting switching element 146A is coupled between the line conductor 120 and the neutral 

conductor 122. When the neutral shorting switching element 146A is in a closed position, a 

connection is made between the line conductor 120 and the neutral conductor 122. Normally, 

the neutral shorting switching element 146A is in an open position to allow current to flow 

through a connected load device. The load control switching element 148A is coupled 

between the socket interfaces 140 and 142 to the line conductor 120. Thus, when the outlet 

114 is operating normally, the load control switching element 148A is closed providing 

power to the socket interfaces 140 and 142 from the line conductor 120.  

[0024] As shown in FIG. 1, the outlet 116 includes a similar neutral shorting switching 

element 146B coupled between the line conductor 120 and the neutral conductor 122. The 

outlet 116 also includes a load control switching element 148B on the line conductor 120 

providing power to the socket interfaces 140 and 142. The outlet 116 includes a similar 

neutral shorting switching element 146C coupled between the line conductor 120 and the 

neutral conductor 122. The outlet 116 also includes a load control switching element 148C 

on the line conductor 120 providing power to the socket interfaces 140 and 142.  

[0025] As will be explained in reference to FIG. 2, the system 100 performs arc fault 

detection and protection by opening and closing the switching elements 146A-C and 148A-C.  

Under normal operation, the neutral shorting switching elements 146A-C are open and the 

load control switching elements 148A-C are closed and thus current flows through any loads 

connected to any of the outlets 114, 116 and 118. No current will flow through the neutral 

shorting switching elements 146A-C under normal operating conditions. FIG. 2 shows 

common branch wiring fault conditions including an open current fault 200, a series arc fault 

202 and a parallel arc fault 204 that may occur on the system 100. The circuit breaker unit 

112 detects when an open conductor fault 200 exists on the line conductor 120 which results 

in no current being detected by the master controller 126. The master controller 126 then 

activates the trip controller 124 to open the trip mechanism 132 to interrupt current flow on 

the line conductor 120.
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[00261 The parallel arc fault 204 may occur when an arc occurs between the line 

conductor 120 and the neutral conductor 122. Such an arc creates resistance by providing a 

path for current between the line conductor 120 and the neutral conductor 122. For parallel 

arc fault detection, the load control switching elements 148A-C of all outlets such as the 

outlets 114, 116 and 118 are momentarily opened and the upstream circuit breaker unit 112 

measures the current on the line conductor 120 from the current sensor 128. Since all loads 

plugged into the outlets 114, 116 and 118 have been momentarily disconnected, any 

measured current is a fault current, i.e. current is not accounted for, and the master controller 

126 of the circuit breaker unit 112 causes the trip mechanism 132 to open.  

[00271 The series arc fault 202 may occur when an arc occurs on either the line 

conductor 120 or the neutral conductor 122. For series arc fault detection, the neutral 

shorting switching element 146A-C of each outlet 114, 116 and 118 is momentarily closed in 

sequence causing the line conductor 120 to be electrically connected to the neutral conductor 

122. The upstream circuit breaker unit 112 measures current and voltage via the current and 

voltage sensors 128 and 130. When the neutral shorting switching elements 146A-C are 

individually closed, an electrical connection between the line and neutral conductors 120 and 

122 forming a low impedance path through the respective outlet 114, 116, or 118. The 

master controller 126 of the circuit breaker unit 112 may calculate the resulting circuit's 

impedance from the measured current and voltage from the current and voltage sensors 128 

and 130. If the circuit impedance is too large, a series arc fault is present such as the series 

arc fault 202 in FIG. 2 and the master controller 126 causes the trip mechanism 132 to open.  

[0028] The switching of the neutral shorting switching elements 146A-C and the load 

control switching elements 148A-C occurs at a rate fast enough as to not affect load operation 

and the amount of time the switching elements interrupt power is short enough not to effect 

load operation. The switching elements 146A-C and 148A-C are controlled to open and 

close by the specific outlet controller such as the outlet controller 144 of the outlet 114.  

Alternatively, the outlet controller 144 may be in communication with the master controller 

126 of the circuit breaker unit 112 and thus the control of the switching elements 146A-C and 

148A-C may be centralized. In this example, the switching cycle for the switching elements 

146A-C and 148A-C occurs at a frequency of once per second. Of course with higher current 

levels, a shorter frequency of time for a cycle such once per 60ms may be used. The duration
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of each of the switching states is in the range of 1 ms in this example in order to insure that 

load operation is not interrupted.  

[0029] FIG. 3 is a state table showing the various states of the neutral shorting switching 

elements 146A-C and the load control switching elements 148A-C in the periodic arc 

detection cycle performed by the system 100 in FIG. 1. In the first part of the cycle, parallel 

arc faults are determined by opening all of the neutral shorting switching elements 146A-C 

and the load control switching elements 148A-C. The circuit breaker unit 112 determines 

whether any current is present on the line conductor 120 which indicates that a parallel arc 

fault such as the parallel arc fault 204 in FIG. 2 exists and triggers the trip mechanism 132 

when the arc fault is detected.  

[00301 The system then checks each outlet 114, 116 and 118 for series arc faults.  

During these subsequent checks, the load control switching elements 148A-C remain open.  

The neutral shorting switching element 146A is closed while the other two neutral shorting 

switching elements 146B-C remain open in order to determine whether a series arc fault 

exists upstream of the outlet 114. The circuit breaker unit 112 determines whether the 

calculated impedance from the measured voltage and current from the line conductor 120 

exceeds a predetermined threshold value indicating a series arc fault upstream of the outlet 

114. If such a fault is detected, the circuit breaker unit 112 trips the trip mechanism 132. The 

neutral shorting switching element 146B is then closed while the neutral shorting switching 

elements 146A and 146C are open in order to determine whether a series arc fault exists 

between the outlets 114 and 116. The circuit breaker unit 112 determines whether the 

calculated impedance from the measured voltage and current from the line conductor 120 

exceeds a predetermined threshold value indicating a series arc fault between the outlet 114 

and the outlet 116. If such a fault is detected, the circuit breaker unit 112 trips the trip 

mechanism 132. The neutral shorting switching element 146C is then closed while the 

neutral switching elements 146A and 146B are open in order to determine whether a series 

arc fault exists between the outlets 116 and 118. The circuit breaker unit 112 determines 

whether the calculated impedance from the measured voltage and current from the line 

conductor 120 exceeds a predetermined threshold value indicating a series arc fault between 

the outlet 116 and the outlet 118. If such a fault is detected, the circuit breaker unit 112 trips 

the trip mechanism 132.
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[00311 Thus, in addition to providing fault detection, the location of series arc faults can 

be approximated by comparing the impedance measurements of each outlet 114, 116 and 118 

as the load control switching elements 148A-C are switched on and off in sequence. For 

example, in the case of a series fault such as the series arc fault 202 shown in FIG. 2 which 

occurs on the branch wiring between the outlets 114 and 116, when the neutral shorting 

switching element 146A is closed, the master controller 126 of the circuit breaker unit 112 

will not sense a high voltage and therefore the calculated impedance will be low and within 

acceptable parameters. When the neutral shorting switching element 146B is closed, the 

master controller 126 of the circuit breaker unit 112, will sense a higher voltage drop based 

on the occurrence of the series arc fault 202 and the resulting calculated impedance will be 

higher than acceptable parameters. In this manner, it is determined that the series arc fault 

202 occurs between the outlets 114 and 116.  

[0032] The incorporation of the neutral shorting switching elements 146A-C and the 

load control switching elements 148A-C within an electrical outlet allows for coordinated arc 

fault protection between the outlets and the circuit breaker unit 112. The circuit breaker unit 

112 is coordinated with the operation of the neutral shorting switching elements 146A-C and 

load control switching elements 148A-C in all coupled outlets for the purpose of detecting 

branch arcing faults. Alternatively, the neutral shorting switching element and the load 

control switching element and a controller similar to the outlet controller 222 in FIG. 2 for 

controlling the switching elements may be part of a modular unit that may be connected to a 

conventional three prong electrical outlet or other existing electrical outlet devices to provide 

arc fault protection based on the process described above.  

[00331 The load control switching elements 148A-C may also provide user load control 

at the respective outlets 114, 116 or 118 since the power to the outlet may be interrupted by 

opening the respective load control switching elements 148A-C. The neutral shorting 

switching elements 146A-C and load control switching 148A-C may be controlled strictly off 

line by frequency timing and thus no control communication between the outlet controllers 

144 of the outlets and master controller 126 of the circuit breaker unit 112 is necessary. Zero 

crossings of the power signal on the line conductor 120 could be used to synchronize all 

outlets such as the outlets 114, 116 and 118 to open and close the respective switching 

elements 146A-C and 148A-C.



14 

[00341 Alternatively, the master controller 126 of the circuit breaker 112 may serve as a 

switch controller to all the outlet controllers 144 on the outlets 114, 116 and 118.  

Communications could occur via wired connections, wireless communication or a power line 

carrier to designate the sequence of closing the switching elements on each of the outlets 114, 

116 and 118.  

[00351 The advantages of the system 100 include performing fault detection in branch 

wiring while avoiding the use of probabilistic detection algorithms since a definitive 

measurement of voltage and current is provided at the circuit breaker unit 112. The system 

100 results in better arc fault detection with better nuisance tripping avoidance than a 

probabilistic detection algorithm. The system may be incorporated in "Efficient Homes" 

applications since it allows informing customers of a voltage drop at end use devices and 

enhanced load control based on series arc fault detection at the specific outlet from the 

neutral shorting switching elements at each outlet. The system could also be used as a 

troubleshooting tool informing a user of arc fault locations.  

[00361 The controllers 126 and 144 may be a microprocessor, a processor, an 

application specific integrated circuit (ASIC), a programmable logic controller (PLC), a 

programmable logic device (PLD), a field programmable logic device (FPLD), a field 

programmable gate array (FPGA), discrete logic, etc. or any other similar device. The 

controllers 126 and 144 may include a memory (not shown), which may include hardware, 

firmware, or tangible machine-readable storage media that store instructions and data for 

performing the operations described herein. Machine-readable storage media includes any 

mechanism that stores information and provides the information in a form readable by a 

machine. For example, machine-readable storage media includes read only memory (ROM), 

random access memory (RAM), magnetic disk storage media, optical storage media, flash 

memory, etc.  

[00371 The operation of the example decision algorithm to detect and protect against an 

arc fault will now be described with reference to FIGs. 1-3 in conjunction with the flow 

diagram shown in FIG. 4. The flow diagram in FIG. 4 is representative of example machine

readable instructions for implementing the processes described above to detect and protect 

against arc faults. In this example, the machine readable instructions comprise an algorithm 

for execution by: (a) a processor, (b) a controller, or (c) one or more other suitable processing 

device(s). The algorithm can be embodied in software stored on tangible media such as, for
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example, a flash memory, a CD-ROM, a floppy disk, a hard drive, a digital video (versatile) 

disk (DVD), or other memory devices, but persons of ordinary skill in the art will readily 

appreciate that the entire algorithm and/or parts thereof could alternatively be executed by a 

device other than a processor and/or embodied in firmware or dedicated hardware in an 

existing manner (e.g., it may be implemented by an application specific integrated circuit 

(ASIC), a programmable logic device (PLD), a field programmable logic device (FPLD), a 

field programmable gate array (FPGA), discrete logic, etc.). For example, any or all of the 

components of the controllers 126 and 144 in FIG. 1 could be implemented by software, 

hardware, and/or firmware. Further, although the example algorithm is described with 

reference to the flowchart illustrated in FIG. 4, persons of ordinary skill in the art will readily 

appreciate that other methods of implementing the example machine readable instructions 

might alternatively be used. For example, the order of execution of the blocks can be 

changed, and/or some of the blocks described can be changed, eliminated, or combined.  

[0038] The algorithm in FIG. 4 is performed sequentially on a continual basis in the 

system 100 to check for occurrences of arc faults on branch wiring. The algorithm may be 

run by the master controller 126 alone in the circuit breaker unit 112 or in conjunction with 

the controllers 144 in the outlets 114, 116 and 118. The algorithm first opens the load control 

switching elements 148A-C of the outlets 114, 116 and 118 in FIG. 1 (400). The master 

controller 126 then measures the current from the current sensor 128 (402). If current is 

detected indicating a parallel arc fault, the controller 144 causes the trip mechanism 132 to be 

activated (406). If no current is detected, the algorithm proceeds to close the neutral shorting 

switching element 146A on a first outlet such as the outlet 114 (408).  

[00391 The master controller 126 measures current from the current sensor 128 and 

voltage from the voltage sensor 130 (410). The master controller 126 calculates the 

impedance from the measured current and voltage (412). The master controller 126 then 

determines whether the impedance is high enough to exceed a threshold value indicating a 

series arc fault (414). If the calculated impedance is high enough, the master controller 126 

causes the trip mechanism 132 to be activated (406). If the impedance is low, the master 

controller 126 determines whether every outlet downstream from the circuit breaker unit 112 

has been checked (418). If there are no outlets remaining, the algorithm finishes. If there are 

additional outlets, the master controller 126 opens the previous shorting switching element 

and opens the shorting switching element of the next outlet such as the outlet 116 (408). The
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master controller 126 then proceeds to determine the impedance and thereby checks for 

additional series arc faults for each outlet downstream.  

[0040] While the present invention has been described with reference to one or more 

particular embodiments, those skilled in the art will recognize that many changes can be 

made thereto without departing from the spirit and scope of the present invention. Each of 

these embodiments and obvious variations thereof is contemplated as falling within the spirit 

and scope of the claimed invention, which is set forth in the following claims.  

[0041] Throughout the specification and the claims that follow, unless the context 

requires otherwise, the word "comprise" or variations such as "comprises" or "comprising", 

will be understood to imply the inclusion of a stated integer or group of integers but not the 

exclusion of any other integer or group of integers.  

[0042] Furthermore, throughout the specification and the claims that follow, unless 

the context requires otherwise, the word "include" or variations such as "includes" or 

"including", will be understood to imply the inclusion of a stated integer or group of integers 

but not the exclusion of any other integer or group of integers.
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The claims defining the invention are as follows: 

What is claimed is: 

1. A system comprising an electrical outlet device to detect branch arc faults, 

comprising: 

a line conductor; 

a neutral conductor, the line conductor and neutral conductor to provide electrical 

power to a load connected to the electrical outlet device, 

a neutral shorting switching element coupled between the line conductor and the 

neutral conductor having an open position and a closed position, the closed position coupling 

the line conductor to the neutral conductor; 

a load control switching element in the line conductor, the load control switching 

element having an open position and a closed position for controlling current through the line 

conductor, wherein the neutral shorting switching element is in its open position and the load 

control switching element is in its closed position to provide power from the line conductor; 

and 

an outlet controller coupled to the neutral shorting and load control switching 

elements, the outlet controller opening the load control switching element for a current sensor 

upstream of the electrical outlet device to determine whether a current is present on the line 

conductor to detect a parallel arc fault.  

2. The system of claim 1, wherein a voltage sensor is coupled between the line 

conductor and the neutral conductor upstream of the electrical outlet device and wherein the 

outlet controller closes the neutral shorting switching element to detect a series arc fault by 

determination of whether an impedance determined from the sensed voltage and current 

exceeds a threshold value.  

3. The system of claim 2, wherein an upstream circuit breaker is coupled to the 

line conductor and neutral conductor, wherein if a fault is detected, the circuit breaker 

interrupts power on the line conductor.  

4. The system of claim 3, wherein a master controller is coupled to the voltage 

sensor and current sensor in the circuit breaker.
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5. The system of any one of claims 2 to 4, wherein the neutral shorting and load 

control switching elements are placed in their open and closed positions by the outlet 

controller based on a periodic cycle.  

6. The system of claim 5, wherein the frequency of the periodic cycle is a 

function of the magnitude of the current on the line conductor.  

7. The system of any one of the preceding claims when dependent on claim 4, 

wherein the neutral shorting and load control switching elements are placed in their open and 

closed positions under the control of the master controller communicating with the outlet 

controller.  

8. The system of any one of the preceding claims when dependent on claim 4, 

wherein the master controller is configured to determine the location of the series arc fault by 

being configured to: open the neutral shorting switching element of the electrical outlet 

device, 

close the neutral shorting switching element of a second electrical outlet device and 

determine whether an impedance from the sensed voltage and current exceeds a threshold 

value.  

9. The system of any one of the preceding claims, wherein the outlet controller is 

a microcontroller.  

10. The system of any one of the preceding claims, wherein the neutral shorting 

and load control switching elements are solid state devices.  

11. The system of any one of the preceding claims, wherein the electrical outlet 

device comprises a conventional outlet device including the line conductor and neutral 

conductor and the neutral shorting and load control switching elements and outlet controller 

are in a module connected to the conventional outlet device.  

12. A method of determining arc faults downstream from a circuit breaker coupled 

to an alternating current power source via a line conductor and a neutral conductor, 

comprising: 

opening a load control switching element controlling current through the line 

conductor in a first electrical outlet device downstream from the circuit breaker; 

determining whether current is flowing on the line conductor; 

detecting a parallel arc fault based on whether current is flowing on the line 

conductor;
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closing a neutral shorting switching element in the first electrical outlet device to 

couple the line conductor to the neutral conductor; 

measuring the voltage between the line conductor and the neutral conductor and the 

current flowing on the line conductor to determine an impedance; and 

detecting a series arc fault if the impedance exceeds a threshold value.  

13. The method of claim 12, further comprising interrupting the current to the line 

conductor via the circuit breaker when either the parallel arc fault or series arc fault is 

detected.  

14. The method of claim 12 or claim 13, wherein the neutral shorting and load 

control switching elements are solid state devices.  

15. The method of any one of claims 12 to 14, further comprising: 

opening the neutral shorting switching element in the first electrical outlet device; 

closing a neutral shorting switching element in a second electrical outlet device 

downstream from the first electrical outlet device to disconnect the line conductor from a load 

coupled to the second electrical outlet device; 

measuring the voltage between the line conductor and the neutral conductor and the 

current flowing on the line conductor to determine a second impedance; and 

determining the location of a series arc fault based on whether the determined 

impedances exceed the threshold value when the load control switching element of the first 

electrical outlet device is closed or when the load control switching element of the second 

electrical outlet device is closed.  

16. The method of claim 15, further comprising opening a load control switching 

element in the second electrical outlet device controlling current through the line conductor in 

the second electrical outlet device simultaneously with opening the load control switching 

element of the first electrical outlet device.  

17. The method of any one of claims 12 to 16, wherein the neutral shorting and 

load control switching elements are opened and closed on a periodic cycle.  

18. The method of any one of claims 12 to 17, wherein the neutral shorting and 

load control switching elements are opened and closed under the control of a master 

controller in the circuit breaker.  

19. A system to detect arc faults, the system comprising: 

a line conductor;
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a neutral conductor; 

a circuit breaker connected to the line and neutral conductors; 

a plurality of electrical outlet devices each being coupled to the circuit breaker via the 

line and neutral conductors, each of the plurality of electrical outlet devices having a neutral 

shorting switching element coupled between the line and neutral conductors, and a load 

control switching element coupled to the line conductor, the plurality of electrical outlet 

devices each including an outlet controller controlling the neutral shorting and load control 

switching elements, wherein the outlet controller closes the neutral shorting switching 

elements to detect a series arc fault and opens the load control switching element to detect a 

parallel arc fault.  

20. The system of claim 19, wherein the circuit breaker includes a voltage sensor 

coupled between the line conductor and the neutral conductor, a current sensor coupled to the 

line conductor, and a master controller is coupled to the voltage and current sensors.  

21. The system of claim 19 or claim 20, wherein the circuit breaker interrupts 

power on the line conductor if a parallel or series fault is detected.
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