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Abstract. The paper presents the principles of application of residual current devices (RCDs) in protection against fire. The permissible rated 
residual operating current of RCDs is discussed. Limitations in the operation of RCDs in this type of protection are indicated. A new type of 
a protective device against fire – arc fault detection device (AFDD) – is described.  
 
Streszczenie. Artykuł przedstawia zasady stosowania wyłączników różnicowoprądowych w ochronie przed pożarem. Przeanalizowano wymagania 
odnośnie do największego dopuszczalnego prądu różnicowego zadziałania tych wyłączników. Zwrócono uwagę na przypadki, w których  wyłączniki 
różnicowoprądowe mogą nie działać, mimo zagrożenia pożarowego. Omówiono również nowy typ zabezpieczeń w ochronie przed pożarem – 
urządzenia do detekcji zwarć łukowych. 
(Stosowanie zabezpieczen RCD i AFDD w instalacjach elektrycznych niskiego napiecia do ochrony przed pozarem). 
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Introduction 
One of the sources of fire in buildings is a leakage 

current flowing through the resistive elements, e.g. 
conductive dust or a carbonized insulation of conductors. 
Such a current flow may warm up these elements to the 
temperature causing fire [1-3]. Due to leakage currents, 
a fire of wooden poles of an overhead line may arise [4]. In 
some cases, an explosion of explosive conductive materials 
may occur. When organic materials like wood or straw are 
heated by the current for a relatively long time, their gradual 
transition to the pyrophoric phase has to be taken into 
account. Because of the heating, the fire resistance of these 
materials significantly decreases – the minimum ignition 
temperature changes from 250 ºC to even 120 ºC [3, 5]. 
Fire may also be ignited by arc short-circuits or by a series 
arcing due to mechanical damage of a cable or a plug (e.g. 
cable crushing by a heavy object) [6, 7].  

As protection against fire in low-voltage electrical 
installations, residual currents devices (RCDs) are used [8]. 
These devices disconnect supply in case of detection of 
earth current, which may initiate fire [3]. Such devices are 
also proposed to be a protective one in conjunction with fire 
alarm sensors [9]. However, some types of arc faults may 
not be detected by RCDs, especially series arcing, because 
no residual current flows in case of such a fault. For 
protection against such an accident, arc fault detection 
devices (AFDDs) are recommended to be used. In some 
countries, their application is obligatory [10, 11]. 

The further part of the paper presents the principles of 
RCDs and AFDDs application in low-voltage electrical 
installation, in order to prevent fire. 
 
Residual current devices in fire protection 

Leakage current flowing through the resistive elements 
may produce an amount of heat sufficient to initiate fire. 
This amount of heat is expressed by the following 
dependence: 
 
(1)  Pth = Uo 

. I 
 
where: Pth – thermal power produced by leakage current, Uo 
– line-to-earth nominal voltage, I  –leakage current. 
 

Risk of fire can be reduced by the application of RCDs, 
provided that their rated residual current has value limiting 
the thermal power (1) to the permissible level. In a low-
voltage power network of nominal voltage equal to 

230/400 V, the highest thermal power produced in a circuit 
with an RCD is as in Tabl. 1. 

 
Table 1. The highest thermal power produced by leakage current in 
a circuit of nominal line-to-earth voltage 230 V, for selected values 
of the rated residual current of RCDs 

Rated residual current of RCDs 
mA 

Thermal power 
W 

  30    7 
100   23 
300   69 
500 115 

 
The question is: which value included in Tabl. 1 is the 

permissible one (to avoid fire)? For many years permissible 
value of the rated residual current of RCDs in Poland was 
adopted as equal to 500 mA. This value is indicated in 
standard PN-IEC 60364-4-482:1999 [12]. However, newer 
parts of the standard of PN-HD 60364 series modify the 
above-mentioned requirement (≤500 mA) – they consider 
the application of RCDs, among others, for locations with 
risks of fire due to the nature of processed or stored 
materials, as presented below. 

According to PN-HD 60364-4-42:2011 [13] (Clause 
422.3.9), in TN and TT systems final circuits as well as 
current-using equipment shall be protected against 
insulation faults by RCDs of a rated residual operating 
current In ≤ 300 mA. Where resistive faults may cause 
a fire (it may occur in overhead heating with heating film 
elements), RCDs of In ≤ 30 mA shall be applied. In IT 
systems, insulation monitoring devices (RCMs) shall be 
used. Alternatively, RCDs with a rated residual operating 
current as specified above may be provided. 

According to PN-HD 60364-5-53:2016 [8] (Clauses 
532.2 and 532.3), for protection against the risk of fire, 
RCDs with a rated residual operating current In ≤ 300 mA 
are required to be used. These devices shall be installed at 
the origin of the circuit to be protected. In IT systems, RCMs 
may be used as an alternative to RCDs, but only in 
locations which are supervised by instructed (BA4) or 
skilled (BA5) persons. The RCMs have to be installed at the 
origin of final circuits. Their rated residual operating current 
shall not exceed 300 mA. 

Provision referring to the application of RCDs in 
installations with the risk of thermal effect is also included in 
standard PN-HD 60364-7-753:2014-12 [14] (heating cables 
and embedded heating systems). In this standard, the 
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Clause 753.415.1 informs that circuits supplying heating 
units shall have additional protection by the use of RCDs of 
In ≤ 30 mA. Delayed type RCDs are not permitted. The 
above-mentioned provision [14] refers to additional 
protection (protection against electric shock), not protection 
against fire. However, heating systems, especially 
embedded systems, may give an increased risk of fire, and 
the use of RCDs of In ≤ 30 mA is suitable for such 
a protection as well. 

An analysis of the considerations regarding the use of 
RCDs for protection against fire leads to the conclusion that 
RCDs suitable for this kind of protection should have 
a rated residual operating current not exceeding 300 mA (in 
special cases In ≤ 30 mA). This statement is valid for 
installations of nominal voltage 230/400 V. In other 
installations the permissible value of the rated residual 
operating current of RCDs is different. The condition is the 
equivalent value of the thermal power coming from leakage 
current. For example, in an installation of nominal voltage 
400/690 V (line-to-earth nominal voltage is 400 V), maximal 
permissible value of the rated residual current is 100 mA 
(69 W / 400 V = 172 mA  In ≤ 100 mA), not 300 mA. For 
an installation of nominal voltage 127/230 V maximal 
permissible value of In can theoretically be higher than 
300 mA. Fig. 1 presents the rated residual current of RCDs 
as a function line-to-earth voltage and assumed thermal 
power which should not be exceeded. 
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Fig.1. Rated residual current In of RCDs as a function of line-to-
earth voltage and assumed thermal power which should not be 
exceeded [3] 

 
When considering protection against fire with the use of 

RCDs, it has to be mentioned that in some cases RCDs 
may be “blinded”. RCDs may not react if a leakage/earth 
fault current is strongly distorted, in spite of the fact that the 
value of this current is very high [15-20]. Moreover, in three-
phase systems, leakage currents flowing from each line 
conductor may symmetrize themselves (Fig. 2), and 
resultant current – residual current from the point of view of 
the installed RCD – is close to zero. In fact, insulation of 
conductors may be in bad condition, very high risk of fire 
exists, but the RCD does not react. Thus, one should 
remember that there are some cases in which RCDs in 
protection against fire are not adequate. 
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Fig.2. Resultant current Isum composed of leakage currents IL1, IL2, 
IL3 flowing from: a) phase L1: Isum = IL1 = 100 mA, b) phases L1: 
IL1 = 80 mA, L2: IL2 = 100 mA, L3: IL3 = 100 mA; Isum = 20 mA, 
c) phases L1, L2, L3: IL1 = IL2 = IL3 = 100 mA; Isum = 0 mA 
 
Arc Fault Detection Devices 

Fire hazard also arises due to arcing in electrical 
installations. Earth faults with arcing can be detected by 
RCDs or circuit-breakers, but there are cases in which 
these protection devices are ineffective. For detection of 
faults with arcing, arc fault detection devices are 
recommended to be used. This is a new type of protection 
devices that is just beginning to appear in domestic 
electrical installations [21-24]. These devices have been 
used in the USA for many years [10] and have recently 
been required to be used in Germany [11]. 

If a resistive fault with the electric arc occurs between 
the phase (line) conductor and the neutral conductor 
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(Fig. 3a), the circuit-breaker (MCB) may operate if the value 
of the fault current is high enough to activate an overcurrent 
release of the MCB. In the case of a short-circuit between 
the phase conductor and the protective conductor, the 
residual current device (RCD) and/or the circuit-breaker 
(MCB) may operate – Fig. 3b. It is not possible to activate 
the tripping mechanism of the RCD in the case of series 
arcing (Fig. 3c), because there is no residual current. Series 
arcing is characterized by a relatively low value of current 
(this current is also a load current of the current-using 
equipment) – therefore the MCB may operate in a limited 
range (only for a sufficient current value). Detection of 
series arcing – even low-current arcing – is possible by 
AFDDs. 

Requirements for AFDDs operation are included in 
standard PN-EN 62606:2014-05 [25]. This standard 
recognizes three types of arc faults in terms of the use of 
AFDDs: 
 parallel arc fault – arc fault where the current is flowing 

between active (live) conductors in parallel with the load 
of the circuit, 

 earth arc fault – arc fault where the current is flowing 
from active (live) conductor to earth, 

 series arc fault – arc fault where the current is flowing 
through the load of the final circuit protected by an 
AFDD. 
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Fig.3. Arc fault: a) parallel, between L-N, b) earth, between L-PE, 
c) series, due to damage of line conductor; MCB – circuit-breaker, 
RCD – residual current device 

 

Tripping characteristic of AFDDs depends on the value 
of the arc current. When test arc current is up to 63 A (low 
arc currents), the maximum break time tb as a function of 
the value of the arc current Iarc is specified (Fig. 4). For 
example, if the arc current is equal to 2.5 A, the time is 
tb = 1 s. For the arc current equal to 63 A, the maximum 
break time is tb = 0.12 s. In case of high arc current (above 
63 A), the standard [25] specifies the maximum number of 
half cycles N at the rated frequency as a function of 
prospective arc current Ip-arc (Fig. 5). 

Arc fault detection devices should be constructed in 
such a way that they do not react on the arc that occurs 

during normal operation of electric equipment. This arc may 
appear during switching on lighting devices or electronic 
devices as well as appears in case of the normal operation 
of motors, e.g. electric drills. The correct distinction of the 
arc coming from fault and the arc appearing during normal 
operation of the equipment is not an easy task and requires 
the use of an advanced system of detection and 
identification of arc parameters. The decisive criterion for 
the operation of the AFDD cannot only be the rms value of 
the load current or the current amplitude because in case of 
series arc fault these values are very small, they can be 
significantly smaller than the load current in the circuit 
without fault, but the fire hazard exists. 
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Fig.4. Required tripping characteristic of AFDDs for low arc current 
(up to 63 A) [25]; tb – maximum break time, Iarc – test arc current 
(rms values) 
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Fig.5. Required tripping characteristic of AFDDs for high arc current 
(above 63 A) [25]; N – the number of half cycles at the rated 
frequency, Ip-arc – prospective arc current (rms values) 

 
A system for detection and identification of arc fault 

adopted in AFDDs analyzes especially an RSSI (received 
signal strength indicator), which is utilized in 
telecommunications and reflects the power present in 
a received radio signal. Comparison of this indicator coming 
from arc fault and coming from load current of electric 
equipment (mainly high-frequency components of the 
analyzed currents) enables to distinguish a fault from 
a normal state. Fig. 6 presents a comparison of the RSSI 
signal of an arc with the RSSI signal coming from a vacuum 
cleaner load current, an electric drill load current, and 
a home control signal [26]. 

According to the standard [25], AFDDs should not react 
during the following tests reflecting the operation of electric 
equipment in 230 V circuits: 
 starting and operation of a vacuum cleaner with a rated 

current within the range (5÷7) A, 
 turning on an electronic switching mode power supply, 

having a load current at least 2.5 A; this power supply 
should have a minimum total harmonic distortion (THD) 
of 100% and individual minimum current harmonics of 
75% at the 3rd, 50% at the 5th, and 25% at the 7th, 

 starting and operation of a capacitor-start motor (air 
compressor type), with a rated power of 2.2 kW, 

 turning on an electronic lamp dimmer (thyristor type) 
600 W with filtering coil controlling a 600 W tungsten 
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load; the dimmer should be turned on with the dimmer 
preset at full on, conduction angles of 0º, 60º, 90º, 120º, 
and at the minimum setting that causes the lamps to 
ignite, 

 turning on and operation two 40 W fluorescent lamps 
plus an additional 5 A resistive load,  

 turning on and operation of 12 V halogen lamps 
powered with an electronic transformer with a total 
power of at least 300 W plus an additional 5 A resistive 
load, 

 turning on and operation an electric hand tool such as 
a drill with at least 600 W power. 
 

a) 

 
 

b) 

 
 
c) 

 
 

Fig.6. Comparison of RSSI signal from arc with RSSI signal from: 
a) vacuum cleaner load current, b) electric drill load current, 
c) home control signal [26] 

Five Start-Stop operations are required to be performed. 
The loads are energized during the tests at least 5 s. 

An AFDD can be constructed as a separate protective 
device or can be integrated with an RCD and an MCB. The 
standard [25] describes preferred and standard values, from 
which the following are the most important, in terms of the 
selection of AFDDs: 
 

Rated voltage Un 
Preferred values: 230 V and 120 V (USA). 
 

Rated current In 
Preferred values: 6 – 8 – 10 – 13 – 16 – 20 – 25 – 32 – 40 – 
50 – 63 A. 
 

Rated frequency f 
Preferred values: 50 Hz and 60 Hz; if another value of the 
rated frequency is used, it shall be marked on the device. 
Relevant tests shall be carried out at this frequency. 
 

Minimum value of the rated making and breaking capacity Im, 
Minimum value of the rated making and breaking capacity 
on one pole Im1 
The minimum value of both parameters (Im and Im1) is 10In 
or 500 A, whichever is the greater. A similar requirement is 
referred to RCDs without integrated circuit-breakers [3, 27]. 
Thus, AFDDs shall be back-up protected.  

 

Rated conditional short-circuit current Inc, 
Rated conditional short-circuit current for one pole Inc1 
Standard values of these currents (values of AC component 
of a prospective current, which an AFDD, protected by 
a suitable short-circuit protective device in series, can 
withstand under the specified conditions) are: 3 kA, 4,5 kA, 
6 kA, 10 kA, 20 kA and 25 kA.  

Recommendations regarding the application of AFDDs 
in low-voltage installations are included in standard PN-HD 
60364-4-42:2011/A1:2015-01 [28]. According to this 
standard (Clause 421.7), protection with the use of these 
devices is preferred in final circuits supplying current-using 
equipment in the following places: 
 in premises/rooms with sleeping accommodations, 
 in barns, wood-working shops, stores of combustible 

materials (increased risk of fire due to the nature of 
processed or stored materials), 

 in wooden buildings and other buildings made of 
combustible constructional materials, 

 in fire propagating structures, e.g. very high buildings; 
 in locations containing endangering or irreplaceable 

goods. 
AFDDs are required in low-voltage installations in the 

USA for many years. They are called AFCIs (arc fault circuit 
interrupter). According to National Electrical Code [10], 
AFCIs have to protect circuits (120 V, 15 A and 20 A) 
supplying outlets installed in dwelling unit family rooms, 
dining rooms, living rooms, parlors, libraries, dens, 
bedrooms, sunrooms, recreation rooms, closets, hallways, 
or similar rooms or areas. 

In the USA, these devices are also obligatory in PV 
installations of a rated voltage 80 V and above if the 
installations are integrated with a building [29]. Such AFDDs 
shall be suitable for application in DC circuits.  

The requirement for the use of AFDDs was introduced in 
Germany in the 2016 year [11]. They are required in low-
voltage circuits of a rated current up to 16 A, for supplying 
electric devices installed especially in: bedrooms, daycare 
facilities for children, homes for older or disabled people, in 
locations with increased risks of fire (combustible building 
materials), and in locations with irreplaceable goods – 
locations similar to those mentioned in standard PN-HD 
60364-4-42:2011/A1:2015-01 [28]. 
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Conclusions 
Application of RCDs of a rated residual current not 

exceeding 300 mA in low-voltage installations may increase 
the fire safety of buildings. However, it should be mentioned 
that in some cases RCDs may not detect a significant value 
of current, in spite of the real fire hazard. It may occur when 
a leakage current is strongly distorted or when in a three-
phase circuit the insulation of conductors is deteriorated on 
the same level in each phase (almost identical value of 
leakage current flows from each phase). For protection 
against fire caused by an arc fault, mainly AFDDs should be 
used. They are able to detect even series arc fault, which is 
characterized by a relatively low value of current, and no 
residual current appears, what excludes the possibility of 
detection of such a fault by RCDs. 
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