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1. 

DC ARC FAULT DETECTION AND 
PROTECTION 

BACKGROUND OF THE INVENTION 

This invention relates to identification of electrical arc 
faults and, more particularly, to methodology for identifying 
the occurrence of DC arc events. 

Conventional electrical systems that utilize electrical wir 
ing, equipment, and related interconnections may degrade 
with time, temperature, moisture, vibration, or other environ 
mental conditions. Degradation of electrical wire insulation, 
for example, can result in electrical events that increase an 
operating temperature of the electrical systemand, in extreme 
conditions, lead to fire. 

Conventional electrical systems typically employ an elec 
trical protection device to protect from such electrical events 
that typically result in relatively large spikes in electric cur 
rent. A thermal circuit breaker, for example, trips to open the 
circuit when the temperature exceeds a predetermined tem 
perature. Alternatively, a solid-state power controller moni 
tors electrical current and trips if the current exceeds a preset 
energy rating. 

Particular electrical events, such as electrical arcing, can be 
inherently low impedance and occur infrequently. This infre 
quent occurrence will prevent a thermal circuit breaker from 
reaching the temperature threshold or a solid-state power 
controller from reaching a preset energy rating. As a result, 
conventional thermal circuit breakers and solid-state power 
controllers typically do not trip when an electric arc occurs, 
even though it is desirable to detect electric arc events for 
purposes such as identifying an electrical problem and pre 
venting the problem from causing additional damage. 

Several electrical protection devices attempt to address 
electric arc detection. An additional hard-wired arc-detecting 
circuit, for example, may be utilized in conjunction with the 
thermal circuit breaker to detect a DC electric arc and initiate 
a trip electro-mechanically. Likewise, an additional hard 
wired arc-detecting circuit may be utilized in conjunction 
with a power controller to detect a DC electric arc and initiate 
a trip. Use of hard-wired circuitry may increase the size and 
weight of the electrical protection device and add expense. 

Alternatively, other devices attempt to provide a “one size 
fits all approach to identifying electrical arc faults. These 
types of devices purport to identify electrical arc events for 
both DC and AC electrical power by comparing electric cur 
rent with known acceptable load currents and generate a fault 
signal if the comparison is undesirable. However, since DC 
and AC electrical power are inherently different, these 
devices and methodologies inherently overlook the differ 
ences between DC and AC in identifying electric arc faults. 
Furthermore, these devices and methodologies lack intelli 
gence capability to disregard transient electrical events, char 
acterize an electrical arc event, or identify an arc event based 
on the DC or AC nature of the electrical current. 

Accordingly, there is a need for a compact, inexpensive, 
and intelligent device and methodology to identify DC elec 
tric arc events. 

SUMMARY OF THE INVENTION 

A method of parallel DC arc event detection according to 
the present invention includes acquiring a signal representing 
DC electrical current. A software module identifies a parallel 
DC arc event when a difference between a maximum signal 
value and a minimum signal value exceeds a threshold. 
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2 
A method of series DC arc fault detection according to the 

present invention includes acquiring a signal representing DC 
electrical current over multiple selected time periods and 
determining an average signal value for each time period. A 
Software module then compares the average signal values to 
each other. If the average signal values differ by more than a 
pre-determined amount, the Software module identifies a 
series DC event. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of this invention will 
become apparent to those skilled in the art from the following 
detailed description of the currently preferred embodiment. 
The drawings that accompany the detailed description can be 
briefly described as follows. 

FIG. 1 schematically illustrates an example of a simplified 
electrical system utilizing a software module that detects DC 
arc faults. 

FIG. 2 illustrates an algorithm utilized by the software 
module of FIG. 1 for acquiring a DC signal. 

FIG. 3 shows an acquired signal and determination of a 
parallel DC arc event. 

FIG. 4 shows an acquired signal and determination of a 
series DC arc event. 

FIG. 5 shows an example algorithm for parallel DC arc 
fault determination. 

FIG. 6 shows an example algorithm for series DC arc fault 
determination. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates selected portions of an example electrical 
system 10 having a solid-state power controller 12 that 
receives DC electrical power from a power source 14. The 
solid-state power controller 12 includes a sensor 18 for sens 
ing the DC electrical current and a solid-state switch 20 for 
selectively switching DC electrical power to a desired load 
16. 
A software module 22 is integrally connected with the 

sensor 18 and the solid-state switch 20. The software module 
22 acquires a signal representing the DC electrical current 
and analyzes the signal to identify occurrences of DC arc 
faults, as will be described below. 
The software module 22 includes a digital counter 25, such 

as an accumulator, and is capable of annunciating the fault 
through a communication interface Such as a serial commu 
nication interface, other known interface, or with an indicator 
27. 

Referring to FIG. 2, the software module 22 acquires the 
signal in a generally known manner, which includes high 
speed signal processing and conditioning shown starting at 
step 24. 

FIG.3 shows parallel DC arc event detection. The software 
module 22 analyzes the signal 30 for both parallel and series 
DC arc events. A parallel DC arc fault refers to a predeter 
mined number of DC arc events within a selected time period. 
A series DC arc event refers to change in average DC electri 
cal current values over several predetermined time periods. 
Multiple DC arc events constitute a DC arc fault. The example 
electrical system 10 (FIG. 1) provides the benefit of utilizing 
a single sensor 18 for both overcurrent protection and arc 
event or fault protection. 

In the illustration, the signal 30 represents the DC electrical 
current magnitude versus time. The software module 22 
monitors the signal 30 over a sliding time period X and 
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identifies a maximum at 32 and a minimum at 34. The Soft 
ware module 22 determines a difference D between the maxi 
mum 32 and the minimum 34, and compares the result to a 
predetermined threshold according to the equation: 

Maximum-Minimum-Threshold 

The software module 22 identifies a DC arc event when the 
result is greater than the predetermined threshold. If a prede 
termined number of DC arc events occur within a selected 
period, the software module 22 concludes that there is a DC 
electrical arc fault and initiates an output action, as described 
below. 

Identifying a DC arc fault through a characteristic Such as 
a maximum and minimum current and counting the number 
of these DC arc events in a selected time period to determine 
whether there is an arc fault, provides the benefit of ignoring 
nuisance and transient spikes in current. Furthermore, this 
avoids identifying arc faults based upon a rate of change of the 
current, which is a drawback with prior devices and method 
ologies that can lead to misidentification of arc faults. Addi 
tionally, the electrical system 10 need not include the conven 
tionally required added circuitry for identification of arc 
faults. 

Identifying a DC arc fault through a characteristic Such as 
a maximum and minimum current and counting the number 
of DC arc events over a selected time period provides for 
identification of DC arc faults and may not be ideally suited 
for AC arc fault identification. Unlike AC electrical power, 
DC electrical power has no regular cycle of changing current 
direction in which an arc typically extinguishes. As a result, 
AC electrical arcing typically occurs over a known current 
cycle, but DC electrical arcing may occur over alonger period 
of time. Therefore, the methodology of detecting DC arcs is 
somewhat different than for detecting AC arcs. Utilizing a 
maximum and minimum current over a selected time period 
may result in misidentification of AC arcs. 
Upon identifying a DC arc event, or alternatively, a prede 

termined number of DC arc events within a time period (i.e., 
an arc fault), the software module 22 selects an output action 
from one of several available output actions. One possible 
output action is to open the solid-state switch 20 to prevent 
DC electrical power from being connected to the load 16. This 
provides the advantage of isolating a DC arc fault down 
stream from the solid-state power controller 12. 

Another possible output action is to send a DC arc event or 
fault signal to the indicator 27 to indicate, for example, to a 
vehicle occupant that there is a potential electrical problem. 
During this time, the solid-state power controller 12 contin 
ues to connect DC electrical power to the load 16; however, 
the indicator 27 indicates a potential electrical problem. 
Alternatively, Software module 22 takes no output action in 
response to detection of the DC arc event or fault. 

Selecting from one of several output actions provides the 
benefit of configuring the electrical system so that each solid 
state power controller responds in a preselected manner to 
detected DC arc events or faults. 

Referring to FIG.4, the software module 22 also integrates 
the signal 30 over time to determine an average signal value 
for series arc event detection in conjunction with the parallel 
arc event detection described above. An average signal value 
is determined over several desired time periods, Y and W for 
example. In the illustration, the software module 22 deter 
mines the average signal value V and an average signal value 
V. The Software module 22 compares the average signal 
value V to the average signal value V. If a difference Z. 
between the average signal value V and the average signal 
value V, exceeds a predetermined threshold, the software 
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4 
module 22 increases a value of the digital counter 25 (FIG. 1). 
If the difference is below the predetermined threshold, the 
software module 22 decreases the value of the digital counter 
25. 

Optionally, a minimum current qualifier can be included to 
prevent nuisance DC arc fault series protection due to very 
Small currents. 

Optionally, the magnitudes of the values that the software 
module increases or decreases the digital counter 25 may be 
made unequal to achieve a fast charge, slow discharge inte 
gration. 
The digital counter 25 exceeding a predetermined thresh 

old represents a series DC arc fault condition. The software 
module 22 identifies a series DC arc fault. The software 
module 22 then selects one of the several output actions, as 
described above. 

Utilizing the software module 22 to identify both parallel 
and series DC arc fault events provides the advantage of 
characterizing electrical problems within the electrical sys 
tem 10. For example, parallel DC arc events often correspond 
to electrical problems within a wire bundle, while series DC 
arc events often correspond to a loose connection. This 
enables the software module 22 to characterize electrical 
problems and respond in a desired manner through one of the 
predefined output actions. 
The software-based methodology described is robust 

enough to maintain DC arc fault monitoring capability if the 
Software becomes corrupted by single event upsets, such as 
bit flipping from cosmic radiation, etc., and does not passively 
fail as long as current is sensed. 

FIG. 5 shows an example algorithm for identifying a par 
allel DC arc fault as described above. Although the example 
shows specific steps, given this description, one of ordinary 
skill in the art might recognize alternative steps to achieve 
parallel DC arc fault detection. 

FIG. 6 shows an example algorithm for detecting a series 
DC arc fault. Although a specific algorithm is shown, given 
this description, one of ordinary skill in the art might recog 
nize alternative steps to achieve series DC arc fault detection. 

Although a preferred embodiment of this invention has 
been disclosed, a worker of ordinary skill in this art would 
recognize that certain modifications would come within the 
Scope of this invention. For that reason, the following claims 
should be studied to determine the true scope and content of 
this invention. 

We claim: 
1. A method of DC arc event detection, comprising: 
(a) acquiring a signal representing DC electrical current 

over a time period; 
(b) determining a first signal value based upon a maximum 

signal value over the time period; 
(c) determining a second signal value based upon a mini 
mum signal value over the time period; and 

(d) defining a DC arc event based at least partially upon the 
first signal value and the second signal value, including 
determining a difference between the first signal value 
and the second signal value, comparing the difference to 
a predetermined threshold signal value, and defining a 
DC arc event in response to the difference exceeding the 
threshold signal value. 

2. The method as recited in claim 1, including (e) com 
manding a solid-state Switch to open in response to defining 
the DC arc event in said step (d). 

3. The method as recited in claim 1, including (e) com 
manding a solid-state Switch to an open state in response to 
defining multiple DC arc events in said step (d). 
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4. The method as recited in claim 1, including (e) main 
taining a solid-state switch in a closed state and providing an 
indication of the DC arc event in response to defining the DC 
arc event or multiple DC arc events in said step (d). 

5. The method as recited in claim 1, wherein said signal of 5 
said step (a) is a DC waveform. 

6. A method of DC arc fault detection, comprising: 
(a) acquiring a signal representing a direct electrical cur 

rent over multiple selected time periods; 
(b) determining a value for each time period in response to 

the signal, wherein the determining of the value is based 
upon an average signal value over one of the multiple 
selected time periods; 

(c) determining a difference between values from different 
time periods; and 

(d) defining a DC are event based at least partially upon the 
difference, including comparing the difference to a pre 
determined threshold signal value and defining a DC are 
event in response to the difference exceeding the thresh 
old signal value. 

7. The method as recited in claim 6, including (e) com 
manding a solid-state Switch to one of an open or closed state 
and providing an indication in response to defining the DC arc 
event or multiple DC arc events in said step (d). 

8. A method of DC are fault detection, comprising: 
(a) acquiring a signal representing a direct electrical cur 

rent over multiple selected time periods: 
(b) determining a value for each time period in response to 

the signal wherein the determining of the value is based 
upon an average signal value over one of the multiple 
selected time periods; 

(c) determining a difference between values from different 
time periods; 

(d) defining a DC arc event based at least partially upon the 
difference; and 

(e) adding a first value to a counter if the difference 
between values exceeds a predetermined threshold. 

9. The method as recited in claim 8, including (f) subtract 
ing a second value that is smaller than the first value from the 
counter if the difference does not exceed the predetermined 
value. 

10. A device for detecting DC are faults comprising: 
a solid-state switch that selectively transmits direct current 

electric power; and 
a software module that acquires a signal representing said 

direct current over a selected time period, determines 
maximum and minimum signal values over the time 
period, determines a difference between the maximum 
and minimum signal values over the time period, com 
pares the difference to a predetermined threshold signal 
value, and defines a DC are event in response to the 
difference exceeding the threshold signal value, wherein 
said software module commands said solid-state switch 
to an open state in response to the DC are event. 
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6 
11. The device as recited in claim 10, wherein said software 

module acquires said signal over multiple selected time peri 
ods and commands said solid-state switch to an open state 
based upon an average signal value for each time period. 

12. The method as recited in claim 10, wherein said signal 
is a DC waveform. 

13. A device for detecting DC are faults comprising: 
a solid-state switch that selectively transmits direct current 

electric power; and a software module that acquires a 
signal representing said direct current over a selected 
time period and determines maximum and minimum 
signal values over the time period, wherein said software 
module commands said solid-state switch to an open 
state based upon said maximum and minimum signal 
values, wherein said software module acquires said sig 
nal over multiple selected time periods and commands 
said solid-state switch to an open state based upon an 
average signal value for each time period, and wherein 
said software module includes a digital counter that 
increases by a first value if a difference between the 
average signal values exceeds a predetermined thresh 
old. 

14. The device as recited in claim 13, wherein said digital 
counter decreases by a second value that is smaller than the 
first value if the difference does not exceed the predetermined 
value. 

15. A method of DC are fault detection, comprising: 
(a) acquiring a signal representing a direct electrical cur 

rent over multiple selected time periods: 
(b) determining a value for each time period in response to 

the signal wherein the determining of the value is based 
upon an average signal value over one of the multiple 
selected time periods: 

(c) determining a difference between values from different 
time periods: and 

(d) defining a DC arc event based at least partially upon the 
difference, including defining said DC are event based at 
least partially upon the difference of said step (c) if the 
values from step (c) are greater than a nuisance thresh 
old. 

16. A device for detecting DC are faults comprising: 
a solid-state switch that selectively transmits direct current 

electric power; and a software module that acquires a 
signal representing said direct current over a selected 
time period and determines maximum and minimum 
signal values over the time period, wherein said software 
module commands said solid-state switch to an open 
state based upon said maximum and minimum signal 
values, wherein said software module commands said 
Solid-state switch to said open state based upon said 
maximum and minimum values if a difference between 
said maximum and minimum values over several time 
periods is greater than a nuisance threshold. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 8,659,856 B2 Page 1 of 1 
APPLICATIONNO. : 11/298.438 
DATED : February 25, 2014 
INVENTOR(S) : Kilroy et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

IN THE CLAIMS: 

Claim 6, column 5, line 16: delete “are and replace with --arc 

Claim 6, column 5, line 18: delete “are and replace with --arc 

Claim 8, column 5, line 25: delete “are and replace with --arc 

Claim 10, column 5, line 42: delete “are and replace with --arc 

Claim 10, column 5, line 51: delete “are and replace with --arc 

Claim 10, column 5, line 54: delete “are and replace with --arc 

Claim 13, column 6, line 8: delete “are and replace with --arc 

Claim 15, column 6, line 27: delete “are and replace with --arc 

Claim 15, column 6, line 37: delete “are and replace with --arc 

Claim 16, column 6, line 41: delete “are and replace with --arc 
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