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1 Introduction 1 Introduction



The earth fault, caused by an insulation loss between a live conductor and an exposed conductive part, represents a plant engineering problem which may cause damage to the electrical installations and above all may jeopardize people; as a matter of fact, people could get in touch with an exposed-conductive-part not normally live but which, due to the fault, might have a dangerous potential to ground. The scope of this technical paper is providing the reader with the necessary information about the main normative aspects regarding protection against earth fault and indirect contact, clarifying the relevant problems and illustrating the solution proposed by ABB SACE.



This document is divided into three main parts: • normative aspects (definitions, classification of the distribution systems, prescriptions regarding protection, etc.) • ABB SACE solutions for protection against earth fault and indirect contact • discrimination of the protections against earth fault. In addition, to complete this document, there are some annexes analyzing thoroughly further aspects of the protection against electric shock, in particular protection against indirect contact, combined protection against both direct and indirect contact, considerations on the neutral and protective conductor, etc.



2 Distribution systems and protection against indirect contact and earth fault



2 Main definitions • Live part: conductor or conductive part intended to be energized in normal operation, including a neutralconductor, but by convention not a PEN. • Hazardous-live-part: live part which, under certain conditions, can give a harmful electric shock. • Exposed-conductive-part: conductive part of equipment which can be touched and which is not normally live, but which can become live when basic insulation fails2. • Direct contact: electric contact of persons with live parts. • Indirect contact: electric contact of persons with exposed-conductive-parts which have become live under fault conditions. • Arm's reach: zone of accessibility to touch extending from any point on a surface where persons usually stand or move about to the limits which a person can reach with the hand, in any direction, without assistance. • Simultaneously accessible parts: conductors or conductive parts which can be touched simultaneously by a person.



2 Main definitions



The defi nitions which are fundamental to understand better the content of this paper are reported hereunder; these defi nitions are extracted from the Standard IEC 60050 - International Electrotechnical Vocabulary: • (Effective) touch voltage: voltage between conductive parts when touched simultaneously by a person or an animal. • Prospective touch voltage: voltage between simultaneously accessible conductive parts when those conductive parts are not being touched by a person. • Nominal voltage to earth of a system: nominal voltage to earth means: - the nominal voltage in three-phase systems with insulated neutral or earthed neutral through an impedance; - the star voltage corresponding to the nominal voltage in three-phase systems with neutral connected directly to earth; - the nominal voltage in single-phase systems, or alternating current systems, without earthed points; - half the value of the nominal voltage in single-phase systems, or alternating current systems, with earthed mid-point. Table 1



three-phase systems with insulated neutral or earthed neutral through an impedance



Un



Une = Un



three-phase systems with neutral connected directly to earth



Une =



Un 3



Un



= U0 1



single-phase systems, or a.c. systems, without earthed points Un



Une = Un



single-phase systems, or a.c. systems, with earthed mid-point



Une = Un



Un /2 Un



2



U0 indicates the voltage between phase and neutral A conductive part which can become live only because it is in touch with an exposedconductive-part shall not be considered an exposed-conductive-part.



1 2
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2 Main definitions



• Earth leakage current: current which – in the absence of any fault - flows to earth or to the exposed conductive part. • Residual current: vectorial sum of the values of the electric currents in all live conductors, at the same time at a given point of an electric circuit in an electrical installation. • Protective enclosure: electrical enclosure surrounding internal parts of equipment to prevent access to hazardous-live-parts from any direction. • Protective barrier: part providing protection against direct contact from any usual direction of access. • Protective obstacle: part preventing unintentional direct contact, but not preventing direct contact by deliberate action. • Basic insulation: insulation of hazardous-live-parts which provides basic protection. • Supplementary insulation: independent insulation applied in addition to basic insulation for fault protection. • Double insulation: insulation comprising both basic insulation and supplementary insulation. • Reinforced insulation: insulation of hazardous-live-parts which provides a degree of protection against electric shock equivalent to double insulation. • Insulating floors and walls: floors and walls of rooms with such a high resistance that the current is limited to non-hazardous values. • Reference earth: part of the Earth considered as conductive, the electric potential of which is conventionally taken as zero. • Earth electrode: conductive part, which may be embedded in a specific conductive medium, e.g. concrete or coke, in electric contact with the Earth. • Earthing resistance: resistance between the main earth collector (or node) and the Earth. • Independent earth electrode: earth electrode located at such a distance from other earth electrodes that its electric potential is not significantly affected by electric currents between Earth and other earth electrodes. • Protective conductor (identification: PE): conductor provided for purposes of safety, for example protection against electric shock: - exposed-conductive-parts; - extraneous-conductive-parts; - main earth collector (or node); - earth electrode; - earthed point of the source or artificial neutral.



• PEN conductor: conductor combining the functions of both a protective earthing conductor and a neutral conductor.1 • Earthing arrangement: all the electric connections and devices involved in the earthing of a system, an installation and equipment. • Fault current: current which flows across a given point of fault resulting from an insulation fault. • Earth fault: occurrence of an accidental conductive path between a live conductor and the Earth. • Skilled person: person with relevant education and experience to enable him or her to perceive risks and to avoid hazards which electricity can create. • Instructed person: person adequately advised or supervised by electrically skilled persons to enable him or her to perceive risks and to avoid hazards which electricity can create. • Trained person: person with relevant education and experience (skilled person) or adequately instructed to enable him or her to perceive risks and to avoid hazards which electricity can create, in relation to particular operations carried out under specified conditions (instructed person). Therefore the term ”trained” is an attribute relative to: - type of operation; - type of installation on which, or near to which, operations are to be carried out; - environmental and contingent conditions, and supervision from more qualified personnel. • Ordinary person: person who is neither a skilled person nor an instructed person.



The symbol PEN results from the combination of the symbol PE (for protective conductor) with the symbol N for neutral conductor.



1
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3 Protection against earth fault 3.1 General aspects The loss of insulation between normally live conductors and exposed-conductive-parts may generate a fault, which is generally called earth fault. The main causes of the loss of insulation are: • time decay of dielectric properties (cracks in the insulating rubbers, etc.);



• mechanical breaking (e.g. shearing of a cable in the ground by an excavator);



• particularly aggressive environments (presence of dusts, humidity, pollution, etc.);



• overvoltages of atmospheric origin or due to switching;



• rodent action.



The main effects of the earth fault current are: • energizing of exposed-conductive-parts;



3 Protection against earth fault



• localized electric arcs and consequent overheatings;



• disturbances to telecommunication systems;



• erosion phenomena of earth electrodes.



The earth fault current starts as a localized arc at the point where the insulation has failed; this arc is characterized by a rather modest current level of the order of tens of milliamps. Subsequently, the fault evolves, more or less rapidly, to become a true earth-phase fault. If not rapidly interrupted by protection devices, this fault may end up affecting all the phases, creating a three-phase shortcircuit with earth contact. Therefore, the first consequence of the earth fault current is the damage caused to the plant, whether due to the modest initial arc currents which, because of the difficulty in detection by the overcurrent releases may continue for long periods of time and start a fire, or due to the shortcircuit that develops after the integrity of the entire plant has been jeopardized. Another important consequence of the earth fault current involves the danger to persons caused by indirect contact, i.e. following the contact with exposed-conductive-parts that have been energized accidentally due to a decay in the insulation.
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4 Classification of electrical distribution systems 4 Classification of electrical distribution systems



The extent of the earth fault and the consequences deriving from the touching of live exposed-conductive-parts are specifi cally related to the neutral condition of the power system and to the types of system earthing. As a consequence, to select the proper device for the protection against earth faults, it is necessary to know the installation distribution system. The International Standard IEC 60364-3 classifi es the electrical systems with the combination of two letters. The fi rst letter indicates the relationship of the power system to earth1: • T = direct connection to earth of one point, usually the neutral, in a.c. systems; • I = all live parts isolated from earth or one point, usually the neutral, connected to earth through an impedance. The second letter indicates the relationship of the exposed-conductive- parts of the installation to earth: • T = direct electrical connection of exposed-conductive-parts to earth; • N = direct electrical connection of the exposed-conductive-parts to the earthed point of the power system. Subsequent letters, if any, indicates the arrangement of neutral and protective conductors: • S = neutral and protective functions provided by separate conductors • C = neutral and protective functions combined in a single conductor (PEN conductor). With reference to the defi nitions above, here are described the main type of power systems. Earthing of a point at MV/LV transformer level is necessary to prevent transferring of dangerous voltages to ground, e.g. voltages due to a fault between MV and LV windings. In IT systems the use of transformers built so as not to transfer dangerous voltages for man and equipment is strongly recommended.



1



Figure 2: Earth fault in a TT system IK



L1 L2 L3 N



RB



RA IK



In this type of electrical installations the neutral is usually distributed and its function is making the phase voltage (e.g. 230 V) available for the supply of the single-phase loads of civil installations.



4.2 TN system In TN systems, the neutral is directly earthed, whereas the exposed-conductive-parts are connected to the same earthing arrangement of the neutral. TN electrical systems can be divided into three types based on the fact that the neutral and protective conductors are separate or not: 1. TN-S: the neutral conductor N and the protective conductor PE are separated (Figure 3) Figure 3: TN-S system L1 L2 L3 N PE



4.1 TT system In TT systems the neutral and the exposed-conductiveparts are connected to earth electrodes electrically independent (Figure 1); therefore the earth fault current returns to the power supply node through the soil (Figure 2).



2. TN-C: the neutral and protective functions are combined into a single conductor, called PEN (Figure 4) 



Figure 1: TT system L1



Figure 4: TN-C system



L2 L3 N



RB



RA
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L1 L2 L3 PEN



Figure 5: TN-C-S system L1 L2 L3 N



4.3 IT system IT systems have no active parts directly earthed, but may have live parts connected to earth through high value impedance (Figure 7). All the exposed-conductive-parts, separately or in group, are connected to an independent earth electrode. Figure 7: IT system L1 L2 L3



PE



PEN



TN-C



4 Classification of electrical distribution systems



3.TN-C-S: the neutral and protective functions are partially combined into a single PEN conductor and partially separated PE + N (Figure 5).



TN-S



In TN systems the earth fault current returns to the power supply node through a direct metal connection (PE or PEN conductor) without practically affecting the earth electrode (Figure 6). Figure 6: Earth fault in a TN system IK



Rt



The earth fault current returns to the power supply node through the earthing arrangement of the exposedconductive-parts and the capacities to earth of the line conductors. Figure 8: Earth fault in a TT system



L1 L2 L3 N PE



L1 L2 L3 IK



(TN-S)



C3 C2



C1



Rt IK



4.4 Conclusions Distribution system



Main application



Typical value of the fault currents



Remarks



TT



domestic installations and 10÷100 A similar; small industries with LV power supply



TT distribution systems are used when assuring the distribution of the protective conductor (PE) is impossible and when it is advisable to leave to the user the responsibility for the protection against indirect contact.



TN



industries and big installations with MV power supply



values similar to those of the single-phase fault



TN distribution systems are the systems through which power supply is distributed to users having their own transformer substation; in these cases, the protective conductor can be easily ensured.



IT



chemical and petrochemical industries, i.e. plants for which service continuity is fundamental



µA ÷ 2 A dependent on the size of the installation; in case of double earth fault, the fault current takes values typical of TT or TN systems depending on the connection of the exposed-conductive-parts to earth



This type of system results to be particularly suitable for the cases in which service continuity must be assured since the presence of a fi rst fault does not cause high currents and/or currents dangerous for the people.
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5 Protection against indirect contact Dangers to persons due to the contact with a live part are caused by the current flow through the human body. These effects are: - tetanization: the muscles affected by the current flow involuntary contract and the let-go of conductive parts gripped is diffi cult. Note: very high currents do not usually induce muscular tetanization because, when the body gets in touch with such currents, the muscular contraction is so sustained that the involuntary muscle movements generally throw the subject away from the conductive part; - breathing arrest: if the current flows through the muscles controlling the respiratory system, the involuntary contraction of these muscles alters the normal respiratory process and the subject may die due to suffocation or suffer the consequences of traumas caused by asphyxia;



- ventricular fi brillation: the most dangerous effect is due to the superposition of the external currents with the physiological ones which, by generating uncontrolled contractions, induce alterations of the cardiac cycle. This anomaly may become an irreversible phenomenon since it persists even when the stimulus has ceased; - burns: they are due to the heating deriving, by Joule effect, from the current passing through the human body. The Standard IEC 60479-1 “Effects of current on human beings and livestock” is a guide about the effects of current flowing through the human body to be used for the defi nition of electrical safety requirements. This Standard shows, on a time-current diagram, four zones (Figure 1) to which the physiological effects of alternating current (15 – 100 Hz) passing through the human body have been related. Such zones are illustrated in Table 1.



Figure 1: Time-current zones of the effects of alternating current on the human body ms 10000 a



b



c1



c2 c3



5000



2000 Duration of the current flow (t)
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5.1 Effects of current on human body



1000 500 1



2



3



4



200 100 50



20 10 0.1



0.2



0.5



1



2



Table 1: Effects of alternating current on human body



Zone



5



10 20 50 100 Current in the body Ib



200



500 1000 2000



5000 10000 mA



Effects



1



usually no reaction



2



usually no harmful physiological effects



3



usually no organic damage to be expected. Likelihood of cramplike muscular cotractions and diffi culty in breathing; reversible disturbances of formation and conduction of impulses in the heart, including atrial fi brillation and transient cardiac arrest without ventricular fi brillation increasing with current magnitude and time



4



in addition to the effects of zone 3, the probability of ventricular fi brillation increases up to about 5% (curve c2), 50% (curve c3) and above 50% beyond the curve c3. Pathophysiological effects such as cardiac arrest, breathing arrest and severe burns may occur increasing with current magnitude and time
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Protection against indirect contact by automatic disconnection of the circuit



5 Protection against indirect contact



The Standard IEC 60479-1 gives also an analogous diagram for direct current. The curves of Figure 1 cannot be easily applied to the defi nition of the maximum allowable current limits for people’s safety. Therefore, once the human body impedance is known, it is possible to defi ne the safety curves for the allowable voltages by applying Ohm’s law. The electrical impedance of the human body offered to the passage of the current flowing between two of its extremities is very variable. The Standard IEC 60479-1 gives different values of the impedance as a function of the touch voltage and of the current path. Taking into consideration the precautionary values for the impedance reported in the diagram of the Standard,



The Standard IEC 60364 prescribes automatic disconnection of the supply for protection against indirect contact. The protective device shall automatically disconnect the supply so that, in the event of a fault between a live part and an exposed-conductive-part or a protective conductor, a prospective touch voltage exceeding 50 V a.c. (25 V in special environments) does not persist for a time suffi cient to cause a risk of harmful physiological effect in a person in contact with simultaneously accessible conductive parts. This protective measure requires co-ordination between the connection to earth of the system and the characteristics of the protective conductors and devices. The devices suitable for the automatic disconnection of the supply and able to detect earth fault currents are: • automatic circuit-breakers with thermomagnetic release; • automatic circuit-breakers with microprocessor-based electronic relay; • automatic circuit-breakers with microprocessor-based electronic relay with integrated protection against earth fault (function G); • thermal magnetic or electronic circuit-breakers with integrated residual current releases; • pure residual current circuit-breakers; • residual current releases.



UT = RTI



RT



The prospective touch voltage UT is the voltage which is present between an exposed-conductive-part and a point of the ground suffi ciently far.



Hereunder there is a description of such protective devices. Automatic circuit-breakers with thermomagnetic release The protections ensured by the automatic circuit-breakers equipped with thermomagnetic release are: • protection against overloads; • protection against short-circuits; • protection against indirect contacts. The protection against overload is provided by the thermal release with inverse time-delay curve, i.e. the higher the overload current, the faster the tripping time. The protection against short-circuit is provided through the magnetic release with an indipendent time trip curve, i.e with disconnecting time independent from the shortcircuit current. The protection against indirect contacts can be carried out both by the thermal release as well as by the magnetic release since the earth fault current involves at least one phase; if this current is high enough, it can cause the tripping of the circuit-breaker.
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5 Protection against indirect contact



As explained farther in this paper, it is necessary that the protective device is coordinated with the distribution system and the earthing modality of the exposedconductive-parts, so that tripping is guaranteed to occur in such times to limit the persistence of the dangerous touch voltages present in the exposed-conductive-parts further to the fault. Figure 2 shows an example of the earth fault current path in a system with the neutral is directly earthed and the exposed-conductive-parts are connected to the same earthing arrangement of the neutral (TN system) and the trip curve of a thermal magnetic circuit-breaker type Tmax T1C160 R160.



against overload (protection L), short-circuit (protection S and I) and indirect contact to be realized. Figure 3 1E4s



L 1E3s 100s



S



10s 1s



I



0.1s



1E-2s



Figure 2 Earth current path



0.1kA



L1 L2 L3 N PE IK



1kA



10kA



Electronic releases allow to get an accurate settings both as regards the trip times as well as the current thresholds so that the installation requirements are fully satisfied. Figure 4 shows the same example as before, but a circuitbreaker type Tmax T2S160 PR221DS-LS/I In160 with electronic release is installed as protective device. Figure 4 Earth current path L1 L2 L3 N PE



Trip curve Tmax T1C160 In160 1E4s



IK 1E3s



100s



10s 5s 1s



Trip curve T2S160 PR221DS-LS/I In160



0.1s



1E4s 1E-2s



1E3s



0.94 kA 0.1kA



1kA



10kA



As the diagram shows, by assuming an earth fault current of 940 A, the circuit-breaker shall trip in maximum 5s (value read on the curve with the higher tolerance).



100s



10s 5s 1s



0.1s



Automatic circuit-breakers with microprocessor-based electronic relay The protections provided by the automatic circuit-breakers with electronic relays are completely analogous to those assured by the circuit-breakers with thermomagnetic release. The protection functions implemented by microprocessor-based electronic relay allow protection



1E-2s 0.94 kA 0.1kA



1kA



10kA



The possibility of setting a low magnetic threshold (at about 750 A) allows to achieve a trip time corresponding to the magnetic tripping (some tens of milliseconds),
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Automatic circuit-breakers with microprocessor-based electronic relay with integrated protection against earth fault (function G) The microprocessor-based electronic relays in their advanced version offer, in addition to the protection functions against overload (L) and short-circuit (S and I), a dedicated protection function - called function G - against earth fault. Protection function G can evaluate the vectorial sum of the currents flowing in the live conductors (the three phases and the neutral). In a sound circuit, this sum is equal to zero, but in the presence of an earth fault, part of the fault current shall return to the supply source through the protective conductor and/or the earth without affecting the live conductors.



Thermal magnetic or electronic circuit-breakers with integrated residual current release The automatic circuit-breakers with integrated residual current release combine the residual current release and the overcurrent protection release into a single apparatus and trip due to both current earth leakage as well as overcurrent/short-circuit.



5 Protection against indirect contact



which is remarkably quicker than the time obtainable under the same conditions with a thermal magnetic circuit-breaker of the same size.



The operating principle of the residual current release consists in detecting the earth fault current through a toroidal transformer including all the live conductors and the neutral, if distributed.



Figure 6: Operating principle of the residual current release



F



N



If this current is higher than the tripping value set for the function G, the circuit-breaker shall trip within the relevant setting time. Figure 5 shows the operating principle.



Figure 5: Operating principle of function G



In case of a sound circuit, the vectorial sum of the currents in the live circuits (phases + neutral) is zero:



L1 L2 L3 N PE



I∆ = IL1 + IL2 + IL3 + IN = 0



R T I



In case of earth fault, a part of the fault current returns to the supply source through the PE conductor without affetting the toroid and the vectorial sum of the currents shall be different from zero: I∆ = IL1 + IL2 + IL3 + IN ≠ 0 I∆ ≥ I4tripping of function G



L1 L2 L3 N PE



In absence of an earth fault, the vectorial sum of the currents I∆ is equal to zero; in case of an earth fault, if the value I∆ exceeds the rated residual operating current I∆n, the circuit at the secondary side of the toroid sends a command signal to a dedicated trip coil causing the tripping of the circuit-breaker. A first classification of the residual current circuit-breakers is possible according to their sensitivity to the fault current types: • type AC: tripping is ensured in case of residual sinusoidal alternating currents;
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5 Protection against indirect contact



• type A: tripping is ensured for residual sinusoidal alternating currents and for residual pulsating unidirectional currents; • type B: tripping is ensured for residual continuous currents besides residual sinusoidal alternating currents as well as residual pulsating unidirectional currents.



Pure residual current circuit-breakers Pure residual current circuit-breakers are equipped with a residual current release only and therefore ensure protection only against earth fault. They must be coupled with thermo-magnetic circuit-breakers or fuses for the protection against thermal and dynamical stresses. Their operating principle is the same as previously described.



Table 2: Types of residual current devices



Form of residual current



Sinusoidal ac



suddenly applied



Correct functioning of residual devices Type AC



A



B



+



+



+



+



+



slowly rising suddenly applied



Pulsating dc



with or without 0.006A



Residual current releases Residual current releases, also called switchboard residual current releases, carry out the function of detection of the earth fault current through a separated toroid to be installed externally on the live conductors of the circuit. Should the residual current exceed the set threshold, the release activates a contact which is used to command the tripping mechanism of a circuit-breaker. They are devices used in the industrial plants where the installation conditions are particularly restrictive, such as for example circuit-breakers already installed or limited space in the circuit-breaker cell. Their operating principle is the same as that previously described.



slowly rising



Smooth dc



+



A further classification is established based on the tripping delay; • non-delayed type • time-delayed type S.
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5 Protection against indirect contact



5.3 Protection against indirect contact in TT



SACE



An earth fault in a TT system originates the circuit represented in Figure 7. SACE



Figure 7 ArTu



IK



L1



Distribution circuit



L2 L3



T



T



T



T



T



T



T



T



T



N



RB



Final circuit



RA IK



The fault current flows through the secondary winding of the transformer, the line conductor, the fault resistance, the protective conductor, and the earth electrode resistances (RA, of the user’s plant, and RB, of the neutral). According to IEC 60364-4 prescriptions, the protective devices must be coordinated with the earthing arrangement in order to rapidly disconnect the supply if the touch voltage reaches harmful values for the human body. Before describing such prescriptions, it is useful to know the different circuit types described in the above mentioned Standard; in particular, in a plant, the circuits can be divided into: • fi nal circuit: it is a circuit which usually supplies equipment (for example an aspirator, a bridge crane, etc.) • distribution circuit: it is a circuit which supplies a distribution board to which other fi nal circuits are connected.



In a TT system, to achieve a correct protection against indirect contact through the automatic disconnection of the circuit, it is necessary to respect one of the following conditions (in compliance with IEC 60364-4):



Protection by means of residual current devices By assuming 50V as limit voltage (standard environments), to achieve protection against indirect contact by means of residual current devices it is necessary to satisfy the following condition: RA · I∆n ≤ 50V then: RA ≤



50V I∆n



where:



RA is the total resistance (in ohm) of the earth electrode and of the protective conductor of the exposed-conductive-parts1; I∆n is the rated residual operating current of the residual current circuit-breaker.



The resistance of the earth electrode is in series with that of the protective conductor, which is negligible if compared with the resistance RA; as a consequence, in the formula it is possible to take into consideration only the resistance of the earth electrode of the user’s plant. 1
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5 Protection against indirect contact



As regards the disconnection times, the Standard distinguishes two possibilities; • final circuits with rated currents not exceeding 32A: in this case it is necessary that the above mentioned condition with the times shown in Table 3 (values referred to fault currents significantly higher than the rated residual current of the residual current circuitbreakers typically 5·I∆n ) is fulfilled; • distribution circuit or final circuit with rated currents exceeding 32A: in this case it is necessary that the above mentioned condition is fulfilled with a time not exceeding 1 s (conventional time). Table 3: Maximum disconnection times for final circuits not exceeding 32A 50V 25



S/2



For a more accurate calculation and assuming that the protective conductor is subjected to adiabatic heating from an initial known temperature to a fi nal specifi ed temperature (therefore applicable for fault extinction times no longer than 5s), the minimum cross section of the protective conductor SPE can be obtained by using the following formula: SPE =



I2 t K



where: • SPE is the cross section of the protective conductor in [mm2]; • I is the r.m.s. current fl owing through the protective conductor in the event of a fault with low impedance in [A]; • K is a constant which depends on the material of the protective conductor, on the type of insulation and on the initial and fi nal temperature and which can be taken from the tables of the Standards or calculated with the following formula:



QC (B + 20)



ρ20



Material



B [°C]



Qc [J/°C·mm3]



[Ω·mm]



Copper



234.5



3.45⋅10



17.241⋅10



Aluminum



228



Lead Steel



20 -6



226



2.5⋅10-3



28.264⋅10-6



148



230



1.45⋅10



214⋅10



-6



42



202



3.8⋅10-3



138⋅10-6



78



-3



-3



If the table of the Standards or the formula do not provide a standardized cross section, it is necessary to choose a protective conductor with the immediately larger standardized cross-section. Regardless of whether the table or the formula is used, the cross section of the protective conductor, which is not a part of the supply cable, shall be at least: - 2.5 mm2 if a mechanical protection is provided - 4 mm2 if no mechanical protection is provided.
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Glossary Glossary



PE PEN I∆ I∆n



Protection conductor Combined conductor (protection and neutral) Residual current Rated residual current



In



Rated current



I3



Instantaneous trip threshold



RCD



Residual current device



U0



Phase voltage (phase to neutral)



Un



Nominal voltage (between phases)



Z



Impedance



Ia



Tripping current of the protection device



R



Resistance



Rt



Resistance of the earthing arrangement



N



Neutral



S



Cross section of the phase conductor



SN



Cross section of the neutral conductor



SPE SPEN



Cross section of the protection conductor Cross section of the PEN conductor
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