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The article discusses the issues of immunity of fixed installations intelligent building 
to electrostatic discharge (ESD). The first chapter details with the characteristics of static 
electricity and presents the test methods of immunity discharge defined by the PN-EN 
61000-4-2 - Testing and measurement techniques - Electrostatic discharge immunity 
test. Next chapter presents the installation of intelligent building. Its components are 
discussed and test of immunity to electrostatic discharge of this installation, taking into 
account the adaptation of Standard requirements is presented. 
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1. INTRODUCTION 
 

The phenomenon of static electricity is becoming an increasingly important 
issue in present technology, especially in integrated circuits. It depends on the 
accumulation of static electricity on the human body, and then transferring the 
charge to the affected device. Static voltage of such discharges may reach 25 kV. 
These discharge causes very high current, which in consequence can lead to the 
processor cache cleaning, resetting devices, destruction of equipment or 
installation [2].  

Consumers of well designed and manufactured equipment and installations 
based on groups of devices don't have to worry about the impact of this 
phenomenon in their device. Therefore, developers should test their products in 
terms of sensitivity to electrostatic discharge (ESD). 

 
2. TEST OF IMMUNITY TO ELECTROSTATIC DISCHARGE  

ACCORDING TO POLISH STANDARD 
 

Tests of immunity to electrostatic discharge are carried out in two ways: a 
laboratory tests for individual devices and the installation tests (in-situ) for the 
entire installation. The article presents ways to test installation in the place of 
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installation made according to Polish standard PN-EN 61000-4-2 Testing and 
measurement techniques - Electrostatic discharge immunity test [3].  
Installations and equipment may be subject to static electricity discharges for 
environmental or installation reasons, such as low relative humidity, the use of 
low conductivity carpet (synthetic fibers) or vinyl clothing. 

 
2.1. Measuring setup 
 

Measuring station consists of a testing generator, equipment or installations 
under test (EUT) and the auxiliary equipment necessary to perform the discharge 
to the EUT, exposed directly or indirectly in the following way[3]: 
a) contact discharge to the conductive surfaces and coupling planes, 
b) air discharge to the surface of the insulation. 

Figure 1 shows a setup to test immunity to electrostatic in mounting location. 
 

 
 

Fig. 1. Scheme for test stand [3] 
 

Reference ground plane should be made from copper or aluminum with a 
thickness of not less than 0.25 mm. It is permissible to use other materials, 
provided that it thickness is not less than 0.65 mm. If conditions allow the 
installation site, the plane of reference ground should be about 0.3 meters wide 
and 2 meters long. Ground reference plane must be connected to protective 
ground system. If this is not possible, it should be connected to the ground 
terminal of EUT( if it is possible). Return line of  ESD generator must be 
connected to the reference ground plane. If the EUT is installed on a metal table, 
the table should be connected to the reference ground plane using a wire with 
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resistors in order to avoid charge accumulation [3]. The reference ground plane 
used for testing fixed installation is shown in Figure 2. 
 

 
 

Fig. 2. View of the prepared reference ground 
 

2.2. Test levels 
 

The recommended test method is a contact discharge. Air discharge should  
only be used when the contact discharge cannot be used. Test voltages for each 
of the test methods are given in Table 1. The specified voltages are different for 
each of the methods due to differences in those methods [3]. 
 

Table 1. Test levels [3] 
 

Contact discharge Air discharge 
Level Test voltage [kV] Level Test voltage [kV] 

1 2 1 2 
2 4 2 4 
3 6 3 8 
4 8 4 15 
xa Special xa Special 

a “x” is any higher, lower or intermediate level; this level should be specified  
by the relevant technical specification of the device. 

 
According to the Standard, the performance of the equipment under test was 

classified taking into account following criteria: 
a) normal performance within limits specified by the manufacturer, requestor or 

purchaser;   
b) temporary loss of function or degradation of performance which ceases after 

the disturbance, and from which the equipment under test recovers its normal 
performance, without operator intervention;   

c) temporary loss of function or degradation of performance, the correction of 
which requires operator intervention;  

d) loss of function or degradation of performance which is not recoverable, 
owing to damage to hardware or software, or loss of data. 
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2.3. Testing generator 
 

Testing generator consists of the following main parts [3]: 
– resistor Rc in the charging circuit, 
– energy accumulating capacitor Cs, 
– distributed capacitance Cd, 
– voltage indicator, 
– discharge resistor Rd, 
– charging connector, 
– interchangeable tip of the discharge electrode, 
– unloading return wire, 
– power module. 

Simplified diagram of the ESD generator design is shown in Figure 3, 
whereas Figure 4 shows the view of the generator used for research on the object 
(generator TESEQ NSG 435). 
 

 
 

Fig. 3. Simplified construction scheme of generator [3] 
 

Electrostatic discharge generator shall meet the requirements set out in 
Tables 2 and 3. 

 
Table 2. Technical parameters of the ESD generator [3] 

 
Parameter Value 

The output voltage, contact discharge mode At least 1 kV to 8 kV nominal 
The output voltage mode discharges in the air At least 2 kV to 15 kV nominal 
Output voltage tolerance ±5% 
The polarity of the output voltage Positive and negative 
Hold time ≥ 5 s 
Action during electric discharges single discharge 
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Fig. 4. Generator Teseq NSG 435 ESD [6] 

 
Table 3. Parameters of the discharge current waveform contact [3] 

 

Level Indicated 
voltage  

The first peak 
discharge current 

± 15 % 

Rise Time 
tr (±25%) 

Current 
(±30%) 

after 30 ns 

Current 
(±30%) 

after 60 ns 
 [kV] [A] [ns] [A] [A] 

1 
2 
3 
4 

2 
4 
6 
8 

7,5 
15 

22,5 
30 

0,8 
0,8 
0,8 
0,8 

4 
8 

12 
16 

2 
4 
6 
8 

The reference point for measuring the time for the current after 30 ns and 60 ns is the 
moment in which the current first reaches 10% of the first peak discharge current. 
Rise time tr is the time interval between the moments of achieving 10% and 90% of the 
value of the first current peak. 
 

3. INTELLIGENT FIXED INSTALLATION 
 

The fixed installation is defined as: ”the particular combination of several 
types of apparatus and, where applicable, other devices, which are assembled, 
installed and intended to be used permanently at predefined location”[5]. For 
testing fixed installation equipped with intelligent building automation KNX 
located in detached house has been selected. 

"The intelligent home (building)" is a high technologically advanced 
building with automatic management system. It is equipped with a sensor 
system and a central management system (control bus). Devices connected to 
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the bus can be divided into sensors and actuators. Sensors are responsible for 
detecting changes in certain physical quantities occurring in the building, and 
actuators perform the tasks assigned to them based on instructions from sensors 
[4].  

Tested fixed installation is equipped with the actuators (Fig. 5): 
– lighting control; 
– blinds control - 4 and 8 channel; 
– heating control - 6 fold; 
– programmable timers. 

The work of actuators depends on sensors arranged in the building: 
– 6 fold pushbutton panels (Fig. 10); 
– 6 fold heating controllers (Fig. 6). 
 

 
 

Fig. 5. Actuators in the tested building: a) and b) blinds control - 4 and 8 channel, 
c) the heating control - 6 fold; d) programmable timer [1] 

 

 
Fig. 6. 6 – fold heating controller [1] 
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4. INTELLIGENT INSTALLATION IMMUNITY TEST 
 

The recommended test method is contact discharge. In the case of air 
discharge, test should be carried out for all test levels given in Table 1, from the 
lowest level to the level required including. In case of contact discharge test 
shall be performed only for required testing level. 

 

 
 

Fig. 7. Two-piece Distribution board KNX equipped with actuators.  
a) the upper part of the Distribution board, b) the lower part of the Distribution board 

 

 
 

Fig. 8. Measurement stand for testing the in-situ installation 
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For testing electrostatic discharge immunity, a smart installation of detached 
house, which is under construction has been selected. Discharges were 
subjected to actuators, as described in chapter 3, built-in in a building's 
electrical Distribution board located in the garage. Figure 7 shows a view of the 
test Distribution board with actuators KNX. Furthermore sensors installed 
inside the building was tested. Due to the fact that the various components of 
the installation are covered with an insulating material, the method of discharge 
in air was chosen to the test (Figures 9 and 10). 

 

 
 

Fig. 9. The test of immunity of fixed installation actuators 
 

 
 

Fig. 10. The test of immunity of fixed installation sensors 
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 Stand for investigation of immunity to electrostatic discharge was done 
according to the guidelines set out in PN-EN 61000-4-2, presented in Chapter 2. 
It consisted of a reference ground plane connected to the  grounding bus in 
Distribution board. Due to the difficult conditions - the work associated with the 
completion of construction, the reference ground plane was located at a distance 
greater than 10 cm from the Distribution board. The electrostatic discharge 
generator TESEQ NSG 435, presented in chapter 2.3 was attached by grounding 
wire to the reference ground plane. 
 

Table 4. The results of immunity testing of intelligent fixed installation 
 

Voltage discharge level 
[kV] Discharge type 

Results 
(performance 

criteria)* 
±2 In the air to actuators a 
±4 In the air to actuators a 
±8 In the air to actuators a 

±15 In the air to actuators a 
±2 In the air to the sensors a 
±4 In the air to the sensors a 
±8 In the air to the sensors a 

±15 In the air to the sensors a 
* performance criteria are given in Chapter 2.2 

 
The results of immunity tests of installation are shown in Table 4. Test 

showed, that the system is immune to electrostatic discharge. During the test, the 
charge was passing to certain elements, but did not cause interruption, disorders 
or component failure.  
 

5. SUMMARY 
 

Each fixed installation, especially intelligent building consists of a  various 
devices. Additionally, it is adapted to the individual needs of the user, so it is 
important to examine the system as a whole at the installation site. 

This article describes the method of immunity tests to electrostatic discharge 
for fixed installations. Presented Standard requirements for ESD testing have 
been adapted to the testing of fixed installations. 
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