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Translation directory  

Abgestoßener Wagon Pushed off wagon 
Äquivalenter Dauerschalldruckpegel Equivalent continuous sound pressure level 
Arithmetischer Mittelwert Arithmetic mean value 
Auswerteintervall Evaluation interval 
Auswerteprotokoll Evaluation protocol 
Bis To 
Ergebnisse results 
Fläche Quader Area cuboid 
Geschw. / Geschwindigkeit Speed / velocity 
Geschwindigkeit Wagon speed 
Gültig Valid 
Güterwagen freight car 
Hüllfläche Enveloping surface 
Kupplungsart Coupling type 
Messpunkt Measuring point 
Messpunkt Measuring point 
Pegelzeitverlauf Level-time curve 
Schalldruckpegel Sound pressure level 
Schallleistungsberechnung Sound power calculation 
Schallquelle Sound source 
Schraubenk. Bolt deflection 
Streuung der Versuchsreiche Scattering of the test ranges 
Uhrzeit Time of day 
Von From 
Vorgang Operation 
Versuch/Vers. Test 
Wagon Wagon 
X auf x Wagen Auflaufvorgang X on x wagon run-up process 
Zug/Vorgangsdaten Train/process data 
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1 Project details 

For more than a hundred years, screw couplings (UIC standard couplings) have been used almost 
exclusively in rail freight transport. To connect wagons, a 20 kg shackle is placed on the hook of the 
next wagon. The coupling is then tightened by turning a screw thread behind the shackle. A digital 
automatic coupler (DAC) connects freight cars together automatically. It establishes a mechanical 
connection between the wagons without any manual work by the shunting staff. At the same time, the 
DAC automatically couples the air line for the brake as well as a power line and a data line. [1] 

As part of the DAC4EU pilot project, which is funded by the German Federal Ministry for Digital and 
Transport (BMDV), the DAC is to be demonstrated, tested and approved for operating freight traffic in 
raiLWAy transport. 

The noise emissions of the DAC are also to be investigated in the project. Noise caused by the cou-
pling of freight cars usually takes place in classification yards. The noise resulting from classification 
yards is dealt with in the 16th BImSchV Annex 2 (Schall03) [2]. Impacts that are acoustically notice-
able when coupling are included in the description of rail employee noise (see Table 11 [2]). 

By measuring the emission data of deviating rail technology (see chapter 9.1.1 [2]), the noise emis-
sions of the DAC are to be compared with the noise emissions of the UIC standard coupling. 

The DB Systemtechnik GmbH acoustics and vibration testing laboratory was commissioned to meas-
ure and present the emission data. 
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2 Test objects

2.1 Freight cars

Three types of freight cars were available for testing: 

Zags: Four-axle tank car with two bogies. Coating on the inside so that it can be filled with 
water.

Eanos: Four-axle open-top car filled with concrete lego blocks.

Hbbins: Two-axle sliding-wall car.
Table 1: List of car types which were used in the measurements

No.: Car 
Type

Coupling type Car identification number L. o. b.
in m

Dead 
weight in t

1 Hbbins Screw coupler 21 80 2470 687-9 15,5 15,5
2 Zags Screw coupler/Voith DAC 37 80 7824 377-1 18,8 32,38
3 Hbbins Voith DAC 31 80 2470 787-7 15,5 14,8
4 Eanos Screw coupler/Voith DAC 31 80 5375 261-0 15,74 23,82
5 Zags Screw coupler/Dellner DAC 37 80 7824 375-5 18,8 32,18
6 Zags Dellner DAC 37 80 7824 939-8 18,8 32,18
7 Hbbins Dellner DAC 21 80 2470 687-9 15,5 14,7
8 Eanos Screw coupler/Dellner DAC 31 80 5375 131-5 15,74 23,64

2.2 Coupling

A comparison was made between the UIC screw coupling and the DAC from manufacturers Voith and 
Dellner.  

2.2.1 UIC Standard screw coupling

To connect two vehicles, the coupling shackle of one wagon is hooked into the coupling hook of the 
neighboring wagon - the hook of the neighboring wagon (shackle-sided) remains unused - and the 
connection is shortened by turning the spindle with the help of the swivel until the buffers are slightly 
pressed in [3]. The air lines must be connected by hand.

Figure 1: Schematic of a UIC Standard coupler (source: [3], edited by author)
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A point- and axis-symmetrical structure of the vehicle was assumed. The measurement setup was 
therefore carried out on one side of the vehicle. An acoustic camera was set up in addition to the 
microphones. Depending on the condition, the distance to the centerline of track was varied and can 
be found in the measurement protocol (see Appendix A2). 

The acoustic camera was set up at the level of microphone 4 and 15. The distance to the center of 
the track was set depending on the measurement and was 2.2 m, 4 m and 25 m from the center line 
of the track. The height was 2 m measured from the top of rail. 

 

 

Figure 6: Schematic of the measuring level as side view and sectional view 

4.2 Measuring procedure 

According to [2], three acoustically relevant processes in foreman shunters and transshipment termi-
nals for freight wagons are are useful for comparing the coupling types. 

1. Buffing impacts 

In real conditions, speeds of 2, 4 or 8 km/h occur during buffing impacts. Maximum speeds of 12 km/h 
may occur [4]. For this reason, speeds of 2, 4, 8 and 12 km/h were tested for the available wagon 
configurations. 

Implementation: The buffer or coupling was located in the plane of the position of Mp 4, this point is 
also the point of impact of the two wagons on each other. The push-off was realized by a locomotive. 
In order to exclude the influence of the locomotive's internal combustion engine, the distance was kept 
sufficiently large. Depending on the configuration, the vehicle was pushed off from the right or left 
side. Due to the symmetrical properties, it was assumed that this had no influence on the result. Which 
vehicle was used for which measurement can be found in the test plan in Appendix A3. 
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in such a way that the coupler variants can be compared for the different wagon types and speeds. In 
the DAC Dellner E on Z wagon process, the speed 12 km/h could not be carried out for technical 
reasons and does not appear in the results.

6.1 Level curves in time domain

Figure 8: Level curves in time domain at Mp 4, Z on H carriage run-up process
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Figure 9: Level curves in time domain at Mp 15, Z on H carriage run-up process
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Figure 10: Level curves in time domain at Mp 4, E on H carriage run-up process
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Figure 11: Level curves in time domain at Mp 15, E on H carriage run-up process
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Figure 12: Level curves in time domain at Mp 4, E on Z carriage run-up process



23-70992-TT.TVE35-PB-T2-V1.0_240617_EN Page 26 of 115

Prüflabor Akustik und Erschütterungen
DB Systemtechnik GmbH, Völckerstraße 5, 80939 München D01498-02_V2

Figure 13: Level curves in time domain at Mp 15, E on Z carriage run-up process
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Figure 22: Maximum sound pressure level during E to H run-up process at Mp 4
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Figure 25: Maximum sound pressure level during E to Z run-up process at Mp 15
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6.5 Frequency Analysis

Figure 29: Frequency spectra during run-up process of all wagon types, 2 km/h, Mp 4



23-70992-TT.TVE35-PB-T2-V1.0_240617_EN Page 43 of 115

Prüflabor Akustik und Erschütterungen
DB Systemtechnik GmbH, Völckerstraße 5, 80939 München D01498-02_V2

Figure 30: Frequency spectra during run-up process of all wagon types, 2 km/h, Mp 15
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Figure 31: Frequency spectra during run-up process of all wagon types, 4 km/h, Mp 4
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Figure 32: Frequency spectra during run-up process of all wagon types, 4 km/h, Mp 15
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Figure 33: Frequency spectra during run-up process of all wagon types, 8 km/h, Mp 4
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Figure 34: Frequency spectra during run-up process of all wagon types, 8 km/h, Mp 15
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Figure 35: Frequency spectra during run-up process of all wagon types, 12 km/h, Mp 4 
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Figure 36: Frequency spectra during run-up process of all wagon types, 12 km/h, Mp 15
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6.6 Campbell diagrams 

Campbell diagram – Z and H – 2 km/h 

 

Figure 37: Campbell Diagramm - run-up process of freight cars Z and H at 2 km/h  - Mp 4 and Mp 15 
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Campbell diagram – Z and H – 4 km/h 

 

Figure 38: Campbell Diagramm - run-up process of freight cars Z and H at 4 km/h  - Mp 4 and Mp 15 
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Campbell diagram – Z and H – 8 km/h 

 

Figure 39: Campbell Diagramm - run-up process of freight cars Z and H at 8 km/h  - Mp 4 and Mp 15 
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Campbell diagram – Z and H – 12 km/h

Figure 40: Campbell Diagramm - run-up process of freight cars Z and H at 12 km/h  - Mp 4 and Mp 15
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Campbell diagram – E and H – 2 km/h 

 

Figure 41: Campbell Diagramm - run-up process of freight cars E and H at 2 km/h  - Mp 4 and Mp 15 
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Campbell diagram – E and H – 4 km/h 

 

Figure 42: Campbell Diagramm - run-up process of freight cars E and H at 4 km/h  - Mp 4 and Mp 15 
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Campbell diagram – E and H – 8 km/h 

 

Figure 43: Campbell Diagramm - run-up process of freight cars E and H at 8 km/h  - Mp 4 and Mp 15 
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Campbell diagram – E and H – 12 km/h 

 

Figure 44: Campbell Diagramm - run-up process of freight cars E and H at 12 km/h  - Mp 4 and Mp 15 
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Campbell diagram – E and Z – 2 km/h 

 

Figure 45: Campbell Diagramm - run-up process of freight cars E and H at 2 km/h  - Mp 4 and Mp 15 
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Campbell diagram – E and Z – 4 km/h 

 

Figure 46: Campbell Diagramm - run-up process of freight cars E and H at 4 km/h  - Mp 4 and Mp 15 
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Campbell diagram – E and Z – 8 km/h 

 

Figure 47: Campbell Diagramm - run-up process of freight cars E and H at 8 km/h  - Mp 4 and Mp 15 
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Campbell diagram – E and Z – 12 km/h 

 

Figure 48: Campbell Diagramm - run-up process of freight cars E and H at 12 km/h  - Mp 4 and Mp 15 
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6.7 Sound source localization 

 

Figure 49: Run-up process screw coupling: Z wagon on H wagon 
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Figure 50: Run-up process screw coupling: E wagon on H wagon 
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Figure 51: Run-up process  screw coupling: E wagon on Z wagon 
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Figure 52: Run-up process  DAC VOITH Z on H wagon 
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Figure 53: Run-up process  DAC VOITH Z on H wagon 
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Figure 54: Run-up process  DAC VOITH E on H wagon 
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Figure 55: Run-up process  DAC VOITH E on Z wagon 
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Figure 56: Run-up process DAC DELLNER Z onto H wagon 
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Figure 57: Run-up process DAC DELLNER Z onto H wagon 
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Figure 58: Run-up process DAC DELLNER E onto H wagon 
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Figure 59: Run-up process DAC DELLNER E onto Z wagon 
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7 Assessment of  the results 

A measurement concept based on [2] was drawn up to test the noise emissions of the DAC couplings 
in comparison with the UIC screw couplings. The measurement results were presented graphically in 
chapter 6. 

This measurement setup was chosen in order to be able to decide whether the main part of the levels 
is caused by the couplings or by the radiation of the wagons. For this purpose, the measuring point 
close to the couplings (Mp 4) was evaluated and compared with a measuring point further away (Mp 
15). Due to the impulse-like noise component, the maximum sound pressure level LpAFmax was con-
sidered in the evaluation window in addition to the equivalent continuous sound level Lp,Aeq,T in order 
to identify any differences occurring in this range. 

The sound pressure level is the size of the sound pressure of a sound field measured at a certain 
position. The sound power level LWA indicates the noise emission of the entire source. The cars col-
liding with each other were delimited with an enveloping surface and the process was assumed to be 
a sound source in order to provide a more precise indication of the emission strength. This is used as 
a noise source for machines, for example. In addition, a one-third octave band analysis was carried 
out as an example in order to get an impression of the frequency range in which the noise tends to 
develop. 

Using the acoustic camera, it was possible to determine that the majority of the levels near the cou-
pling are caused by the impact of the carriages on each other. This is the case for the screw coupler 
and the two automatic center buffer couplers. The proportion of emissions caused by the wagon is 
comparatively low. The emission sources were color-coded. The exact processes and anomalies were 
listed in bullet points in the respective figures. Figure 50, for example, shows that the sound pressure 
level is at its highest when the two cars hit each other. 

The one-third octave levels and Campbell diagrams were shown as examples in Chapter 6, but are 
not considered or evaluated in more detail, as they do not provide any further information for the 
project requirements specification (comparison of the noise emissions of both coupling systems). 
These could be examined in more detail for specific issues in a separate report. 

The results of the individual tests are subject to uncertainty due to the measurement method and the 
test equipment used. The test equipment was monitored over the measurement period. The deviation 
was less than 0.5 dB (see measurement protocol). The uncertainty of the method is reflected in the 
variance of the individual tests. By repeating and averaging the individual tests several times, in which 
the boundary conditions (impact speed, ambient noise, level-time curve) were comparable, it was 
possible to limit the uncertainty. Across all individual tests, the uncertainty of the measured values is 
1.52 dB. The combined standard uncertainty for the comparison of two processes as a single value 
can be estimated at 2 dB. 

Z on H wagon run-up process 

In these tests, the Z wagon was pushed onto the H wagon. First and foremost, it should be noted that 
all coupling variants for these wagon types demonstrate a similar temporal sequence in the level curve 
(see Figure 8). When looking at Figure 14, it becomes clear that the A-weighted equivalent continuous 
sound pressure level value Lp,Aeq,T at Mp 4 tends to be lower for the DAC manufactured by Dellner 
than for the screw coupler for every speed. The level values are highest for the manufacturer Voith 
(at all speeds). The level values of the screw coupling lie between the two DAC manufacturer variants. 

When looking at the maximum level value LpAFmax at Mp 4 shown in Figure 20 for the respective tests, 
it is noticeable that the DAC Dellner variant has the lowest level value at all speeds. 

The DAC Voith tests have the highest level value for speeds of 2 and 4 km/h. The level value of the 
screw coupling is highest at higher speeds. 

When looking at the tendency of the results for the wagon configuration Z on H wagons, there was no 
significant difference between the evaluation methods Lp,Aeq,T , LpAFmax and LWA, taking into account the 
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uncertainty of 2 dB. In conclusion, it can be said that for the wagon combination Z on H wagons, the 
tendency for the level value for the screw coupler is above the DAC coupler from the manufacturer 
Dellner and below the manufacturer Voith. This is also the case for the Voith manufacturer for speeds 
of 8 and 12 km/h. 

E on H wagon run-up process 

If the tests in which the E wagon was pushed onto the H wagon are considered, it becomes apparent 
that the equivalent continuous sound pressure level Lp,Aeq,T at Mp 4 tends to show no difference at low 
speeds and is within the range of uncertainty. In the tests at higher speeds, the level value of the 
screw coupling tends to be higher than the level value of the DAC couplings (see Figure 16). This 
trend in the values can also be seen when looking at the maximum level values for the different cou-
pling types in Figure 22. 

When looking at the tendency of the results for the wagon configuration E on H wagons, there was no 
significant difference between the evaluation methods Lp,Aeq,T , LpAFmax and LWA, taking into account the 
uncertainty of 2 dB. 

In conclusion, it can be said that for the wagon combination E on H wagons, the differences in the 
level values tend to be below the uncertainty. However, it can be concluded that the DAC couplings 
do not lead to an increase in the level values compared to the screw coupling. 

E on Z wagon run-up process 

It is noticeable that the equivalent continuous sound pressure level value Lp,Aeq,T at Mp 4 for the DAC 
Dellner tends to be below that of the DAC Voith at low speeds (2 and 4 km/h) when E wagons run 
onto the Z wagon type. In this test series, the screw coupling has a higher-level value than the DAC 
variants at all speeds (see Figure 18). 

Another conspicuous feature concerns the level-time curve, which can be seen in Figure 12. The 
screw coupling has the highest-level value, but the time range in which the event takes place is longer 
for the ODC couplings and has a longer course overall. This is due to the repeated collision of the two 
wagon types during the coupling process. In comparison, the Z wagon is pushed off once with the 
screw coupling and is therefore not coupled. This process is particularly noticeable in the tests with 
the E to Z wagon configuration. 

According to the level-time curve, the screw coupling has higher values than the DAC couplings when 
looking at the maximum sound pressure levels. 

When looking at the trend of the results for the E on Z wagon configuration, no significant difference 
was found between the evaluation methods Lp,Aeq,T , LpAFmax and LWA, taking into account the uncer-
tainty of 2 dB. 

In conclusion, it can be said for this wagon configuration that the tendency for the level value of the 
screw coupling is above the values for the couplings from the manufacturers Dellner and Voith. 

8 Conclusion 

The characteristics and frequency behavior of the individual tests were not examined in detail in this 
report.  The volume perceived by humans is a psychoacoustic variable and depends on several fac-
tors: Frequency spectrum, the sound pressure level as well as the time behavior of the sound. There-
fore, only an objective observation and comparison of level values was carried out. 

When comparing the two DAC couplings, it was shown that the level values tend to be higher for the 
manufacturer Voith than for the manufacturer Dellner. The screw coupling tends to have a level value 
above the DAC Dellner variant. It can therefore be concluded that there is no increase in the level 
values due to the use of the ODC. 
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9 Signatures 

The contents refer exclusively to the facts described in this document. The right to pass on (extracts 
of) this document, to reproduce it, to use it and to communicate its contents may be restricted by the 
contract on which this document is based. All rights reserved in the event of patent, utility model or 
design registration. 

 

Geprüft und Freigegeben: Erstellt: 

Head of Laboratory TVE35 Test Engineer TVE351 
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- Appendix - 

Protocols

Protocol of the measuring chain

Figure 60: : Measuring chain of the acoustical measurements, first page

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Chain Protoco 23-70992 DAK Page 1 of 2
Measurement ob Screw coupling, VOITH, DELLNER Date: 30.05.2023 - 07.06.2023

Location: Minden Track 306 Name: YA / SD

Mp Mp 1 Mp 2 Mp 3 Mp 4 Mp 5 Mp 6 Mp 7 Mp 8
Verse. No.from 

- to
MV Unit 90 91 92 93 94 95 96 97

Transducer Type SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02

Serial No. 140756 140757 140758 140759 140760 140761 140762 140763

Calibration 01.04.2023 01.04.2023 01.03.2023 01.04.2023 01.04.2023 01.04.2023 01.04.2023 01.04.2023

Sensitivity 49,09 55,20 50,73 53,15 50,28 46,84 54,29 53,89

Recorder Designation MKII-004 MKII-004 MKII-004 MKII-004 MKII-004 MKII-004 MKII-004 MKII-004
Serial number 0817M1989 0817M1989 0817M1989 0817M1989 0817M1989 0817M1989 0817M1989 0817M1989
Module 1 1 1 1 2 2 2 2
SN Module 0716M0587 0716M0587 0716M0587 0716M0587 0716M0618 0716M0618 0716M0618 0716M0618
Canal 1 2 3 4 1 2 3 4
Calibration Mai 21 Mai 21 Mai 21 Mai 21 Mai 21 Mai 21 Mai 21 Mai 21

Speed detection 1 1 1 1 1 1 1 1

Weather data 1 1 1 1 1 1 1 1

BNC Cable Length [m] 20 20 30 30 50 50 50 20
No. 2078 2079 3029 3013 5028 5035 5026 2074

Calibration
Date 30.05.2023 30.05.2023 30.05.2023 30.05.2023 30.05.2023 30.05.2023 30.05.2023 30.05.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00 8:00

1 Calibrator 1 1 1 1 1 1 1 1

Value [mv/pa] 47,78 54,50 49,58 52,19 49,69 46,25 53,66 54,48

Diff. (<10%) -2,67% -1,27% -2,27% -1,81% -1,17% -1,26% -1,16% 1,09%

Date 31.05.2023 31.05.2023 31.05.2023 31.05.2023 31.05.2023 31.05.2023 31.05.2023 31.05.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00 8:00

2 Calibrator 1 1 1 1 1 1 1 1

Value [mv/pa] 46,87 53,98 49,61 52,61 49,33 46,67 53,25 55,18

Diff. (<0.5dB) -0,17 -0,08 0,01 0,07 -0,06 0,08 -0,07 0,11

Date 01.06.2023 01.06.2023 01.06.2023 01.06.2023 01.06.2023 01.06.2023 01.06.2023 01.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00 8:00

3 Calibrator 1 1 1 1 1 1 1 1

Value [mv/pa] 46,90 54,29 49,79 52,33 49,73 46,30 53,34 53,75

Diff. (<0.5dB) 0,01 0,05 0,03 -0,05 0,07 -0,07 0,01 -0,23

Date 02.06.2023 02.06.2023 02.06.2023 02.06.2023 02.06.2023 02.06.2023 02.06.2023 02.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00 8:00

4 Calibrator 1 1 1 1 1 1 1 1

Value [mv/pa] 47,77 54,21 49,33 52,77 49,38 46,14 53,86 53,39

Diff. (<0.5dB) 0,16 -0,01 -0,08 0,07 -0,06 -0,03 0,08 -0,06

Date 05.06.2023 05.06.2023 05.06.2023 05.06.2023 05.06.2023 05.06.2023 05.06.2023 05.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00 8:00

5 Calibrator 1 1 1 1 1 1 1 1

Value [mv/pa] 47,87 55,09 50,52 53,31 50,23 46,89 53,98 53,83

Diff. (<0.5dB) 0,02 0,14 0,21 0,09 0,15 0,14 0,02 0,07

Date 06.06.2023 06.06.2023 06.06.2023 06.06.2023 06.06.2023 06.06.2023 06.06.2023 06.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00 8:00

6 Calibrator 1 1 1 1 1 1 1 1

Value [mv/pa] 47,03 56,35 49,47 54,21 49,68 47,92 54,2 54,01

Diff. (<0.5dB) -0,15 0,20 -0,18 0,15 -0,10 0,19 0,04 0,03

Date 07.06.2023 07.06.2023 07.06.2023 07.06.2023 07.06.2023 07.06.2023 07.06.2023 07.06.2023

Time 12:15 12:15 12:15 12:15 12:15 12:15 12:15 12:15

7 Calibrator 1 1 1 1 1 1 1 1

Value [mv/pa] 47,92 55,07 49,75 52,91 49,82 45,8 54,06 53,67

Diff. (<0.5dB) 0,16 -0,20 0,05 -0,21 0,02 -0,39 -0,02 -0,05

Calibrator # Designation Type SN Calibration Remark
1 G.R.A.S 42AG 279877 01.03.2023

Speed detection # Designation Type SN
1 - - - - GPS speed detection in the driver's cab
2

Weather data # Designation Type SN
1 WS-THCS-005 US-NHTFB 5200495 07.09.2022
2
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Figure 61: Measuring chain of the acoustical measurements, second page 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Chain Protocol 23-70992 DAK Page 2 of 2
Measurement ob Screw coupling, VOITH, DELLNER Date: 30.05.2023 - 07.06.2023

Location: Minden Track 306 Name: YA / SD

Mp Mp 9 Mp 10 Mp 11 Mp 12 Mp 13 Mp 14 Mp 15
Verse. No.from - 

to
MV Unit 98 99 100 101 102 103 104

Transducer Type SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02 SKU 387B02

Serial No. 140814 140815 140816 140817 140842 140843 140844

Calibration 01.03.2023 01.03.2023 01.03.2023 01.03.2023 01.03.2023 01.03.2023 01.03.2023

Sensitivity 54,78 50,69 54,61 50,07 50,69 58,01 49,92

Recorder Designation MKII-004 MKII-004 MKII-004 MKII-004 MKII-004 MKII-004 MKII-004
Serial number 0817M1989 0817M1989 0817M1989 0817M1989 0817M1989 0817M1989 0817M1989
Module 3 3 3 3 4 4 4
SN Module 0918M0266 0918M0266 0918M0266 0918M0266 1015M2656 1015M2656 1015M2656
Canal 1 2 3 4 1 2 3
Calibration Mai 21 Mai 21 Mai 21 Mai 21 Mai 21 Mai 21 Mai 21

Speed detection 1 1 1 1 1 1 1

Weather data 1 1 1 1 1 1 1

BNC Cable Length [m] 30 30 50 50 50 50 50
No. 3017 3019 5014 5006 5018 5001 5002

Calibration
Date 30.05.2023 30.05.2023 30.05.2023 30.05.2023 30.05.2023 30.05.2023 30.05.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00

1 Calibrator 1 1 1 1 1 1 1

Value [mv/pa] 53,34 50,05 54,20 51,24 51,29 55,39 49,68

Diff. (<10%) -2,63% -1,26% -0,75% 2,34% 1,18% -4,52% -0,48%

Date 31.05.2023 31.05.2023 31.05.2023 31.05.2023 31.05.2023 31.05.2023 31.05.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00

2 Calibrator 1 1 1 1 1 1 1

Value [mv/pa] 54,46 50,36 54,63 51,86 49,97 55,15 51,01

Diff. (<0.5dB) 0,18 0,05 0,07 0,10 -0,23 -0,04 0,23

Date 01.06.2023 01.06.2023 01.06.2023 01.06.2023 01.06.2023 01.06.2023 01.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00

3 Calibrator 1 1 1 1 1 1 1

Value [mv/pa] 53,72 50,18 54,33 51,10 50,11 56,70 51,19

Diff. (<0.5dB) -0,12 -0,03 -0,05 -0,13 0,02 0,24 0,03

Date 02.06.2023 02.06.2023 02.06.2023 02.06.2023 02.06.2023 02.06.2023 02.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00

4 Calibrator 1 1 1 1 1 1 1

Value [mv/pa] 53,38 49,99 54,73 51,04 49,82 55,03 50,81

Diff. (<0.5dB) -0,06 -0,03 0,06 -0,01 -0,05 -0,26 -0,06

Date 05.06.2023 05.06.2023 05.06.2023 05.06.2023 05.06.2023 05.06.2023 05.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00

5 Calibrator 1 1 1 1 1 1 1

Value [mv/pa] 52,12 49,36 54,72 50,62 50,32 57,75 50,5

Diff. (<0.5dB) -0,21 -0,11 -0,07 0,09 0,42 -0,05

Date 06.06.2023 06.06.2023 06.06.2023 06.06.2023 06.06.2023 06.06.2023 06.06.2023

Time 8:00 8:00 8:00 8:00 8:00 8:00 8:00

6 Calibrator 1 1 1 1 1 1 1

Value [mv/pa] 49,84 48,51 54,45 50,3 50,18 57,13 51,15

Diff. (<0.5dB) -0,39 -0,15 -0,04 -0,06 -0,02 -0,09 0,11

Date 07.06.2023 07.06.2023 07.06.2023 07.06.2023 07.06.2023 07.06.2023 07.06.2023

Time 12:15 12:15 12:15 12:15 12:15 12:15 12:15

7 Calibrator 1 1 1 1 1 1 1

Value [mv/pa] 48,87 50,03 54,38 50,34 49,9 57,44 50,49

Diff. (<0.5dB) -0,17 0,27 -0,01 0,01 -0,05 0,05 -0,11

# Designation Type SN Calibration Remark
1 G.R.A.S 42AG 279877 01.03.2023
# Designation Type SN
1 - - - - GPS speed detection in the driver's cab
2
# Designation Type SN

1 WS-THCS-005 US-NHTFB 5200495 07.09.2022

2

Speed detection

Calibrator

Weather data 
collection
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Measurement protocol

Figure 62: Protocol of the measurements carried out on 30.05.2023

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 1 of 7
Measurement obScrew coupling Date: 30.05.2023

Location: Minden Track 306 Name: YA / SD

Remark:

Temperature:
Humidity:

1 j Z H SK Crow d 2 23 Background noise

2 n 11:07 100 Z H SK Crow d 1 23

3 j 11:16 75 Z H SK Crow d 4 23

4 j 11:23 22 Z H SK Crow d 4 23

5 j 11:28 29 Z H SK Crow d 4 23

6 j 11:34 45 Z H SK Crow d 2 23

7 j 11:41 27 Z H SK Crow d 4 23

8 j 11:53 43 Z H SK Crow d 2 23

9 j 12:11 30 Z H SK Crow d 4 23

10 j 12:16 32 Z H SK Crow d 2 23

11 n 13:53

12 n 13:57 22 Z H SK Crow d 8 23 Sw ing bolted connection audible from 8kmh - stumbling block too close to the MQ

13 n 14:04 32 Z H SK Crow d 8 23 Sw ing bolted connection audible from 8kmh - stumbling block too close to the MQ

14 n 14:14

15 n 14:15 28 Z H SK Crow d 8 23 Sw ing bolted connection audible from 8kmh - stumbling block too close to the MQ

16 j 14:30 28 Z H SK Crow d 8 23

17 j 14:36 18 Z H SK Crow d 8 23

18 j 14:43 18 Z H SK Crow d 8 23

19 j 14:50 28 Z H SK Crow d 8 23 from 400 Camera from here 400Hz acc.

20 n 15:03 28 Z H SK Crow d 12 23

21 j 15:07 17 Z H SK Crow d 12 23

22 j 15:17 30 Z H SK Crow d 12 23

23 j 15:02 28 Z H SK Crow d 12 23 Wood on rail

24 j 15:52 58 Z H SK Journey - 23

25 j 15:58 25 Z H SK Brake - 23

26 j 16:10 47 Z H SK Journey - 2,2

27 j 15:58 25 Z H SK Brake - 2,2 400-5000 Frequency range limited from 400 to 5000

28 j 16:24 22 Z H SK Journey - 2,2 400-5000
freque
ncy 
range 

29 j 16:29 18 Z H SK Brake - 2,2 400-5000 frequency range limited from 400 to 5000

30 j 16:45 53 Z H SK Journey - 2,2 400-16000 listen, third car at the end
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Train/Transaction Data Remark

Swinging of the winch and strikes on the car body clearly audible with the screw coupling.

23-70992-DAK

  08:00 8°C 17:00 16°C
  08:00 87% 17:00 72%
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Figure 63: Protocol of the measurements carried out on 31.05.2023 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 2 of 7
Measurement obScrew coupling Date: 31.05.2023

Location: Minden Track 306 Name: YA / SD

Remark:      App

Temperature:
Humidity:

31 j Background noise, diesel engine off

32 j 9:46 82 E H SK Crow d 2 23 400-16000  

33 j 9:56 33 E H SK Crow d 2 23 400-16000

34 n 10:07 29 E H SK Crow d 2 23 400-16000 E Cart Creaking

35 n 10:14 20 E H SK Crow d 2 23 100-16000 E Cart Creaking

36 j 10:20 28 E H SK Crow d 4 23 400-16000

37 j 10:27 22 E H SK Crow d 4 23 400-16000

38 j 10:33 32 E H SK Crow d 4 23 100-16000

39 n 10:39 23 E H SK Crow d 8 23 400-16000 Speed too low

40 j 10:47 20 E H SK Crow d 8 23 400-16000 Creaking of the car in the signal

41 j 10:57 24 E H SK Crow d 8 Creaking of the car in the signal

42 j 11:04 39 E H SK Crow d 8 Creaking of the car in the signal

43 j 11:11 42 E H SK Crow d 8 Creaking of the car in the signal

44 j 11:18 34 E H SK Crow d 12 23 400-16000

45 j 11:28 32 E H SK Crow d 12 23 400-16000

46 j 11:38 28 E H SK Crow d 12 23 400-16000

47 j 13:32 53 E H SK Journey - 23 400-16000

48 n E H SK Brake - 23 400-5000

49 j 13:38 38 E H SK Brake - 23 400-5000

50 j 13:48 44 E H SK Journey - 2,2 400-16000

51 j 13:50 49 E H SK Brake - 2,2 400-5000

52 j 13:56 E H SK Journey - 2,2 400-16000

53 j 13:59 85 E H SK Brake - 2,2 100-16000

54 j 14:14 48 E H SK Journey - 2,2 100-16000

55 j 14:51 28 E Z SK Journey - 23 400-16000

56 j 14:54 39 E Z SK Brake - 23 400-5000

57 j 14:57 43 E Z SK Journey - 23 100-16000

58 j 14:59 43 E Z SK Brake - 23 100-16000

59 j 15:09 34 E Z SK Journey - 2,2 400-16000

60 j 15:11 30 E Z SK Brake - 2,2 400-5000

61 n 15:14

62 j 15:16 32 E Z SK Journey - 2,2 100-16000

63 j 15:18 60 E Z SK Brake - 2,2 100-16000
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"Creaking" noises of the e-car. The cause is the bogie. At higher speeds, less influence of noise.

Train/Transaction Data Remark

23-70992-DAK

  08:00 hrs 11°C 17:00 hrs 23°C
  08:00 AM 87% 05:00 PM 64%

Recording data
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Figure 64: Protocol of the measurements carried out on 01.06.2023, part one, separated for better visibility 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 3 of 7
Measurement obScrew coupling from Vers. No. 81 DAK VOITH Date: 01.06.2023

Location: Minden Track 306 Name: YA / SD

Remark:

Temperature:
Humidity:

64 j 9:27 34 E Z SK Crow d 2 23 400-16000

65 n 9:33 49 E Z SK Crow d 2 23 100-16000

66 j 9:41 25 E Z SK Crow d 4 23 400-16000 Creaking

67 j 9:47 28 E Z SK Crow d 4

68 j 9:54 31 E Z SK Crow d 4

69 j 10:01 28 E Z SK Crow d 8 23 400-16000

70 j 10:09 38 E Z SK Crow d 8 23 100-16000

71 j 10:15 43 E Z SK Crow d 12 23 400-16000

72 j 10:25 30 E Z SK Crow d 12 23 100-16000

73 j 10:37 37 E Z SK Crow d 2 2,2 400-16000

74 j 10:44 56 E Z SK Crow d 2 2,2 100-16000

75 j 10:53 26 E Z SK Crow d 4 2,2 400-16000

76 j 10:59 20 E Z SK Crow d 4

77 j 11:07 27 E Z SK Crow d 8 2,2 400-16000 Winds hit harder

78 j 11:13 29 E Z SK Crow d 8 2,2 100-16000

79 j 11:19 26 E Z SK Crow d 12 2,2 400-16000

80 j 11:26 29 E Z SK Crow d 12 2,2 100-16000

81 j 13:57 46 Z H VOITH Crow d 4 2,2 400-16000

82 j 14:03 50 Z H VOITH Crow d 4 2,2 100-16000

83 j 14:16 52 Z H VOITH Crow d 2 2,2 400-16000

84 j 14:23 48 Z H VOITH Crow d 2 2,2 100-16000

85 n 14:30

86 n 14:40 25 Z H VOITH Crow d 8 2,2 400-16000 No coupling process

87 j 14:47 40 Z H VOITH Crow d 8

88 j 14:54 33 Z H VOITH Crow d 8

89 j 15:06 43 Z H VOITH Crow d 12 2,2 400-16000

90 j 15:10 31 Z H VOITH Crow d 12
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Recording data Train/Transaction Data Remark
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 N
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23-70992-DAK

DAK VOITH coupling difficulties. Z car only repels H car without coupling.

  08:00 hrs 11°C 17:00 hrs 14°C
  08:00 AM 87% 05:00 PM 77%
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Figure 65: Protocol of the measurements carried out on 01.06.2023, part two, separated for better visibility 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 3 of 7
Measurement obScrew coupling from Vers. No. 81 DAK VOITH Date: 01.06.2023

Location: Minden Track 306 Name: YA / SD

Remark:

Temperature:
Humidity:

91 j 15:21 36 Z H VOITH Crow d 2 23 400-16000

92 j 15:29 38 Z H VOITH Crow d 2 23 100-16000

93 n 15:44 29 Z H VOITH Crow d 4 23 400-16000 No coupling process

94 j 15:50 29 Z H VOITH Crow d 4 23 400-16000

95 j 15:57 24 Z H VOITH Crow d 4 23 100-16000

96 j 16:04 25 Z H VOITH Crow d 8 23 400-16000

97 j 16:11 27 Z H VOITH Crow d 8 23 100-16000

98 j 16:16 26 Z H VOITH Crow d 12 23 400-16000

99 j 16:23 28 Z H VOITH Crow d 12 23 100-16000

100 j 16:31 41 Z H VOITH Journey - 23 400-16000

101 j 16:39 42 Z H VOITH Brake - 23 400-16000

102 j 16:46 25 Z H VOITH Journey - 2,2 400-16000

103 j 16:48 150 Z H VOITH Brake - 2,2 400-16000

104 j 16:00 24 Z H VOITH Journey - 2,2 100-16000

105 n

106 j 16:57 54 Z H VOITH Brake - 2,2 100-16000

107 n 17:09 26 Z H VOITH Crow d - 2,2 400-16000 No coupling process

108 j 17:12 26 Z H VOITH Crow d - 2,2 400-16000
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Recording data Train/Transaction Data Remark
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 N
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23-70992-DAK

DAK VOITH coupling difficulties. Z car only repels H car without coupling.

  08:00 hrs 11°C 17:00 hrs 14°C
  08:00 AM 87% 05:00 PM 77%
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Figure 66: Protocol of the measurements carried out on 02.06.2023, part one, separated for better visibility 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 4 of 7
Measurement obScrew coupling Date: 02.06.2023

Location: Minden Track 306 Name: YA / SD

Remark:

Temperature:
Humidity:

109 n 8:52 44 E H VOITH Crow d 2 23 400-16000 No coupling process

110 j 8:59 48 E H VOITH Crow d 4 23 400-16000

111 j 9:04 36 E H VOITH Crow d 4 23 100-16000

112 j 9:14 36 E H VOITH Crow d 2 23 400-16000 Rather 3 kmh

113 j 9:25 54 E H VOITH Crow d 2 23 100-16000

114 j 9:27 36 E H VOITH Crow d 8 23 400-16000 Rather 7 kmh

115 j 9:33 26 E H VOITH Crow d 8 23 400-16000 Rather 9kmh

116 j 9:40 32 E H VOITH Crow d 8 23 100-16000

117 n 9:46 23 E H VOITH Crow d 12 23 400-16000 No coupling process

118 j 9:52 25 E H VOITH Crow d 12 23 400-16000

119 j 9:58 38 E H VOITH Crow d 12 23 100-16000

120 j 10:07 26 E H VOITH Journey - 23 400-16000

121 j 10:13 28 E H VOITH Brake -

122 j 10:16 23 E H VOITH Journey - 2,2 400-16000

123 j 10:21 46 E H VOITH Brake - 2,2 400-16000

124 j 10:24 24 E H VOITH Journey - 2,2 100-16000

125 j 10:26 46 E H VOITH Brake -

126 n 10:34 37 E H VOITH Crow d 2 2,2 400-16000 No coupling process

127 j 10:46 22 E H VOITH Crow d 2 4 400-16000

128 j 10:50 38 E H VOITH Crow d 2 4 100-16000

129 n 10:55 26 E H VOITH Crow d 4 4 400-16000 No coupling process

130 j 11:00 34 E H VOITH Crow d 4 4 400-16000

131 n 11:05 28 E H VOITH Crow d 4 4 100-16000 No coupling process

132 j 11:14 49 E H VOITH Crow d 8 4 400-16000

133 j 11:21 32 E H VOITH Crow d 8 4 100-16000

134 n 11:30 32 E H VOITH Crow d 12 4 400-16000 No coupling process

135 j 11:39 26 E H VOITH Crow d 12 4 400-16000

23-70992-DAK

Coupling difficulties

  08:00 hrs 6°C 17:00 hrs 9°C
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Figure 67: Protocol of the measurements carried out on 02.06.2023, part two, separated for better visibility 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 4 of 7
Measurement obScrew coupling Date: 02.06.2023

Location: Minden Track 306 Name: YA / SD

Remark:

Temperature:
Humidity:

136 j 11:47 27 E H VOITH Crow d 12 4 100-16000

137 j 13:57 25 E Z VOITH Journey - 4 400-16000

138 j 14:00 29 E Z VOITH Brake - 400-16000

139 j 14:03 22 E Z VOITH Journey - 4 100-16000

140 j 14:05 40 E Z VOITH Brake - 4 100-16000

141 j 14:11 57 E Z VOITH Crow d 2 4 400-16000

142 j 14:17 64 E Z VOITH Crow d 2 4 100-16000

143 j 14:21 28 E Z VOITH Crow d 4 4 400-16000

144 j 14:25 39 E Z VOITH Crow d 4 4 100-16000

145 j 14:34 30 E Z VOITH Crow d 8 4 400-16000

146 j 14:40 49 E Z VOITH Crow d 8 4 100-16000

147 j 14:46 32 E Z VOITH Crow d 12 4 400-16000

148 j 14:50 30 E Z VOITH Crow d 12 4 100-16000

149 j 14:57 38 E Z VOITH Crow d 2 23 400-16000

150 j 15:02 30 E Z VOITH Crow d 2 23 100-16000

151 j 15:07 26 E Z VOITH Crow d 4 23 400-16000

152 j 15:12 23 E Z VOITH Crow d 4

153 j 15:16 36 E Z VOITH Crow d 8 23 400-16000

154 j 15:21 34 E Z VOITH Crow d 8 23 100-16000

155 j 15:25 22 E Z VOITH Crow d 12 23 400-16000

156 j 15:31 28 E Z VOITH Crow d 12 23 100-16000
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Figure 68: Protocol of the measurements carried out on 05.06.2023 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 5 of 7
Meas. object: DAK DELLNER Date: 05.06.2023

Location: Minden Track 306 Name: YA / SD

Remark:

Temperature:
Humidity:

157 j 13:23 56 Z H Dellner Crow d 2 4 400-16000

158 j 13:34 46 Z H Dellner Crow d 2 4 100-16000

159 j 13:39 28 Z H Dellner Crow d 4 4 400-16000

160 j 13:45 19 Z H Dellner Crow d 4

161 j 13:50 34 Z H Dellner Crow d 8 4 400-16000

162 j 13:56 26 Z H Dellner Crow d 8 4 100-16000

163 j 14:03 36 Z H Dellner Crow d 12

164 j 14:08 27 Z H Dellner Crow d 12 4 400-16000

165 j 14:23 22 Z H Dellner Crow d 2

166 j 14:30 28 Z H Dellner Crow d 2 23 400-16000

167 j 14:42 54 Z H Dellner Crow d 4 23 400-16000 rather 5kmh

168 j 14:51 34 Z H Dellner Crow d 4 23 400-16000

169 j 14:55 50 Z H Dellner Crow d 4 23 100-16000

170 j 15:01 32 Z H Dellner Crow d 8 23 400-16000

171 j 15:06 23 Z H Dellner Crow d 8 23 400-16000

172 j 15:13 33 Z H Dellner Crow d 12 23 400-16000

173 j 15:18 32 Z H Dellner Crow d 12 23 100-16000

174 j 15:28 33 Z H Dellner Journey - 23 400-16000

175 j 15:31 40 Z H Dellner Brake - 23 400-16000

176 j 15:36 26 Z H Dellner Journey - 4 400-16000

177 j 15:39 30 Z H Dellner Brake - 4 400-16000

178 j 15:41 22 Z H Dellner Journey - 4 100-16000

179 j 15:42 44 Z H Dellner Brake - 4 100-16000
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Figure 69: Protocol of the measurements carried out on 06.06.2023 

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 6 of 7
Measurement obDAK DELLNER Date: 06.06.2023

Location: Minden Track 306 Name: YA / SD

Remark:
Temperature:
Humidity:

180 j 8:47 62 E H Dellner Journey - 4 400-16000

181 j 8:50 36 E H Dellner Brake - 4 400-16000

182 j 8:52 27 E H Dellner Journey - 4 100-16000

183 j 8:53 38 E H Dellner Brake -

184 j 9:00 28 E H Dellner Journey - 23 400-16000

185 j 9:02 54 E H Dellner Brake - 23 400-16000

186 j 9:14 44 E H Dellner Crow d 2 23 400-16000

187 j 9:22 42 E H Dellner Crow d 2 23 100-16000

188 j 9:25 49 E H Dellner Crow d 4 23 400-16000

189 j 9:36 52 E H Dellner Crow d 4 rather 5kmh

190 j 9:43 39 E H Dellner Crow d 8 23 400-16000

191 j 9:48 28 E H Dellner Crow d 8 23 100-16000

192 j 9:55 32 E H Dellner Crow d 12 23 400-16000

193 j 10:02 42 E H Dellner Crow d 12 23 100-16000

194 j 10:14 44 E H Dellner Crow d 2 4 400-16000

195 j 10:19 47 E H Dellner Crow d 2 4 100-16000

196 j 10:26 38 E H Dellner Crow d 4 4 400-16000

197 j 10:40 54 E H Dellner Crow d 4 4 100-16000

198 j 10:46 32 E H Dellner Crow d 8 4 400-16000

199 j 10:52 34 E H Dellner Crow d 8 4 100-16000

200 j 11:01 34 E H Dellner Crow d 12 4 400-16000

201 j 11:06 34 E H Dellner Crow d 12 4 100-16000

202 j 11:39 24 E Z Dellner Journey - 4 400-16000

203 j 11:40 43 E Z Dellner Brake - 4 400-16000

204 j 11:42 28 E Z Dellner Journey - 4 400-16000

205 j 11:44 48 E Z Dellner Brake - 4 400-16000

206 j 11:50 54 E Z Dellner Journey - 23 400-16000

207 j 11:52 41 E Z Dellner Brake - 23 400-16000

208 j 11:55 38 E Z Dellner Journey - 23 100-16000

209 j 12:03 46 E Z Dellner Brake - 23 100-16000

210 j 13:18 44 E Z Dellner Crow d 2 23 400-16000

211 j 13:24 44 E Z Dellner Crow d 2 23 100-16000

212 j 13:29 28 E Z Dellner Crow d 4
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Figure 70: Protocol of the measurements carried out on 07.06.2023

Testing schedule

Status: V1_ 230831 DB Systemtechnik GmbH
TVE35(Acoustics)

Measurement Protocol Outdoor Measurement  / Project: Page 7 of 7
Measurement obDAK DELLNER ab Vers. No. 218 DAK VOITH Date: 07.06.2023

Location: Minden Track 306 Name: YA / SD

Remark:

Temperature:
Humidity:

213 j 8:35 35 E Z Dellner Crow d 4 23 400-16000 rather 5kmh

214 j 8:40 44 E Z Dellner Crow d 4 23 100-16000

215 j 8:46 28 E Z Dellner Crow d 8 23 400-16000

216 j 8:53 36 E Z Dellner Crow d 8

217 j 8:59 27 E Z Dellner Crow d 12 23 400-16000

218 j 11:40 54 Z H Voith Crow d 2 23 400-16000 push w ithout a head

219 j 11:48 23 Z H Voith Crow d 2 pushing w ithout a head, too slow

220 j 11:49 23 Z H Voith Crow d 2 23 400-16000 push w ithout a head

221 j 11:52 43 Z H Voith Crow d 4 push w ithout a head

222 j 11:55 48 Z H Voith Crow d 4 23 400-16000 push w ithout a head
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Dellner: Derailment of electric cars due to the stumbling blocks. Voith: Further attempts with "hand 
power", pushing the Z car onto the H without Locomotive.
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Figure 71: Test schedule in calendar week 22 
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Figure 72: Test schedule for calendar week 23 
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Figure 75: Evaluation protocol screw coupling Z wagon on H wagon 

 

 

  

6 j 11:34 Z H SK Auflauf 2 29,75 34 4,25 89,58 79,78 121,02 100,16 90,39

8 j 11:53 Z H SK Auflauf 2 27,625 31,875 4,25 88,95 79,75 120,71 100,24 90,23

10 j 12:16 Z H SK Auflauf 2 22,125 26,375 4,25 91,28 80,33 122,33 101,94 91,21

89,94 79,95 121,35 100,78 90,61
2,33 0,58 1,61 1,78 0,98

3 j 11:16 Z H SK Auflauf 4 51,125 55,375 4,25 93,79 82,8 124,84 103,85 93,33

5 j 11:28 Z H SK Auflauf 4 14,125 18,375 4,25 94,5 83,18 125,10 104,67 94,08

7 j 11:41 Z H SK Auflauf 4 15,750 20 4,25 92,93 83,24 124,61 104,18 93,26

9 j 12:11 Z H SK Auflauf 4 17,750 22 4,25 92,37 81,9 123,93 102,60 92,90

93,40 82,78 124,62 103,83 93,39
2,13 1,34 1,17 2,07 1,18

16 j 14:30 Z H SK Auflauf 8 15,5 20,5 5 97,88 87,37 128,78 109,96 97,69

17 j 14:36 Z H SK Auflauf 8 6,125 11,125 5 100,19 87,63 130,81 111,78 99,24

18 j 14:43 Z H SK Auflauf 8 6,250 11,25 5 99,52 88,54 130,42 111,04 99,59

19 j 14:50 Z H SK Auflauf 8 15,250 20,125 4,875 98,36 88,87 130,01 111,23 99,40

98,99 88,10 130,01 111,00 98,98
2,31 1,50 2,03 1,82 1,90

21 j 15:07 Z H SK Auflauf 12 7,375 12,875 5,5 101,19 91,25 132,14 113,00 102,57

22 j 15:17 Z H SK Auflauf 12 10,000 14,75 4,75 101,71 91,69 132,92 112,57 102,12

23 j 15:02 Z H SK Auflauf 12 12,500 17,25 4,75 100,26 91,2 132,35 112,62 101,61

101,05 91,38 132,47 112,73 102,10
1,45 0,49 0,78 0,43 0,96
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Figure 76: Evaluation protocol screw coupling frequency analysis Z on H wagon  

 

  

Versuch Nr.

16 20,53 10,67 21,89 12,38 29,84 20,80 32,28 24,63
20 28,77 17,91 35,33 23,04 38,69 26,82 40,42 31,94
25 36,48 25,45 41,43 31,82 44,48 35,01 42,05 34,84

31,5 46,09 33,24 46,86 34,43 51,36 40,32 49,33 40,62
40 48,42 39,55 56,14 42,16 56,31 44,11 59,17 46,67
50 55,26 40,53 56,52 44,76 61,86 50,10 64,95 49,07
63 57,27 45,51 59,82 49,12 65,07 53,75 67,04 56,78
80 64,81 51,47 65,22 56,50 68,05 59,72 68,13 62,58

100 68,02 56,85 68,86 59,00 69,22 60,57 72,81 62,85
125 69,19 62,01 70,26 64,25 72,87 65,17 73,30 68,23
160 71,59 61,82 74,39 66,64 75,11 68,21 77,70 67,56
200 75,22 65,78 76,81 67,37 79,69 70,55 80,76 70,66
250 76,04 68,74 78,97 70,76 83,07 74,78 84,78 75,35
315 78,74 69,95 81,51 72,82 86,16 76,59 87,14 77,58
400 78,47 69,27 83,01 73,16 87,58 77,90 89,03 79,96
500 82,67 72,14 84,90 74,12 90,12 79,57 91,24 82,33
630 83,10 71,35 86,24 74,79 90,89 80,16 92,12 82,37
800 82,79 73,04 86,15 75,47 90,70 80,42 93,27 83,26

1000 82,77 73,35 87,58 76,85 91,53 81,19 93,39 83,47
1250 84,87 73,01 88,12 77,09 95,52 82,91 95,51 87,21
1600 81,85 70,88 85,37 73,90 91,55 79,00 93,03 82,05
2000 78,71 67,96 82,56 71,51 87,88 76,93 90,61 80,47
2500 78,18 68,39 82,73 72,30 89,89 79,10 92,07 82,60
3150 78,50 66,97 81,75 70,27 89,88 77,93 91,13 80,09
4000 73,65 63,08 77,03 66,42 84,50 72,66 86,21 75,53
5000 72,07 62,74 76,45 66,80 83,56 72,37 85,69 74,75
6300 69,25 60,22 73,83 64,23 80,81 69,57 83,40 71,87
8000 64,58 53,21 69,38 58,10 77,16 65,17 80,07 68,81

10000 61,51 49,94 65,50 53,68 73,17 60,31 75,68 63,62
12500 53,86 40,63 58,28 45,22 67,63 53,35 70,30 56,70
16000 46,24 33,66 52,80 37,86 61,98 45,83 65,16 49,42
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Figure 77: Evaluation protocol screw coupling E on H wagon 

  

32 j 9:46 E H SK Auflauf 2 12,5 15 2,5 91,77 82,22 123,34 100,27 89,93

33 j 9:56 E H SK Auflauf 2 12 14,5 2,5 92,22 81,98 123,24 100,79 90,67

92,00 82,10 123,29 100,53 90,30
0,45 0,24 0,09 0,52 0,74

36 j 10:20 E H SK Auflauf 4 14,375 16,375 2 97,14 87,21 128,76 104,35 93,99

37 j 10:27 E H SK Auflauf 4 9,75 12 2,25 96,36 86,03 127,67 103,93 93,90

38 j 10:33 E H SK Auflauf 4 14,25 16,5 2,25 96,27 86,68 127,93 104,17 94,13

96,59 86,64 128,12 104,15 94,01
0,87 1,18 1,08 0,42 0,23

40 j 10:47 E H SK Auflauf 8 8,75 11,25 2,5 100,69 90,66 131,89 107,94 98,78

41 j 10:57 E H SK Auflauf 8 10,375 12,875 2,5 101,26 90,75 132,14 108,53 98,59

42 j 11:04 E H SK Auflauf 8 11,75 15 3,25 101,08 91,04 132,25 109,69 99,55

43 j 11:11 E H SK Auflauf 8 13,5 16,125 2,625 101,82 91,2 132,74 109,55 98,55

101,21 90,91 132,26 108,93 98,87
1,13 0,54 0,85 1,75 1,00

44 j 11:18 E H SK Auflauf 12 15,25 18 2,75 103,69 93,48 134,65 111,45 101,51

45 j 11:28 E H SK Auflauf 12 9,125 11,875 2,75 101,95 92,45 133,26 110,39 100,44

46 j 11:38 E H SK Auflauf 12 12 14,75 2,75 104,04 92,83 134,78 112,51 101,88

103,23 92,92 134,23 111,45 101,28
2,09 1,03 1,53 2,12 1,44Streuung
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Figure 78: Evaluation protocol screw coupling E on H wagon 

  

Versuch Nr.

16 18,70 11,68 26,40 19,76 35,97 27,02 35,15 27,67
20 32,50 24,77 39,22 26,45 40,84 33,18 39,08 32,55
25 41,51 31,13 45,02 31,79 46,95 37,17 48,39 35,72

31,5 50,05 39,43 54,28 42,85 56,69 44,58 57,00 43,33
40 56,68 41,95 57,91 44,86 60,55 46,60 64,66 50,27
50 59,15 44,49 60,42 50,53 62,88 50,14 65,47 51,16
63 65,15 53,90 66,37 53,50 71,36 56,34 70,26 54,44
80 71,49 60,88 74,26 59,86 77,37 62,41 77,04 64,44

100 70,74 59,43 74,95 62,90 76,37 65,48 76,80 66,85
125 70,88 63,60 75,94 67,94 77,16 70,44 78,66 70,17
160 77,04 67,60 79,51 69,92 83,01 73,42 82,85 74,27
200 79,89 67,74 82,39 71,91 83,86 74,84 85,76 76,61
250 81,17 72,36 85,01 75,97 86,84 78,10 88,79 79,50
315 84,43 72,69 87,44 76,32 89,49 78,92 92,02 80,84
400 83,56 72,97 87,88 77,24 90,66 80,40 92,05 82,56
500 83,64 75,32 87,91 79,04 92,43 82,61 94,43 85,06
630 85,10 74,62 89,62 80,09 94,25 84,70 96,38 87,14
800 86,65 76,02 91,56 80,57 95,45 84,48 96,97 86,68

1000 85,51 76,21 91,20 80,89 95,04 84,82 98,23 87,35
1250 84,51 75,19 89,30 79,33 93,81 84,32 96,59 86,68
1600 84,16 74,91 89,10 79,65 94,85 84,99 97,47 87,27
2000 83,14 72,76 86,81 77,13 91,83 81,07 93,39 83,66
2500 81,62 68,84 86,59 74,16 93,24 78,73 94,24 81,30
3150 81,50 69,32 86,78 74,30 91,88 78,38 93,72 80,87
4000 77,75 68,36 84,10 74,90 88,46 77,83 90,54 80,53
5000 76,88 66,21 82,73 72,28 88,25 76,56 89,88 78,79
6300 74,43 62,73 80,26 68,34 86,08 72,37 87,51 74,86
8000 69,52 58,69 75,82 64,64 82,11 68,89 83,22 72,22

10000 64,84 52,99 71,38 59,82 76,31 63,53 78,42 66,17
12500 58,24 44,95 65,44 51,59 71,23 56,16 72,13 59,34
16000 52,12 37,84 60,08 45,07 65,61 48,60 67,05 51,15
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Figure 79: Evaluation protocol screw coupling E on Z wagon 

  

64 j 9:27 E Z SK Auflauf 2 19,375 23,375 4 89,56 79,11 121,01 101,77 91,35

73 j 10:37 E Z SK Auflauf 2 27,25 31 3,75 90,36 79,11 120,59 101,63 89,33

74 j 10:44 E Z SK Auflauf 2 28,875 32,625 3,75 88,25 80,86 119,54 101,98 91,98

89,39 79,69 120,38 101,79 90,89
2,11 1,75 1,47 0,35 2,65

66 j 9:41 E Z SK Auflauf 4 13,625 16,5 2,875 95,53 84,57 125,97 105,60 93,41

67 j 9:47 E Z SK Auflauf 4 7,625 10,875 3,25 95,75 83,03 125,64 105,96 94,34

68 j 9:54 E Z SK Auflauf 4 15,875 19,125 3,25 95,29 84,06 125,05 105,61 94,31

75 j 10:53 E Z SK Auflauf 4 16,4 19,5 3,1 94,03 83,67 123,82 104,27 93,43

76 j 10:59 E Z SK Auflauf 4 1,5 4,75 3,25 94,83 83,81 125,17 103,54 93,53

95,09 83,83 125,13 105,00 93,80
1,72 1,54 2,15 2,42 0,93

69 j 10:01 E Z SK Auflauf 8 18,125 20,375 2,25 99,99 88,74 130,24 109,23 96,36

70 j 10:09 E Z SK Auflauf 8 20,125 22,5 2,375 99,51 86,93 130,05 106,98 97,04

77 j 11:07 E Z SK Auflauf 8 15,375 17,875 2,5 101,27 89,61 131,12 110,25 97,46

100,26 88,43 130,47 108,82 96,95
1,76 2,68 1,06 3,27 1,10

71 j 10:15 E Z SK Auflauf 12 31,25 34,375 3,125 102,15 89,92 131,91 112,79 99,35

72 j 10:25 E Z SK Auflauf 12 20,875 24 3,125 101,85 89,45 131,71 112,45 99,45

79 j 11:19 E Z SK Auflauf 12 17,6 20,75 3,25 102,45 92,08 132,63 112,36 100,46

80 j 11:26 E Z SK Auflauf 12 15,75 18,875 3,125 101,92 90,02 131,85 110,69 99,30

102,09 90,37 132,03 112,07 99,64
0,60 2,63 0,91 2,10 1,16
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Figure 80: Evaluation protocol screw coupling frequency analysis E on Z Wagon 

 

  

Versuch Nr.

16 11,93 3,04 16,66 6,66 23,35 14,16 27,93 19,42
20 13,37 8,31 14,64 6,51 21,80 13,80 27,40 20,48
25 18,76 12,95 23,05 13,84 29,87 22,34 35,54 24,10

31,5 28,94 23,02 33,53 25,83 44,81 37,44 48,61 40,15
40 40,56 32,90 45,51 36,55 53,00 43,11 58,19 49,00
50 46,17 41,41 46,68 42,18 51,87 43,82 58,71 47,57
63 51,28 40,49 50,47 43,33 55,42 49,63 59,24 53,14
80 52,56 47,01 55,60 49,51 59,51 53,86 62,16 58,41

100 54,97 49,97 57,09 53,08 61,54 58,26 64,29 62,15
125 57,87 54,14 60,05 57,28 65,11 62,29 68,16 67,77
160 62,72 57,84 66,00 62,40 68,81 66,55 72,58 68,47
200 70,77 62,26 71,87 64,41 76,83 69,79 78,52 70,91
250 74,77 66,90 79,41 72,60 81,84 74,14 83,09 76,42
315 76,53 69,19 81,77 72,62 86,65 77,64 88,42 78,73
400 80,40 69,97 85,46 75,42 89,69 79,98 92,31 82,32
500 82,97 71,96 87,55 77,49 90,71 81,53 93,07 84,55
630 83,80 71,04 86,64 74,04 91,59 78,35 93,18 80,74
800 84,66 73,81 86,59 75,31 91,86 78,84 93,94 80,75

1000 83,19 74,35 87,10 75,86 93,64 79,49 95,09 81,34
1250 86,68 76,74 91,32 81,34 95,64 83,33 98,46 86,60
1600 82,62 70,76 86,67 75,18 90,83 79,93 94,82 82,81
2000 80,63 69,72 85,30 74,44 88,76 78,42 91,65 80,69
2500 80,68 71,60 85,01 75,34 91,56 81,96 93,64 83,34
3150 80,45 69,42 85,41 73,71 91,73 80,45 93,68 81,59
4000 73,49 63,07 77,75 67,21 84,66 73,31 88,05 76,27
5000 74,76 63,08 78,54 66,60 84,21 72,63 87,36 75,02
6300 70,50 59,66 75,34 64,13 81,15 69,55 84,38 72,92
8000 68,11 56,22 73,31 60,87 79,08 65,94 82,25 69,19

10000 62,26 50,43 67,55 54,81 73,74 60,26 77,22 63,72
12500 55,83 42,20 61,61 47,16 67,72 53,03 71,35 56,49
16000 49,98 34,89 55,03 39,63 61,76 45,47 65,49 49,18
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Figure 83: Evaluation protocol DAC VOITH Z on H Wagon 

  

83 j 14:16 Z H VOITH Auflauf 2 43 49 6 90,66 80,61 121,93 102,50 91,25

84 j 14:23 Z H VOITH Auflauf 2 31,125 36,75 5,625 91,93 81,64 122,46 102,40 92,21

91 j 15:21 Z H VOITH Auflauf 2 15,875 20,875 5 93,70 83,55 124,32 104,75 93,36

92 j 15:29 Z H VOITH Auflauf 2 25,375 31,125 5,75 92,60 82,11 122,90 102,65 92,49

92,22 81,98 122,90 103,08 92,33
3,04 2,94 2,38 2,35 2,11

81 j 13:57 Z H VOITH Auflauf 4 32,75 38,75 6 98,16 88,22 128,98 110,16 98,75

82 j 14:03 Z H VOITH Auflauf 4 38,625 44,75 6,125 96,39 86,26 127,23 107,02 96,41

94 j 15:50 Z H VOITH Auflauf 4 24,625 30,25 5,625 96,1 85,66 127,07 105,94 95,39

95 j 15:57 Z H VOITH Auflauf 4 10,875 16,625 5,75 96,66 86,52 127,42 107,08 96,11

96,83 86,67 127,67 107,55 96,67
2,06 2,56 1,91 4,22 3,36

87 j 14:47 Z H VOITH Auflauf 8 22,125 27,875 5,75 99 89,1 130,10 108,39 98,54

88 j 14:54 Z H VOITH Auflauf 8 23,375 27,125 3,75 97,92 86,82 128,45 108,20 97,40

96 j 16:04 Z H VOITH Auflauf 8 16,125 21,375 5,25 99,6 89,53 130,63 108,67 98,58

97 j 16:11 Z H VOITH Auflauf 8 6,125 11,5 5,375 99,97 89,71 130,78 109,37 98,47

99,12 88,79 129,99 108,66 98,25
2,05 2,89 2,33 1,17 1,18

89 j 15:06 Z H VOITH Auflauf 12 30,5 35,625 5,125 101,97 91,62 133,02 111,06 100,86

90 j 15:10 Z H VOITH Auflauf 12 9,375 13,5 4,125 102,65 92,68 133,84 111,00 100,60

98 j 16:16 Z H VOITH Auflauf 12 13,5 19,5 6 101,6 91,46 132,49 111,03 101,04

99 j 16:23 Z H VOITH Auflauf 12 17,625 23,625 6 101,51 90,51 132,55 111,46 99,97

101,93 91,57 132,97 111,14 100,62
1,14 2,17 1,35 0,46 1,07
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Figure 84: Evaluation protocol frequency analysis DAC VOITH Z on H Wagon 

  

Versuch Nr.

16 20,95 11,64 24,93 16,79 27,45 18,60 30,81 25,72
20 32,85 21,91 36,17 25,10 37,38 27,20 40,45 32,11
25 40,51 29,63 47,15 35,40 49,07 35,97 49,11 37,09

31,5 44,98 32,71 49,55 38,37 51,90 41,07 57,92 42,87
40 52,52 39,25 56,43 44,00 58,97 46,46 61,95 48,01
50 52,77 44,35 58,99 48,89 61,57 52,03 64,47 51,51
63 58,19 48,44 66,45 52,98 68,11 54,83 72,36 59,46
80 64,51 54,66 70,19 58,63 73,62 62,32 76,22 65,43

100 64,66 59,17 69,92 62,17 72,85 64,67 75,77 67,59
125 67,50 62,06 70,94 65,29 74,59 68,42 77,77 71,34
160 74,24 64,60 77,79 68,84 78,83 70,33 82,24 73,76
200 77,47 65,71 81,93 70,90 83,92 72,39 86,41 75,96
250 78,55 69,46 83,00 73,33 85,01 76,03 88,33 78,66
315 79,90 69,16 83,83 73,77 86,75 76,46 89,29 79,84
400 81,08 70,10 84,99 74,88 88,03 77,90 90,87 80,67
500 82,98 71,81 86,69 76,60 89,57 80,19 92,10 83,28
630 83,81 74,30 87,78 78,32 90,39 81,24 93,63 83,96
800 86,15 75,43 90,46 80,15 92,30 82,21 95,24 85,28

1000 85,67 75,95 90,62 80,19 93,28 82,29 95,63 85,82
1250 85,46 75,53 89,79 79,63 91,87 82,14 94,70 84,53
1600 86,02 75,22 90,52 80,23 92,17 81,74 94,90 84,18
2000 84,19 73,21 89,27 78,06 90,99 80,57 93,61 82,53
2500 84,72 74,78 89,60 79,92 91,66 81,90 93,80 84,11
3150 83,97 73,10 89,57 78,42 92,35 80,79 94,45 83,31
4000 81,10 70,04 85,73 74,63 87,81 76,94 90,74 79,40
5000 78,82 68,11 84,27 72,96 86,57 75,16 89,04 77,73
6300 75,84 65,44 81,20 70,28 83,43 72,08 85,99 74,81
8000 72,66 61,82 77,47 66,10 79,95 68,47 82,62 70,95

10000 67,88 55,53 72,38 60,50 74,88 63,35 77,82 65,80
12500 62,59 48,94 67,36 53,98 69,94 57,14 73,23 59,80
16000 56,29 41,51 61,06 46,17 64,11 49,19 67,28 51,95

A
ri

th
. M

itt
el

w
er

t M
p 

4 
Lp

A
F 

   
   

   
   

   
   

   
   

   
   

   
  

8 
km

/h
 

A
ri

th
. M

itt
el

w
er

t M
p 

15
 

Lp
A

F 
   

   
   

   
   

   
   

   
   

   
   

  
8 

km
/h

 

A
ri

th
. M

itt
el

w
er

t M
p 

4 
Lp

A
F 

   
   

   
   

   
   

   
   

   
   

 
12

 k
m

/h
 

A
ri

th
. M

itt
el

w
er

t M
p 

15
 

Lp
A

F 
   

   
   

   
   

   
   

   
   

   
 

12
 k

m
/h

 

DAK VOITH Z auf H
#83, 84, 91, 92  -  2 km/h #81, 82, 94, 95 -  4 km/h #87, 88, 96, 97 -8 km/h #89, 90, 98, 99 - 12 km/h

Fr
eq

ue
nz

 [H
z]

A
ri

th
. M

itt
el

w
er

t M
p 

4 
Lp

A
F 

   
   

   
   

   
   

   
   

   
   

   
  

2 
km

/h
 

A
ri

th
. M

itt
el

w
er

t M
p 

15
 

Lp
A

F 
   

   
   

   
   

   
   

   
   

   
   

  
2 

km
/h

 

A
ri

th
. M

itt
el

w
er

t M
p 

4 
Lp

A
F 

   
   

   
   

   
   

   
   

   
   

   
4 

km
/h

 

A
ri

th
. M

itt
el

w
er

t M
p 

15
 

Lp
A

F 
   

   
   

   
   

   
   

   
   

   
   

  
4 

km
/h

 



23-70992-TT.TVE35-PB-T2-V1.0_240617_EN  Seite 101 von 115 

 Prüflabor Akustik und Erschütterungen  
 DB Systemtechnik GmbH, Völckerstraße 5, 80939 München D01498-02_V2 

 

- Appendix - 

 

 

Figure 85: Evaluation protocol DAC VOITH E on H Wagon 

  

112 j 9:14 E H VOITH Auflauf 2 27,5 30,625 3,125 92,51 82,14 123,75 99,35 89,11

113 j 9:25 E H VOITH Auflauf 2 41,5 45 3,5 93,45 83,09 124,73 101,26 90,72

127 j 10:46 E H VOITH Auflauf 2 13,375 16,5 3,125 93,93 83,17 125,07 100,45 90,33

128 j 10:50 E H VOITH Auflauf 2 26,625 29,875 3,25 92,47 82,06 123,68 99,04 89,18

93,09 82,62 124,31 100,03 89,84
1,46 1,11 1,39 2,22 1,61

110 j 8:59 E H VOITH Auflauf 4 26,625 29,375 2,75 96,64 86,15 127,69 102,84 92,27

111 j 9:04 E H VOITH Auflauf 4 18,125 21,625 3,5 96,66 86,85 128,16 104,20 94,39

130 j 11:00 E H VOITH Auflauf 4 14,875 18,25 3,375 95,73 85,39 127,01 102,61 92,53

96,34 86,13 127,62 103,22 93,06
0,93 1,46 1,15 1,59 2,12

115 j 9:33 E H VOITH Auflauf 8 16,75 19,75 3 100,35 90,35 131,77 106,61 96,74

116 j 9:40 E H VOITH Auflauf 8 17,375 20,25 2,875 100,18 89,69 131,54 106,30 96,37

132 j 11:14 E H VOITH Auflauf 8 23,625 26,5 2,875 98,7 88,95 130,52 105,36 95,19

133 j 11:21 E H VOITH Auflauf 8 19,75 22,625 2,875 99,66 89,47 131,20 105,78 95,91

99,72 89,62 131,26 106,01 96,05
1,65 1,40 1,25 1,25 1,55

118 j 9:52 E H VOITH Auflauf 12 14,125 17,625 3,5 100,43 91,32 132,35 108,77 98,57

119 j 9:58 E H VOITH Auflauf 12 17,75 21,75 4 100,33 90,15 131,92 108,01 97,56

135 j 11:39 E H VOITH Auflauf 12 15,125 19 3,875 100,35 90,73 132,49 108,94 98,58

136 j 11:47 E H VOITH Auflauf 12 18,875 22,75 3,875 100,1 90,26 131,78 107,96 98,41

100,30 90,62 132,14 108,42 98,28
0,33 1,17 0,70 0,98 1,02

V
er

s,
 N

r,

gü
lti

g 
(j/

n)

U
hr

ze
it

ab
ge

st
oß

en
er

 W
ag

en
   

   
   

  
E

,Z
,H

W
ag

en
   

   
   

   
   

   
   

   
 

E
,Z

,H
 

K
up

pl
un

gs
ar

t

V
or

ga
ng

   
   

   
   

   
   

   
 

A
uf

la
uf

, A
nf

ah
rt,

B
re

m
s

G
es

ch
w

in
di

gk
ei

t  
   

   
   

   
 

in
 k

m
/h

Auswerteintervall

Arithmetischer Mittelwert

M
es

sp
un

kt
 L

4 
   

  
S

ch
al

ld
ru

ck
pe

ge
l [

dB
(A

)] 
  

M
es

sp
un

kt
 L

15
   

 
S

ch
al

ld
ru

ck
pe

ge
l [

dB
(A

)] 
  

M
es

sp
un

kt
 L

4 
   

   
   

   
  

LA
Fm

ax
 [d

B
(A

)]

M
es

sp
un

kt
 L

15
   

   
   

   
 

LA
Fm

ax
 [d

B
(A

)]

DAK VOITH E auf H 

Streuung

Streuung

Streuung

Arithmetischer Mittelwert
Streuung

Arithmetischer Mittelwert
M

es
sp

un
kt

 L
1 

- L
14

   
   

   
   

  
S

ch
al

lle
is

tu
ng

sp
eg

el
 

[d
B

(A
)] 

  

von bis delta

Arithmetischer Mittelwert



23-70992-TT.TVE35-PB-T2-V1.0_240617_EN  Seite 102 von 115 

 Prüflabor Akustik und Erschütterungen  
 DB Systemtechnik GmbH, Völckerstraße 5, 80939 München D01498-02_V2 

 

- Appendix - 

 

 

 

Figure 86: Evaluation protocol frequency analysis DAC VOITH E on H Wagon 

  

Versuch Nr.

16 24,92 14,65 27,98 18,70 27,85 18,36 34,83 23,25
20 35,24 24,28 38,38 26,98 40,28 29,34 39,87 28,34
25 41,70 30,80 43,64 33,55 50,36 38,51 51,05 39,30

31,5 47,09 36,32 48,56 37,69 56,67 44,90 59,67 46,95
40 52,62 40,31 54,83 44,53 58,62 47,22 61,41 49,27
50 57,39 43,81 59,77 47,20 62,31 51,39 63,42 49,77
63 62,68 48,40 65,31 51,75 69,76 55,55 71,52 55,94
80 67,14 56,03 69,74 55,94 73,21 61,66 73,43 63,01

100 68,44 59,35 69,32 61,38 72,86 63,99 73,89 66,47
125 69,62 64,48 70,82 65,73 73,16 68,40 75,53 69,85
160 73,07 64,93 74,77 66,64 77,67 69,22 79,52 71,10
200 77,77 67,04 79,44 68,24 82,54 72,70 83,42 74,09
250 79,30 69,86 80,99 71,57 84,21 75,60 86,12 76,65
315 80,42 69,26 82,33 71,91 85,72 75,86 87,66 77,31
400 80,60 70,15 82,16 72,64 86,72 77,07 87,99 78,68
500 83,06 72,46 85,02 74,73 88,47 78,91 90,57 80,91
630 83,91 73,68 85,75 75,54 89,43 79,61 91,21 82,01
800 84,70 74,87 86,21 76,83 90,19 79,84 91,36 82,00

1000 84,24 74,60 85,74 76,76 89,12 80,23 91,10 82,08
1250 83,17 73,08 85,17 74,98 88,13 78,20 89,54 80,01
1600 84,29 73,11 85,97 75,29 89,16 78,17 90,52 79,83
2000 82,69 71,87 84,70 74,15 88,02 76,86 89,36 78,86
2500 84,32 73,55 86,31 75,76 89,28 78,41 90,33 80,40
3150 83,64 72,47 85,89 74,46 88,76 77,47 89,87 79,11
4000 79,53 68,42 81,75 70,55 85,12 74,02 86,79 75,61
5000 79,21 67,62 81,67 69,85 84,53 72,80 85,62 74,37
6300 76,73 65,55 78,56 67,09 81,64 70,12 82,66 71,81
8000 73,67 61,51 75,20 63,49 78,88 66,52 79,94 68,45

10000 69,22 56,71 71,05 58,55 74,96 62,04 75,79 63,58
12500 64,70 50,20 66,53 52,42 70,57 55,99 71,57 57,72
16000 58,77 43,12 60,56 45,10 64,51 48,71 65,71 50,49
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Figure 87: Evaluation protocol DAC VOITH E on Z Wagon 

  

141 j 14:11 E Z VOITH Auflauf 2 29,875 36 6,125 91,08 80,79 121,78 99,34 90,09

142 j 14:17 E Z VOITH Auflauf 2 43 49 6 88,54 78,64 119,34 98,41 88,29

149 j 14:57 E Z VOITH Auflauf 2 25,125 31,125 6 87,77 77,93 118,52 98,47 86,83

150 j 15:02 E Z VOITH Auflauf 2 17,125 23,375 6,25 91,81 81,18 122,45 101,56 89,58

89,80 79,64 120,52 99,45 88,70
4,04 3,25 3,93 3,15 3,26

143 j 14:21 E Z VOITH Auflauf 4 9,75 15,75 6 93,54 82,43 123,93 100,93 90,62

144 j 14:25 E Z VOITH Auflauf 4 30,5 36,125 5,625 93,28 82,44 123,86 102,18 90,25

151 j 15:07 E Z VOITH Auflauf 4 12,5 18,5 6 93,59 82,97 124,06 102,11 90,42

152 j 15:12 E Z VOITH Auflauf 4 10,625 17 6,375 93,32 82,95 124,00 101,85 91,37

93,43 82,70 123,96 101,77 90,67
0,31 0,54 0,20 1,25 1,12

145 j 14:34 E Z VOITH Auflauf 8 18 24 6 95 84,11 125,58 102,17 93,04

146 j 14:40 E z VOITH Auflauf 8 31 37,125 6,125 96,01 85,32 126,84 105,36 93,53

153 j 15:16 E Z VOITH Auflauf 8 18,75 25,125 6,375 95,1 84,32 125,81 102,93 93,09

154 j 15:21 E Z VOITH Auflauf 8 16,5 22,75 6,25 95,93 84,55 126,39 104,18 93,54

95,51 84,58 126,15 103,66 93,30
1,01 1,21 1,26 3,19 0,50

147 j 14:46 E Z VOITH Auflauf 12 19,5 25,5 6 96,29 87,23 127,58 107,04 96,72

148 j 14:50 E Z VOITH Auflauf 12 18,25 24,125 5,875 98,31 87,1 129,07 108,45 97,51

155 j 15:25 E Z VOITH Auflauf 12 11,625 17,75 6,125 97,97 87,04 128,37 107,60 97,13

97,52 87,12 128,34 107,70 97,12
2,02 0,19 1,49 1,41 0,79
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Figure 88: Evaluation protocol frequency analysis DAC VOITH E on Z Wagon 

 

  

Versuch Nr.

16 7,62 2,51 9,92 3,66 12,36 4,55 22,09 10,44
20 19,28 8,12 16,10 8,34 15,63 9,04 24,59 12,93
25 28,54 16,15 25,15 16,88 24,13 15,41 32,40 21,86

31,5 31,72 21,18 33,13 24,70 33,30 24,44 37,73 31,35
40 40,96 30,35 42,57 33,23 44,49 37,15 49,28 42,20
50 47,05 36,13 50,74 38,71 49,75 39,30 56,25 44,76
63 52,13 43,19 55,99 44,58 55,82 44,65 60,64 49,36
80 54,67 47,35 55,42 48,92 57,21 50,65 62,82 55,05

100 56,78 52,33 59,25 53,83 60,14 54,78 63,09 59,44
125 62,32 57,29 64,20 59,13 64,46 60,00 68,33 64,24
160 63,47 56,60 68,37 59,97 69,48 61,77 71,68 65,29
200 67,06 58,51 72,72 61,78 73,88 62,09 76,55 65,61
250 71,45 63,44 76,83 66,92 77,31 67,13 78,82 70,42
315 74,00 65,34 78,91 68,03 79,69 68,31 81,28 71,00
400 76,35 66,39 79,89 69,97 81,11 71,12 83,85 73,82
500 77,72 68,26 82,30 71,41 82,88 72,34 84,75 74,78
630 78,25 68,27 83,12 71,93 83,66 72,47 85,59 75,04
800 79,17 70,21 84,09 73,84 84,95 74,31 86,95 77,08

1000 79,61 71,44 85,08 75,04 85,64 75,84 88,10 78,71
1250 80,31 70,86 85,17 75,15 86,30 76,19 88,68 78,68
1600 79,68 70,22 85,23 74,17 86,27 75,50 88,99 77,99
2000 79,99 69,19 84,19 73,02 85,07 74,43 88,84 77,93
2500 78,85 71,23 85,59 75,07 87,01 76,81 89,96 79,93
3150 78,86 69,32 84,53 73,15 86,72 75,47 89,95 78,82
4000 76,38 65,00 80,10 69,09 81,67 70,85 84,37 74,22
5000 73,44 63,37 80,11 68,25 82,01 70,66 83,89 73,14
6300 71,57 60,33 76,99 65,27 78,99 67,46 81,38 70,37
8000 67,62 56,04 74,07 61,42 76,00 63,59 78,17 66,20

10000 62,51 50,57 69,46 56,05 71,38 58,46 73,96 60,78
12500 56,05 43,65 63,99 49,11 65,93 51,56 68,42 54,16
16000 50,07 36,41 58,38 41,90 60,54 44,04 62,82 46,84
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Figure 91: Evaluation protocol DAC DELLNER Z on H Wagon 

  

158 j 13:34 Z H DELLNER Auflauf 2 31 35,5 4,5 86,23 75,36 116,88 95,93 85,33

165 j 14:23 Z H DELLNER Auflauf 2 8 12,5 4,5 88,91 78,79 120,08 98,42 88,60

166 j 14:30 Z H DELLNER Auflauf 2 19 23,5 4,5 86,26 76,01 117,10 95,47 84,91

87,59 76,72 118,02 96,61 86,28
2,65 3,43 3,21 2,95 3,69

159 j 13:39 Z H DELLNER Auflauf 4 10,5 15 4,5 91,75 82,12 123,71 101,15 91,40

160 j 13:45 Z H DELLNER Auflauf 4 8,5 13 4,5 93,06 83,45 125,03 102,18 92,53

167 j 14:42 Z H DELLNER Auflauf 4 8,125 12,625 4,5 92,62 82,56 124,28 101,58 91,80

168 j 14:51 Z H DELLNER Auflauf 4 17,75 22,25 4,5 92,22 82,89 123,92 101,51 91,66

92,41 82,76 124,24 101,61 91,85
1,31 1,33 1,32 1,03 1,13

161 j 13:50 Z H DELLNER Auflauf 8 20,375 24,5 4,125 97,82 87,76 130,16 107,06 97,08

162 j 13:56 Z H DELLNER Auflauf 8 15,5 19,5 4 96,24 87,02 128,39 105,03 95,43

170 j 15:01 Z H DELLNER Auflauf 8 21,75 26,25 4,5 94,64 85,35 126,59 103,94 94,64

171 j 15:06 Z H DELLNER Auflauf 8 12,75 17,25 4,5 95,01 85,38 126,82 104,39 95,04

95,93 86,38 127,99 105,11 95,55
3,18 2,41 3,57 3,12 2,44

164 j 14:08 Z H DELLNER Auflauf 12 14,75 19,25 4,5 98,98 89,91 131,56 108,57 99,69

172 j 15:13 Z H DELLNER Auflauf 12 18,875 23,375 4,5 99,1 89,14 131,10 109,18 98,71

173 j 15:18 Z H DELLNER Auflauf 12 10,75 15,25 4,5 99,3 89,66 131,46 109,18 99,26

99,13 89,57 131,37 108,98 99,22
0,32 0,77 0,46 0,61 0,98
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Figure 92: Evaluation protocol frequency analysis DAC DELLNER Z on H Wagon 

 

  

Versuch Nr.

16 18,46 10,85 23,09 14,82 25,63 16,09 28,33 20,69
20 28,02 18,05 34,07 25,46 37,36 27,58 40,87 30,51
25 36,69 26,68 42,47 32,48 43,54 34,83 49,28 37,79

31,5 44,25 33,37 48,41 36,91 51,06 41,46 56,57 45,74
40 46,88 35,55 53,74 42,78 56,82 43,53 60,81 48,59
50 53,84 37,90 60,37 44,25 63,32 47,07 65,67 50,62
63 58,41 43,65 65,38 50,74 68,81 53,45 71,72 56,52
80 61,37 49,12 69,30 54,89 72,39 58,60 76,28 60,17

100 59,56 52,77 67,62 58,14 70,96 60,74 74,67 64,68
125 62,31 55,39 68,41 61,98 71,60 65,16 74,92 69,66
160 67,53 58,70 73,61 64,33 76,33 67,92 80,30 72,24
200 71,15 61,11 76,65 66,16 79,54 69,14 83,50 72,49
250 71,45 63,31 78,47 69,68 82,30 73,47 85,95 76,78
315 72,17 63,64 79,75 70,16 83,60 74,32 87,46 78,07
400 72,44 63,25 80,22 71,14 83,99 74,58 88,72 79,03
500 73,83 64,42 82,21 72,33 86,66 76,63 91,46 81,35
630 75,03 65,53 82,50 73,42 86,74 77,74 91,80 82,45
800 77,81 68,64 83,51 74,22 87,43 78,36 92,67 82,91

1000 78,72 68,47 82,95 73,51 86,60 77,58 92,32 82,78
1250 76,58 67,45 82,16 72,98 84,65 76,12 89,76 80,99
1600 77,74 68,41 82,50 73,33 85,08 76,73 88,92 80,95
2000 76,44 65,37 80,99 70,49 83,73 73,57 87,66 77,63
2500 77,52 66,63 81,50 71,53 84,30 74,02 88,16 78,90
3150 78,99 66,63 82,47 71,32 85,66 74,13 89,46 78,33
4000 74,15 65,17 78,40 69,80 81,71 72,24 86,05 76,33
5000 73,57 61,08 77,38 65,52 80,67 68,42 84,33 72,46
6300 70,72 59,18 75,50 64,68 78,23 66,21 82,31 69,83
8000 67,66 54,22 71,64 59,12 74,44 61,07 78,58 65,66

10000 64,35 49,58 68,07 54,10 70,74 55,82 74,67 59,98
12500 60,22 43,91 63,83 48,24 66,39 49,76 70,74 53,80
16000 55,61 37,95 58,60 41,59 61,14 43,65 65,36 46,72
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Figure 93: Evaluation protocol DAC DELLNER E on H Wagon 

  

186 j 9:14 E H DELLNER Auflauf 2 25,5 28,5 3 92,99 83,48 124,24 101,63 92,10

187 j 9:22 E H DELLNER Auflauf 2 25,25 28,25 3 92,66 83,14 124,04 101,57 90,37

194 j 10:14 E H DELLNER Auflauf 2 26,125 29,125 3 91,64 82,33 122,95 100,39 90,07

195 j 10:19 E H DELLNER Auflauf 2 32,125 35,375 3,25 91,15 80,95 122,52 99,51 89,19

92,11 82,48 123,44 100,78 90,43
1,84 2,53 1,72 2,12 2,91

188 j 9:25 E H DELLNER Auflauf 4 26 29 3 94,92 85,62 126,37 103,63 92,86

189 j 9:36 E H DELLNER Auflauf 4 22 24,75 2,75 95,82 87,06 127,37 104,07 94,31

196 j 10:26 E H DELLNER Auflauf 4 20,25 23,75 3,5 95,6 85,77 127,04 104,43 94,45

197 j 10:40 E H DELLNER Auflauf 4 29,875 33,5 3,625 94,3 84,85 125,97 102,57 93,54

95,16 85,83 126,69 103,68 93,79
1,52 2,21 1,40 1,86 1,59

190 j 9:43 E H DELLNER Auflauf 8 18 21,5 3,5 99,15 89,79 131,13 107,09 97,63

191 j 9:48 E H DELLNER Auflauf 8 24 26,75 2,75 99,33 89,84 131,07 105,89 96,76

198 j 10:46 E H DELLNER Auflauf 8 19,25 21,75 2,5 99,18 89,83 130,78 105,64 96,21

199 j 10:52 E H DELLNER Auflauf 8 13,25 16,375 3,125 100,28 90,32 131,74 107,30 97,72

99,49 89,95 131,18 106,48 97,08
1,13 0,53 0,96 1,66 1,51

192 j 9:55 E H DELLNER Auflauf 12 17,6 20,75 3,125 102,76 93,42 134,85 110,34 101,20

193 j 10:02 E H DELLNER Auflauf 12 22,125 25,25 3,125 102,77 93,34 134,88 110,52 100,87

200 j 11:01 E H DELLNER Auflauf 12 19,875 23,125 3,25 101,94 92,51 133,99 109,72 100,34

201 j 11:06 E H DELLNER Auflauf 12 20,25 23,5 3,25 102,65 93,55 134,98 110,58 101,31

102,53 93,21 134,68 110,29 100,93
0,83 1,04 0,99 0,86 0,97
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Figure 94: Evaluation protocol frequency analysis DAC DELLNER E on H Wagon 

 
  

Versuch Nr.

16 23,84 15,78 26,49 18,80 30,04 22,95 34,68 24,03
20 37,48 26,49 37,01 25,73 44,58 33,20 43,69 32,21
25 44,81 31,74 46,80 34,24 48,82 36,21 51,33 38,13

31,5 50,22 38,97 52,18 40,20 54,57 41,94 52,05 45,68
40 52,54 42,35 54,64 44,89 57,80 49,75 60,68 49,93
50 57,32 46,36 60,25 47,83 64,57 52,82 67,03 54,02
63 62,74 52,65 66,89 56,86 69,24 58,05 72,38 61,53
80 66,53 56,22 70,71 60,76 75,32 63,72 73,70 64,09

100 67,89 61,64 70,16 63,83 74,19 67,53 76,22 69,23
125 69,93 64,00 72,56 65,26 77,51 70,25 79,58 72,29
160 75,07 66,32 76,47 69,90 79,84 72,28 83,15 74,60
200 79,18 68,93 82,03 70,90 85,01 74,07 86,90 78,26
250 80,82 71,06 82,99 74,04 87,02 78,58 89,09 81,11
315 81,69 71,40 84,59 74,08 88,73 79,20 91,66 81,20
400 81,58 72,31 85,31 75,67 89,81 80,08 92,43 82,66
500 82,28 73,46 86,21 77,59 91,01 82,34 93,91 84,97
630 83,39 74,49 86,75 78,62 92,09 83,68 95,43 87,20
800 86,09 76,15 89,55 79,78 93,92 83,73 97,70 87,66

1000 85,82 76,70 88,75 79,62 93,13 83,98 97,00 88,12
1250 84,72 76,09 87,34 78,78 91,90 82,19 95,21 85,75
1600 83,25 74,41 87,11 77,97 90,42 81,73 93,92 84,85
2000 83,19 72,54 85,80 75,70 90,27 79,44 92,70 82,53
2500 83,20 72,99 85,71 76,18 89,57 79,87 92,10 82,39
3150 84,39 74,51 87,45 77,32 91,58 81,03 93,73 83,95
4000 81,03 71,29 84,06 74,12 87,99 77,80 90,48 80,58
5000 79,97 68,53 82,27 70,91 86,36 74,50 88,60 77,40
6300 77,58 67,45 80,56 71,00 85,12 74,33 87,12 77,00
8000 73,85 62,21 76,65 64,53 80,72 68,31 83,26 71,54

10000 70,36 57,90 73,37 60,67 76,98 64,25 79,34 67,59
12500 65,80 52,67 68,82 55,62 72,62 59,09 75,02 62,25
16000 60,83 45,75 63,63 48,48 67,11 51,89 69,97 55,46
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Figure 95: Evaluation protocol DAC DELLNER E on Z Wagon 

  

210 j 13:18 E Z DELLNER Auflauf 2 27,75 32,25 4,5 85,55 74,87 115,91 96,10 83,59

211 j 13:24 E Z DELLNER Auflauf 2 29 33 4 84,59 74,64 115,15 95,14 84,96

85,07 74,76 115,53 95,62 84,28
0,96 0,23 0,76 0,96 1,37

212 j 13:29 E Z DELLNER Auflauf 4 15 19,5 4,5 88,67 78,03 118,95 97,69 88,43

213 j 8:35 E Z DELLNER Auflauf 4 19,25 24,125 4,875 91,01 80,41 121,58 101,98 91,02

214 j 8:40 E Z DELLNER Auflauf 4 26,25 31,125 4,875 89,26 79,74 119,99 100,14 90,33

89,65 79,39 120,18 99,94 89,93
2,34 2,38 2,63 4,29 2,59

215 j 8:46 E Z DELLNER Auflauf 8 15,75 20,25 4,5 94,39 85,05 125,17 105,53 95,26

216 j 8:53 E z DELLNER Auflauf 8 21,375 25,875 4,5 95,19 84,92 126,13 105,14 94,95

94,79 84,99 125,65 105,34 95,11
0,80 0,13 0,97 0,39 0,31
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Figure 96: Evaluation protocol frequency analysis DAC DELLNER E on Z Wagon 

 

Versuch Nr.

16 11,45 2,79 11,46 5,69 19,53 11,04
20 14,52 8,43 18,73 12,35 26,27 14,56
25 19,42 13,97 26,35 20,52 31,20 25,08

31,5 27,01 18,09 31,67 23,29 42,05 32,92
40 38,39 28,80 44,03 35,32 53,33 44,18
50 43,54 39,90 48,20 41,73 54,11 46,60
63 48,20 40,80 52,78 49,63 57,47 53,41
80 49,00 42,45 56,78 52,46 61,77 57,83

100 51,12 45,90 55,51 52,17 63,25 60,88
125 57,82 50,22 62,71 55,58 67,94 64,48
160 61,74 52,51 67,94 58,40 73,97 63,82
200 67,64 53,62 73,73 62,40 78,07 67,87
250 66,95 58,65 74,61 67,36 77,71 71,90
315 69,78 61,24 75,23 66,64 79,76 70,81
400 71,54 62,87 76,73 67,70 83,34 74,62
500 72,59 63,03 77,44 68,92 85,02 75,45
630 73,84 62,22 79,32 68,74 84,14 73,41
800 76,36 66,77 82,00 71,35 87,79 76,30

1000 78,65 68,07 81,86 71,81 87,85 77,11
1250 77,66 67,60 82,64 73,23 86,54 77,68
1600 77,93 68,23 81,93 72,87 86,32 76,78
2000 76,80 65,82 81,22 70,35 86,31 75,30
2500 78,14 67,55 83,06 72,42 89,37 79,89
3150 80,37 69,72 84,22 73,46 89,74 79,41
4000 75,90 66,83 79,07 69,64 83,64 73,63
5000 74,73 62,39 78,19 66,16 83,25 71,18
6300 73,53 62,86 75,27 65,42 80,21 69,83
8000 69,52 57,08 73,08 61,31 77,20 65,03

10000 67,73 53,82 68,80 56,27 73,46 60,10
12500 64,12 51,71 64,19 51,00 68,18 54,28
16000 59,28 46,53 59,79 45,51 63,79 47,92
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Photo documentation

Figure 97: Measurement setup; microphones 1-14 at a distance of 7,5 m to the center of the tracks

Figure 98: Measurement setup; microphones 1-14 at a distance of 7,5 m to the center of the tracks
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Figure 99: Measurement setup; microphone 15 at a distance of 25 m to the center of the tracks at a height of 10 m 

 

 

 

Figure 100: Measurement setup; acoustic camera at a distance of 3 m to the centre of the track 
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Figure 101: Measurement setup; acoustic camera at a distance of 3 m to the centre of the track 

 

 

 




