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1. LEGAL CONDITIONALITY OF RAIL-
ROAD TRAIN RESEARCH 

The range of certification railway rolling stock 
includes electromagnetic compatibility research. 
They result from EMC 2004/108/WE European 
directive registrations. This directive replaced di-
rective 89/336/EEC and its major task was to 
standarized regulations concerning electromagnetic 
compatibility in Member States to the European 
Union. The new directive had been published on 
31st of January 2004, however it had been in force 
on 20 of July, 2007. Its scope includes devices, 
stationary and mobile installation systems, terminal 
equipment, which can be a source of electromag-
netic disturbances, if its actions have influence on 
generating electromagnetic disturbances. The di-
rective regulations define the rules to launch or 
brig in for use the new devices and fundamental 
procedures conformity control and marking of con-
formity signed by CE. 

The railway rolling stock electromagnetic com-
patibility research also has to be done according to 
valid normative documents, which are harmonized 
with directive 2004/108/WE. The harmonized 
standards disclose required concerning immunity 
and emission. 

In immunity emission case the harmonized 
standards disclose required frequency range in 
which the research should be done, legal emission 
level and specify the research methodology. 

The standards which are harmonized with di-
rective 2004/108/WE in range immunity disclose 
variety environmental immunity, which railroad 
train should be exposured and the sharpness of at-
tempts exposing and also method of its simulation. 

Both case have defined curse of work for object 
during the time of certification research and crite-
ria of conformity assessment which help during the 
evaluation of the research results. 

The electromagnetic compatibility research of 
railway rolling stock are very important not because 
of possibility occurred wrong effect on device inter-
locking, which can influenced on security, but also 

can influenced on device useful in public system. It 
is connected with railway rolling stock influence 
range, where more often public objects are situated 
including detached houses and huge shopping center 
full of electronic systems and device. For example: 
Hauptbahnhof Railway Station in Berlin or 
Wileński Railway Station in Warsaw. 

2. METHODOLOGY OF MEASURE-
MENTS 

The railway rolling stock electromagnetic com-
patibility research are realized according to re-
vealed methodology and valid normative require-
ment including above-mentioned standards: 
 EN 55011 Industrial, scientific and medical 
equipment – Radio-frequency disturbance charac-
teristics – Limits and methods of measurement  
 EN 50121-1 Railway applications – Electromag-
netic compatibility – Part 1: General 
 EN 50121-2 Railway applications – Electromag-
netic compatibility - Part 2: Emission of the whole 
railway system to the outsider world 
 EN 50121-3-1 Railway applications – Electro-
magnetic compatibility – Part 3- 1: Rolling stock – 
Train and complete vehicle 
 EN 50121-3-2 Railway applications – Electro-
magnetic compatibility – Part 3-2: Rolling stock – 
Apparatus 

This standards has defined compatibility as an 
ability electric or electronic device to correct work 
in given electromagnetic environment and to do 
not emitted electromagnetic filed which could dis-
turb correct work of other device which are work-
ing order in this environment. 

The electromagnetic compatibility research can 
be considered in two aspects: 
 emission is defined as a system or device influ-
ence because of  electromagnetic waves influenced 
on the other system or device situated in the near-
est electromagnetic environment  
 immunity is defined as a system or device work 
ability without getting worse quality of action in a 
place, where occur electromagnetic disturbances. 
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Pic.1. Electromagnetic emissions and immunity of equipment and systems 

The railway rolling stock research of electro-
magnetic immunity normative registration reveal 
lack of necessity of research. That norm includes 
[5] requirement immunity to level 20V/m in range 
frequency from 0,15 MHz to 2 GHz. On the as-
sumption that in complete vehicle devices are in-
stalled as a whole, sufficiently immunity on condi-
tion that plan EMC was prepared and implement-
ed, and was taken into account border values in-
cluded in this norm.  

The research of emission of electromagnetic 
disturbances railroad train are made for emission 
disturbances of radiation and conduction.  

2.1. The measurement of emission radiation 
disturbances  

The emission of radiation disturbances is a dis-
turbance send as a electromagnetic waves. On ac-
count of specificity devices electric traction (high 
voltage and high consumption of current), meas-
urement of the level of radiation disturbance emis-
sion are made as a measurement of filed amplifica-
tion 10 m away from rail axel. On account of wide 
range of frequency the measurement of radiation 
disturbances railroad train should be made by the 3 
types of antennas, which is illustrated in 2. From 
now on recommendation included in that norm [4] 
allow to make a measurement with 2 antennas (ac-
tive loop and log periodic) 

 

 
Pic.2. Antennas required for measuring radiated disturbance electromagnetic emission: 

 
The measurement of emission radiation dis-

turbances are made in 9 kHz ÷ 1 GHz with nine 
range division according to registrations in norm 
[4] 
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 9 kHz ÷ 59 kHz - measurement of magnetic field 
strength component disturbances using the loop 
antenna, 
 50 kHz ÷ 150 kHz - measurement of magnetic 
field strength component disturbances using the 
loop antenna, 
 150 kHz ÷ 1,15 MHz - measurement of magnetic 
field strength component disturbances using the 
loop antenna,  
 1 MHz ÷ 11 MHz - measurement of magnetic 
field strength component disturbances using the 
loop antenna,  
 10 MHz ÷ 20 MHz - measurement of magnetic 
field strength component disturbances using the 
loop antenna, 
 20 MHz ÷ 30 MHz - measurement of magnetic 
field strength component disturbances using the 
loop antenna, 
 30 MHz ÷ 230 MHz - measuring the vertical com-
ponent of electric field strength using the biconical 
antenna, 
 200 MHz ÷ 500 MHz - measuring the vertical 
component of electric field intensity using the log 
periodic antenna, 
 500 MHz ÷ 1 GHz - measuring the vertical com-
ponent of electric field intensity using the log peri-
odic antenna. 

Antenna should be situated 10 m axel from rail 
axel. During the measurement magnetic storage in 
9 kHz ÷ 30 MHz the aerial should be situated from 
1 to 2 m high, counted above the track head level, 
but for 30 MHz ÷ 1 GHz the antenna should be 
situated 3m high. 

Before we started measurement the object 
which is researched, we should check if on every 

measurement frequency which we choose included 
in required frequency range, we won’t find exces-
sive outside wireless-electric disturbances (elec-
tromagnetic background). The level of outside dis-
turbances which are making background should be 
smaller at least 6 dB from permissible levels. In 
case of statement that outside emission (electro-
magnetic background) has too high level for given 
frequency or for range frequency, this range is not 
evaluated. 

2.2 The measurement of radioelectric dis-
turbances in deck net supply low voltage 

The emission of conduct disturbances is defined 
as a electromagnetic disturbances spread out in 
length electric line or in length line of signal 
transmission. The measurement of emission of 
conduct disturbances in on-board the low voltage 
network are made during stop according to meth-
odology registration in norm [6] 

According to norm recommendation the meas-
urement of asymmetrical storage voltage of dis-
turbances radioelectric are made from 9 kHz to 30 
MHz frequency range. 

The measurement emission of conduct disturb-
ances are made on every ports the low voltage 
network low voltage A.C and D.C. The line probe 
measurement is used to measurement of conduct 
disturbances. The concentric cable connects the 
receiver measurement and line probe measurement, 
which is illustrated in picture 3. The measurement 
are made during stop with maximum load. The 
gained results are compare to the earliest meas-
urement background for the power mains. 

 
Pic.3. Scheme of measuring the emission of conducted disturbances 

3. THE EXAMPLARY RESULTS OF 
MEASUREMENT 

3.1. The results of the measurement of 
emission radiation disturbances 

In the picture 4 was shown exemplary results of 
the measurement of emission radiation disturb-
ances which originated from electric traction set 

EMU 22 WE type, but we took account of re-
quirement of outside disturbances which are in-
cluded in norm. 

The measurement of emission radiation disturb-
ances were made in this circumstances:  

• during stop –  the picture 4 
• during driving – the picture 5 
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Rys.4. Disorders of radiated emissions of railway rolling stock during the stop 

During stop the train was situated straight the 
antennas and all deck devices which could be the 
potential source of radio-electric disturbances were 
switched on. 

During drive the measurement was made in 
measurement position and locomotive’s speed was 
50km/h ± 10km/h and the power trial was 30 %. 

In the pictures 4 and 5 we put the results of the 
measurement of emission radiation disturbances 
which originated from EMU 22WE during stop 

and also during drive ahead of antennas with re-
quired speed.  

The results of measurement depends on outside 
disturbances and it should be 6dB of permissible 
value. According to norm’s recommendation [4] 
on frequency where the level of permissible value 
were exceed, the measurement result weren’t eval-
uated because of high level of outside disturbances. 
In the case of the test vehicle, such situation was in 
the frequency range 10 MHz – 200 MHz. 
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Pic.5. Disorders of the rolling stock radiated emissions during drive 

3.2. The results of measurement radioelectric 
disturbances in low voltage power circuit in 
electric locomotive 

The railway mobile objects like a locomotive, 
we can treat as a specific and complex electromag-
netic environment. The device which work in this 

environment shouldn’t have an influence on each 
other, and especially electric devices powered 3 kV 
voltage shouldn’t bring in excessive levels of ra-
dio-electric disturbances to a deck circuit which 
sends a signal in electric deck devices.  
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In circuit of high voltage occur potential 
sources of radio-electric disturbances: traction en-
gines, fan engine powered direct current generator, 
contacts line and group contactor, contact current 
collector with trolley wire. 

In circuit of low voltage occur relevant source 
of radio-electric disturbances and electromagnetic 

impulse disturbances: direct current generator, low 
voltage contacts contactor, engines of auxiliary 
drive. 

In the picture 6 are presented the results of the 
measurement  which were made. 

0

10

20

30

40

50

15
0

18
5

22
0

25
5

29
0

32
5

36
0

39
5

43
0

46
5

50
0 [kHz]

[dBμV] electromagnetic ground ground  pan. on Load

0

10

20

30

40

50

15
0

18
5

22
0

25
5

29
0

32
5

36
0

39
5

43
0

46
5

50
0 [kHz]

[dBμV] electromagnetic ground ground pan. on load

 

0

10

20

30

40

50

60

50
0

3 
50

0

6 
50

0

9 
50

0

12
 5

00

15
 5

00

18
 5

00

21
 5

00

24
 5

00

27
 5

00

30
 5

00 [kHz]

[dBμV] electromagnetic ground ground pan. on load

0

10

20

30

40

50

60

50
0

3 
50

0

6 
50

0

9 
50

0

12
 5

00

15
 5

00

18
 5

00

21
 5

00

24
 5

00

27
 5

00

30
 5

00 [kHz]

[dBμV] electromagnetic ground ground pan. on load

 
Disorders of the port +24V DC conducted 

emission  
Disorders of the port -24V DC con-

ducted emission 
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Disorders of the port L 230V AC con-
ducted emission  

Disorders of the port N 230V AC 
conducted emission 

 
Pic.6. Disorders conducted emission 22WE EMU 

In the picture 6 we presented the results of the 
measurement emission conduction disturbances. 
The measurement was made in on-board the low 
voltage network 24 V DC and port 230 V AC elec-
tric multiple unit type 22 WE. During measure-
ment’s we don’t certify any exceed permissible 
level of the emission conduction disturbances. 

4. UNCERTAINTY OF MEASUREMENT 
IN RADIO-ELECTRIC EMIISION DIS-
TURBANCES RESEARCH. 

The measurement of emission radiated and 
conducted disturbances is always a measurement 
mistake ensuing from measurement specificity and 
precision test equipment which was used. Correct 
evaluation of this results forced to estimate the un-
certainty of measurement. The most important el-
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ement of conformity and unconformity with per-
missible level of radioelectric disturbance is to take 
into account the uncertainty of measurement of test 
equipment. Uncertainty of the test equipment 
which was used to radioelectric disturbances re-
search, should be evaluated by included all dimen-
sions named in the norm EN 55016-4-2 [7]. 

The standard uncertainty u(xi) in dB and indica-
tor of sensitivity ci is evaluated for estimation xi  
every dimension. The standard uncertainty u(yi)  
for estimation u dimension should be calculated by 
using dependence (1). 

∑ ⋅=
i

iic xucyu )()( 22 (1) 

where: uc(y) – (composed) standard uncertainty of 
the size y; ci – sensitivity coefficient; u(xi) – stand-
ard uncertainty estimation xi. 

The widen uncertainty which was brought in by 
measurement equipment Ulab calculates using de-
pendence (2). 

)(2 yuU clab ⋅= (2) 
where: Ulab – expanded uncertainty of the sizei y; 
uc(y) – (composed) standard uncertainty of the size 
y. 

According to requirement of Polish Centre for 
Accreditation documents the estimated uncertainty 
of measurement radioelectric radiated and con-
ducted disturbances should be annouced in report 
of test. 

CONCLUSIONS  

The results of the measurements of radioelectric 
disturbances radiated by train had shown, that the 
offence of permissible level, occurs in 10 MHz – 
200 MHz. We take outside disturbances level of 
disturbances into account which occurred measur-
ing range we can suppose that the offences of per-
missible level doesn’t occur. 

The measurements result has definitive influ-
ence on condition of electromagnetic environment, 
where significant levels of radioelectric disturb-
ances occurs and they originate from unidentified 
sources. The examination which had been con-
ducted, showed that tested EMU, didn’t exceed 
permissible levels. 

Before choosing measuring range the condition 
of electromagnetic environment should be exam-
ined very precisely. If there are any excessive lev-
els outside sources it’s source and time of the 
highest levels of emission have to be examine. 

If the research is examine on measuring range 
which was chosen incorrectly and by inexpei-
renced staff the interpretation of the measurements 
results may be wrong.  

During the conducted electromagnetic disturb-
ances researches occurred in the deck net supply 
low voltage, significant space between measured 
level of disturbances and permissible norm re-
quirement’s were noticed. 

The analysis which had been made, had shown 
that in train EMU 22 WE higher level of generated, 
conducted disturbances occurred in on-board the 
low voltage network 230V AC power supply port. 
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