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1.-INTRODUCTION

On September 28, 2023, significant regulatory changes came into effect regarding the Technical
Specification for Interoperability (TSI) for the Control-Command and Signalling Subsystems of the
European Union's railway system. These extensive revisions to the various TSIs aim to further advance the
interoperability of the European railway system, enhance the digitalization of the sector, and promote
rail freight transport.

On November 10, 2023, a communication was received from the Spanish Railway Safety Agency (AESF),
the entity responsible for functions related to the interoperability of the Spanish railway system,
informing the various entities in the railway sector of the actions that must be taken to comply with the
new obligations and the deadline for doing so. Particularly, it highlighted the most important actions
that need to be undertaken following the entry into force of the aforementioned modified texts. These
include:

e (Compatibility of non-compliant train detection systems with the CCS TSI.

In compliance with Article 13.1 of Commission Implementing Regulation (EU) 2023/1695 (new CCS TSI),
Member States whose infrastructure managers operate train detection systems that do not comply with
the Regulation must request a specific case and notify the EU Agency for Railways (EUAR) of:

a. The interference current limits for track circuits, particularly the evaluation methods and vehicle
impedance in accordance with clause 3.2.2 of document ERA/ERTMS/033281 v5.

b. The field limits for axle counters in the X, Y, and Z axes, particularly the evaluation methods in
accordance with clause 3.2.1 of document ERA/ERTMS/033281 v5.

c. Specific cases of non-compliant train detection systems using the template referred to in Annex B.1 of
document ERA/ERTMS 033281 v5.

ADIF complies with this requirement in document ERA-TDC-MS-ES.

e (Compatibility of train detection systems compliant with the CCS TSI.

In compliance with Article 13.2 of Commission Implementing Regulation (EU) 2023/1695 (new (CS TSI),
infrastructure managers will inform the EUAR of the necessary interference current limits or the frequency
management frequencies for train detection systems compliant with the TSI, as specified in sections
3.2.2.1 10 3.2.2.6 of document ERA/ERTMS/033281 v5 for their relevant networks.

Prior to receiving this communication, ADIF's Subdirectorate of Installations, following the same premises
outlined in Article 13 of the aforementioned CCS TSI, initiated a series of contacts with all technology
companies supplying Train Detection Systems, requesting the required data and agreeing on a roadmap
that will set the milestones to be met for the correct collection of information.

Therefore, the first step is the analysis, classification, and location of all axle counters and track circuits
present in the RFIG, indicating compliance with the CCS TSI 2023, the certification forecast against said
standard, the request for an exception for those cases where such compliance is not anticipated, and the
demarcation of the frequency and induced current limits for the proper functioning of systems compatible
with the TSI.

ADIF complies with this point in this document where, in its Annex 1, it includes all the interoperability
certificates for the axle meter systems described in this document, with the exception of those that as of
the date of writing this document have not yet been issued, but whose interim report has been approved.

Likewise, Annex 2 details the comparison of electromagnetic compatibility limits, the evaluation
parameters and their acceptance criteria.
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2.-SCOPE

The purpose of this document is to list the frequency management and current limits of all train detection
systems (track circuits and axle counters) present on lines subject to interoperability installed in the
Member State of Spain (ES), excluding the metric gauge network and lines managed by port authorities.

The requirements of this document ensure compatibility with the parameters described in
ERA/ERTMS/033281 v5 of the following train detection systems:

Table 01
TECHNOLOGY System soT Axle distances Wheel geometry Other parameters EMC
A o = A N M = Y 9 & v oo o~ e o] | o~
[a)] (o] (o] N (o] (a2} (18] [ag! [ag! (18] [ag! o) o H H H H °| °|
| - .—i‘ ‘—i‘ .—i‘ ‘—i‘ .—i‘ ‘—i‘ ‘-i‘ | "!‘ “!‘ “!‘ “!‘ "!‘ “!‘ “!‘ N
Al | | | ol | el el| el el el el | ] e e b el e
FTG 46 C v v Y|V VAN RV AN IRV AN IRV A IRV A IV 4 v
FTG 917 C v v Y|V VAN RV AN IRV AN IRV A IRV A IV 4 v
SIEMENS
TC(M100 TC v Vi iv |V VI v ||| v
ACM 250 AC AN BV AN VA RV AR IRV A IRV AN IRV A IRV A IRV A IRV A V4
mc TC v v v |V VAN RV AN IV AN IRV A IRV A IV 4 v
THALES
AILM AC VI iV ||| ||| ||V v
ITEJS(HVI) | < | v VvV VI Vv Vv I VY|V |V v
ALSTOM DIGICODE TC v v | VvV VA IRV A IRV AN BV A BV A BV 4 v
STDS C v VI v |V A IRV A IRV A Y A IRV A I 4 v
FRAUSCHER RSR 123 AC VAN RV A VA IRV A RV A IRV RV A IRV IRV A IRV A IV 4 v
RSR 180 AC VI iIvVI| VI V|| V|| V|||V v
EAC-214- AC VI iV | V| V||| |||V
PLUS
ELECTRANS
ME v v v |V VAN RV AN IRV AN I A IRV A IV 4 v
3091/ME TC
5091
ICF AC900 AC VI iV | V| V||| |||V v

v | V5 compliant

Favourable interim report. Awaiting certification

X | Not or partially compliant with V5

Not relevant to this system
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3.~NORMATIVE REFERENCES

Commission Implementing Regulation (EU) 2023/1693 of August 10, 2023, amending
Implementing Regulation (EU) 2019/773, concerning the technical specification for
interoperability relating to the "operation and traffic management" subsystem of the European
Union railway system.

Commission Implementing Regulation (EU) 2023/1694 of August 10, 2023, amending Regulations
(EU) No. 321/2013, (EU) No. 1299/2014, (EU) No. 1300/2014, (EU) No. 1301/2014, (EU) No.
1302/2014, and (EU) No. 1304/2014, and Implementing Regulation (EU) 2019/777.

Commission Implementing Regulation (EU) 2023/1695 of August 10, 2023, on the technical
specification for interoperability relating to the control-command and signalling subsystems of
the European Union railway system, and repealing Regulation (EU) 2016/919.

Commission Implementing Decision (EU) 2023/1696 of August 10, 2023, amending Implementing
Decision 2011/665/EU concerning the specification for the European register of authorized vehicle
types referred to in Article 48 of Directive (EU) 2016/797 of the European Parliament and of the
Council.

UNE-CLC/TS 50238-1:2020. Railway applications. Compatibility between rolling stock and train
detection systems. Part 1: General.

UNE-CLC/TS 50238-2:2020. Railway applications. Compatibility between rolling stock and train
detection systems. Part 2: Compatibility with track circuits.

UNE-CLC/TS 50238-3:2022. Railway applications. Compatibility between rolling stock and train
detection systems. Part 3: Compatibility with axle counters (Ratified by the Spanish Association for
Standardization in February 2022).

Order TMA/576/2020 of June 22, approving the "Railway Instruction: Technical specifications for
railway rolling stock for the entry into service of self-propelled units, locomotives, and coaches (IF
MR ALC-20)."

PNE-prEN 50728:2022. Railway applications. Rolling stock. Tests for electromagnetic compatibility
with track circuits.

UNE-EN 50592:2017. Railway applications. Testing of rolling stock for electromagnetic
compatibility with axle counters.
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4.-ELECTROMAGNETIC COMPATIBILITY
L4.1.-ELECTROMAGNETIC FIELDS

4.1.1.-Frequency management

Compliance with ERA/ERTMS/033281 version 5 (1668mm and 1435mm track gauge), valid for all train
detection systems described in this document.

The axle counters listed below are currently in operation in the Spanish railway infrastructure network,
their frequency management limits being described in the following sections:

4.1.1.1.-ACM250

This system is in the process of being certified against ERA/ERTMS/033281 v5 (track gauge of 1668 mm
and 1435 mm). The frequency management limits considered for this train detection system have been
specified and documented by the company providing technical support to the system (SIEMENS).

It is equipped with ZPD43/ZPD43I axle counter sensors with frequency management limits described in
Table 01:

Table 01
Band Frequency range Emission Emission Emission Evaluation Filter order Evaluation parameters
defined by the | limit X Axis | limitY Axis | limit Z Axis method (Butterworth) [ms]
centre [dBpA/m] [dBpAIm] [dBpAIm] and 3 dB-
frequency (RMS) (RMS) (RMS) bandwidth
[kHz] [Hz]
2nd . .

Band 1 42,98 109 94 107 BP + 160 Hz Integration Time: 1.8

4.1.1.2.-AZLM

The system complies with the limits established by ERA/ERTMS 033281 v.5. The frequency management
limits considered for this train detection system have been specified by the company providing technical
support to the system (THALES-HITACHI).

Equipped with model Zp30H/Zp30K axle counter sensors with frequency management limits described in
Table 02:

Table 02
Band frequency range Emission Emission Emission Evaluation Filter order Evaluation parameters
defined by the | limit X Axis | limitY Axis | limit Z Axis method (Butterworth) [ms]
centre [dBpA/m] [dBpAIm] [dBpA/m] and 3 dB-
frequency (RMS) (RMS) (RMS) bandwidth
[kHz] [Ha]
27.0 bis 4th s
Band 1 32.0 114 94 101 BP £120/ 4450 Integration Time: 4
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4.1.1.3.-RSR123

The system complies with the limits set by ERAJERTMS 033281 v5. The frequency management limits
considered for this train detection system will be those specified in the data provided by the company
that provides technical support to the system (PASCH Y CIA., S.A.U.).

This sensor is part of axle counter systems such as the FAdC or ACS2000 models. Its frequency management
limits are described in Table 03:

Table 03
Type Band Frequency range Emission Emission Emission Evaluation Filter order Evaluation
defined by the | limit X Axis | limit Y Axis | limit Z Axis method (Butterworth) parameters
centre [dBpAIm] [dBpAIm] [dBpA/m] and 3 dB- [ms]
frequency (RMS) (RMS) (RMS) bandwidth
[kHz]
Band 3 1000.0 - + 4 Integration
SYS1 1.0 120.5 114.5 114.5 BP £3.0 Time: 2
Band 3 1228.8 - + 4 Integration
SYS2 1.0 119.5 113.6 113.6 BP £3.0 Time: 2

4.1.1.4.-RSR180

The system complies with the limits set by ERAJERTMS 033281 v5. The frequency management limits
considered for this train detection system will be those specified in the data provided by the company
that provides technical support to the system (PASCH Y CIA., S.A.U.).

This sensor is part of axle counter systems such as the FAdC or ACS2000 models. Its frequency management
limits are described in Table 04:

Table 04
Band Frequency range Emission Emission Emission Evaluation Filter order Evaluation parameters
defined by the | limit X Axis | limitY Axis | limit Z Axis method (Butterworth) [ms]
centre [dBpA/m] [dBpAIm] [dBpAIm] and 3 dB-
frequency (RMS) (RMS) (RMS) bandwidth
[kHz]
Band 2 | 250.0-+1.0 121 113.8 101.0 BP 4+5.0 Integration Time: 1.521k4 sec.

Frequency range | Field direction | Increasing of magnetic field limits for a | Increasing of magnetic field limits for a
reduced integration time of 0,5 X Tint reduced integration time of 0,25 X Tint
[dB] [dB]
234 to 287 kHz XV 7 6 12
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4.1.1.5.-AC900
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The axle counter system complies with the limits set by ERA/JERTMS 033281 v5. The frequency management
limits considered for this train detection system will be those specified in the data provided by the
company that provides technical support to the system (INGENIERIA'Y CONTROL FERROVIARIO S.A.).

Table 05
Band frequency range Emission Emission Emission Evaluation Filter order Evaluation parameters
defined by the | limit X Axis | limitY Axis | limit Z Axis method (Butterworth) [ms]
centre [dBpA/m] [dBpA/m] [dBpA/m] and 3 dB-
frequency (RMS) (RMS) (RMS) bandwidth
[kHz]
Out of | Ages 10-27 | 135t0 130 135 to 135 to FFT Recording Time 1ms
band dBllog(f) 130 130 raing '
. Hanning Window, 50%
straight dBllog(f) | dBllog(f) 0 .
. . . verlay, Maximum Hold
line straight straight
line line
Band1l | 27to4l.2 93 93 98 BP Lth order 300 20% overlap integration
and 44.8 to Hz time (3 dB points): 1 ms
52
Band 1 | From 41.2 to 93 93 98 BP Lth order 320 20% overlap integration
44.8 Hz time (3dB points):
Outof | From 52 to 130 130 130 FFT Recording Time 1ms,
band 234 Hanning Window, 50%
Overlay, Maximum Hold
Band 2 | From 234 to 120 99 100 BP Lth order; 20% overlap (3 dB-dots),
287 7500 Hz integration time: 1.5 ms
Band 2 | From 287 to 109 99 91 BP Lth order; 20% overlap (3 dB-dots),
363 7500 Hz integration time 1.5 ms
Out of | From 363 to 125 125 125 FFT Recording Time 1ms,
band 740 Hanning Window, 50%
Overlay, Maximum Hold
Band 3 | From 740 to 106 85 101 BP Lth order; 10 | 20% overlap (3 dB-dots),
1026 kHz integration time: 1.5 ms
Band 3 | From 1026 to 119 113 113 BP Lth order; 10 [20% overlap (3 dB points),
1250 kHz integration time: 1.5 ms

4.1.1.1.-EAC-214-PLUS

Intermediate studies submitted by the manufacturer (ELECTRANS) ensure compliance with the limits
established by ERAJERTMS 033281. Pending the issuance of a report by the certifying body.

4.1.2.-Measurement, Test, and Evaluation Specification

The measurements have been provided by the respective suppliers of train detection systems, taking into
account the specifications of the standard EN50592:2016 and data provided by previous standards such
as EN 50238-3:2020, Annex A.

10
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4.2.-CONDUCTED INTERFERENCE
4.2.1.-Vehicle impedance

Regarding vehicle impedance, in the Spanish legal framework, order TMA 576/2020 generally mandates
that "each influencing unit (self-propelled unit, locomotive in simple composition, or car with a
pantograph) must have a minimum input impedance of 2 Q at 50 Hz."

NOTE: The same order, more specifically in section 4.2.3.3.1.1, specifies that to ensure compatibility with
train detection systems based on track circuits, "all electric traction rolling stock operating on direct
current lines equipped with 50 Hz track circuits must be equipped with a 50 Hz detector that will act on
the traction system and the auxiliary services converter when it detects, for more than 2 seconds, an
intensity level greater than 1.5 A RMS. The filter equipped by the detector will have a maximum
bandwidth of £2 Hz."

4.2.2.-Traction current: 25 kV AC, 50 Hz Electromagnetic induction current limits.
4.2.2.1.-FTGS

The track circuit, in both its FTGS46 and FTGS917 models, complies with the limits established by
ERA/ERTMS 033281 v5. The interference current limits considered for the present train detection system
will be those specified in the standard EN 50238-2:2020, Annex A.

Table 06: FIGS 46

Frequency Interference | Evaluation Evaluation parameters
Range Current Limit | method
[rms value]

o BP Filter characteristics:
Centre frequency range: 4750 Hz
3dB bandwidth: 200 Hz
Butterworth, order 2*N=6

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

L686-L4814 Hz 1A filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

o BP Filter characteristics:
Centre frequency range: 5250 Hz
3dB bandwidth: 206 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

5186-5314 Hz 1A filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

11
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Frequency
Range

Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

5686-581L4 Hz

1A

Bandpass
filter

o BP Filter characteristics:
Centre frequency range: 5750 Hz
3dB bandwidth: 214 Hz
Butterworth, order 2* N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

6186-6314 Hz

1A

Bandpass
filter

o BP Filter characteristics:
Centre frequency range: 6250 Hz
3dB bandwidth: 220 Hz
Butterworth, order 2*N=16

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

** Where the integration time to calculate the RMS value is not indicated, the duration of one cycle at the
frequency of the considered circuit will be used.

Table 07: FTGS 917

Frequency Range | Interference | Evaluation Evaluation parameters
Current Limit | method
[rms value]
o BP Filter characteristics:
Centre frequency range: 9500 Hz
3dB bandwidth: 360 Hz
Butterworth, order 2 * N =6
o RMS (alculation:
9436-9564 Hz 0.33A ?i?t';‘:pass Integration Time: ** sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

12
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Frequency Range

Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

10436-10564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 10500 Hz
3dB bandwidth: 380 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

11436-11564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 11500 Hz
3dB bandwidth: 400 Hz
Butterworth, order 2*N=16

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

12436-12564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 12500 Hz
3dB bandwidth: 425 Hz
Butterworth, order 2* N =6

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

13436-13564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 13500 Hz
3dB bandwidth: 445 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.0k sec
Minimum time between two exceedances: 0.08 sec

13
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Frequency Range | Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

14436-14564 Hz | 0.33 A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 14500 Hz
3dB bandwidth: 470 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

15436-15564 Hz | 0.33 A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 15500 Hz
3dB bandwidth: 490 Hz
Butterworth, order 2*N=16

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

16436-16564 Hz | 0.33 A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 16500 Hz
3dB bandwidth: 510 Hz
Butterworth, order 2* N =6

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

** Where the integration time to calculate the RMS value is not indicated, the duration of one cycle at the
frequency of the considered circuit will be used.
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The track circuit complies with the limits established by ERA/ERTMS 033281 according to the certificate
provided by the company responsible for its technology (ALSTOM). The interference current limits
considered for the current train detection system shall be those specified in EN 50238-2:2020, Annex A.

Table 08

EN 50238-2:2020

Frequency range

Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

4000 Hz

1A

Bandpass
filter

o BP Filter characteristics:
Centre frequency range: 4000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N= 6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

4500 Hz

1A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 4500 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N= 6

o RMS (alculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

5000 Hz

1A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 5000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2:- N=6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

5500 Hz

1A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 5500 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2:- N=6

o RMS (alculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec
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EN 50238-2:2020

Frequency range

Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

6000 Hz

1A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 6000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N=6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

6500 Hz

1A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 6500 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2:- N=6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

9000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 9000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N= 6

o RMS (alculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

10000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre Frequency Range: 10000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N= 6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec
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EN 50238-2:2020

Frequency range

Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

11000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 11000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N=6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

12000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre Frequency Range: 12000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2:- N=6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

13000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 13000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N= 6

o RMS (alculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

14000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 14000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N= 6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec
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EN 50238-2:2020

Frequency range

Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

15000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre Frequency Range: 15000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N=6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

16000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 16000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2:- N=6

o RMS Calculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35 sec

17000 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 17000 Hz
3dB bandwidth: 158 Hz
Butterworth, order 2- N= 6

o RMS (alculation:
Integration Time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Minimum time between two exceedances: 0.35sec
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4.2.2.3.-STDS

Intermediate studies submitted by the manufacturer (ALSTOM) ensure compliance with the limits
established by ERAJERTMS 033281. Pending the issuance of a report by the certifying body.

4.2.2.4.-ME 3091/ME 5091

The track circuit complies with the limits established by ERA/ERTMS 033281. The current limits considered
for this train detection system will be those specified in the national standard Order TMA 576/2020.

Table 09

Frequency Interference Evaluation Evaluation parameters
Range Current  Limit | method
[rms value]

 BP Filter characteristics:
Centre frequency range: 11,000 Hz
3dB bandwidth: 1200 Hz
Butterworth, order 2*N=16

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

11,000 Hz 15A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

o BP Filter characteristics:
Centre frequency range: 12,000 Hz
3dB bandwidth: 1400 Hz
Butterworth, order 2*N=6

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

12,000 Hz 1.5A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

o BP Filter characteristics:
Centre frequency range: 13,000 Hz
3dB bandwidth: 1600 Hz
Butterworth, order 2 * N =6

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

13,000 Hz 1.5A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec
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Evaluation
method

Interference
Current Limit
[rms value]

Frequency
Range

Evaluation parameters

Bandpass

14,000 Hz filter

1.2A

o BP Filter characteristics:
Centre frequency range: 14,000 Hz
3dB bandwidth: 1600 Hz
Butterworth, order 2* N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Bandpass

15,000 Hz filter

1.2A

o BP Filter characteristics:
Centre frequency range: 15,000 Hz
3dB bandwidth: 1800 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Bandpass

16,000 Hz filter

1.2A

o BP Filter characteristics:
Centre frequency range: 16,000 Hz
3dB bandwidth: 2000 Hz
Butterworth, order 2* N=6

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Bandpass

17,000 Hz 1A filter

o BP Filter characteristics:
Centre frequency range: 17,000 Hz
3dB bandwidth: 2600 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec
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Frequency
Range

Interference
Current Limit
[rms value]

Evaluation
method

Evaluation parameters

18,000 Hz

1A

Bandpass
filter

o BP Filter characteristics:
Centre frequency range: 18,000 Hz
3dB bandwidth: 2800 Hz
Butterworth, order 2* N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

19,000 Hz

1A

Bandpass
filter

o BP Filter characteristics:
Centre frequency range: 19,000 Hz
3dB bandwidth: 3000 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

** Where the integration time to calculate the RMS value is not indicated, the duration of one cycle at the
frequency of the considered circuit will be used.
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4.2.3.-DC Traction Current (1.5 kV and 3 kV): Limits of electromagnetic induction current.
4.2.3.1.-FTGS

The track circuit complies with the limits established by ERA/ERTMS 033281. The interference current limits
considered for this train detection system shall be those specified in EN 50238-2:2020.

Table 10: FTGS 46

Frequency Interference Evaluation Evaluation parameters
Range Current Limit method
[RMS]

o BP Filter characteristics:
Centre frequency range: 4750 Hz
3dB bandwidth: 200 Hz
Butterworth, order 2*N=16

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

L686-4814 Hz | 1A filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

o BP Filter characteristics:
Centre frequency range: 5250 Hz
3dB bandwidth: 206 Hz
Butterworth, order 2* N=6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

5186-5314Hz | 1A filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

o BP Filter characteristics:
Centre frequency range: 5750 Hz
3dB bandwidth: 214 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

5686-5814 Hz | 1A filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
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Frequency Interference Evaluation Evaluation parameters
Range Current Limit method
[RMS]

o BP Filter characteristics:
Centre frequency range: 6250 Hz
3dB bandwidth: 220 Hz
Butterworth, order 2* N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

6186-6314Hz | 1A filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

** Where the integration time is not indicated to calculate the RMS value, the duration of a cycle at the
frequency of the circuit under consideration shall be used.

Table 11: FIGS 917

Frequency Range Interference | Evaluation Evaluation parameters
Current Limit | method
[RMS]

o BP Filter characteristics:
Centre frequency range: 9500 Hz
3dB bandwidth: 360 Hz
Butterworth, order 2* N=6

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

9436-9564 Hz 0.33A .
filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

o BP Filter characteristics:

Centre frequency range: 10500 Hz
3dB bandwidth: 380 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

Bandpass

10436-10564 Hz | 0.33 A filter

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
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Frequency Range

Interference
Current Limit
[RMS]

Evaluation
method

Evaluation parameters

11436-11564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 11500 Hz
3dB bandwidth: 400 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

12436-12564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 12500 Hz
3dB bandwidth: 425 Hz
Butterworth, order 2*N=16

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

13436-13564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 13500 Hz
3dB bandwidth: 445 Hz
Butterworth, order 2* N =6

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

14436-14564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 14500 Hz
3dB bandwidth: 470 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
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Frequency Range

Interference
Current Limit
[RMS]

Evaluation
method

Evaluation parameters

15436-15564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 15500 Hz
3dB bandwidth: 490 Hz
Butterworth, order2* N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

16436-16564 Hz

0.33A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 16500 Hz
3dB bandwidth: 510 Hz
Butterworth, order 2*N=16

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec

** Where the integration time to calculate the RMS value is not indicated, the duration of one cycle at the
frequency of the considered circuit will be used.
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4.2.3.2.-TCM100

The track circuit complies with the limits set by ERA/ERTMS 033281 v5. The interference current limits
considered for this train detection system will be those specified in the national standard Order TMA
576:2020 and the UNE 50238-2:2020 standard.

Table 12
Frequency Range Interference | Evaluation Evaluation parameters
Current Limit | method
[RMS]
o BP Filter characteristics:
Centre frequency range: 4750 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2*N=6
o RMS Calculation:
4686-L4814 Hz 1A z?t:(:pass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 5250 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2* N =6
o RMS Calculation:
5186-5314 Hz 1A ?i?t:(:pass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 5750 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2 * N =6
o RMS Calculation:
5686-5814 Hz | 1A z‘i't"‘:r'pa“ Integration Time: 0.04 seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
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Frequency Range Interference | Evaluation Evaluation parameters
Current Limit | method
[RMS]
o BP Filter characteristics:
Centre frequency range: 6250 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2* N =6
o RMS Calculation:
6186-631L4 Hz 1A ?i.'latr::pass Integration Time: 0.04 seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 9500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2*N=16
o RMS Calculation:
9436-9564Hz 1A zalntr;crIpass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 10500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2* N=6
o RMS Calculation:
10436-10564 Hz | 1A ?i?t:(:pass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 11500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2 * N =6
o RMS Calculation:
11436-11564 Hz | 1A ?i?t:‘:pass Integration Time: 0.0k seconds

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.0k sec
Minimum time between two exceedances: 0.08 sec
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Frequency Range Interference | Evaluation Evaluation parameters
Current Limit | method
[RMS]
o BP Filter characteristics:
Centre frequency range: 12500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2* N =6
o RMS Calculation:
12436-12564 Hz | 1A z‘;‘t’;‘:pas‘ Integration Time: 0.0k seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 13500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2*N=16
o RMS Calculation:
13436-13564 Hz | 1A zalntr;crIpass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 14500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2* N=6
o RMS Calculation:
14436-14564 Hz | 1A ?i?t:(:pass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 15500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2 * N =6
o RMS Calculation:
15436-15564 Hz | 1A ?i?t:(:pass Integration Time: 0.04 seconds

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.0k sec
Minimum time between two exceedances: 0.08 sec
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Frequency Range Interference | Evaluation Evaluation parameters
Current Limit | method
[RMS]
o BP Filter characteristics:
Centre frequency range: 16500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2* N =6
o RMS Calculation:
16436-16564 Hz | 1A g‘;‘t’;‘:pa“ Integration Time: 0.0k seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 17500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2*N=16
o RMS Calculation:
17436-17564 Hz | 1A zalntr;crIpass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre frequency range: 18500 Hz
3dB bandwidth: 300 Hz
Butterworth, order 2* N=6
o RMS Calculation:
18436-18564 Hz | 1A ?i?t:(:pass Integration Time: 0.0L seconds
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Minimum time between two exceedances: 0.08 sec
o BP Filter characteristics:
Centre Frequency Range: 19500 Hz
3dB bandwidth: 300 Hz
Butterworth, order2* N =6
o RMS Calculation:
19436-19564 Hz | 1A ?i?t:(:pass Integration Time: 0.04 seconds

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.0k sec
Minimum time between two exceedances: 0.08 sec
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4.2.3.3.-TTC

The track circuit complies with the limits established by ERA/ERTMS 033281 according to the certificate
provided by the company responsible for its technology (ALSTOM). The interference current limits
considered for the current train detection system shall be those specified in EN 50238-2:2020, Annex A.

Table 13

Frequency Interference Evaluation Evaluation parameters
range current limit method
[RMS Value]

o BP filter characteristics:
Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

Band-Pass

4000 Hz 1A Filter

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

Band-Pass

4500 Hz 1A Filter

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N=6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

Band-Pass

5000 Hz 1A Filter

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec
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Frequency
range

Interference
current limit
[RMS Value]

Evaluation
method

Evaluation parameters

5500 Hz

1A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

6000 Hz

1A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N=6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

6500 Hz

1A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

9000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N=6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec
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Frequency
range

Interference
current limit
[RMS Value]

Evaluation
method

Evaluation parameters

10000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

11000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N=6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

12000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

13000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N=6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec
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Frequency
range

Interference
current limit
[RMS Value]

Evaluation
method

Evaluation parameters

14000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

15000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N=6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

16000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

17000 Hz

0.33A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 4000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N=6

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35sec
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The track circuit complies with the limits set by ERA/ERTMS 033281 v5. The interference current limits
considered for this train detection system will be those specified in the national standard Order TMA
576:2020 and the UNE 50238-2:2020 standard.

Table 14

Frequency
Range

Interference
Current Limit
[RMS]

Evaluation
method

Evaluation parameters

2100 Hz

2.2A

Bandpass
filter

o BP Filter characteristics:
Centre frequency range: 2100 Hz
3dB bandwidth: 400 Hz
Chebyshev order 2 * N = 10, ripple = 0.01 dB

o RMS (alculation:
Integration time: 1 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 1 sec

2500 Hz

2.2A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 2100 Hz

3dB bandwidth: 400 Hz

Chebyshev order 2 * N = 10, ripple = 0.01 dB

o RMS (alculation:
Integration time: 1 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 1 sec

2900 Hz

15A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 2100 Hz

3dB bandwidth: 400 Hz

Chebyshev order 2 * N = 10, ripple = 0.01 dB

o RMS Calculation:
Integration time: 1 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 1 sec

3300 Hz

15A

Bandpass
filter

o BP Filter characteristics:

Centre frequency range: 2100 Hz

3dB bandwidth: 400 Hz

Chebyshev order 2 * N = 10, ripple = 0.01 dB

o RMS Calculation:
Integration time: 1 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 1 sec
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Frequency Interference Evaluation Evaluation parameters
Range Current Limit method
[RMS]

o BP Filter characteristics:

Centre frequency range: 2100 Hz

3dB bandwidth: 400 Hz

Chebyshev order 2 * N = 10, ripple = 0.01 dB

1.5A Bandpass o RMS Calculation:
’ filter Integration time: 1 sec
Time overlap: min 50%

3700 Hz

o Evaluation criteria:
Maximum time of exceedance: 1 sec

o BP Filter characteristics:

Centre frequency range: 2100 Hz

3dB bandwidth: 400 Hz

Chebyshev order 2 * N = 10, ripple = 0.01 dB

Bandpass o RMS Calculation:
filter Integration time: 1 sec
Time overlap: min 50%

4100 Hz 15A

o Evaluation criteria:
Maximum time of exceedance: 1 sec

o BP Filter characteristics:

Centre frequency range: 2100 Hz

3dB bandwidth: 400 Hz

Chebyshev order 2 * N = 10, ripple = 0.01 dB

Bandpass o RMS Calculation:
filter Integration time: 1 sec
Time overlap: min 50%

4500 Hz 15A

o Evaluation criteria:
Maximum time of exceedance: 1 sec

o BP Filter characteristics:

Centre frequency range: 2100 Hz

3dB bandwidth: 400 Hz

Chebyshev order 2 * N = 10, ripple = 0.01 dB

Bandpass o RMS Calculation:
filter Integration time: 1 sec
Time overlap: min 50%

4900 Hz 15A

o Evaluation criteria:
Maximum time of exceedance: 1 sec

4.2.3.5.-1TE JS (HVI)

Considered by Spanish national regulations (Order TMA 576-2020) within the Track Circuits “/mmune to
interference generated by rolling stock due to the waveform of the signal of the track circuit.”
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4.2.3.6.-STDS

Compliance with the limits established by ERA/ERTMS 033281. Certified.

4.2.3.7.-M3091/M5091

The track circuit complies with the limits set by ERA/ERTMS 033281. The interference current limits
considered for this train detection system will be those specified in the national standard Order TMA
576/2020.

Table 16

Frequency Interference Evaluation Evaluation parameters
Range Current  Limit | method
[rms value]

 BP Filter characteristics:
Centre frequency range: 11,000 Hz
3dB bandwidth: 1200 Hz
Butterworth, order 2*N=16

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

11,000 Hz 15A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

o BP Filter characteristics:
Centre frequency range: 12,000 Hz
3dB bandwidth: 1400 Hz
Butterworth, order 2*N=6

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

12,000 Hz 1.5A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

o BP Filter characteristics:
Centre frequency range: 13,000 Hz
3dB bandwidth: 1600 Hz
Butterworth, order 2 * N =6

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

13,000 Hz 1.5A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec
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Evaluation
method

Interference
Current Limit
[rms value]

Frequency
Range

Evaluation parameters

Bandpass

14,000 Hz filter

1.2A

o BP Filter characteristics:
Centre frequency range: 14,000 Hz
3dB bandwidth: 1600 Hz
Butterworth, order 2* N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Bandpass

15,000 Hz filter

1.2A

o BP Filter characteristics:
Centre frequency range: 15,000 Hz
3dB bandwidth: 1800 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Bandpass

16,000 Hz filter

1.2A

o BP Filter characteristics:
Centre frequency range: 16,000 Hz
3dB bandwidth: 2000 Hz
Butterworth, order 2* N=6

o RMS (alculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Bandpass

17,000 Hz 1A filter

o BP Filter characteristics:
Centre frequency range: 17,000 Hz
3dB bandwidth: 2600 Hz
Butterworth, order 2 * N =6

o RMS Calculation:
Integration Time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec
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Frequency Interference Evaluation Evaluation parameters
Range Current  Limit | method
[rms value]

o BP Filter characteristics:
Centre frequency range: 18,000 Hz
3dB bandwidth: 2800 Hz
Butterworth, order 2* N =6

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

18,000 Hz 1A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

o BP Filter characteristics:
Centre frequency range: 19,000 Hz
3dB bandwidth: 3000 Hz
Butterworth, order 2 * N =6

Bandpass o RMS Calculation:
filter Integration Time: ** sec
Time overlap: min 50%

19,000 Hz 1A

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

** Where the integration time to calculate the RMS value is not indicated, the duration of one cycle at the
frequency of the considered circuit will be used.

4.2.4.-Measurement, Test, and Evaluation Specification
The measurements have been provided by the respective train detection system suppliers, taking into

account the specifications of the prEN50728:2022 standard and the data provided by previous standards
such as EN 50238-2:2020, Annex A, and the national standard Order 576/2022.
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5.-ANNEX 2: COMPARISON OF EMC PARAMETERS

This Annex provides a detailed comparison of the electromagnetic compatibility values of each train detection system with the limit values provided
in the reference standard EN 033281 v5. All results are assessed by indicating whether 0K (v'), NON-0K () or significant differences in measurement
parameters ( ><).

5.1.1.-COMPLIANCE BY FREQUENCY BANDS

TECHNOLOGY System 25 KV AC 50 Hz 3 KV CC
Al | A2 A3 Al A5 A6 AT A8 A9 Al0 All Al A2 A3 Ak A5 A6 AT A8 A9 Al10 | All
SIEMENS F$2000/5000 v v v X X
FS3000 X X X X X X
DSA 50 Hz
THALES V50 Hz
ALCATEL
ALSTOM TI21 1-M X | X X | %
EBITRACK 400 X | v X | X v P4
50 Hz
(ERICSSON)
GRS X | %
ENYSE 50 Hz ENYSE
HITACHI UMT71-2000 X X
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TECHNOLOGY
SIEMENS
TCM100
THALES Trc
ALSTOM ITE JS (HVI)
DIGICODE
ELECTRANS ME 3091/ME
5091
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5.1.2.-FTGS 46

5.1.2.1.-25 KV AC, 50 Hz ELECTROMAGNETIC INTERFERENCE LIMITS

iF

Table A2.1
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 4750 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 200 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
o RMS calculation: o RMS calculation:
:286 481k 1A IEialltnec: Pass Integration time: ** sec :250 6360 1A IEiaItnet: Pass Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.0k sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5250 Hz Centre frequencies range: 5250 Hz
3dB-Bandwidth: 206 Hz 3dB-Bandwidth: 206 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
o RMS calculation: o RMS calculation:
5186-5314 1A Ba nd-Pass Integration time: ** sec 4650-6360 Hz | 1A Ba nd-Pass Integration time: 0.0L sec
Hz Filter . X Filter . .
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.0k sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
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Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: C
Centre frequencies range: 5750 Hz * CBP ﬁltefr charactg ristics: - 5750 H
3dB-Bandwidth: 214 Hz entre requencies range: z
Butterworth, order 2*N=6 3dB-Bandwidth: 214 Hz
' Butterworth, order 2*N=6
o RMS calculation: « RMS calculation:
- - H H o %% - M
5686-5814 1A Band-Pass | Integration time: ** sec 4650-6360 Hz | 1A Band-Pass Integration time: 0.04 sec
Hz Filter Time overlap: min 50% Filter . .
Time overlap: min 50%
o Evaluation criteria: « Evaluation criteria:
Maximum time of exceedance: 0.0L sec Maximum time of ;excee dance: 0.0k sec
Min. time between two exceedances: 0.08 sec P o
Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 6250 Hz Centre frequencies range: 6250 Hz
3dB-Bandwidth: 220 Hz 3dB-Bandwidth: 220 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
o RMS calculation: o RMS calculation:
2286 6314 1A I?i‘-:tne(: Pass Integration time: ** sec 4650-6360 Hz | 1A Eialtne(: Pass Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

** Where the Integration time to calculate the RMS value is not indicated, the duration of one cycle at the frequency of the considered circuit will be

used.
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Table A2.2
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 4750 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 200 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
L4686-4814 Band-Pass o RMS calculation: Band-Pass o RMS calculation:
Hz 1A Filter Integration time: ** sec 4650-6360 Hz | 1A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.0k sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5250 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 206 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
5186-5314 Band-Pass o RMS calculation: Band-Pass o RMS calculation:
Hz 1A Filter Integration time: ** sec #650-6360 Hz | 1A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5750 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 214 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
5686-581L Band-Pass o RMS calculation: Band-Pass o RMS calculation:
Hz 1A Filter Integration time: ** sec #650-6360 Hz | 1A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.0k sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
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Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method EV range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 6250 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 220 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
6186-6314 Band-Pass o RMS calculation: Band-Pass o RMS calculation:
Hz 1A Filter Integration time: ** sec V| 4650-6360Hz | 1A Filter Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.0k sec
Min. time between two exceedances: 0.08 sec

** Where the Integration time to calculate the RMS value is not indicated, the duration of one cycle at the frequency of the considered circuit will be

used.
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Table A2.3

EN 50238-2:2020

ERTMS 033281 v.5 ERA

Frequency Interference | Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 9500 Hz Centre frequencies range: 9500 Hz
3dB-Bandwidth: 360 Hz 3dB-Bandwidth: 360 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
9436-956L4 Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
Hz 0.33A Filter Integration time: ** sec 9320-16755 | 0.33A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 10500 Hz Centre frequencies range: 10500 Hz
3dB-Bandwidth: 380 Hz 3dB-Bandwidth: 380 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
10436- Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
10564 Hz 0.33A Filter Integration time: ** sec 9320-16755 | 0.334 Filter Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.0k sec
Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020

ERTMS 033281 v.5 ERA

Frequency Interference | Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 11500 Hz Centre frequencies range: 11500 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
11436~ Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
11564 Hz 0.33A Filter Integration time: ** sec 9320-16755 0334 Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 12500 Hz Centre frequencies range: 12500 Hz
3dB-Bandwidth: 425 Hz 3dB-Bandwidth: 425 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
12436- Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
12564 Hz 0.33A Filter Integration time: ** sec 9320-16755 | 0.33A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 13500 Hz Centre frequencies range: 13500 Hz
3dB-Bandwidth: 445 Hz 3dB-Bandwidth: 445 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
13436~ Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
13564 Hz 0.33A Filter Integration time: ** sec 9320-16755 0334 Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020

ERTMS 033281 v.5 ERA

Frequency Interference | Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 14500 Hz Centre frequencies range: 14500 Hz
3dB-Bandwidth: 470 Hz 3dB-Bandwidth: 470 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
14436~ Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
14564 Hz 0.33A Filter Integration time: ** sec 9320-16755 0334 Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 15500 Hz Centre frequencies range: 15500 Hz
3dB-Bandwidth: 490 Hz 3dB-Bandwidth: 490 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
15436- Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
15564 Hz 0.33A Filter Integration time: ** sec 9320-16755 | 0.33A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 16500 Hz Centre frequencies range: 16500 Hz
3dB-Bandwidth: 510 Hz 3dB-Bandwidth: 510 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
16436~ Band-Pass o RMS calculation: Band-Pass | e RMS calculation:
16564 Hz 0.33A Filter Integration time: ** sec 9320-16755 0334 Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: ¢ Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
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Table A2.4
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 9500 Hz Centre frequencies range: 9500 Hz
3dB-Bandwidth: 360 Hz 3dB-Bandwidth: 360 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
9436-956L4 0.33 A Band-Pass | e RMS calculation: 9436- 0.33 A Band-Pass | e RMS calculation:
Hz ’ Filter Integration time: ** sec 19755 Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 10500 Hz Centre frequencies range: 10500 Hz
3dB-Bandwidth: 380 Hz 3dB-Bandwidth: 380 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
10436~ 0.33 A Band-Pass | e RMS calculation: 9436~ 0.33 A Band-Pass | e RMS calculation:
10564 Hz ) Filter Integration time: ** sec 19755 Hz ) Filter Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 11500 Hz Centre frequencies range: 11500 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
11436- 0.33 A Band-Pass | e RMS calculation: 9436~ 0.33 A Band-Pass | e RMS calculation:
11564 Hz ) Filter Integration time: ** sec 19755 Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 12500 Hz Centre frequencies range: 12500 Hz
3dB-Bandwidth: 425 Hz 3dB-Bandwidth: 425 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
12436- 0.33 A Band-Pass | e RMS calculation: 9436- 0.33 A Band-Pass | e RMS calculation:
12564 Hz ) Filter Integration time: ** sec 19755 Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 13500 Hz Centre frequencies range: 13500 Hz
3dB-Bandwidth: 445 Hz 3dB-Bandwidth: 445 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
13436~ 0.33 A Band-Pass | e RMS calculation: 9436~ 0.33 A Band-Pass | e RMS calculation:
13564 Hz ) Filter Integration time: ** sec 19755 Hz ) Filter Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

L9




b adifF R adifF
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 14500 Hz Centre frequencies range: 14500 Hz
3dB-Bandwidth: 470 Hz 3dB-Bandwidth: 470 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
14436~ 0.33 A Band-Pass | e RMS calculation: 9436~ 0.33 A Band-Pass | e RMS calculation:
14564 Hz ) Filter Integration time: ** sec 19755 Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 15500 Hz Centre frequencies range: 15500 Hz
3dB-Bandwidth: 490 Hz 3dB-Bandwidth: 490 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
iggzlﬁ; Hz 0.33A IEia;:edr Pass o RMS calc.ulati'on: 23325 Hz 0.33A Eii;:edr Pass o RMS calc.ulati.on:
Integration time: ** sec Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 16500 Hz Centre frequencies range: 16500 Hz
3dB-Bandwidth: 510 Hz 3dB-Bandwidth: 510 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
16436~ 0.33 A Band-Pass | e RMS calculation: 9436~ 0.33 A Band-Pass | e RMS calculation:
16564 Hz ’ Filter Integration time: ** sec 19755 Hz ’ Filter Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

** Where the Integration time to calculate the RMS value is not indicated, the duration of one cycle at the frequency of the considered circuit will be

used.
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Table A2.5
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms valuel
o BP filter characteristics: « BP filter characteristics:
Centre frequencies range: 4750 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
L4686-L81L 1A Band-Pass | e RMS calculation: 4650-6360 1A Band-Pass | e RMS calculation:
Hz Filter Integration time: 0.04 sec Hz Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
e Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5250 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 206 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
5186-5314 1A Band-Pass | e RMS calculation: 4650-6360 1A Band-Pass | e RMS calculation:
Hz Filter Integration time: 0.04 sec Hz Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
e Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.0L4 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method V| range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5750 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 214 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
5686-581L 1A Band-Pass | e RMS calculation: v 4650-6360 1A Band-Pass | e RMS calculation:
Hz Filter Integration time: 0.0k sec Hz Filter Integration time: 0.0L sec
Time overlap: min 50% Time overlap: min 50%
e Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 6250 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 220 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
6186-631L 1A Band-Pass | e RMS calculation: v 4650-6360 1A Band-Pass | e RMS calculation:
Hz Filter Integration time: 0.0k sec Hz Filter Integration time: 0.0k sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 9500 Hz Centre frequencies range: 9500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 360 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
9436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
9564Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec

Time overlap: min 50%

¢ Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method V| range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 10500 Hz Centre frequencies range: 10500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 380 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
10436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
10564 Hz Filter Integration time: 0.0k sec 19755Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
e Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 11500 Hz Centre frequencies range: 11500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
11436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
11564 Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 12500 Hz Centre frequencies range: 12500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
12436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
12564 Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec

Time overlap: min 50%

¢ Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method V| range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 13500 Hz Centre frequencies range: 13500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 425 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
13436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
13564 Hz Filter Integration time: 0.0k sec 19755Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
e Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 14500 Hz Centre frequencies range: 14500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 445 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
14436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
14564 Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 15500 Hz Centre frequencies range: 15500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 470 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
15436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
15564 Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec

Time overlap: min 50%

¢ Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method V| range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 16500 Hz Centre frequencies range: 16500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 490 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
16436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
16564 Hz Filter Integration time: 0.0k sec 19755Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
e Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 17500 Hz Centre frequencies range: 17500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 510 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
17436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
17564 Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 18500 Hz Centre frequencies range: 18500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 510 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
18436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
18564 Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec

Time overlap: min 50%

¢ Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method V| range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 19500 Hz Centre frequencies range: 19500 Hz
3dB-Bandwidth: 300 Hz 3dB-Bandwidth: 510 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
19436~ 1A Band-Pass | e RMS calculation: v 9320- 0.33 A Band-Pass | e RMS calculation:
19564 Hz Filter Integration time: 0.04 sec 19755Hz ) Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec Min. time between two exceedances: 0.08 sec
5.1.5.-ACM 250
Table A2.6
THALES-HITACHI ERTMS 033281 v.5 ERA
Frequency - - - Frequency G G G
defined by N . . Evaluation | (butterworth) | Evaluation |EV defined by s . N Evaluation |(butterworth) |Evaluation
Band th Axis Axis Axis Band Axis Axis Axis
e centre method and 3 dB- | parameters the centre method and 3 dB- |parameters
frequency [dBpA/m] [dBpA/m] [dBpA/m] bandwidth frequency [dBpA/m] | [dBuA/m] | [dByA/m] bandwidth
[kHz] (RMS) (RMS) (RMS) [kHz] (RMS) (RMS) (RMS)
20%
Band Integration Band 41.2- Lth order 0\(l§(r1|;p
109 9L 107 BP 2 + 160Hz time: 1.8 |v ’ 93 83*/90* 98 BP .
1 ms 1 L4.8 320 Hz points)
Integration
time: 1ms
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Table A2.7

EN 50238-2:2020 ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

1682-1716
Hz

3.7TA

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 1699 Hz
3dB-Bandwidth: 50 Hz
Butterworth, order 2- N= *

o RMS calculation:
Integration time: 0.21 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.016 sec

1500-2700
Hz

03A

FFT

e Time window 1s, Hanning window,
e min. 80% overlap
Maximum time of exceedance: 0.3s

1984-2018-
Hz

3.2A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 2001 Hz
3dB-Bandwidth: 50 Hz
Butterworth, order 2- N= *

o RMS calculation:
Integration time: 0.21 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.016 sec

1500-2700
Hz

03A

FFT

e Time window 1s, Hanning window,
e min. 80% overlap
e Maximum time of exceedance: 0.3s
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Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.88 sec

EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method EV range current limit | method
[rms value] [rms value]
o BP filter characteristics:
Centre frequencies range: 2299 Hz
3dB-Bandwidth: 50 Hz
Butterworth, order 2+ N= *
e Time window 1s, Hanning window,
ﬁ§82 2316 3.3A Eﬁ:edr Pass | , RMs calculation: ﬁ:oo_zmo 0.3A FFT e min. 80% overlap
Integration time: 0.21 sec e Maximum time of exceedance: 0.3s
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.016 sec
o BP filter characteristics:
Centre frequencies range: 2601 Hz
3dB-Bandwidth: 50 Hz
Butterworth, order 2 N= *
2584~ 2.8 A Band-Pass | e RMS calculation: 1500-2700 | o5, FFT * Tupe WTdOW s, Hanning window,
2618Hz : Filter Integration time: 0.21 sec Hz ' ® Mmin. 80% overlap .
Time overlap: min 50% e Maximum time of exceedance: 0.3s
o Evaluation criteria:
Maximum time of exceedance: 0.016 sec
Min. time between two exceedances: 0.88 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 4080 Hz Centre frequencies range: 4100 Hz
3dB-Bandwidth: 160 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2 N= * Butterworth, order 2- N= 10
L040-4120 0.5 A Band-Pass | e RMS calculation: & | 2700-5100 1.5 A Band-Pass | e RMS calculation:
Hz ’ Filter Integration time: 0.4 sec Hz ’ Filter Integration time: 1 sec

Time overlap: min 90%

o Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances: 1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method EV range current limit | method
[rms value] [rms value]
* BP filter chara.cteristics: o BP filter characteristics:
Centre frequencies range: 4320 Hz Centre frequencies range: 4500 Hz
3dB-Bandwidth: 160 Hz 3dB-Bandwidth: 400 Hz.
< N=* .
Butterworth, order 2- N Butterworth, order 2- N= 10
o RMS calculation: T
4280-4360 0.5 A Bflnd Pass Integration time: 0. sec & | 2700-5100 15A B.and Pass | e RMS ca.lcule!tlor.l.
Hz Filter . e ENO Hz Filter Integration time: 1 sec
Time overlap: min 50% . A
Time overlap: min 90%
o Evaluation criteria: « Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of ex.ceedance' 1 sec
Min. time between two exceedances: 0.88 sec Min. time bet t : d .15
. e Min. time between two exceedances: 1.5 sec
* BP filter chara.cteristics: o BP filter characteristics:
Centre frequencies range: 4560 Hz Centre frequencies range: 4500 Hz
3dB-Bandwidth: 160 Hz 3dB-Bandwidth: 400 Hz
. N= * N
Butterworth, order 2- N Butterworth, order 2- N= 10
o RMS calculation: T
4520-4600 0.5 A B-and Pass Integration time: 0.4 sec & | 2700-5100 1.5A B-and Pass | e RMS ca.lcula!tlor.l.
Hz Filter . o Eno Hz Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
o Evaluation criteria: « Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of ex.ceedance' 1 sec
Min. time between two exceedances: 0.88 sec Min. time bet t . d .15
. e Min. time between two exceedances: 1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]

o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5040 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 160 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2+ N= * Butterworth, order 2:- N=6
o RMS calculation: o RMS calculation:

>000-5080 0.5A B.a nd-Pass Integration time: 0.4 sec 4650-6360 1A B.a nd-Pass Integration time: 0.4 sec

Hz Filter . . eno Hz Filter . . eno
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.88 sec Min. time between two exceedances: 0.80 sec
[ ] [ ]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5280 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 160 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2 N= * Butterworth, order 2:- N=6
o RMS calculation: o RMS calculation:

5240-5320 0.5A B'and Pass Integration time: 0.4 sec 4650-6360 1A B-and Pass Integration time: 0.4 sec

Hz Filter . X Hz Filter . X
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.88 sec Min. time between two exceedances: 0.80 sec
[ ] [ ]
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]

o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5520 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 160 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2+ N= * Butterworth, order 2:- N=6
o RMS calculation: o RMS calculation:

0480-5560 0.5A B.a nd-Pass Integration time: 0.4 sec 4650-6360 1A B.a nd-Pass Integration time: 0.4 sec

Hz Filter . . eno Hz Filter . . eno
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.88 sec Min. time between two exceedances: 0.80 sec
[ ] [ ]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 6000 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 160 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2 N= * Butterworth, order 2:- N=6
o RMS calculation: o RMS calculation:

5960-6040 0.5A B-a nd-Pass Integration time: 0.4 sec 4650-6360 1A B'a nd-Pass Integration time: 0.4 sec

Hz Filter . X Hz Filter . X
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.88 sec Min. time between two exceedances: 0.80 sec
[ ] [ ]
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Table A2.8
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
Centre frequencies range: 4080 Hz o BP filter characteristics:
3dB-Bandwidth: 124 Hz Centre frequencies range: 4100 Hz
Butterworth, order 2- N= * 3dB-Bandwidth: 400 Hz
Butterworth, order 2- N= 10
o RMS calculation:
Band-Pass Integration time: ** sec 2700-5100 Band-Pass | e RMS calculation:
4080 Hz 0.52A Filter Time overlap: min 50% Hz 1.5A Filter Integration time: 1 sec
Time overlap: min 90%
o Evaluation criteria:
Maximum time of exceedance: 0.016 sec e Evaluation criteria:
Min. time between two exceedances: 0.51L Maximum time of exceedance: 1 sec
sec Min. time between two exceedances:1.5 sec
E IrslI:rﬁIftrer chanraicte:lsit:csi 4320 Hz o BP filter characteristics:
BZB-Eanfiqu'fit:l?izz ﬁe‘ Centre frequencies range: 4250 Hz
Butt ‘t"l’: er 2. Nz_ . 3dB-Bandwidth: 600 Hz
utferworth, order 2+ 1= Butterworth, order 2 N= 10
RMS calculation: .
Band-Pass | ° e 3450-7550 Band-Pass | e RMS calculation:
4320 Hz 0.45A Filter .Irlzltegratloln tl.me.. 505;( Hz 154 Filter Integration time: 1 sec
ime overlap: min 0% Time overlap: min 90%
e Evaluation criteria: . .
. . e Evaluation criteria:
mgxlTum ;'Te of e’:ceedanceho'om- soece;m Maximum time of exceedance: 1 sec
In. time between two exceedances: 0. sec Min. time between two exceedances:1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
E B't) ﬁlfter chara.cteristicsi 4560 H « BP filter characteristics:
Bngsa;?j?:\llliilrtl::Fslgznﬁ:' z Centre frequencies range: 4500 Hz
Butterworth or('ier 3 N= * 3dB-Bandwidth: 400 Hz
! Butterworth, order 2- N= 10
RMS calculation: .
Band-Pass | ° s ek & | 2700-5100 Band-Pass | e RMS calculation:
4560 Hz 0.39A Filter ITr.ltegratloIn tl.me.. 50505( Hz 154 Filter Integration time: 1 sec
Ime overiap: min 50% Time overlap: min 90%
o Evaluation criteria: ; o,
Maximum time of exceedance: 0.016 sec * a’:):?;td?nntﬁ?g: ;:xceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances:1.5 sec
E Blt) ﬁl;er chara.cteristicsi 5040 H * BP filter characteristics:
;'E_rgal:z“]';'iﬂ:;'_esl;znﬁze' z Centre frequencies range: 4900 Hz
Butterworth orc.Ier 3 N= * 3dB-Bandwidth: 400 Hz
' Butterworth, order 2- N= 10
RMS calculation: .
Band-Pass | * L - & | 2700-5100 Band-Pass | e RMS calculation:
5040 Hz 0.66 A Filter IletegratloIn tl.me.. 5;;‘ Hz 154 Filter Integration time: 1 sec
Ime overlap: min 59% Time overlap: min 90%
o Evaluation criteria: ; PR
Maximum time of exceedance: 0.016 sec * H:;?;E;ntE;ZeE? ;exceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances:1.5 sec
E Blt) ﬁl:er chara'cteristicsi 5280 H * BP filter characteristics:
;'E_r;a;zwiﬂ:;'.esl;znﬁf' z Centre frequencies range: 5250 Hz
Butterworth ort;Ier 3 N= * 3dB-Bandwidth: 206 Hz
' Butterworth, order 2- N= 6
RMS calculation: .
Band-Pass | * L - & | 4650-6360 Band-Pass | e RMS calculation:
5280 Hz 0.27A Filter ITI]tegratloln tl.me.. 5 Os;c Hz 1A Filter Integration time: 0.04 sec
Ime overlap: min 59% Time overlap: min 50%
o Evaluation criteria: ; PR
Maximum time of exceedance: 0.016 sec l.‘/l:;(,iil;rlfr:llz?nfglzefr:eax.ceedance' 0.0 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit method range current limit | method
[rms value] [rms value]
E B't) ﬁlfter chara.cteristicsi 5520 H « BP filter characteristics:
Bngsa;?j?:\llliilrtl::Fslgznﬁ:' z Centre frequencies range: 5250 Hz
Butterworth or('ier 2: N=* 3dB-Bandwidth: 206 Hz
! Butterworth, order 2:- N=6
RMS calculation: .
Band-Pass | ° e 4650-6360 Band-Pass | e RMS calculation:
5520 Hz 0.27A Filter ITr.ltegratloIn tl.me.. 50505( Hz 1A Filter Integration time: 0.04 sec
ime overlap: min 0% Time overlap: min 50%
o Evaluation criteria: ; e aria.
Maximum time of exceedance: 0.016 sec ;4:;(,iar:1uuar2(;?n1c::)efr:zax.ceedance' 0.0k sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
E Blt) ﬁl;er chara.cteristicsi 6000 H * BP filter characteristics:
;'E_rgal:z?':iﬂ:;'_esl;znﬁze' z Centre frequencies range: 6250 Hz
Butterworth orc.Ier 2: N=* 3dB-Bandwidth: 220 Hz
' Butterworth, order 2- N=6
RMS calculation: .
Band-Pass | ° ek 4650-6360 Band-Pass | e RMS calculation:
6000 Hz 0.26 A Filter IletegratloIn tl.me.. 5;;‘ Hz 1A Filter Integration time: 0.04 sec
Ime overiap: min 50% Time overlap: min 50%
o Evaluation criteria: ; aria.
Maximum time of exceedance: 0.016 sec hgxeruf:::?l;;I:)efr&ceedance' 0.0L sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
E Blt) ﬁI:er chara'cteristicsi 6480 H o BP filter characteristics:
;'L_rsa;z(‘ll",'iz:;'_eslzn&:' z Centre frequencies range: 5250 Hz
Butterworth ort;Ier 3+ N= * 3dB-Bandwidth: 206 Hz
' Butterworth, order 2- N= 6
RMS calculation: .
Band-Pass | ° s ek 4650-6360 Band-Pass | e RMS calculation:
6480 Hz 0.25 A Filter ITI]tegratloIn tl.me.. 5 Os;c Hz 1A Filter Integration time: 0.04 sec
Ime overlap: min 59% Time overlap: min 50%
o Evaluation criteria: ; aria.
Maximum time of exceedance: 0.016 sec ;4:;(,?;1ulfr::z?n1cglt)efr:aax.ceedance' 0.0k sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
rf luati luati rf luati luati
range current limit | method Ev range current limit | method
[rms value] [rms value]
E BI: ﬁlfter chara.cteristicsi 6720 H o BP filter characteristics:
3i|r:sf§a;3wii|2:.lfs1£zn§:' z Centre frequencies range: 6750 Hz
Butterworth or('ier 3 N= * 3dB-Bandwidth: 600 Hz
! Butterworth, order 2- N= 10
RMS calculation: .
Band-Pass | ° s ek & | 3450-7550 Band-Pass | e RMS calculation:
6720 Hz 0.24 A Filter ITr’lrt:eg?t:r)lr; tl'mr:'.n 505;‘5 Hz 1.5A Filter Integration time: 1 sec
Ime overlap: mi ° Time overlap: min 90%
o Evaluation criteria: ; e aria.
Maximum time of exceedance: 0.016 sec * a’:):?;td?nnégt:g? ;:xceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances:1.5 sec
E Blt) ﬁl;er chara.cteristicsi 7200 H * BP filter characteristics:
;'E_rgal:z“]';'iﬂ:;'_esl;znﬁze' z Centre frequencies range: 7250 Hz
Butterworth orc.Ier 3 N= * 3dB-Bandwidth: 600 Hz
' Butterworth, order 2- N= 10
RMS calculation: .
Band-Pass | * . - &K | 3u50-7550 Band-Pass | e RMS calculation:
7200 Hz 0.24 A Filter IletegratloIn tl.me.. 5;;‘ Hz 154 Filter Integration time: 1 sec
Ime overlap: min 59% Time overlap: min 90%
o Evaluation criteria: ; aria.
Maximum time of exceedance: 0.016 sec * H:;?;E;ntE;ZeE? ;exceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances:1.5 sec
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Table A2.9
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
Centre frequencies range: 4080 Hz o BP filter characteristics:
3dB-Bandwidth: 124 Hz Centre frequencies range: 4100 Hz
Butterworth, order 2- N= * 3dB-Bandwidth: 400 Hz
Butterworth, order 2- N= 10
o RMS calculation:
Band-Pass Integration time: ** sec 2700-5100 Band-Pass | e RMS calculation:
4080 Hz 0.52A Filter Time overlap: min 50% Hz 154 Filter Integration time: 1 sec
Time overlap: min 90%
o Evaluation criteria:
Maximum time of exceedance: 0.016 sec e Evaluation criteria:
Min. time between two exceedances: 0.51L Maximum time of exceedance: 1 sec
sec Min. time between two exceedances: 1.5 sec
Conte frequendies range: 4120 Hz » BP filte characteritics:
3dB-Bandwidth: 124 Hz Centre frequ‘enues range: 4250 Hz
Butterworth. order 2- N= * 3dB-Bandwidth: 600 Hz
' Butterworth, order 2- N= 10
Band-Pass | ° RMS ca]culqtion: 3450-7550 Band-Pass | e RMS calculation:
4320 Hz 0.65A Filter Integration time: ** sec Hz L.5A Filter Integration time: 1 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.016 sec
Min. time between two exceedances: 0.514 sec

Time overlap: min 90%

e Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances: 1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
E B't) ﬁlfter chara.cteristicsi 4560 H o BP filter characteristics:
Bngsa;?j?:\llliilrtl::Fslgznﬁ:' z Centre frequencies range: 4500 Hz
Butterworth or('ier 3 N= * 3dB-Bandwidth: 400 Hz
! Butterworth, order 2- N= 10
RMS calculation: .
Band-Pass | ° s ek & | 2700-5100 Band-Pass | e RMS calculation:
4560 Hz 0.39A Filter ITr.ltegratloIn tl.me.. Sos;c Hz 1.5A Filter Integration time: 1 sec
Ime overiap: min 50% Time overlap: min 90%
o Evaluation criteria: ; ariae
Maximum time of exceedance: 0.016 sec * a’:):?;td?nntﬁ?g: ;exceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 1.5 sec
E Blt) ﬁl;er chara.cteristicsi 5040 H * BP filter characteristics:
;'E_rgal:z“]';'iﬂ:;'_esl;znﬁze' z Centre frequencies range: 4750 Hz
Butterworth orc.Ier 3 N= * 3dB-Bandwidth: 200 Hz
' Butterworth, order 2:- N=6
RMS calculation: .
Band-Pass | * L - X | 4650-6360 Band-Pass | e RMS calculation:
5040 Hz 0.66 A Filter IletegratloIn tl.me.. 5;;‘ Hz 1A Filter Integration time: 0.04 sec
Ime overlap: min 59% Time overlap: min 50%
o Evaluation criteria: ; aria.
Maximum time of exceedance: 0.016 sec * a,:):?niﬂ?nnt?;teeg?.exceedance' 0.0k sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
E Blt) ﬁl:er chara'cteristicsi 5280 H » BP filter characteristics:
;'E_r;a;zwiﬂ:;'.esl;znﬁf' z Centre frequencies range: 5250 Hz
Butterworth orc]er 3 N= * 3dB-Bandwidth: 206 Hz
' Butterworth, order 2- N= 6
RMS calculation: .
Band-Pass | * L - X | 4650-6360 Band-Pass | e RMS calculation:
5280 Hz 0.27 A Filter ITI]tegratloIn tl.me.. 5 os;c Hz 1A Filter Integration time: 0.0L sec
Ime overlap: min 58% Time overlap: min 50%
o Evaluation criteria: ; aria.
Maximum time of exceedance: 0.016 sec * a’:;?:]ﬂ;ntggt:g: ;:xceedance' 0.04 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
* BP filter characteristics: o BP filter characteristics:
g’;’l';t_r;af;?j?"l"izrt';'_esl;z"ﬁ:: 5520 Hz Centre frequencies range: 5750 Hz
Butterworth or('ier 3 N= * 3dB-Bandwidth: 214 Hz
! Butterworth, order 2:- N=6
RMS calculation: .
Band-Pass | * . x 4650-6360 Band-Pass | e RMS calculation:
5520 Hz 0-27 A Filter IT[ItegratloIn tl.me.. 5 OS;C Hz 1A Filter Integration time: 0.04 sec
Ime overiap: min 50% Time overlap: min 50%
o Evaluation criteria: : e
Maximum time of exceedance: 0.016 sec * alaa):?:ltl:;ntﬂl:teeg:.exceedance' 0.0k sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
E Blt) ﬁl;er chara.cteristicsi 6000 H o BP filter characteristics:
;'E_rgal:z“]';'iﬂ:;'_esl;znﬁze' z Centre frequencies range: 6250 Hz
Butterworth orc.ler 3 N= * 3dB-Bandwidth: 220 Hz
' Butterworth, order 2:- N=6
RMS calculation: .
Band-Pass | * L . 4650-6360 Band-Pass | e RMS calculation:
6000 Hz 0.26 A Filter ITI]tegratloIn tl.me.. 5 Os;c Hz 1A Filter Integration time: 0.04 sec
Ime overlap: min 59% Time overlap: min 50%
o Evaluation criteria: ; oo
Maximum time of exceedance: 0.016 sec * a,:):?niﬂ?nnt?;teeg?.exceedance' 0.0k sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 0.08 sec
E Blt) ﬁl:er chara'cteristicsi 6480 H o BP filter characteristics:
;'E_r;a;zwiﬂ:;'.esl;znﬁf' z Centre frequencies range: 6250 Hz
Butterworth or&er 3 N= * 3dB-Bandwidth: 600 Hz
' Butterworth, order 2- N= 10
RMS calculation: .
Band-Pass | * .. - 3450-7550 Band-Pass | e RMS calculation:
6480 Hz 0.25A Filter ITI]tegratloIn tl.me.. 50s‘:;c Hz 1.5A Filter Integration time: 1 sec
Ime overlap: min 58% Time overlap: min 90%
o Evaluation criteria: ; oo,
Maximum time of exceedance: 0.016 sec * a::)l(:::]tl:;ntggteeg: ;:xceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 1.5 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
* BP filter characteristics: o BP filter characteristics:
g’;’l';t_r;af;?j?"l"izrt';'_esl;z"ﬁ:: 6720 Hz Centre frequencies range: 6750 Hz
Butterworth or('ier 3 N= * 3dB-Bandwidth: 600 Hz
! Butterworth, order 2- N= 10
RMS calculation: .
Band-Pass | ° s ek & | 3450-7550 Band-Pass | e RMS calculation:
6720 Hz 0.24A Filter ITr’lrt:eg?t:r)lr; tl'mnf'.n 5()5;‘: Hz 1.5A Filter Integration time: 1 sec
Ime overlap: mi ° Time overlap: min 90%
o Evaluation criteria: : e
Maximum time of exceedance: 0.016 sec * a’:):?;td?nntm?g: ;:xceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 1.5 sec
E Blt) ﬁl;er chara.cteristicsi 7200 H o BP filter characteristics:
;'E_rgal:z“]';'iﬂ:;'_esl;znﬁze' z Centre frequencies range: 7250 Hz
Butterworth orc.Ier 3 N= * 3dB-Bandwidth: 600 Hz
' Butterworth, order 2- N=10
RMS calculation: .
Band-Pass | * L e X | 3450-7550 Band-Pass | e RMS calculation:
7200 Hz 0.24 A Filter IT|.1tegrat|oIn tl.me.. 505;( Hz 1.5A Filter Integration time: 1 sec
Ime overlap: min 59% Time overlap: min 90%
o Evaluation criteria: ; oo
Maximum time of exceedance: 0.016 sec * H:;?;E;ntE;ZeE? .exceedance' 1 sec
Min. time between two exceedances: 0.514 sec Min. time between two exceedances: 1.5 sec
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Table A2.10

ORDER TMA 576-2020

ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Frequency
range

Interference
current limit
[rms value]

Evaluation Evaluation parameters
method

50 Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 50 Hz
3dB-Bandwidth: 2 Hz
Butterworth, order 2+ N= *

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.2sec

NO DATA
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Table A2.11
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 4000 Hz Centre frequencies range: 4100 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N= 6 Butterworth, order 2- N= 10
Band-Pass | e RMS calculation: 2700-5100 Band-Pass o RMS calculation:
4000 Hz 1A Filter Integration time: 0.02 sec Hz 154 Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 1 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances:1.5 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 4500 Hz Centre frequencies range: 4500 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N=6 Butterworth, order 2- N= 10
Band-Pass | e RMS calculation: 2700-5100 Band-Pass | e RMS calculation:
4500 Hz 1A Filter Integration time: 0.02 sec Hz 154 Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 1 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances:1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 5250 Hz
Centre frequencies range: 5000 Hz idth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 206 Hz
Butterworth, order 2*N= 6 Butterworth, order 2:- N=6
_— _ _ o RMS calculation:
5000 Hz 1A B'amd Pass | ¢ RMS cqlcule!tlon. 4650-6360 1A B.and Pass Integration time: 0.0k sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec gelcn. time between two exceedances: 0.08
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 5250 Hz
Centre frequencies range: 5500 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 206 Hz
Butterworth, order 2*N= 6 Butterworth, order 2:- N=6
I _ _ * RMS calculation:
5500 Hz 1A Bflnd-Pass o RMS cqlculqtlon. 4650-6360 1A B-and Pass Integration time: 0.0t sec
Filter Integration time: 0.02 sec Hz Filter . e Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec g'cn' time between two exceedances: 0.08
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 6250 Hz
Centre frequencies range: 6000 Hz idth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 220 Hz
Butterworth, order 2*N= 6 Butterworth, order 2:- N=6
_— _ _ o RMS calculation:
6000 Hz 1A B'amd Pass | ¢ RMS cqlcule!tlon. 4650-6360 1A B.and Pass Integration time: 0.0% sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec gelcn' time between two exceedances: 0.08
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 6250 Hz
Centre frequencies range: 6500 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 220 Hz
Butterworth, order 2*N= 6 Butterworth, order 2- N= 6
. _ _  RMS calculation:
6500 Hz 1A Bflnd-Pass o RMS cqlculqtlon. 4650-6360 1A B-and Pass Integration time: 0.0 sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec nlcn. time between two exceedances: 0.08
o BP filter characteristics:
Centre frequencies range: 9000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6
Band-Pass | e RMS calculation:
9000 Hz 0.33A Filter Integration time: 0.02 sec NO DATA
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 10000 Hz Centre frequencies range: 9500 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 360 Hz
Butterworth, order 2*N= 6 Butterworth, order 2*N= 6
Band-Pass | e RMS calculation: 9320-16755 Band-Pass | e RMS calculation:
10000 Hz 0.33A Filter Integration time: 0.02 sec Hz 0.33A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 10500 Hz
Centre frequencies range: 11000 Hz i
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 380 Hz
Butterworth. order 2*N= 6 Butterworth, order 2*N= 6
— _ _ o RMS calculation:
11000 Hz 0.33A B.and Pass | « RMS ca‘lcula‘tlon. 9320-16755 0.33A B‘and Pass Integration time: 0.0k sec
Filter Integration time: 0.02 sec Hz Filter . o EnO
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec :l'cn' time between two exceedances: 0.08
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 11500 Hz
Centre frequencies range: 12000 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 400 Hz
Butterworth. order 2*N= 6 Butterworth, order 2*N= 6
. RMS calculation:
Band-Pass | e RMS calculation: 9320-16755 Band-Pass | & s
12000 Hz 0.33A Filter Integration time: 0.02 sec Hz 0.33A Filter Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

Time overlap: min 50%

o Evaluation criteria:

Maximum time of exceedance: 0.0L4 sec
Min. time between two exceedances: 0.08
sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 12500 Hz
Centre frequencies range: 13000 Hz idth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 425 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N= 6
_— _ _ o RMS calculation:
13000 Hz 0.33a | Band-Pass | ¢ RMS calculation: v | 9320-16755 | g 33, Band-Pass | |\ egration time: 0.0k sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec gelcn. time between two exceedances: 0.08
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 13500 Hz
Centre frequencies range: 14000 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 445 Hz
Butterworth. order 2*N= 6 Butterworth, order 2*N= 6
I _ _ * RMS calculation:
14000 Hz 0.33A Bflnd-Pass * RMS cqlculqtlon. v 9320-16755 0.33A B'and Pass Integration time: 0.04 sec
Filter Integration time: 0.02 sec Hz Filter . e Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec g'cn' time between two exceedances: 0.08
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 14500 Hz
Centre frequencies range: 15000 Hz idth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 470 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N= 6
_— _ _ o RMS calculation:
15000 Hz 0.33a | Band-Pass | ¢ RMS calculation: v | 9320-16755 | g 33, Band-Pass | |\ egration time: 0.0k sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec gelcn. time between two exceedances: 0.08
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 15500 Hz
Centre frequencies range: 16000 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 490 Hz
Butterworth. order 2*N= 6 Butterworth, order 2*N= 6
I _ _ * RMS calculation:
16000 Hz 0334 | Band-Pass | o RMS calculation: v | B0-16755 | 33 Band-Pass | | +earation time: 0.0 sec
Filter Integration time: 0.02 sec Hz Filter . e Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec g'cn' time between two exceedances: 0.08
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 16500 Hz
Centre frequencies range: 17000 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 510 Hz
Butterworth. order 2*N= 6 Butterworth, order 2*N= 6
_— _ _ o RMS calculation:
17000 Hz 0.33A B'amd Pass | « RMS ca!IcuIe!tlon. v 9320-16755 0.33A B.and Pass Integration time: 0.04 sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35sec gelcn. time between two exceedances: 0.08
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Table A2.12
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 4000 Hz Centre frequencies range: 4100 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N= 6 Butterworth, order 2*N= 10
Band-Pass | e RMS calculation: 2700-5100 Band-Pass o RMS calculation:
4000 Hz 1A Filter Integration time: 0.02 sec Hz 154 Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 1 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 1.5 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 4500 Hz Centre frequencies range: 4500 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N= 10
Band-Pass | e RMS calculation: 2700-5100 Band-Pass | e RMS calculation:
4500 Hz 1A Filter Integration time: 0.02 sec Hz 154 Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 1 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5000 Hz Centre frequencies range: 4750 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 200 Hz
Butterworth, order 2*N= 6 Butterworth, order 2*N= 6
5000 Hz 1A B‘and—Pass o RMS ca_lcule!tion: 4650-6360 1A B_and—Pass e RMS cqlcule!tion:
Filter Integration time: 0.02 sec Hz Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 5500 Hz Centre frequencies range: 5250 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 206 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
5500 Hz 1A B.and-Pass o RMS ca‘lcula‘tion: 4650-6360 1A B.and-Pass e RMS cqlculqtion:
Filter Integration time: 0.02 sec Hz Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 6000 Hz Centre frequencies range: 5750 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 214 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
6000 Hz 1A B?nd-Pass o RMS calculation: 4650-6360 1A B.and-Pass o RMS calculation:
Filter Integration time: 0.02 sec Hz Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 6500 Hz Centre frequencies range: 6250 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 220 Hz
Butterworth, order 2*N= 6 Butterworth, order 2*N= 6
Band-Pass | e RMS calculation: 4650-6360 Band-Pass o RMS calculation:
6500 Hz 1A Filter Integration time: 0.02 sec v Hz 1A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics:
Centre frequencies range: 9000 Hz
3dB-Bandwidth: 158 Hz
Butterworth, order 2*N= 6
Band-Pass | e RMS calculation:
9000 Hz 0.33A Filter Integration time: 0.02 sec NO DATA
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 10000 Hz Centre frequencies range: 9500 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 360 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
Band-Pass | e RMS calculation: 9320-19755 Band-Pass e RMS calculation:
10000 Hz 0.33A Filter Integration time: 0.02 sec v Hz 0.33A Filter Integration time: 0.0k sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 11000 Hz Centre frequencies range: 10500 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 380 Hz
Butterworth, order 2*N= 6 Butterworth, order 2*N= 6
Band-Pass | e RMS calculation: 9320-19755 Band-Pass | e RMS calculation:
11000 Hz 0.33A Filter Integration time: 0.02 sec Hz 0.33A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 12000 Hz Centre frequencies range: 11500 Hz
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 400 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
Band-Pass | e RMS calculation: 9320-19755 Band-Pass | e RMS calculation:
12000 Hz 0.33A Filter Integration time: 0.02 sec Hz 0.33A Filter Integration time: 0.04 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec Min. time between two exceedances: 0.08 sec
N o BP filter characteristics:
* BP filter chara'cterlstlcs: Centre frequencies range: 12500 Hz
Centre frequencies range: 13000 Hz s
. 3dB-Bandwidth: 425 Hz
3dB-Bandwidth: 158 Hz Butterworth, order 2*N= 6
Butterworth, order 2*N= 6 !
. RMS calculation:
Band-Pass | e RMS calculation: 9320-19755 Band-Pass | . s
13000 Hz 0.33A Filter Integration time: 0.02 sec Hz 0.33A Filter Integration time: 0.04 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.02 sec
Min. time between two exceedances: 0.35 sec

Time overlap: min 50%

o Evaluation criteria:

Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08
sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 13500 Hz
Centre frequencies range: 14000 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 445 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N= 6
_— _ _ o RMS calculation:
14000 Hz 0.33A B'amd Pass | « RMS ca!IcuIe!tlon. v 9320-13755 0.33A B.and Pass Integration time: 0.04 sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec gelcn. time between two exceedances: 0.08
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 14500 Hz
Centre frequencies range: 15000 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 470 Hz
Butterworth. order 2*N= 6 Butterworth, order 2*N= 6
I _ _ * RMS calculation:
15000 Hz 0.33A Bflnd-Pass * RMS cqlculqtlon. v 9320-19755 0.33A B'and Pass Integration time: 0.04 sec
Filter Integration time: 0.02 sec Hz Filter . e Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec g'cn' time between two exceedances: 0.08

82




2 adif o D adif
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 15500 Hz
Centre frequencies range: 16000 Hz idth:
3dB-Bandwidth: 158 Hz 3dB-Banduwidth: 490 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N= 6
_— _ _ o RMS calculation:
16000 Hz 0.33a | Band-Pass | ¢ RMS calculation: v | 9320-19755 1 g 33, Band-Pass | |\ egration time: 0.0k sec
Filter Integration time: 0.02 sec Hz Filter . o Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35 sec gelcn' time between two exceedances: 0.08
N o BP filter characteristics:
* BP filter chara.cterlstlcs. Centre frequencies range: 16500 Hz
Centre frequencies range: 17000 Hz dth:
3dB-Bandwidth: 158 Hz 3dB-Bandwidth: 510 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N= 6
. _ _  RMS calculation:
17000 Hz 0.33A Bflnd-Pass * RMS cqlculqtlon. v 9320-19755 0.33A B'and Pass Integration time: 0.04 sec
Filter Integration time: 0.02 sec Hz Filter . e Eno
Time overlap: min 50% Time overlap: min 50%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 0.02 sec Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.35sec nlcn. time between two exceedances: 0.08
5.1.10.-AZLM: Pedal Zp30H, Zp30K
Table A2.13
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THALES-HITACHI
:;T‘q:ency Emission Emission Emission Filter  order :;u:lql;ency Emission | Emission | Emission Filter  order
g limitX | limitand | limitZ . . g limitX | limitand | limitZ . .
Band defined by Axis Axis Axis Evaluation | (butterworth) | Evaluation |EV Band defined by Axis Axis Axis Evaluation |(butterworth) |Evaluation
the centre [dBuAIm] [dBuAIm] [dBuAIm] method and 3 dB- | parameters the centre [dBuAim]  |[dBuAm] | [dBuA/m] method and 3 dB- |parameters
frequency H H ! bandwidth frequency x x x bandwidth
[kiiz] (RMS) (RMS) (RMS) [ktiz] (RMS) (RMS) (RMS)
20%
overlap
Band . Lth order | Integration Band - Lth order (3dB
1 27-32 114 94 101 BP +-12 Hz time: & ms v 1 27-41.2 93 93 98 BP 300 Hz points)
Integration
time: 1 ms
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Table A2.14
THALES-HITACHI ERTMS 033281 v.5 ERA
:;T‘::ency Emission Emission Emission Filter  order :;a(;:ency Emission | Emission | Emission Filter  order
Band defined by ITxlitsx IlmAl)t(iasnd "R‘xlitsz Evaluation | (butterworth) | Evaluation |EV Band defined by IIR‘xlits X Ilml;)t(iasnd "I'\nxlits z Evaluation |(butterworth) |Evaluation
the centre [dBuAIm] [dBuAIm] [dBuAIm] method and 3 dB- | parameters the centre [dBuAim]  |[dBuAm] | [dBuA/m] method and 3 dB- |parameters
frequency H H ! bandwidth frequency x x x bandwidth
[kiz] (RMS) (RMS) (RMS) [ktiz] (RMS) (RMS) (RMS)
20%
overlap
Band Lth order Integration Band Lth order (3dB
1 27-32 114 9% 101 BP +-12 Hz time: b ms v 1 27-41.2 93 93 98 BP 300 Hz points)
Integration
time: 1 ms
5.1.12.-RSL: Pedal Zp30C
Table A2.15
THALES-HITACHI ERTMS 033281 v.5 ERA
Frequency G G A Frequency G G G
Emission Emission Emission . Emission | Emission | Emission n
e limitX | limitand | limitZ ation | (o e | iation | BV L limitX | Gimitand | Gmitz | (AT oM
Band efined by Axis Axis Axis Evaluation | (butterworth) | Evaluation pang |defined by | © . Axis Axis Evaluation |(butterworth) |Evaluation
the centre [dBuAIm] [dBuAIm] [dBpAIm] method and 3 dB- | parameters the centre [dBuA/m] |[dBpAim] | [dBuA/m] method and 3 dB- |parameters
frequency H H I bandwidth frequency H H H bandwidth
[ktz] (RMS) (RMS) (RMS) [ktiz] (RMS) (RMS) (RMS)
20%
overlap
Band . Lth order | Integration Band - Lth order (3dB
1 27-32 114 94 101 BP +-12 Hz time: & ms v 1 27-41.2 93 93 98 BP 300 Hz points)
Integration
time: 1 ms
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5.1.13.1.-DC (3 KV, 1.5 KV) ELECTROMAGNETIC INTERFERENCE LIMITS

Table A2.16

ORDER TMA 576-2020 ERTMS 033281 v.5 ERA

Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method v range current limit | method
[rms value] [rms value]

o BP filter characteristics:
Centre frequencies range: 50 Hz
3dB-Bandwidth: 2 Hz
Butterworth, order 2- N= *

Band-Pass

50 Hz 15A Filter

o RMS calculation: NO DATA
Integration time: 0.02 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.2sec

5.1.14.-ITE JS (HVI)

5.1.14.1.-DC (3 KV, 1.5 KV) ELECTROMAGNETIC INTERFERENCE LIMITS

Considered by Spanish national regulations (Order TMA 576-2020) within the Track Circuits "immune to interference generated by rolling stock due to
the waveform of the signal of the track circuit.”
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Table A2.17
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
. . BP filter characteristics:
BP filter characteristics: ¢ .
* Centre frequencies range: 2100 Hz Centre frequencies range: 2100 Hz
3dB-Bandwidth: 400 Hz. 3dB-Bandwidth: 400 Hz
Tchebyshev order 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N= 10, Ripple= 0.01 dB
2100 Hz 2.2 A B‘and-Pass « RMS calculation: 1900-2700 2.2 A Bflnd-Pass o RMS calc.ulatl.on:
Filter Integration time: 1 sec Hz Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: o Evaluation criteria:
Maximum time of ;axceedance° 1 sec Maximum time of exceedance: 1 sec
’ Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
Centre frequendies range: 2500 Hz Centre frequencies range: 2500 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: 400 Hz
Tchebyshev order 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N=10, Ripple= 0.01 d
2500 Hz 2.9 A Bgnd-Pass « RMS calculation: 1900-2700 2.2 A B.and-Pass o RMS calc.ulatl.on:
Filter Integration time: 1 sec Hz Filter Integration time: 1 sec
Time overlap: mi.n 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 1 sec Maximum time of exceedance: 1 sec
: Min. time between two exceedances: 1.5 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 2000 Hz Centre frequencies range: 2900 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: WO Hz
Tchebyshev orde.r 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N= 10, Ripple= 0.01 dB
Band-Pass . 2700-5100 Band-Pass | e RMS calculation:
2900 Hz 1.5A Filter I'ﬂ?::'gi;;:f:'::;:{"l sc Hz 154 Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 1 sec Maximum time of exceedance: 1 sec
i Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
Centre frequendies range: 3300 Hz Centre frequencies range: 3300 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: 400 Hz
Tchebyshev order 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N=10, Ripple= 0.01 dB
Band-Pass _— 2700-5100 Band-Pass | e RMS calculation:
3300 Hz 1.5A Filter rn:tczlgiactai:::ltai;::?'l sac Hz 154 Filter Integration time: 1 sec
Time overlap: mi.n 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 1 sec Maximum time of exceedance: 1 sec
i Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 3700 Hz Centre frequencies range: 3700 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: 400 Hz
Tchebyshev orde.r 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N= 10, Ripple= 0.01 dB
Band-Pass I 2700-5100 Band-Pass | e RMS calculation:
3700 Hz 1.5A Filter I'ﬁ?gi;;:::';:::f'l sc Hz 1.5A Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: o Evaluation criteria:
Maximum time of ex.ceedance' 1 sec Maximum time of exceedance: 1 sec
: Min. time between two exceedances: 1.5 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 2100 Hz Centre frequencies range: 4100 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: WO Hz
Tchebyshev orde.r 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N= 10, Ripple= 0.01 dB
Band-Pass . 2700-5100 Band-Pass | e RMS calculation:
100 Hz 1.5A Filter I'ﬂ?::'gi;;:f:'::;:{"l sc Hz 154 Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 1 sec Maximum time of exceedance: 1 sec
i Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
Centre frequendies range: 2100 Hz Centre frequencies range: 4500 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: 400 Hz
Tchebyshev order 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N= 10, Ripple= 0.01 dB
Band-Pass _— 2700-5100 Band-Pass | e RMS calculation:
4500 Hz 1.5A Filter rn:tczlgiactai:::ltai;::?'l sac Hz 154 Filter Integration time: 1 sec
Time overlap: mi.n 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of ex.ceedance' 1 sec Maximum time of exceedance: 1 sec
i Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 2100 Hz Centre frequencies range: 4900 Hz
3dB-Bandwidth: 400 Hz 3dB-Bandwidth: 400 Hz
Tchebyshev orde.r 2*N= 10, Ripple= 0.01 dB Tchebyshev order 2*N= 10, Ripple= 0.01 dB
Band-Pass I 2700-5100 Band-Pass | e RMS calculation:
4900 Hz 1.5A Filter I'ﬁ?gi;;:::';:::f'l sc Hz 1.5A Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: o Evaluation criteria:
Maximum time of ex.ceedance' 1 sec Maximum time of exceedance: 1 sec
: Min. time between two exceedances: 1.5 sec
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Table A2.18

EN 50238-2:2020 ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

1533-1566
Hz

0.806 A

Band-Pass
Filter

o BP filter characteristics: 1550
Centre frequencies range: 1549 Hz
3dB-Bandwidth: 12 Hz
Butterworth, order 2*N= *

o RMS calculation:
Integration time: 0.04 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec

1500-3200
Hz

3A

FFT

Time window 1s, Hanning window,
Min. 80% overlap
Maximum time of exceedance: 0.3s

1682-1716
Hz

0.731A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 1699 Hz
3dB-Bandwidth: 12 Hz
Butterworth, order 2*N= *

o RMS calculation:
Integration time: 0.04 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec

1500-3200
Hz

3A

FFT

Time window 1s, Hanning window,
Min. 80% overlap
Maximum time of exceedance: 0.3s
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
o BP filter characteristics:
Centre frequencies range: 1848 Hz
3dB-Bandwidth: 12 Hz
Butterworth, order 2*N= *
_ _ _ e Time window 1s, Hanning window,
ﬁizBl 1865 0.753A Eﬁ:edr Pass o RMS calculation: X :Igoo 3200 3A FFT e Min. 80% overlap
Integration time: 0.0k sec Maximum time of exceedance: 0.3s
Time overlap: min 50%
o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 2100 Hz
Centre frequencies range: 1996 Hz dth:
3dB-Bandwidth: 12 Hz 3dB-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
1979-2013 0.696 A B‘and-Pass « RMS calculation: & | 1900-2700 2.9 A B-and-Pass e RMS cqlcula!tlon:
Hz Filter s Hz Filter Integration time: 1 sec
Integration time: 0.04 sec . . ano
Time overlap: min 50% Time overlap: min 30%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec nguqum time of exceedance: 1 sec
Min. time between two exceedances: 1.5 sec
. o BP filter characteristics:
® BP filter chara.cterlstlcs. Centre frequencies range: 2100 Hz
Centre frequencies range: 2146 Hz dth:
3dB-Bandwidth: 12 Hz 3dB-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
2129-2163 0.498 A B_and-Pass « RMS calculation: & | 1900-2700 2.2 A B-and-Pass e RMS cqlculqtlon:
Hz Filter L Hz Filter Integration time: 1 sec
Integration time: 0.0L sec . lap: min 90%
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.04 sec Ma".‘"‘“!“ time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 2100 Hz
Centre frequencies range: 2296 Hz dth:
3dB-Bandwidth: 12 Hz 3dB-Banduwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
2279-2313 0.492 A B‘and—Pass « RMS calculation: & | 1900-2700 2.9 A B_and—Pass e RMS cqlcule!tlon:
Hz Filter A Hz Filter Integration time: 1 sec
Integration time: 0.04 sec . la: min 90%
Time overlap: min 50% Time overlap: min 90%
o Evaluation criteria: N Ev_a Iuatiop criteria:
Maximum time of exceedance: 0.04 sec M.ax'm.um time of exceedance: 1 sec
Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 2100 Hz
Centre frequencies range: 2445 Hz s
3dB-Bandwidth: 12 Hz 3dB-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
2428-2462 0.4 A B.and-Pass « RMS calculation: & | 1900-2700 2.2 A B.and-Pass o RMS cqlculqtlon:
Hz Filter L Hz Filter Integration time: 1 sec
Integration time: 0.0L sec . lap: mi o
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec Mfmm‘um time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
. . Centre frequencies range: 2100 Hz
Centre frequencies range: 2593 Hz 3d dwidth: 400
3dB-Bandwidth: 12 Hz B-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
2576-2610 Band-Pass s & | 1900-2700 Band-Pass | e RMS calculation:
Hz 0.416 A Filter * RMS “‘!"“'?tm"- Hz 2.24 Filter Integration time: 1 sec
Integration time: 0.04 sec . lap: mi o
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec M-axm'!um time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
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EN 50238-2:2020

ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

1533-1566
Hz

0.134 A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 1549 Hz
3dB-Bandwidth: 12 Hz
Butterworth, order 2*N= *

o RMS calculation:
Integration time: 2 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec

1500-2700
Hz

3A

FFT

Time window 1s, Hanning window,
Min. 80% overlap
Maximum time of exceedance: 0.3s

1682-1716
Hz

0.101A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 1699 Hz
3dB-Bandwidth: 12 Hz
Butterworth, order 2*N= *

o RMS calculation:
Integration time: 2 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec

1500-2700
Hz

0.3A

FFT

Time window 1s, Hanning window,
Min. 80% overlap
Maximum time of exceedance: 0.3s

1831-1865
Hz

0.142 A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 1848 Hz
3dB-Bandwidth: 12 Hz
Butterworth, order 2*N= *

o RMS calculation:
Integration time: 2 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec

1500-2700
Hz

3A

FFT

Time window 1s, Hanning window,
Min. 80% overlap
Maximum time of exceedance: 0.3s
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 2100 Hz
Centre frequencies range: 1996 Hz idth:
3dB-Bandwidth: 12 Hz 3dB-Banduwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
1979-2013 0.091 A B‘and—Pass « RMS calculation: & | 1900-2700 2.9 A B_and—Pass e RMS cqlcule!tlon:
Hz Filter A Hz Filter Integration time: 1 sec
Integration time: 2 sec . lap: min 90%
Time overlap: min 50% Time overlap: min 90%
o Evaluation criteria: N Ev_a Iuatiop criteria:
Maximum time of exceedance: 0.04 sec Max.lmurn time of exceedance: 1 sec
Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 2100 Hz
Centre frequencies range: 2146 Hz s
3dB-Bandwidth: 12 Hz 3dB-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
2129-2163 0.148 A B.and-Pass « RMS calculation: & | 1900-2700 2.2 A B.and-Pass e RMS cqlculqtlon:
Hz Filter L Hz Filter Integration time: 1 sec
Integration time: 2 sec . lap: mi o
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec M"”‘.‘“‘“T" time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
. . Centre frequencies range: 2100 Hz
Centre frequencies range: 2296 Hz 3d dwidth: 400
3dB-Bandwidth: 12 Hz B-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
2279-2313 Band-Pass s & | 1900-2700 Band-Pass | e RMS calculation:
Hz 0.132A Filter * RMS “‘!"“'?tm"- Hz 2.24 Filter Integration time: 1 sec
Integration time: 2 sec . lap: mi o
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec Max-lmupl time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 2500 Hz
Centre frequencies range: 2445 Hz dth:
3dB-Bandwidth: 12 Hz 3dB-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
20428-2462 0.143 A B‘and—Pass « RMS calculation: & | 1900-2700 2.9 A B_and—Pass e RMS cqlcule!tlon:
Hz Filter A Hz Filter Integration time: 1 sec
Integration time: 2 sec . lap: min 90%
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec Max.lmurn time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
. : Centre frequencies range: 2500 Hz
Centre frequencies range: 2593 Hz e
3dB-Bandwidth: 12 Hz 3dB-Bandwidth: 400 Hz
Butterworth. order 2*N= * Butterworth, order 2*N= 10
2576-2610 0.167 A Bgnd-Pass « RMS calculation: & | 1900-2700 2.2 A B.and-Pass o RMS cqlculqtlon:
Hz Filter L Hz Filter Integration time: 1 sec
Integration time: 2 sec . lap: min 90°
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.04 sec M"”‘.‘“‘“T" time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
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Table A2.20: EBITRACK 400:25kv 50Hz Frequency Limits in Double-Track Track Circuits in Full Track for In-Band Frequencies

EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
Time window 1s *  Time window 1,
1544-1554 0.953 [A] FFT Hanning window % 1500-3200 3A FFT . Ha‘nnlng window,
Hz 50% overlap Hz e Min. 80% overlap
e Maximum time of exceedance: 0.3s
Time window 1s e Time window 1s,
1694-170L 0.936 [A] FFT Hanning window % 1500-3200 3A FFT . Ha.nmn;i window,
Hz 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
Time window 1s e Time window 1s,
1843- Hanning window 1500-3200 e Hanning window
. 3A FFT R !
1853Hz 0.810 [l FFT 50% overlap X Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
Time window 1s e Time window 1s,
1991-2001 0.778 [A] FFT Hanning window % 1500-3200 3A FFT . Ha‘mnmg window,
fz 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
Time window 1s e Time window 1s,
2141-2151 0.663 [A] FFT Hanning window X 1500-3200 3A FFT . Ha.nmng window,
Hz 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
Time window 1s e Time window 1s,
2291-2301 0.628 [A] FFT Hanning window % 1500-3200 3A FFT . Ha'mnlng window,
Hz 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
Time window 1s e Time window 1s,
2440-2450 0.565 [A] FFT Hanning window % 1500-3200 3A FFT . Ha.nnmg window,
Hz 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
e Time window 1s e Time window 1s,

2588-2598 0.547 [A] FFT e Hanning window v 1500-3200 0.3A FFT . He'mnlng window,

Hz . 50% overlap Hz e Min. 80% overlap

Maximum time of exceedance: 0.3s
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Table A2.21: EBITRACK 400 25kv 50Hz: Out-of-Band Frequency Limit in Double-Lane Track Circuits in the Track

EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method EV range current limit | method
[rms value] [rms value]
e Time window 1s e Time window 1s,
1554-1594 2,383 A FFT e Hanning window v 1500-3200 0.3A FFT . He?nnmg window,
Hz . 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
1705-174L 2,340 A FFT e Hanning window v 1500-3200 0.3A FFT . Ha.nmng window,
Hz . 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
1854-189L 2,025 A FFT e Hanning window v 1500-3200 0.3 A FFT . Ha‘mnlng window,
Hz . 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2002-204 1.945 A FFT e Hanning window v 1500-3200 0.3A FFT . Ha'nmng window,
Hz . 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2152-2194 1,658 A FFT e Hanning window v 1500-3200 0.3A FFT . Ha.nmng window,
" e 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2302-2344 1,570 A FFT o Hanning window v 1500-3200 0.3A FFT . Ha‘mnmg window,
Hz . 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2451-249L 1,363 A FFT e Hanning window v 1500-3200 0.3A FFT . Ha.nnmg window,
Hz .« 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2599-264L 1,368 A FFT o Hanning window % 1500-3200 3A FFT . Ha.mnlng window,
Hz . 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
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Table A2.22: EBITRACK 400 25kv 50Hz: Frequency Limit in Double Lane Track Circuits in Station Areas

EN 50238-2:2020

ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Frequency
Ev range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

5665-5735
Hz

1,081 A

FFT

Time window 1s
Hanning window

50% overlap

¢ | 3450-7550
Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 5750 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N= 10

¢ RMS calculation:
Integration time: 1 sec
Time overlap: min 90%

o Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec

6065-6135
Hz

1,073 A

FFT

Time window 1s
Hanning window

50% overlap

K | 3450-7550
Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 6250 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N= 10

o RMS calculation:
Integration time: 1 sec
Time overlap: min 90%

e Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec

6465-6535
Hz

1.052 A

FFT

Time window 1s
Hanning window

50% overlap

X | 3450-7550
Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 6250 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N= 10

o RMS calculation:
Integration time: 1 sec
Time overlap: min 90%

o Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
o BP filter characteristics:
Centre frequencies range:6750 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N= 10
e Time window 1s
6865-6935 1.062 A FFT e Hanning window &K | 3u50-7550 1.5 A B_and—Pass e RMS calc-ulatllon:
Hz . 50% overla Hz Filter Integration time: 1 sec
? P Time overlap: min 90%
e Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec
o BP filter characteristics:
Centre frequencies range: 7250 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N=10
e Time window 1s
7265-7335 1,046 A FFT o Hanning window € | 3450-7550 1.5A B.and-Pass e RMS calc.ulatl.on:
Hz . 50% overla Hz Filter Integration time: 1 sec
° p Time overlap: min 90%
e Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec
e Time window 1s
3265'7735 1.058A | FFT *  Hanning window NO DATA
e 50% overlap
e Time window 1s
fl(z)65-8135 1,053 A FFT e Hanning window NO DATA
e 50% overlap
e Time window 1s
fl12+65-8535 1,149 A FFT ¢ Hanning window NO DATA

e 50% overlap
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Table A2.23: EBITRACK 400:3kv DC Frequency Limits in Double-Lane Track Circuits in Full Track for In-Band Frequencies

EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
e Time window 1s e Time window 1s,
1544-1554 0.953 [A] FFT e Hanning window X 1500-2700 3A FFT o Hﬁnnlng window,
Hz . 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
1694-170L 0.936 [A] FFT e Hanning window v 1500-2700 0.3A FFT o Hénnlng window,
Hz . 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
1843- o Hanning window 1500-2700 e Hanning window
. 3A FFT . !
1853Hz 0.810[A] | FFT . 0% overla X | «  Min. 80% overlap
° P Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
1991-2001 0.778 [A] FFT e Hanning window v 1500-2700 0.3 A FFT . Hénnlng window,
Hz . 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2141-2151 0.663 [A] FFT o Hanning window % 1500-2700 3A FFT o Hﬁnnmg window,
Hz . 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2291-2301 0.628 [A] FFT o Hanning window v 1500-2700 0.3A FFT o Hgnnmg window,
Hz . 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2440-2450 0.565 [A] FFT e Hanning window X 1500-2700 3A FFT ) Ha.mnlng window,
Hz .« 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2588-2598 0.547 [A] FFT o Hanning window v 1500-2700 0.3 A FFT o Hennmg window,
Hz . 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
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le-Lane Track Circuits in Full Track for In-Band Frequencies

e 50% overlap

EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
e Time window 1s e Time window 1s,
1554-1594 2,383 A FFT e Hanning window 1500-2700 3A FFT ) H:?nnlng window,
He «  50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
1705-174L 2,340 A FFT Hanning window 1500-2700 0.3A FFT o Hénnlng window,
e e 50% overlap Hz o  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
1854-189L 2,025 A FFT Hanning window 1500-2700 0.3 A FFT o Hgnnlng window,
iz e 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2002-204L 1.945 A FFT e Hanning window 1500-2700 3A FFT o Hénnlng window,
e e 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2152-2194 1,658 A FFT e Hanning window 1500-2700 3A FFT o Hénnlng window,
Hz . 50% overlap Hz e Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2302-2344 1,570 A FFT o Hanning window 1500-2700 3A FFT o Hgnnmg window,
e e 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2451-249L 1,363 A FFT e Hanning window 1500-2700 3A FFT ) Ha.mnlng window,
e e 50% overlap Hz e  Min. 80% overlap
Maximum time of exceedance: 0.3s
e Time window 1s e Time window 1s,
2599-264L4 ¢ Hanning window 1500-2700 e Hanning window
1,368 A FFT 0.3A FFT . !
Hz ! Hz e Min. 80% overlap

Maximum time of exceedance: 0.3s
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le-Lane Track Circuits in Full Track for In-Band Frequencies

EN 50238-2:2020

ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

5665-5735
Hz

1,081 A

FFT

Time window 1s
Hanning window

50% overlap

4650-6360
Hz

1A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 5250 Hz
3dB-Bandwidth: 206 Hz
Butterworth, order 2:- N=6

¢ RMS calculation:
Integration time: 0.04 sec
Time overlap: min 50%

o Evaluation criteria:

Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08
sec

6065-6135
Hz

1,073 A

FFT

Time window 1s
Hanning window

50% overlap

4650-6360
Hz

1A

Band-Pass
Filter

o BP filter characteristics:

Centre frequencies range: 5250 Hz
3dB-Bandwidth: 206 Hz
Butterworth, order 2:- N=6

¢ RMS calculation:
Integration time: 0.04 sec
Time overlap: min 50%

o Evaluation criteria:

Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08
sec
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ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Ev

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

6465-6535
Hz

1.052A

e Time window 1s
FFT ¢ Hanning window

e 50% overlap

3450-7550
Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 6750 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N= 10

¢ RMS calculation:
Integration time: 1 sec
Time overlap: min 90%

o Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec

6865-6935
Hz

1.062 A

e Time window 1s

FFT o Hanning window

e 50% overlap

3450-7550
Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 6750 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N= 10

e RMS calculation:
Integration time: 1 sec
Time overlap: min 90%

e Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec

7265-7335
Hz

1,046 A

e Time window 1s

FFT Hanning window

e 50% overlap

3450-7550
Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 6750 Hz
3dB-Bandwidth: 600 Hz
Butterworth, order 2- N= 10

e RMS calculation:
Integration time: 1 sec
Time overlap: min 90%

o Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances:1.5 sec
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EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]

e Time window 1s
3265—7735 1.058 A FFT e Hanning window NO DATA

e 50% overlap

e Time window 1s
1:'(2165-8135 1,053 A FFT Hanning window NO DATA

e 50% overlap

e Time window 1s
ﬁ:65-8535 1,149 A FFT e Hanning window NO DATA

e 50% overlap
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Table A2.26

ORDER TMA 576-2020

ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Frequency
range

Interference
current limit
[rms value]

Evaluation Evaluation parameters
method

50 Hz

15A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 50 Hz
3dB-Bandwidth: 2 Hz
Butterworth, order 2+ N= *

o RMS calculation:
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.2sec

NO DATA
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Table A2.27
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 57 Hz Centre frequencies range: 75 Hz
3dB-Bandwidth: 20 Hz 3dB-Bandwidth: 5 Hz
Butterworth, order 2*N= 6 Butterworth, order 2*N= 8
75 Hz 0.5 A Band-Pass | e RMS calculation: 70.5-79.5 1.9 A Band-Pass o RMS calculation:
’ Filter Integration time: 0.2 sec Hz : Filter Integration time: 0.5 sec
Time overlap: min 50% Time overlap: min 75%
o Evaluation criteria: o Evaluation criteria:
Maximum time of exceedance: 0.2 sec Maximum time of exceedance: 1 sec
Min. time between two exceedances: 1.7 sec Min. time between two exceedances: 2 sec
o BP filter characteristics: o BP filter characteristics:
Centre frequencies range: 225 Hz Centre frequencies range: 225.45 Hz
3dB-Bandwidth: 20 Hz 3dB-Bandwidth: 6.5 Hz
Butterworth, order 2*N=6 Butterworth, order 2*N=6
225 Hz 1A Band-Pass | e RMS calculation: 205.5- LA Band-Pass | e RMS calculation:
Filter Integration time: 0.2 sec 2454 Hz Filter Integration time: 0.5 sec
Time overlap: min 50% Time overlap: min 50%
o Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.2 sec Maximum time of exceedance: 0.2 sec
Min. time between two exceedances: 1.7 sec Min. time between two exceedances: 2 sec
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ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

Ev

Interference
current limit
[rms value]

Frequency
range

Evaluation Evaluation parameters
method

375 Hz

1A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 375 Hz
3dB-Bandwidth: 20 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.2 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.2 sec
Min. time between two exceedances: 1.7 sec

NO DATA

525 Hz

1A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 525 Hz
3dB-Bandwidth: 20 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.2 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.2 sec
Min. time between two exceedances: 1.7 sec

NO DATA

675 Hz

1A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 675 Hz
3dB-Bandwidth: 20 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: 0.2 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.2 sec
Min. time between two exceedances: 1.7 sec

NO DATA
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5.1.20.1.-DC (3 KV, 1.5 KV) ELECTROMAGNETIC INTERFERENCE LIMITS

Table A2.28

ORDER TMA 576-2020 ERTMS 033281 v.5 ERA

Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]

o BP filter characteristics:
Centre frequencies range: 50 Hz
3dB-Bandwidth: 2 Hz
Butterworth, order 2+ N= *
50 Hz 1.5A E:;:Iedr-Pass o RMS calculation: NO DATA
Integration time: 0.02 sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.2sec
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Integration time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.3 sec

Table A2.29
EN 50238-2:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
Centre frequencies range: 1700 Hz
3dB-Bandwidth: 90 Hz
Butterworth, order 2*N= 6 . .
e Time window 1s
1700 Hz 0.3A Band-Pass | _ pvs calculation: 1500-3200 | 5, FFT *  Hanning window,
Filter L T ek Hz e Min. 80% overlap
Integration time: ** sec e Maximum time of exceedance: 0.3s
Time overlap: min 50% e
o Evaluation criteria:
Maximum time of exceedance: 0.3 sec
o BP filter characteristics: * BP filter charactg ristics: .
. . Centre frequencies range: 2100 Hz
Centre frequencies range: 2000 Hz S
e 3dB-Bandwidth: 400 Hz
3dB-Bandwidth: 30 Hz Butterworth, order 2*N= 10
Butterworth, order 2*N= 6 ' -
Band-Pass . 1900-2700 Band-Pass | e RMS calculation:
2000 Hz 0.34 Filter * RMS calculation: Hz 2.24 Filter Integration time: 1 sec

Time overlap: min 90%

o Evaluation criteria:
Maximum time of exceedance: 1 sec
Min. time between two exceedances: 1.5 sec
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Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method Ev range current limit | method
[rms value] [rms value]
« BP filter characteristics: o BP filter characteristics:
Centre frequencies ranée' 2300 Hz Centre frequencies range: 2100 Hz
3dB-Bandwidth: 90 Hz 3dB-Bandwidth: 400 Hz
Butterworth or('ier 2*N= 6 Butterworth, order 2*N= 10
2300 Hz 0.3 A B‘and—Pass « RMS calculation: & | 1900-2700 2.9 A B_and—Pass e RMS calc-ulatllon:
Filter Integration time: ** sec Hz Filter Integration time: 1 sec
Time overlap: min 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.3 sec M.ax'm.um time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
« BP filter characteristics: o BP filter characteristics:
Centre frequencies ranée' 2600 Hz Centre frequencies range: 2100 Hz
3dB-Bandwidth: 90 Hz 3dB-Bandwidth: 400 Hz
Butterworth or&er 2*N= 6 Butterworth, order 2*N= 10
2600 Hz 0.3 A Bgnd-Pass « RMS calculation: & | 1900-2700 2.2 A B.and-Pass e RMS calc.ulatl.on:
Filter Integration time: ** sec Hz Filter Integration time: 1 sec
Time overlap: mi.n 50% Time overlap: min 90%
« Evaluation criteria: e Evaluation criteria:
Maximum time of exceedance: 0.3 sec Mfmm‘um time of exceedance: 1 sec .
Min. time between two exceedances: 1.5 sec
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Table A2.30
FRAUSCHER ERTMS 033281 v.5 ERA
Frequency . Frequency . .
range Emission Ifm::s;::i Emission Filter order range Emission Ilgm!:smr:i Emission Filter order |Evaluatio
Band defined by | limitX Axis Axis limit Z Axis | Evaluation (butterworth) Evaluation v Band defined by | limit X Axis ! ‘:x.:" limit Z Axis |Evaluation |(butterworth) |[n
the centre | [dBpA/m] [dBpAMm] [dBpA/m] method and 3 dB- | parameters the centre |[dBpA/m] [dB Allm] [dBpA/m]  |method and 3 dB- |paramet
frequency (RMS) (RM|;) (RMS) bandwidth frequency  |(RMS) (RMI;) (RMS) bandwidth ers
[khz] [khz]
20%
20% overlap overlap
Band 3 . : . (3dB-
(RSR122 [1115t01145 | 99,7 78,6 61,7 BP ith order; (3dB points) | g0 | Band |06 1550 | 119 113 113 BP bthorder; 10 | o),
SYS1) Ir.ltegratlon 3 kHz Integrati
6.0 kHz time: 2 ms on time
1.5 ms
20%
20% overlap overlap
Band 3 - . (3dB-
(RSR122 |1020t01050 | 99,8 783 61,8 BP ";%"&ﬂer (3dB points) | o0 | Band | ;506 1550 | 119 113 113 BP bthorder; 10 | borg).
5¥52) .0 kHz Ir]tegratlon 3 kHz Integrati
time: 2 ms i
on time
1.5 ms
Table A2.31
Frequency Range Field Increased magnetic field limits for a reduced Increased magnetic field limits for a
Address integration time of 0.5 X Tin reduced integration time of 0.25 X Tix
[dB] [dB]
27 to 52 kHz X 2 6
27 to 52 kHz Y, Z 6 12
234 to 287 kHz XV 17 6 12
287 to 363 kHz XYz 3 6
740 to 1026 kHz X, Y, 2 6 12
1020 to 1050 kHz XV 17 6 12
1115 to 1145 kHz XV, 1Z 6 12
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Table A2.32
FRAUSCHER ERTMS 033281 v.5 ERA
:;i::ency Emission Emission Emission Filter  order :;a(;:ency Emission | Emission | Emission Filter  order
Band defined by ITxlitsx I'mA';ias"d "R‘xlits z Evaluation | (butterworth) | Evaluation EV Band defined by IIR‘xlits X Ilml;)t(iasnd "I'\nxlits z Evaluation |(butterworth) |Evaluation
the centre [dBuAIm] [dBuAIm] [dBuAIm] method and 3 dB- | parameters the centre [dBuAim]  |[dBuA/m] | [dBuA/m] method and 3 dB- |parameters
frequency H H H bandwidth frequency x x x bandwidth
[ktiz] (RMS) (RMS) (RMS) [ktiz] (RMS) (RMS) (RMS)
20%
overlap
syst | 10000- 1 1905 | 1145 | 1145 BP 4 Integration | - |Band | 740~ | . 85 101 pp | “thorder; (oguﬂlt;s)
+1.0 y . : +3.0 time: 2 ms 3 | 1026 10 kHz points),
Integration
time: 1.5
ms
20%
overlap
asy | 12885 | oo | e | 1mae & 4 Integration | |Band | 1026~ | .0 | 4 13 gp | bthorder; (;ﬂfs)
£1.0 . . : +3.0 time: 2 ms 3 | 1250 10 kHz points),
Integration
time 1.5
ms
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Table A2.33
FRAUSCHER ERTMS 033281 v.5 ERA
:;T‘::ency Emission Emission Emission Filter  order :;a(;:ency Emission | Emission | Emission Filter  order
B defined by I|m|.tX I'm't.a"d I|m|.tZ Evaluation | (butterworth) | Evaluation |EV defined by I|m|.t X I|m|t.and I|m|.tZ Evaluation |(butterworth) |Evaluation
and th Axis Axis Axis Band Axis Axis Axis
e centre [dBuAIm] [dBuAIm] [dBuAIm] method and 3 dB- | parameters the centre [dBuAim]  |[dBuAm] | [dBuA/m] method and 3 dB- |parameters
frequency HAim HAim HAIm, bandwidth frequency HATm HATm HATm bandwidth
[kiz] (RMS) (RMS) (RMS) [ktiz] (RMS) (RMS) (RMS)
20%
overlap
Integration (3dB-
Band | 250.0 -+ 4 e Band Lth order; .
5 1.0 121 113.8 101.0 BP +5.0 time: 1.5 |v 5 234-287 120 99 100 BP 7500 Hz pomts?,
ms Integration
time: 1.5
ms
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Table A2.34
EN 50238-3:2020 ERTMS 033281 v.5 ERA
Frequency G G G Frequency e e e
defined by N . " Evaluation | (butterworth) | Evaluation |EV defined by N . " Evaluation |(butterworth) |Evaluation
Band Axis Axis Axis Band Axis Axis Axis
the centre method and 3 dB- | parameters the centre method and 3 dB- |parameters
frequency [dBA/m] [dBA/m] [dBuA/m] bandwidth frequency [dByAm] | [dByA/m] | [dBuA/m] bandwidth
kiz] (RMS) (RMS) (RMS) k] (RMS) (RMS) (RMS)
20% overlap 20% overlap
Band 34.1- + Lth order (3dB points) Band Lth order (3dB points)
1 71 93 93 98 BP 300 Hz Integration v 1 27-41.2 93 93 98 BP 300 Hz Integration
time: 1 ms time: 1 ms
20% overlap 20% overlap
Band | .. . ¢ 93 83190 98 Bp Lthorder | (3dBpoints) |  |Band | o o) 93 93 98 BP Lth order | (3dB points)
1 - 300 Hz Iqtegrition 1 : 300 Hz Iqtegraltion
time: 1 ms time: 1 ms
20% overlap 20% overlap
Band L8.u- + Lth order (3dB points) Band Lth order | (3dB points)
1 36 93 93 98 BP 300 Hz Integration v 1 44.8-52 93 93 98 BP 300 Hz Integration
time: 1 ms time: 1 ms
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5.1.3.-ME3091 /ME 5091

5.1.3.1.-25 KV AC, 50 Hz ELECTROMAGNETIC INTERFERENCE LIMITS

hodiF

Table A2.35
Order TMA 576:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method EV range current limit | method
[rms value] [rms value]
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 11500 Hz
Centre frequencies range: 11,000 Hz 3dB-Bandwidth: 400 Hz
3dB-Bandwidth: 1200 Hz Butterworth, order 2*N=6
Butterworth, order 2*N=6
e RMS calculation:
11,000 Hz 1.5A Band-Pass | | gMs calculation: v | 9320-16755 | 0.33A Band-Pass Integration time: 0.04 sec
Filter e Filter . .
Integration time: ** sec Time overlap: min 50%
Time overlap: min 50%
e Evaluation criteria:
o Evaluation criteria: Maximum time of exceedance: 0.04 sec
Maximum time of exceedance: 0.5 sec Min. time between two exceedances: 0.08
sec
o BP filter characteristics:
o BP filter characteristics: gil':;t_r; frzqu:ll:ﬁ.ezgznﬁe: 12500 Hz
Centre frequencies range: 12,000 Hz Butt e ‘tAI,1I d 2*Nz-6
3dB-Bandwidth: 1400 Hz utterworth, order 2=
Butterworth, order 2*N= 6
utterworth,  RMS calculation:
12,000 Hz 1.5A Eﬁ:ec:-Pass o RMS calculation: v | 9320-16755 | 0.33A Eﬁ?edr'Pass 'T'.‘tegratml“ time: Oég‘:/sec
Integration time: ** sec ime overlap: min >0%
Time overlap: min 50% . o
e Evaluation criteria:
« Evaluation criteria: m?xm:ym t:)m: of excteedance: (:I.Oh se.c 0.08
Maximum time of exceedance: 0.5 sec selcn. ime between two exceedances: 0.
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Order TMA 576:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
o BP filter characteristics: gzrllst_r; frrlzt‘qnt’lizl:::.tezl:asnﬁ:: 13500 Hz
Centre frequencies range: 13,000 Hz Butt a th d 2*N=6
3dB-Bandwidth: 1600 Hz utterworth, order 2=
B h, 2*N= .
utterworth, order 6 o RMS calculation:
13,000 Hz L5A | 2P L R calculation: 9320-16755 | 0.3 A Pifui-pass | Integration time: 0.00 sec
Integration time: ** sec ime overlap: min >0%
Ti lap: min 509
ime overlap: min 50% e Evaluation criteria:
« Evaluation criteria: m§X|Tym th: of excteedance: (:1.01; se.c 0.08
Maximum time of exceedance: 0.5 sec selcn. ime between two exceedances: .
o BP filter characteristics:
o BP filter characteristis: Centre requendies range: 14500 Hz
Centre frequencies range: 14,000 Hz Butt o ‘t"I’1I d 2*Nz-6
3dB-Bandwidth: 1600 Hz utterworth, order 2=
B h 2*N=
utterworth, order 6 e RMS calculation:
14,000 Hz 1.2A Eialt"edr'pass « RMS calculation: 9320-16755 | 0.33 A ?ialz'edr'pa“ |T|3tegrat|o;1 time: Oégl:/sec
Integration time: ** sec ime overlap: min >0%
Ti lap: min 50%
ime overlap: min >0 e Evaluation criteria:
« Evaluation criteria: mgX|r:ym thte of excteedance: %M se.c 0.08
Maximum time of exceedance: 0.5 sec selcn. Ime between two exceedances: ©.
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Order TMA 576:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
o BP filter characteristics: gzrllst_r; frzqu_zr:;@z;znﬁe: 15500 Hz
Centre frequencies range: 15,000 Hz Butt an ‘tAI’: d 2*Nz-6
3dB-Bandwidth: 1800 Hz utterworth, order 2=
B h, order 2*N=
utterworth, order 6 o RMS calculation:
15,000 Hz L2 | 2P R calculation: 9320-16755 | 0.33A Pifui-pass | Integration time: 0.00 sec
Integration time: ** sec ime overlap: min >0%
Ti lap: min 509
ime overlap: min 50% e Evaluation criteria:
« Evaluation criteria: m§X|Tym th: of excteedance: (:1.01; se.c 0.08
Maximum time of exceedance: 0.5 sec selcn' ime between two exceedances: .
o BP filter characteristics:
« BP filter characteristics: ‘352’;"3 f’g"“.%‘:;‘,e;{z"ﬁez 16500 Hz
Centre frequencies range: 16,000 Hz Butt o ‘t"I’1I d 2*Nz-6
3dB-Bandwidth: 2000 Hz utterworth, order Z°N=
B h 2*N=
utterworth, order 6 e RMS calculation:
16,000 Hz 1.2A Eialt"edr'pass « RMS calculation: 9320-16755 | 0.33 A ?ialz'edr'Pa“ |T|3tegrat|o;1 time: Oégl:/sec
Integration time: ** sec ime overlap: min >0%
Ti lap: min 509
ime overlap: min 50% e Evaluation criteria:
« Evaluation criteria: I::gxu:ym thte of excteedance: %M se.c 0.08
Maximum time of exceedance: 0.5 sec selcn. Ime between two exceedances: ©.
o BP filter characteristics:
Centre frequencies range: 17,000 Hz
3dB-Bandwidth: 2600 Hz
Butterworth, order 2*N= 6
17,000 Hz 1A Eﬂt"edr"’ass « RMS calculation: NO DATA

Integration time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec
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Order TMA 576:2020

ERTMS 033281 v.5 ERA

Frequency
range

Interference
current limit
[rms value]

Evaluation
method

Evaluation parameters

EV

Frequency
range

Interference
current limit
[rms value]

Evaluation Evaluation parameters
method

18,000 Hz

1A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 18,000 Hz
3dB-Bandwidth: 2800 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

NO DATA

19,000 Hz

1A

Band-Pass
Filter

o BP filter characteristics:
Centre frequencies range: 19,000 Hz
3dB-Bandwidth: 3000 Hz
Butterworth, order 2*N= 6

o RMS calculation:
Integration time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

NO DATA

5.1.3.2.-DC(3 KV, 1.5 KV) ELECTROMAGNETIC INTERFERENCE LIMITS

Table A2.36
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Order TMA 576:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 11500 Hz
Centre frequencies range: 11,000 Hz 3dB-Bandwidth: 400 Hz
3dB-Bandwidth: 1200 Hz Butterworth, order 2*N=6
Butterworth, order 2*N= 6
o RMS calculation:
11,000 Hz L5a | 9P s calculation: 9436-13755 | 335 Band-Pass | | tegration time: 0.04 sec
ilter L, Hz Filter . .
Integration time: ** sec Time overlap: min 50%
Time overlap: min 50%
o Evaluation criteria:
o Evaluation criteria: Maximum time of exceedance: 0.04 sec
Maximum time of exceedance: 0.5 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 12500 Hz
Centre frequencies range: 12,000 Hz 3dB-Bandwidth: 425 Hz
3dB-Bandwidth: 1400 Hz Butterworth, order 2*N=6
Butterworth, order 2*N= 6
o RMS calculation:
12,000 Hz 1.5A E.and-Pass o RMS calculation: 9436-19755 | 335 Band-Pass Integration time: 0.04 sec
ilter L, Hz Filter . X
Integration time: ** sec Time overlap: min 50%
Time overlap: min 50%
o Evaluation criteria:
o Evaluation criteria: Maximum time of exceedance: 0.04 sec
Maximum time of exceedance: 0.5 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 13500 Hz
Centre frequencies range: 13,000 Hz 3dB-Bandwidth: 445 Hz
3dB-Bandwidth: 1600 Hz Butterworth, order 2*N=6
Butterworth, order 2*N= 6
o RMS calculation:
13,000 Hz 1.5A Eialt“e‘:"’ass « RMS calculation: 3:36 19735 1 9334 Eﬁ:e‘: Pass | Integration time: 0.0k sec

Integration time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08
sec

121




2 adif B adif
Order TMA 576:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 14500 Hz
Centre frequencies range: 14,000 Hz 3dB-Bandwidth: 470 Hz
3dB-Bandwidth: 1600 Hz Butterworth, order 2*N=6
Butterworth, order 2*N= 6
o RMS calculation:
14,000 Hz 1.2A E‘a\nd—Pass  RMS calculation: 9436-13755 | 335 Band-Pass Integration time: 0.0k sec
ilter L, Hz Filter . A
Integration time: ** sec Time overlap: min 50%
Time overlap: min 50%
o Evaluation criteria:
o Evaluation criteria: Maximum time of exceedance: 0.04 sec
Maximum time of exceedance: 0.5 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 15500 Hz
Centre frequencies range: 15,000 Hz 3dB-Bandwidth: 490 Hz
3dB-Bandwidth: 1800 Hz Butterworth, order 2*N=6
Butterworth, order 2*N= 6
o RMS calculation:
15,000 Hz 1.2A E.and-Pass o RMS calculation: 9436-19755 | 335 Band-Pass Integration time: 0.04 sec
ilter L, Hz Filter . X
Integration time: ** sec Time overlap: min 50%
Time overlap: min 50%
o Evaluation criteria:
o Evaluation criteria: Maximum time of exceedance: 0.04 sec
Maximum time of exceedance: 0.5 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 16500 Hz
Centre frequencies range: 16,000 Hz 3dB-Bandwidth: 510 Hz
3dB-Bandwidth: 2000 Hz Butterworth, order 2*N=6
Butterworth, order 2*N=6
o RMS calculation:
16,000 Hz 1.2A EiaI:edr Pass | , RMs calculation: 3:36 19755 | 9334 IEiaItne(: Pass Integration time: 0.04 sec

Integration time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec
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Order TMA 576:2020 ERTMS 033281 v.5 ERA
Frequency Interference Evaluation Evaluation parameters Frequency Interference Evaluation Evaluation parameters
range current limit | method range current limit | method
[rms value] [rms value]
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 17500 Hz
Centre frequencies range: 17,000 Hz 3dB-Bandwidth: 510 Hz
3dB-Bandwidth: 2600 Hz Butterworth, order 2*N=6
Butterworth, order 2*N= 6
o RMS calculation:
17,000 Hz 1A E‘a\nd—Pass  RMS calculation: 9436-13755 | 335 Band-Pass Integration time: 0.04 sec
ilter L, Hz Filter . .
Integration time: ** sec Time overlap: min 50%
Time overlap: min 50%
o Evaluation criteria:
o Evaluation criteria: Maximum time of exceedance: 0.04 sec
Maximum time of exceedance: 0.5 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 18500 Hz
Centre frequencies range: 18,000 Hz 3dB-Bandwidth: 510 Hz
3dB-Bandwidth: 2800 Hz Butterworth, order 2*N=6
Butterworth, order 2*N= 6
o RMS calculation:
18,000 Hz 1A E.and-Pass o RMS calculation: 9436-19755 | 335 Band-Pass Integration time: 0.04 sec
ilter L, Hz Filter . X
Integration time: ** sec Time overlap: min 50%
Time overlap: min 50%
o Evaluation criteria:
o Evaluation criteria: Maximum time of exceedance: 0.04 sec
Maximum time of exceedance: 0.5 sec Min. time between two exceedances: 0.08 sec
o BP filter characteristics:
o BP filter characteristics: Centre frequencies range: 19500 Hz
Centre frequencies range: 19,000 Hz 3dB-Bandwidth: 510 Hz
3dB-Bandwidth: 3000 Hz Butterworth, order 2*N=6
Butterworth, order 2*N=6
o RMS calculation:
19,000 Hz 1A EiaI:edr Pass | , RMs calculation: 3:36 19755 | 9334 IEiaItne(: Pass Integration time: 0.04 sec

Integration time: ** sec
Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.5 sec

Time overlap: min 50%

o Evaluation criteria:
Maximum time of exceedance: 0.04 sec
Min. time between two exceedances: 0.08 sec
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Table A2.38
ICF ERTMS 033281 v.5 ERA
Frequency e Frequency . .
range Emission ﬁm::sa'?"‘; Emission Filter order range Emission ﬁm::sa'?l: Emission Filter order
Band defined by | limitX Axis Axis limit Z Axis | Evaluation (butterworth) Evaluation Ev Band defined by | limit X Axis Axis limit Z Axis |Evaluation |(butterworth) |Evaluation
the centre | [dBpA/m] [dBpAIm] [dBpA/m] method and 3 dB- | parameters the centre |[dBpAIm] [dBpAIm] [dBpA/m]  |method and 3 dB- |parameters
frequency (RMS) (RMI;) (RMS) bandwidth frequency | (RMS) (RMI;) (RMS) bandwidth
[kHz] [kHz]
straight line | straight line | straight line '::?’;a:i:;:g’- straight straight straight '::?wa;i::z;
Out of 10-27 from 135- from 135- from 135- FFT window, 50% |/ Out of 10-27 line from | line from | line from FFT window, 50%
band 130 130 130 overla band 135-130 135-130 135-130 .
p, max overlap, max
dBllog(f) dBllog(f) dBllog() hold dBllog(f) dBllog(f) dBllog(f) hold
20% overlap 20% overlap
27-41.2 Lth order 300 (3dB points) 27-41.2 Lth order 300 (3dB points)
Band 1 14,852 93 93 98 BP Hz Integration v |Band 1 LL.8-52 93 93 98 BP Hz Integration
time: 1 ms time: 1 ms
20% overlap 20% overlap
Lth order 320 (3dB points) 4th order 320 (3dB points)
Band 1 41.2-44.8 93 93 98 BP Hz Integration v |Band1 | 41.2-44.8 93 83*/90* 98 BP Hz Integration
time: 1ms time: 1ms
Record time 1 Record time 1
ms, Hanning ms, Hanning
(:J“t ‘;f 52-234 130 130 130 FFT window, 50% |/ %"t ‘(’f 52-234 130 130 130 FFT window, 50%
an overlap, max an overlap, max
hold hold
20% overlap 20% overlap
_ Lth order; 7500 (3dB-points), _ Lth order; 7500 | (3dB-points),
Band 2 234-287 120 99 100 BP Hz Integration v |Band 2 | 234-287 120 99 100 BP Hz Integration
time: 1.5 ms time: 1.5 ms
20% overlap 20% overlap
_ Lth order; 7500 (3dB-points), _ Lth order; 7500 | (3dB-points),
Band 2 287-363 109 99 91 BP Hz Integration time v |Band 2 | 287-363 109 99 91 BP Hz Integration time
1.5 ms 1.5 ms
Record time 1 Record time 1
ms, Hanning ms, Hanning
(:J“t ‘;f 363-740 125 125 125 FFT window, 50% |/ (L"t ‘(’jf 363-740 125 125 125 FFT window, 50%
an overlap, max an overlap, max
hold hold
20% overlap 20% overlap
_ Lth order; 10 (3dB-points), _ Lth order; 10 (3dB-points),
Band 3 740-1026 106 85 101 BP kHz Integration v |Band 3 | 740-1026 106 85 101 BP kHz Integration
time: 1.5 ms time: 1.5 ms
20% overlap 20% overlap
_ Lth order; 10 (3dB-points), _ Lth order; 10 (3dB-points),
Band 3 1026-1250 119 113 113 BP kHz Integration time v |Band 3 | 1026-1250 119 113 113 BP kHz Integration time
1.5 ms 1.5 ms
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