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ABSTRACT 

A method of detecting an electrical arc arising in a 

solar modular array; said method comprising 
5 

a. Monitoring for a time-varying electrical signal 

appearing in said array 

b. Filtering from said time-varying electrical 

signal a predetermined frequency range of said 

10 time varying signal thereby to provide a sensed 

time varying signal 

c. Setting an alarm condition when said sensed time 

varying signal contains frequency components in 

said predetermined frequency range which vary in 

15 a predetermined magnitude from reference 

frequency components in said predetermined 

frequency range
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ARC DETECTION IN PHOTOVOLTAIC DC CIRCUITS 

The present invention relates to DC circuits and, more 

particularly to the detection of arcing in solar panel 

electrical circuitry.  

BACKGROUND 

Conventionally, arc detection in electronic circuits 

has relied on monitoring and evaluating anomalous high 

frequency signals in these circuits. While detection of 

10 characteristic high frequencies has appeared to work 

particularly in AC circuits, the method is difficult to use 

and is less effective in DC circuits, and particularly so 

in DC circuits of solar panels 

It is an object of the present invention to address or 

15 at least ameliorate some of the above disadvantages.  

Notes 

1. The term "comprising" (and grammatical variations 

thereof) is used in this specification in the inclusive 

20 sense of "having" or "including", and not in the 

exclusive sense of "consisting only of".  

2. The above discussion of the prior art in the Background 

of the invention, is not an admission that any 

information discussed therein is citable prior art or 

25 part of the common general knowledge of persons skilled 

in the art in any country.
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BRIEF DESCRIPTION OF INVENTION 

Accordingly, in one broad form of the invention there is 

provided a method of detecting an electrical arc arising in 

5 a solar modular array; said method comprising 

a. Monitoring for a time-varying electrical signal 

appearing in said array 

b. Filtering from said time-varying electrical 

signal a predetermined frequency range of said 

10 time varying signal thereby to provide a sensed 

time varying signal 

c. Setting an alarm condition when said sensed time 

varying signal contains frequency components in 

said predetermined frequency range which vary in 

15 a predetermined magnitude from reference 

frequency components in said predetermined 

frequency range 

Preferably said predetermined frequency range is a low 

frequency range.  

20 Preferably said predetermined frequency range lies in the 

range 10 Hz to 1000 Hz.  

Preferably said low frequency range lies in the range 80 Hz 

to 150 Hz.



Preferably the amplitude of said frequency components vary 

proportionally to the length of an arc occurring as a fault 

condition in said array.  

In a further broad form of the invention there is provided 

5 a method of detecting arcing in a DC circuit; said method 

includes the step of monitoring an anomalous signal within 

a predetermined low frequency range within said circuit.  

Preferably said low frequency range lies between 70 and 

90HZ.  

10 Preferably said low frequency range lies between 90 and 

110HZ.  

Preferably said low frequency range lies between 110 and 

150HZ.  

In yet a further broad form of the invention there is 

15 provided an apparatus for detecting arcing in a DC circuit 

of a photovoltaic array; said apparatus including; 

(a) a signal discriminator module, 

(b) a signal conditioning module, 

(c) an alarm level comparator module, 

20 (d) an alarm circuit, and 

wherein a detected low frequency signal in said circuit 

between 80 and 150HZ triggers an alarm condition.
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BRIEF DESCRXPTXON OF DRAWINGS 

Embodiments of the present invention will now be 

described with reference to the accompanying drawings 

5 wherein: 

Figure 1 is a perspective view of an exemplary solar 

panel installation on the roof of a dwelling as has now 

become common in at least the developed world to which 

embodiments of the present invention may be applied, 

10 F'igure 2 is an exemplary solar module array 

interconnection schematic diagram indicating a typical 

interconnection arrangement as may be utilised in the array 

of Figure 1, 

Figure 3 is a block diagram of a DC arc detector in 

15 accordance with a first preferred embodiment of the present 

invention suitable for use with the arrangement of Figure 

2.  

20 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

With reference to Fig. 1 a photovoltaic array of solar 

panels 10 is typically mounted to a roof or other 

supporting surface 12. The Direct Current (DC) generated by 

25 the array may be fed to a battery storage system (not
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shown) or fed directly through appropriate metering and 

DC/AC inversion, to a mains electricity grid.  

With reference to Figure 2, a solar module 20 is 

illustrated in schematic form comprising, in this instance, 

5 a plurality of solar modules 21 connected in series 

groupings 22, 23, 24 (in order to provide the required 

voltage) and thence connected in parallel to positive bus 

25 and negative bus 26 as illustrated (to provide the 

required current capacity). Individual modules deliver 

10 voltage around 30 volts and a maximum current of around 5 

amps in best lighting conditions. As previously stated, the 

current delivery capacity, particularly of the individual 

modules has a defined upper limit (the effect of internal 

resistance is quite high) with the behavioural result that 

15 even under fault conditions where the module is feeding 

into a short circuit the current output is severely limited 

but may well be enough to cause sufficient heating to 

create a fire hazard whilst not being sufficient to cause 

fuses or like conventional circuit over current protection 

20 to trip or blow.  

It is important from both a safety aspect as well as 

efficiency, that any arcing in the DC circuit is detected 

as soon as possible and an alarm condition generated.  

Arcing may of course lead to a dangerous fire condition.  

25 When an arc is present in the circuit, the voltage is 

typically between 100 and 500V DC. Should an arc develop,



the panels will continue to generate the voltage and 

current needed to maintain the arc indefinitely while the 

panels are exposed to sunlight. The danger then lies in the 

possible breakage of the wiring at the arc, leading to a 

5 potential fire ignition condition.  

Experimentation by the present applicants has shown 

that an arcing condition in such a circuit is indicated if 

a low frequency component is superimposed on the high 

voltage current of the DC supply. These experiments have 

10 further shown that this low frequency signal generally lies 

between 80 and 150HZ. Moreover, it can be shown that the 

frequency varies in proportion (though not linearly) with 

the length of the arc.  

It is noted that the nature of an arc in the circuit 

15 of a photovoltaic array differs from that of an arc 

condition in a normal DC circuit. This difference stems 

from the fact that the current is substantially constant 

(given a substantially constant sunlight level). By 

contrast, in normal DC circuits, when an arc condition 

20 develops, from the moment the arcing commences, the current 

rises as the arc reduces the impedance in the circuit.  

This difference in the arc characteristic and the 

associated low frequency system has allowed the design of a 

monitoring system specific to photovoltaic panels.  

25 Figure 3 illustrates in schematic diagram form a DC 

arc detector circuit 30 in accordance with a first
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embodiment of the present invention. The detector 30 is 

arranged, in this instance, to connect across the positive 

bus 25 and the negative bus 26 (refer Figure 2) . It may 

also be arranged to connect across a portion of circuit 

5 containing solar modules in respect of which it is desired 

to detect an internal arcing condition or the like. The 

detector 30 expects to receive a time varying electrical 

signal 31 appearing on the bus 25, 26. The high frequency 

portions of signal 31 are filtered thereof via high 

10 frequency bypass filter 32. The relatively low frequency 

portions thereof are passed via low pass filter 33 thereby 

to provide a sensed time varying signal 34. Under fault 

conditions, it is expected that signal 34 will contain low 

frequency components 35 of amplitude A and frequency F.  

15 Level limiter 36 may limit the amplitudes of at least some 

of the components 35. A signal discriminator 37 and signal 

conditioner 38 further process the sensed time varying 

signal 34 and present it to a comparator 39 which compares 

the frequency components and their amplitudes in the sensed 

20 time varying signal 34 with reference components 40. A 

predetermined comparison difference is recognised as an 

alarm condition and an alarm signal 41, in this event, is 

sent to alarm circuit 42. The alarm circuit 42 acts to 

signal alarm conditions or actuation conditions, for 

25 example, to cause an alarm sound or an alarm light; signal 

over a communications network to a remote monitoring



station; cause disconnection or other rectification action 

on the solar module array 20.  

The above describes only some embodiments of the 

present invention and modifications, obvious to those 

$ skilled in the art, can be made thereto without departing 

from the scope of the present invention.
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CLAIMS 

1. A method of detecting an electrical arc arising in a 

solar modular array; said method comprising 
5 

a. Monitoring for a time-varying electrical signal 

appearing in said array 

b. Filtering from said time-varying electrical 

signal a predetermined frequency range of said 

10 time varying signal thereby to provide a sensed 

time varying signal 

c. Setting an alarm condition when said sensed time 

varying signal contains frequency components in 

said predetermined frequency range which vary in 

15 a predetermined magnitude from reference 

frequency components in said predetermined 

frequency range 

2. The method of claim 1 wherein said predetermined 

frequency range is a low frequency range.  

20 3. The method of claim 2 wherein said predetermined 

frequency range lies in the range 10 Hz to 1000 Hz.  

4. A method of detecting arcing in a DC circuit; said 

method includes the step of monitoring an anomalous 

signal within a predetermined low frequency range 

25 within said circuit.



5. Apparatus for detecting arcing in a DC circuit of a 

photovoltaic array; said apparatus including: 

(e) a signal discriminator module, 

(f) a signal conditioning module, 

5 (g) an alarm level comparator module, 

(h) an alarm circuit, and 

wherein a detected low frequency signal in said circuit 

between 80 and 200HZ triggers an alarm condition.
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