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Abstract - This paper provides an introduction to electromagnetic interference and the EMC standards. The paper focuses on 
achieving compliance to electromagnetic compatibility in industries. The EMC test methods are carried out in order to 
ensure that, equipment under test operated as intended and meets the EMC guidelines. This paper covers the steps taken in 
order to prevent any electromagnetic noise from affecting the equipment under test. 
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I. INTRODUCTION 
 
Electromagnetic interference[2] is the unwanted 
electromagnetic noise that may lead to the 
degradation in the operation or the performance of a 
system as well as the machines in the vicinity or 
linked. The electromagnetic disturbance can be 
coupled from the source to the victim via conducted 
emission (transmitted via the power cables) or via 
radiated emission (transmitted via air). A system is 
said to be electromagnetically compatible if it does 
not generate a large amount of electromagnetic noise 
and if the system is immune to any noise generated 
by itself or other devices and systems present in the 
vicinity. In order to make a system immune to 
electromagnetic disturbance, it is required to suppress 
the noise at the source end or the receiver end or both. 
The various electrical and electronic components 
within an industrial cabinet[3] should be inserted so 
as to keep the sensitive components such as 
programmable logic controllers, amplifiers, etc. away 
from the electromagnetic noise generating units such 
as relays, variable frequency drives, etc. All wires 
and cables may act as accidental antennas especially 
above a few MHz due to the skin effect and may leak 
some amount of energy carried by them. On the other 
hand, the wires and cables may pick up any unwanted 
signal or energy. 
To prevent the cables from radiating or picking up 
unwanted electromagnetic signal we must reduce the 
length of the cables that run in parallel and provide 
proper shielding and grounding. The major objective 
of grounding is to electrically connect all the 
conductors in order to ensure that there is no potential 
difference between them. In order to protect the 
various units from the external electromagnetic noise, 
the cables should be filtered at the point where they 
enter the cabinet. 
 
II. EMC STANDARDS 
 
The Electromagnetic Compatibility (EMC) Directive 
2014/30/EU[5] requires that any equipment meets the 
essential EMC requirements before it is placed in the 

European Union (EU) territory. As per the EMC 
Directive, the electromagnetic disturbance generated 
by the equipment should not affect the normal 
functioning of other apparatus or equipment within 
the same environment. Also, the equipment should be 
immune to any electromagnetic disturbance generated 
externally by other apparatus or equipment. 
 
Electromagnetic Compatibility (EMC) measurements 
[4] are carried out to ensure the Equipment under test 
(EUT) does not generate a large amount of unwanted 
electromagnetic noise and it continues to operate as 
intended in the presence of the electromagnetic 
environment. EMC testing can be divided into two 
categories: 
 
1. Emission testing: measures the amount of 

electromagnetic disturbance generated by the 
equipment under test during normal operation. 
The emission standards for industrial 
environment are covered in EN 61000-6-4. 

2. Immunity testing: measures how the equipment 
under test will behave when exposed to 
electromagnetic disturbance. The immunity 
standards for industrial environment are covered 
in EN 61000-6-2. 

 
III. TEST DEVICE 
 
The equipment under test (EUT) or the electrical 
panel is made up of a switched mode power supply 
(SMPS), programmable logic controller (PLC), 
input/output modules, human machine interface 
(HMI) and are provided with circuitbreakers in order 
to protect against overcurrent in any case of failure. 
The electrical panel also contains servo drives and a 
variable frequency drive (VFD) which are used to 
drive or control the operation of servo motors and 
induction motor used in the EUT. Motors are 
provided with shielded cables and the cables are 
grounded at both the ends. The various sensor cables 
or the power cables from or to the field devices are 
selected based upon the current drawn by each 
component. 
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A line filter is inserted in order to filter out the noise 
that may be conducted via the power cables entering 
from the field to the machine or vice versa. Also a 
filter is provided prior to the supply of the drives. All 
the electrical components are mounted on a metal 
back plate. The back plate is metal bonded to the 
enclosure in order to ensure no potential difference at 
any point. Proper earthing is provided for the 
electrical panel as well as the metal back plate. The 
earthing conductor is bonded at various points on the 
equipment under test in order to minimize the 
potential difference between any two points. 
 
IV. EMI/EMC MEASUREMENTS 
 
1) Conducted Emission test: It measures the 
electromagnetic energy that couples from the 
equipment under test via the power cable and may 
affect another system connected to the same power 
source[6]. This energy can now be radiated via a 
larger network and picked up by other electronic 
devices via radiation. The frequency range for 
conducted emission test is 150 KHz to 30 MHz. 
In the conducted emission test the power supply to 
the equipment under test is fed via a Line Impedance 
Stabilization network (LISN). The main purpose of 
the LISN is to filter out the noise that comes over the 
AC incoming power cable. The LISN is connected to 
the Spectrum Analyzer or the EMI receiver via a 
transient limiter which protects high energy pulses 
from reaching the Spectrum Analyzer. The Spectrum 
Analyzer measures the conducted noise on the power 
cable. The test is carried out for each phase voltage 
and neutral with respect to ground. 

 
Figure 2:  Block diagram of Conducted Emission test setup 

 
EUT conducted emissions shall be below the limits 
listed in Table 1. 
 
Frequency                     QP limits        Average limits 
(MHz)                        (dBµV)             (dBµV) 
 
0.15-0.5                          79   66 
0.5-5             73   60 
5-30                                73   60 
 

 
Table 1 

 
2) Radiated Emission test: It measures the field 
strength of the electromagnetic energy 

unintentionally radiated by the EUT[7]. The 
frequency range for the radiated emission test is 
between 30MHz and 1GHz. Radiated emission test 
may be carried out in an open area test site (OATS) 
or in a semi-anechoic chamber. However 
measurements carried out in an OATS may be 
subjected to reflections or radiations from the 
external environment. A semi-anechoic chamber is 
made up of absorbing material which helps to prevent 
any reflections from reaching the receiving antenna. 
 
In radiated emission test a receiving antenna is placed 
at a distance of 3m from the equipment under test. A 
Bi-conical antenna is usually used in order to measure 
the radiated emission over the frequency range of 
30MHz to 300MHz and a Log Periodic antenna is 
used over the frequency range of 300MHz to 1GHz. 
Initially the test should be conducted with the 
equipment in the off condition so as to measure the 
ambient i.e. the signals or reflections picked from the 
external environment. The test is carried out for both 
vertical and horizontal polarization. 
EUT radiated emissions shall be below the limits 
listed in Table 2. 
 
Frequency (MHz)                            QP limits (dBµV) 
 
30- 230     50 
230- 1000    57 
 

Table 2 
 
3) Conducted Susceptibility test: It is performed to 
ensure that the equipment under test is immune to the 
electromagnetic noise injected via the power 
cables[9]. In conducted susceptibility test a RF 
modulated signal of amplitude 10Vrms in the 
frequency range of 150 KHz to 80MHz is applied to 
the EUT. The disturbing signal is given to the AC 
power cord of the equipment under test via a 
coupling/decoupling network (CDN). The actual 
current induced in the EUT was monitored. 

 
Figure 2:  Block diagram of Conducted Immunity test setup 

 
4) Electrostatic Discharge (ESD) test: Electrostatic 
discharge is the transfer of energy from one charged 
object to another charged object at different potentials 
which may result in voltage transients or current 
transients.[8] The test should be carried out at all 
points which are accessible to humans especially at 
the aperture, metal screws and other conductive 
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paths. In this test a defined voltage i.e. from 2kV to 
4kV is applied to the EUT via the ESD gun. The ESD 
gun should be held perpendicular to the equipment 
under test at all points. 
 
5) Electrical Fast transients test: it is carried out to 
ensure that all the electronic components within the 
equipment under test are immune to electrical fast 
transients due to inductive load switching.[8] In this 
test high voltage burst/transients with amplitude 
0.5kV, 1kV and 2kV are applied into the power 
cables of the EUT via a coupling/decoupling network 
(CDN). The pulses are applied with a repetition rate 
of 5KHz for one minute. The test monitors any 
changes in the operation or failure of the equipment 
under test. 

 
Figure 3:  Block diagram of Electrical fast transients test setup 
 
RESULTS 
 

 
Figure 4:  Conducted Emission results- Phase R and earth 

 

 
Figure 5:  Conducted Emission results- Phase N and earth 

Radiated Emission results: 
 
Frequency       Emission    Ambient     Polarization 
(MHz)             (dBµV/m)     (dBµV/m) 
 
30.68           44.88    32.56          Horizontal 
34.44           48.79    35.59          Vertical 
43.68           44.39                 32.77          Horizontal 
58.92           46.18                 34.67          Horizontal 
73.66           37.64    36.02          Vertical 
112.00         49.39    39.39          Horizontal 
151.80         47.19    32.29          Vertical 
197.68         40.03    30.36          Horizontal 
210.00         37.92    28.05          Vertical 
225.00         46.73    24.92          Horizontal 
240.00         44.20    31.98          Vertical 
270.00         47.78    25.25          Horizontal 
315.00         49.39    39.39          Vertical 
390.00         38.91    25.70          Horizontal 
Frequency       Emission    Ambient     Polarization 
(MHz)             (dBµV/m)     (dBµV/m) 
 
442.44         43.21    27.60          Vertical 
495.00         42.19    28.51          Horizontal 
570.00         41.48    28.97          Horizontal 
660.00         39.20    30.67          Vertical 
720.00         36.19    32.73          Vertical 
 
 

Table 3 
 
CONCLUSION 
 
In order to minimize the effects of conducted noise, a 
line filter should be provided at the point where the 
cables enter the cabinet. The filter should be mounted 
such that the input and the output wires to the filter 
are physically separated in order to avoid cross 
coupling between them. Also it is required that all the 
units within the cabinet should be grounded at the 
same potential. 
 
It was observed that the major source of radiated 
emission was variable frequency drive and hence a 
filter was provided prior to the drive. The filter 
should be kept in vicinity of the drives to minimize 
the cable lengths from filter to the drive. The effects 
of radiated emissions were minimized when power 
and control cables were segregated and routed 
separately. It was observed that there was no loss of 
function in the operation of the equipment under test 
when subjected to immunity tests. 
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