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Abstract: The previously developed new method for detecting poor electrical contacts in low-voltage electrical installations characterised by 

the TN protection system has been validated by field measurements performed in residential buildings. The method was developed by the 

establishment of a correlation between the measured line to earth and line to neutral short circuit loop resistances and the degree of the 

contact deterioration, i.e. the increase of its electrical resistance. The correlation was established by analysing the data obtained from a 

large number of documents related to periodic verifications of the quality of low-voltage electrical installations in industrial and 

administrative facilities (issued by the Laboratory for testing low-voltage electrical and lightning protection installations at the School of 

Electrical Engineering in Belgrade), as well as the data obtained through a large number of experiments in which the impact of poor 

electrical contacts on the occurrence of „hot“ spots in low-voltage electrical installations was analysed. In those experiments the influence 

of an incomplete overlap of the surface of the copper conductor and the contact surface at the electrical component terminal (reduction of 

the contact surface), a reduced pressure force between the contact surfaces of the copper conductor and the screw of the electrical 

component terminal (reduction of the torque), and an increased oxide layer at the point of electrical contact (old and/or corrosion-damaged 

contact) on electrical and thermal behaviour of electrical contacts was investigated. The developed method for detecting poor electrical 

contacts was applied to the verification of the quality of low-voltage electrical installations in 6 flats of old (10–60 years) residential 

buildings and the measurement results are presented and analysed in this paper. 

Keywords: POOR ELECTRICAL CONTACT, CONTACT TIGHTENING TORQUE, HOT SPOT, FIRE, CONTACT RESISTANCE, 

PERIODIC VERIFICATION OF LOW-VOLTAGE ELECTRICAL INSTALLATION 

 

1. Introduction 

Failures in electrical installations represent a significant fire 

safety problem which actively needs to be taken into consideration 

in many areas of human activities [1–3]. Frequent types of such 

failures are glowing connections and series arc, which usually occur 

due to overheating of poor electrical connections characterised by a 

high electrical resistance [4]. As in many other technical fields [5, 

6], there is a constant need for innovations in the development of 

more efficient methods and devices in the field of electrical 

installations regarding fire safety. In recent studies, researchers’ 

efforts were invested in the development of new techniques and 

algorithms for the detection of the occurrence of the series arc in 

electrical circuits [7–10], as well as to improve methods for the fault 

loop impedance measurement in TN low-voltage networks [11]. 

This paper describes a new method developed for detecting poor 

electrical contacts in low-voltage electrical installations 

characterised by the TN protection system. 

Poor electrical contact is a failure in low-voltage electrical 

installations that cannot be detected either by procedures for 

periodic verification of the quality of low-voltage electrical 

installations defined in national and international regulations and 

standards or by any conventional protection device [12–14]. At the 

same time, it can easily and suddenly cause a hot spot or series 

electric arc, which are the most common causes of fires caused by 

failures in low-voltage electrical installations. 

In an electrical installation, a poor electrical contact can be 

considered as characterised by [15]: 

– an incomplete overlap of the surface of the copper conductor 

and the contact surface at the electrical component terminal 

(reduction of the contact surface), 

– a reduced pressure force between the contact surfaces of the 

copper conductor and the screw of the electrical component 

terminal (reduction of the torque), or 

– an increased oxide layer at the point of electrical contact (old 

and/or corrosion-damaged contact). 

The effects of the reduction of the contact surface, reduction of 

the torque and the increased oxide layer at the point of electrical 

contact on the electrical and thermal behaviour of a poor contact 

were experimentally and theoretically investigated in [16], [17] and 

[4], respectively. Based on a large number of experiments, as well 

as on the data obtained from a large number of documents related to 

periodic verifications of the quality of low-voltage electrical 

installations in industrial and administrative facilities (issued by the 

Laboratory for testing low-voltage electrical and lightning 

protection installations at the School of Electrical Engineering in 

Belgrade), a new method for detecting poor electrical contacts in 

low-voltage electrical installations characterised by the TN 

protection system has been developed and presented in [4] and [15]. 

The developed method was applied to the verification of the quality 

of low-voltage electrical installations in 6 flats of old (10–60 years) 

residential buildings and the measurement results are presented and 

analysed in this paper. 

2. Development of a new method for detecting poor 

electrical contacts in low-voltage electrical 

installations characterised by the TN protection 

system 

2.1 The basic idea for the development of a new method 

for detecting poor electrical contacts 

The current standard procedure for the verification of the 

quality of low-voltage electrical installations [18] is based on the 

comparison of the measured line to earth resistance with the limit 

value which enables sufficiently fast tripping of the corresponding 

protection device (in order to prevent electric shock) [19]. Since the 

limit values are high, all of the electrical circuits where the 

measured line to earth resistance is lower than the limit value 

(RsMAX) are declared as in order, although some of them may contain 

a poor contact. 

The idea was to develop a procedure for detecting poor contacts 

in receptacles, based on measuring both the line to earth and line to 

neutral short circuit loop resistances during periodic verification of 

low-voltage electrical installations. The detection of a noticeable 

increase of the earth fault loop and/or line to neutral short circuit 

loop impedance indicates the existence of at least one poor contact 

in the observed electrical circuit.  
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According to [20], the usually applied (conventional) measuring 

equipment for verifications of low-voltage electrical installations 

enables the measurement of both of those impedances. Schematic 

presentations of the earth fault loop (L-PE) and line to neutral short 

circuit loop impedance (L-N) measurements using a conventional 

measuring device are given in Figs. 1 and 2, respectively.  

The line to earth resistance (RsL-PE) in the TN system consists of 

the resistance of the power transformer’s secondary winding, phase 

conductor resistance between the power transformer and the test 

location, and equipment grounding conductor resistance between 

the test location and the power transformer. The line to neutral short 

circuit loop resistance (RsL-N) in the TN system consists of the 

resistance of the power transformer’s secondary winding, phase 

conductor resistance between the power transformer and the test 

location, and neutral conductor resistance between the test location 

and the power transformer. 
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Fig. 1 Schematic presentation of measuring RsL-PE using conventional 
measuring equipment (Re represents the internal electrical resistance of the 

measuring equipment). 
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Fig. 2 Schematic presentation of measuring RsL-N using conventional 

measuring equipment. 

 

2.2 The data obtained from a large number of documents 

related to periodic verifications of the quality of low-voltage 

electrical installations 

As reported in [4], the results of periodic verifications of low-

voltage electrical installations performed by the Laboratory in 

public and commercial buildings with a total area of over 

150,000 m2 were analysed. The measured RsL-PE values for 11,159 

receptacles were statistically analysed and their statistical 

distribution is given in Fig. 3, which shows the number of 

receptacles for which the measured RsL-PE resistances belonged to 

each of the ranges 0–0.1 Ω, 0.1–0.2 Ω,…, 1.1–1.2 Ω and 1.2–1.3 Ω. 

The number of the receptacles for which the RsL-PE resistance was 

higher than 1.3 Ω (1.5% of their total number) are not shown in Fig. 

3, because their resistances were scattered within the range 1.31–

7.68 Ω. 

 

Fig. 3 Number of receptacles for which RsL-PE belonged to each of the ranges 

0.1 Ω wide. [4] 

 

It was noticed in [4] that the majority of the measured RsL-PE 

resistances belonged to the range 0.3–1 Ω, emphasising that he 

values lower than 0.3 Ω were measured in cases where the MV/LV 

transformer station was positioned inside the building or in its 

vicinity and for electrical circuits on lower floors of the building, 

while the values higher than 1 Ω were measured for electrical 

circuits on upper floors, because RsL-PE increases with the distance 

between the electrical circuit and the transformer station. 

It was also reported in [4] that on 82 receptacles RsL-PE 

resistances higher than the corresponding RsMAX values were 

measured (in those receptacles the RsL-PE resistances ranged from 

1.79 Ω to 7.68 Ω). These circuits were declared as inappropriate for 

use, because the conditions for the prevention of an electric shock 

were not met. In addition, apart from the 11,159 receptacles for 

which RsL-PE values were measured, there were 84 receptacles where 

the interruption of the equipment grounding conductor was 

detected, which were also declared as inappropriate for use. After 

tightening all electrical contacts in those 166 receptacles (or after 

replacing the receptacles), as well as tightening all electrical 

contacts in the supplying distribution boards, the RsL-PE resistances 

were measured again and in all cases their values were not only 

lower than RsMAX, but also lower than 1.3 Ω. 

However, as reported in [4], in addition to the 166 receptacles 

with failures detected by the standard procedure, there were 

additional 84 receptacles where the RsL-PE resistances were lower 

than RsMAX, but high enough to indicate the presence of at least one 

poor contact (in those receptacles RsL-PE resistances ranged from 

1.3 Ω to 4.38 Ω). According to the standard procedure, although 

they represent the potential cause of fire, electrical circuits 

containing those receptacles would have been declared as in order. 

Nevertheless, the users of the facilities were instructed to make the 

necessary repairments, and after tightening all electrical contacts, in 

all of those cases the measured RsL-PE resistance was lower than 

1.3 Ω. Apart from the additional 84 receptacles, the poor contacts 

were also found in receptacles where RsL-PE was lower than 1.3 Ω, 

but over 0.5 Ω higher than the RsL-PE resistances measured on the 

surrounding receptacles. 

2.3 The data obtained through a large number of 

experiments 

As previously mentioned, the effects of the reduction of the 

contact surface, reduction of the torque and the increased oxide 

layer at the point of electrical contact on the electrical and thermal 

behaviour of a poor contact were experimentally and theoretically 

investigated in [16], [17] and [4], respectively. 

The basic idea for all of the conducted experiments was to 

create various types of contacts which can be found in low-voltage 

electrical installations, to establish typical currents (they ranged 

from 2 A to 25 A in the conducted experiments) in circuits 

containing the created contacts, and to observe the time-varying 
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values of the electrical resistance, temperature, dissipated power 

and voltage of the created contacts. Various types of contacts were 

created using various combinations of materials (copper–copper, 

copper–brass and copper–stainless steel), solid and stranded wires 

with various cross-sections (1.5 mm2, 2.5 mm2 and 4 mm2), various 

percentage of the overlapping area of the electrodes forming the 

contact (100%, 50% and 15%) and various adjusted torques on the 

other wire screw terminal connection in receptacles and plugs (1 

Nm (very good contact), 0.2 Nm (poor contact), or 0.1 Nm (very 

poor contact)). In addition, contacts with various types of increased 

oxide layer at the point of electrical contact were used in 

experiments. Experiments were performed on a receptacle that has 

been used for many years (30 years in the analysed case), as well as 

on new receptacles, the electrical contacts of which were 

intentionally exposed to corrosion prior to the experiments. The 

experimental setup and used measuring equipment are shown in 

Fig. 4. 

 

  

Fig. 4 Experimental setup (1 – tested receptacle, 2 – clamp meter FLUKE 

323, 3 – digital multimeter PeakTech 3360, 4 – plastic switchboard, 5 – 

installation tester instrument FLUKE 1653B, 6 – type-K (Chromel/Alumel) 
thermocouple probe, 7 – infrared thermometer Cole-Parmer, 8 – resistance 

decade box 230 V, 60 A, 9 – the apparatus providing the adjustment of the 

overlapping area of the electrodes, 10 – mechanical torque screwdriver 
Wiha TorqueVario-S26462, and 11 – digital torque screwdriver TSD-50). 

 

Analysing the results of the conducted experiments, it was 

concluded that copper–stainless steel represents a critical 

combination of materials for which a contact most rapidly reaches 

the maximum permissible temperature under the same conditions 

(the same load, conductor cross-section and contact deterioration 

degree in terms of the same percentage reduction of the overlap 

surface) [16]. In addition, it was concluded that poor electrical 

contacts developed in built-in electrical installations of buildings 

(where the copper conductor of the full cross-section is common) 

are more unfavourable for the occurrence of a „hot“ spot compared 

to poor electrical contacts developed in power cables of electric 

loads (where the stranded copper conductor is commonly used) 

[17]. It was shown in [17] that poor contacts with the electrical 

resistance ranging from 80 mΩ to 250 mΩ represent a threat to 

safety if the circuit current is high (the current of 16 A, limited by 

the applied protection device, generally represents the maximum 

rated current in electrical circuits installed in residential, 

commercial and public buildings connected to the mains with the 

rated voltage of 230 V). Taking into account all data obtained from 

periodic verifications of the quality of low-voltage electrical 

installations, as well as all data obtained through experiments, it 

was concluded in [4] that the limit for the RsL-PE resistance 

(indicating that there is at least one poor contact in an electrical 

circuit) (Rlim) should be 0.5 Ω higher than the highest RsL-PE 

resistance measured on the surrounding receptacles when doing 

periodic verification of low-voltage electrical installations. 

3. A new method for detecting poor electrical 

contacts in low-voltage electrical installations 

The measurements of RsL-PE and RsL-N, followed by a 

comparison of their values to Rlim and the analysis based on 

Tables 1–3, represent a new method for detecting poor contacts in 

low-voltage electrical installations developed and presented in [4] 

and [15]. 

Tables 1 and 2 contain the maximum line to earth resistances 

that ensure effective tripping of the protection device in case of 

failure in the TN system (RsMAX), determined for the most frequently 

applied fuse-links (both fast and slow) and miniature circuit 

breakers (MCB) of types B and C (with the rated currents (Ir) of 

6–25 A), respectively. In all cases, the value of RsMAX was obtained 

by dividing the value of the rated mains voltage (230 V) with the 

corresponding value of Ia ((the minimal current for which protection 

device operates within 0.4 s (a condition given in [19])). For each of 

the considered fuse-links the value of Ia was adopted from the 

corresponding fuse-link overheating characteristic [21]. According 

to [22], the minimal MCB currents (Ia) for which the fuse-links 

react within 0.1 s (and, therefore, within 0.4 s) amount to 5 Ir and 

10 Ir for types B and C, respectively.  

Table 3 contains guidelines for potential locations of poor 

contacts and possible fire hazards in all situations which can occur 

in practice. It should be applied when the measured RsL-PE resistance 

is lower than RsMAX (in the opposite case, the corresponding circuit 

should be declared unsafe). 

Therefore, by measuring RsL-PE and RsL-N values in every circuit 

followed by a comparison of their values to Rlim and the analysis 

based on Tables 1–3, it can be determined if there is a poor contact 

in the circuit. 

 

Table 1: Values of Ia and RsMAX  for fast and slow fuse-links (Ir = 6–25 A) [4] 

Ir (А) 
Ia (A) RsMAX (Ω) 

Fast Slow Fast Slow 

6 16.71 29.65 13.76 7.75 

10 34.08 55.65 6.74 4.13 

16 51.07 86.86 4.50 2.64 

20 67.62 110.01 3.40 2.09 

25 94.69 138.13 2.42 1.66 

 

 
Table 2: Values of Ia and RsMAX  for MCBs of types B and C (Ir = 6–25 A) [4] 

Ir (А) 
Ia (A) RsMAX (Ω) 

Type B Type C Type B Type C 

6 30 60 7.67 3.83 

8 40 80 5.75 2.87 

10 50 100 4.60 2.30 

13 65 130 3.53 1.76 

16 80 160 2.87 1.43 

20 100 200 2.30 1.15 

25 125 250 1.84 0.92 
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Table 3: Loop resistance analysis in cases in which the measured RsL-PE resistance is lower than the maximum value of the line to earth resistance (RsMAX) 
which ensures efficient tripping of the protection device [4] 

 
RsL-PE<Rlim RsL-PE>Rlim RsL-PE<Rlim RsL-PE>Rlim 

RsL-N<Rlim RsL-N<Rlim RsL-N>Rlim RsL-N>Rlim 

Location of a 

poor electrical 

contact  

The electric circuit 

probably has no poor 

electrical contact 

Poor electrical contact 

on the equipment 

grounding conductor 

Poor electrical contact 

on the neutral 

conductor 

 poor electrical contact on the phase conductor, or 

 poor electrical contacts on two conductors (all three 
combinations are possible), or 

 poor electrical contacts on all three conductors (the 

worst case) 

Fire hazards 

(consequences of 

malfunction) 

Probably do not exist 

None (in case of failure, 
the protection device 

responds within the safe 

interval) 

Possible, due to a hot 

spot on the neutral 
conductor 

Possible, due to a hot spot on the phase and/or neutral 

conductor (in case of failure, the protection device 
responds within the safe interval) 

 

Table 4: Results of measurements obtained during verifications of the quality of low-voltage electrical installations in flats of residential buildings of different 

ages (10–60 years) using the new method. * Note: Values of the measured resistance before/after the intervention of an electrician and removal of failure. 

No. of 

flat 

Building age 

(years) 
Measurement 

No. of receptacle 

1 2 3 4 5 6 7 8 9 10 

1 10 
RsL-PE (Ω) 0.47 0.46 0.48 0.47 0.48 0.49 0.50 0.49 0.48 0.48 

RsL-N  (Ω) 0.45 0.45 0.47 0.46 0.46 0.47 0.48 0.47 0.46 0.46 

2 10 
RsL-PE (Ω) 0.49 0.46 0.48 1.23!/0.49* 0.48 0.49 0.48 0.49 0.51 0.50 

RsL-N  (Ω) 0.49 0.47 0.48 0.47 0.47 0.48 0.47 0.48 0.47 0.48 

3 20 
RsL-PE (Ω) 0.34 0.35 0.36 0.36 0.38 0.35 0.37 0.39 0.38 0.36 

RsL-N  (Ω) 0.33 0.32 0.33 0.35 0.34 0.34 0.33 0.34 0.35 0.35 

4 20 
RsL-PE (Ω) 0.44 0.43 0.44 0.44 0.43 1.34!/0.43* 0.42 0.44 0.46 0.45 

RsL-N  (Ω) 0.44 0.42 0.43 0.44 0.42 1.33!/0.44* 0.41 0.43 0.45 0.44 

5 45 
RsL-PE (Ω) 1.28!/0.60* 0.65 0.64 0.61 0.60 0.61 0.60 0.60 0.59 0.58 

RsL-N  (Ω) 0.58 0.59 0.63 0.59 0.60 0.58 0.57 0.58 0.58 0.55 

6 60 
RsL-PE (Ω) 0.50 0.48 0.47 0.49 0.48 0.47 0.50 0.47 0.48 0.50 

RsL-N  (Ω) 0.48 0.46 0.46 0.48 0.45 0.44 0.49 1.41/0.45* 0.44 0.49 

 

 

4. Results and discussion 

In order to validate the described new method for detecting poor 

contacts in low-voltage electrical installations, it was applied to the 

verification of the quality of low-voltage electrical installations in 6 

flats of old (10–60 years) residential buildings. All of them were 

characterised by the TN protection system. In each of the flats 10 

receptacles were examined (RsL-PE and RsL-N values were measured 

for each of them). The measurement results are given in Table 4. 

Note that all of the examined electrical circuits were protected 

either by slow fuse-links with the rated current of 16 A 

(RsMAX = 4.50 Ω) or by MCBs of type B with the same rated current 

(RsMAX = 2.87 Ω). All measured RsL-PE and RsL-N values for the 60 

examined receptacles were lower than RsMAX and, therefore, 

according to the standard procedure electrical circuits containing 

those receptacles would have been declared as in order. However, 

the comparison of the measured RsL-PE and RsL-N with Rlim (the 

resistance 0.5 Ω higher than the highest RsL-PE (RsL-N) resistance 

measured on the surrounding receptacles) showed that there were 

poor electrical contacts in 4 receptacles representing a potential 

cause of fire. When the new method was applied, poor electrical 

contacts were detected on the equipment grounding conductors in 

receptacles No. 4 in flat No. 2 and No. 1 in flat No. 5, on the neutral 

conductor in receptacle No. 8 in flat No. 6 and on the phase 

conductor in receptacle No. 6 in flat No. 4. After the electrician 

replaced those 4 receptacles with new ones, RsL-PE and RsL-N were 

remeasured in those electrical circuits in order to check if their new 

values met the conditions for safe protection against electric shock 

in case of failure. The remeasured values showed that in all 4 cases 

the defects which caused poor electrical contacts were eliminated 

by the intervention of an electrician, as well as that the replacement 

of those 4 receptacles with new ones was justified. 

5. Conclusion 

A new method for detecting poor contacts in low-voltage 

electrical installations characterised by the TN protection system, 

based on the measurement of both the RsL-PE and RsL-N resistances 

and their comparison to Rlim (the resistance 0.5 Ω higher than the 

highest RsL-PE (RsL-N) resistance measured on the surrounding 

receptacles) is presented. The new method was applied to the 

verification of the quality of low-voltage electrical installations in 6 

flats of old (10–60 years) residential buildings and the measurement 

results are presented and analysed. According to the standard 

procedure, all of the 60 examined electrical circuits would have 

been declared as in order. However, the application of the presented 

method showed that there were poor electrical contacts in 4 

receptacles, which represented the potential cause of fire. After the 

intervention of the electrician the defects which caused poor 

electrical contacts were successfully eliminated. 

The application of the new method when verifying the state of 

electrical contacts would considerably reduce the probability of the 

occurrence of dangerous hot spots. This would solve the problem of 

the inability to detect hot spots by infrared thermography in cases 

where there is no visual contact. However, it should be emphasised 

that the application of the new procedure is limited to the TN 

system, which is the most frequently applied protection system. 
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