Complete Automatic Safety Inspection                 
                             Electrical Installations


SHORT THEORY ABOUT THE

SAFETY 

AND MEASUREMENTS IN PRACTICE

ON ELECTRICAL INSTALLATION
Explanation of the installation types in basics 

and its meaning in practice

1. TN SYSTEM

The Power Transformer is connected to the earth and on the side of the individual electrical  installation the PE and Neutral conductor are connected.  
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Fig.  1  TN system
Impedance of power transformer’s secondary

· Phase conductor resistance from power transformer to fault location 

· Protection conductor resistance from fault location to power transformer 

The Line and Loop Impedances can simply be measured at each end of the circuit: 

Line impedance in TN system = 

= Z line conductor + Z transformer + Z neutral conductor + Z local neutral conductor
Loop impedance in TN system = 

= Z line conductor + Z transformer + Z neutral conductor + Z local PE conductor 

In case that the continuity is good for all conductors– Line, Neutral and PE -  then Line and Loop Impedance in TN system are basically  the same. 

2. TT SYSTEM

The Power Transformer is earthed and on the side of the individual electrical  installation the PE and Neutral conductor are not connected and PE is earthed.   

Fault loop impedance in TT- system consists of the following partial impedances
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Impedance of power transformer’s secondary

· Phase conductor impedance from power transformer to fault location 

· Protection conductor impedance from fault location to earthing electrode 

· Earth Resistance RE
· Ground resistance from earthing electrode RE to power transformer

· Resistance of power transformer’s earthing system Ro

Fig.  2  TT system
The Line and Loop Impedances can be simply measured at each end of the circuit:
Line impedance in TT system = 

= Z line conductor + Z transformer + Z neutral conductor + Z local neutral conductor

Loop impedance in TT system = 

= Z line conductor + Z transformer + RO transformer earthing + R Earth of the object + Z local PE conductor

Line Impedance in TT system is much lower than Loop Impedance because of the fault loop current flowing through the ground. 
3. ENSURANCE OF THE SAFETY 

3.1. Line impedance 

The Line impedance result between the line and neutral conductor can show the ability of the built in conductors to supply the high power loads. The verifying of the installed over-current breakers is possible by comparing the characteristics with calculated short circuit current. 

And the result can be compared also with the consecutive result of Loop impedance to evaluate the type of the installation, its safety and possible troubleshooting (see the chapter Comparing Line – Loop impedance below).
3.2. Loop impedance 

If current loops (fuse loops) are protected by over-current protection devices (fuses), then Fault loop impedance Zs should be measured. The Fault loop impedance should be low enough in order to enable the potential fault current to interrupt installed protection device within prescribed time interval in case of faulty load.

Max. allowed Fault loop impedances in case of used melting fuses type B, C and gL in  installation with nominal mains voltage UL-N = 230 V are presented in the next table:

	Nominal current of over-current protection device (A)
	Type of automatic Fuse B
	Type of automatic Fuse C
	Type of  

Fuse gG

	
	Ia=5·In  (A)
	Zs (()

(0,2s)
	Ia=10·In  (A)
	Zs (()

(0,2s)
	Ia

(A)
	Zs (()

(0,4s)

	2
	10
	22
	20
	11
	16
	13,7

	4
	20
	11
	40
	5,5
	32
	6,8

	6
	30
	7,3
	60
	3,65
	47
	4,6

	10
	50
	4,4
	100
	2,2
	82
	2,6

	16
	80
	2,8
	160
	1,4
	110
	2,0

	20
	100
	2,2
	200
	1,1
	147
	1,4


From the upper table the limit value of the Loop Impedance can be defined for both TN or TT type of the installation. 

The built-in fuses and its Zs limit impedance should be compared with the measured values from the tested circuit. The measured Loop impedance should be lower than the limit of the upper characteristics.  

Some Examples of evaluation of the Loop impedance result:

1. If all the fuses in the fuse box are B10, than the results of the Loop impedance on all circuits should not exceed the value of 4,4 (.
2. If all the fuses in the fuse box are C10, than the results of the Loop impedance on all circuits should not exceed the value of 2,2 (.
3. If the built-in fuses are mixed up - some of the fuses are gG16, some of them are B20, B16 and C10, than the results of the Loop impedance on all circuits should not exceed the value of the most critical one, which is in our case 2,0 (.
If there is no presence of RCD, the limit values of the Earth resistance are the same as for the Loop impedance (Zs from upper table) – valid for TN and TT type of installation. 

In case that the Loop impedance result is higher than the limit, next possible solutions are recommended:

· tracing of possible bad contacts in the tested mains socket

· tracing of possible bad contacts in lines L and PE from the fuse box to the mains socket

· changing of the built-in fuse with the lower nominal current

· changing of the cross-section of the built-in wires

3.3. Comparing Line – Loop impedance

The evaluation of the results of the Line and Loop impedance and its comparision is very important to evaluate the way of troubleshooting:

· comparing the result of Line impedance and  Loop impedance with other circuit’s results can tell us the possible type of the installation

· if the Line impedance is good and the Loop impedance is bad, the possible bad contacts are present on the PE conductor or there is TT type of installation

· if the Line impedance is bad and Loop impedance is good, the possible bad contacts are present on the Neutral conductor

· if the Line impedance is bad and Loop impedance is bad, the possible bad contacts are present on the Line conductor. 

· If there are no bad contacts present than the cable from the fuse box to the tested point is too long or its cross-section is too week. Replacement of the cable is recommended with higher cross-section of the wires. 

· In case that there is no need to use the power with nominal current of the built-in fuse, the fuse can be replaced with the one with lower nominal current and cable could stay the same. 

3.4. RCD 

If there is an RCD device present, additional protection against too high contact voltage is ensured, but only in case that Earth resistance of the object is low enough. 

3.5. Earth Resistance and Contact Voltage

	Nominal differential current I(n       (A)
	0,01
	0,03
	0,1
	0,3
	0,5
	1

	Max. allowed Earth Resistance value at UL = 50 V (()
	5000
	1666
	500
	166
	100
	50

	Max. allowed Earth Resistance value at UL = 25 V (()
	2500
	833
	250
	83
	50
	25


Therefore the Earth resistance should be tested and its value should be compared to the limit values according to the enclosed upper table. 

For that reason the nominal differential current of built-in RCD and the max. allowed contact voltage is important.

Some Examples of evaluation of the Earth resistance value:

1. If the RCD Nominal differential current is 500mA and Max. allowed contact voltage is 50V, the Max. allowed Earth resistance value is 100 (.
2. If the RCD Nominal differential current is 30mA and Max. allowed contact voltage is 25V, the Max. allowed Earth resistance value is 833 (.
In case that the Earth resistance value is higher than the limit, next possible solutions are recommended:

· tracing of possible bad contacts in the tested mains socket

· tracing of possible bad contacts in PE conductor from the fuse box to the mains socket

· tracing of possible bad earthing of the object or no earthing at all

Where the Earth resistance of the object is within the allowed values, the additional test of RCD is needed to ensure the safety protection 

· Trip out Time of RCD in case of fault leakage current flows the same as nominal differential current of RCD should be within 300ms.

· Trip out Time of RCD in case of fault leakage current flows 5 x nominal differential current of 30mA RCD should be within 40ms.

3.6. Insulation

To ensure the complete safety of the installation, one of the main protection against electroshock of hazardous voltage needs to be tested. The visual inspection is necessary and the test of insulated parts must be done on each separated circuit. 

For this type of testing the installation must be prepared in such way that no voltage is present and no loads are connected. The test of insulation starts after the RCD trips out for that reason. 

The test of the insulation must be done with a voltage higher than possible present line voltage and the test voltage must be higher than 500V. 

The value of the insulation resistance must be higher than 1000 Ohms on 1V of test voltage which means that the insulation resistance higher than 500kOhms. 
4. MEASUREMENTS ON THE ELECTRICAL INSTALLATION IN PRACTICE 

The measurements and insurance of the safety of the electrical installation needs a lot of knowledge, precise inspection and time to make all the necessary tests for final certification. 

Many dangerous situations can appear during the building up of a new installation, rebuilding or renewing old installation and after a certain period of time, during which the installation is in use. Therefore the safety inspections are obligatory after each intervention on the installation and periodical tests are necessary as well. 

The problem is that the installer who does the hard job, at the end of it doesn’t have time or the necessary instrument or energy to control the safety before he leaves the building. 

Wouldn’t it be great, if each person who has dealt with any kind of installations inside the building could check the complete safety of his work immediately? 

And without any difficult operation, only in few seconds! 

New Approach!

And today with the very new and innovative methodology inside a small compact black box Installcheck - it becomes a reality. 

The Installcheck instrument can do the job in one single procedure - The Complete Automatic Safety Inspection of the Circuit!

What is more, there is no need to read the results and to compare them with the safety demands! The evaluation is done automatically during the test and the limits are selected in such a clever and strong manner, that any of the valid standard demands can be reached!

The new patented solution from the Metrel d.d. enables the fastest procedure to Complete Automatic Safety Inspection of the tested Circuit!

To ensure the complete safety at the point of test, the following measurements are needed:

· Wiring analysis L/N/PE

· PE Error Test

· Line impedance

· Loop impedance
· Earth Resistance and Contact Voltage
· RCD
· Insulation
(according to the explanation in chapter 3. ENSURANCE OF THE SAFETY)

The upper tests are expressed in the same order which the Installcheck instrument is able to provide under the Automatic procedure. It is also the fastest way to make your own Complete Safety Inspection.
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