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1 Details of the task 

The details of the task can be found in the "70992-01-DAC-Phase III+IV - Master document". [1]  

2 Description of the test object 

The description of the test object can be found in the master project "70992-01-DAC-Phase III+IV - 
Master document".  [1]  
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Figure 3-9 shows a snapshot of the supply voltage and the infeed current during measurement run 6 
from Bebra to Minden. The voltages and currents shown are RMS values. The measuring recorders 
record real values, which are simultaneously converted into RMS values by separate calculation chan-
nels. The supply voltage decreases due to resistance losses in the cabling and at the couplings and 
plug connections from the supplying wagon to the last wagon. Six channels for voltage and current 
are shown. The voltage difference between two measuring points is greater the more wagons there 
are between the measuring points. The current at each measuring point is the sum of the partial 
currents of the wagons following the measuring point, taken from behind the measuring point, and 
therefore also decreases with increasing distance from the supplying measurement car. At the last 
wagon, the measured supply current is zero. 

The data collected can provide information on topics such as the quality of the power supply and 
power requirements. More detailed insights into the power supply data recorded can be found in the 
report "70992-05-DAC-Phase III+IV - Electrical part". [3]  

3.4 Automated train journey analyses 

A special software tool for the automated evaluation of the collected measured data was developed 
as part of the measurement runs. This tool enables the data to be analysed efficiently and systemati-
cally, largely eliminating the need for manual evaluation. 

The front end of the evaluation tool is shown in Figure 3-10. The software automatically processes the 
recorded measured data and categorises it into various driving scenarios, including start-up, constant 
velocity motion, braking, standstill and deceleration. This subdivision enables a detailed examination 
of the respective driving phases and provides a structured basis for further analyses. 

A key feature of the tool is the user-friendly presentation of the results. After processing, the analysed 
data is output in a clearly structured PDF file. This file contains all relevant information in an easy-to-
read and structured form, which ensures simple interpretation and further processing of the results. 

To illustrate how the evaluation tool works, the results of the measurement runs 1-8 are documented 
in Annex A2. 

 

 
Figure 3-10: Front end of the DAC measurement run evaluation 
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3.5 Summary of train journey results 

This report deals with the train journeys that were carried out as part of a pilot project of the German 
Federal Ministry for Digital and Transport (BMDV) to test "Digital Automatic Couplings" (DAC) in pro-
ject phases III and IV. The aim of these train journeys was to record driving dynamics and vehicle 
dynamics measured data from the demonstrator train and to investigate the data communication and 
power supply via the electric coupling section. A 400V AC supply was tested for the first time. This 
report covers both the train journeys and measured data on the dynamic behaviour of the vehicle and, 
to a limited extent, the measured data on the power supply. In addition, exemplary analyses of the 
measured data are presented. 

In section 3.1, an overview of the measurement runs has been derived from the test log. The overview 
describes the starting points and destinations of the respective measurement runs as well as a clas-
sification into different categories that describe the focus of the respective run. An evaluation of the 
data has shown that measurements of dynamic behaviour in Phase III and IV cover about 2500 km of 
running movements. By analysing the measured GPS data, a representation of the measurement runs 
including the curve radii distribution was created in the form of a map. 

Section 3.2 includes a description of the test execution and data evaluations for the measurement 
runs of the category "General running movements". On the one hand, the longitudinal forces acting 
on the couplings were investigated using approaches from the service strength analysis. The longitu-
dinal forces of several coupling points of a measurement run were analysed using a counting method 
from the service strength analysis. The generated measured data can serve as indicator for the influ-
ence of different operational boundary conditions during a running movement on the damage of the 
force-transmitting metallic coupling components. The longitudinal forces were also analysed in relation 
to various driving scenarios. It was shown how the longitudinal forces behave in the scenarios listed 
and how these longitudinal forces are dependent on other boundary conditions, for example due to 
the different operation of the locomotive by the driver or also due to existing lineside signals. 

Chapter 3.3 provides an example of the resistance loss of the voltage and current over the length of 
a convoy. A more detailed analysis of the power supply can be found in the report "70992-05-DAC-
Phase III+IV - Electrical part". [3]  
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4.3.2 Interim summary for marshalling yards/shunting yards 

The further operational tests in Phase III and IV on various marshalling yards and marshalling yards 
(see Table 4-3) largely confirmed the findings gathered during Phase II. The transfer of wagons with 
locomotive and fly shunting can already be implemented to a large extent with the functionalities of 
the DAC prototypes. Only the uncoupling function still needs to be further developed so that this pro-
cess step results in the complete uncoupling of both DACs involved with a high degree of reliability, 
which is currently not yet guaranteed. It would also make sense to further develop the operating units 
and status indicators to make operation easier for the shunting staff. 
A universally suitable process was found for the first time in Kornwestheim for gravity shunting. In 
Phase II, due to the version of the buffer position at that time, it was not possible to automatically 
deactivate the buffer position after gravity shunting of the wagons. This meant that the wagons could 
not be coupled in the sorting siding. The buffer position had to be deactivated manually, and the 
wagons had to be recoupled, which was a time-consuming process. This problem was successfully 
circumvented in Phases III and IV by using a new version of the buffer position and a light barrier as 
a trigger for deactivating the buffer position. It was demonstrated that the integration of a location-
bound trigger for deactivating the buffer position could be usefully incorporated into the process, while 
a time-bound trigger was ruled out. 

However, the required reliability of the deactivation of the buffer position by the light barrier could not 
be fully achieved. In future, various trigger methods should therefore be tested in order to improve the 
reliability of the deactivation of the buffer position for the execution of the gravity shunting process. 

Uncoupling in motion was also carried out several times in Phases III and IV using DAC with actuators. 
Thanks to the simplified operation of the coupler using the button on the sides of the wagon, these 
tests were largely successful. Nevertheless, recoupling occasionally occurred during uncoupling in 
motion, especially during speed changes or short interruptions in the sequence. A process with un-
coupling in motion would therefore only be completely reliable if the uncoupled state is monitored until 
the start of the process and intervention is carried out if necessary. 
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adjusted accordingly. The staff there carried out a theoretical adjustment of the MULITRAIL weigh-
bridge. The above-mentioned calibration error limits were then complied with. 

Conclusion: 

On completion of the tests, it can be summarised that a MULTIRAIL weighbridge with weighing sleep-
ers can be calibrated with the use of DAC wagons in OIML class 0.2. For a more detailed insight into 
the results, please contact the project management. [1]  

5.1.3 Dellner uncoupling mechanism 

A prototype of a manual uncoupling mechanism from Dellner was tested for the further development 
of the manual operation of the DAC. The aim of the uncoupling mechanism prototype is to simplify 
operation and the manual function of the buffer position without electrical components or a separate 
split pin (cf. [1]  & Figure 4-8).  

For the tests, the mechanism shown in Figure 5-5 was mounted on the tank wagon "Z375-5_A". The 
installation took approx. 35 minutes and required two fitters. The main beam of the uncoupling mech-
anism is attached through the holes for buffers in the buffer beam. A cable runs through this hollow 
steel support, which is attached to the main shaft of the coupler head as well as to the actuating lever 
(shown in red in Figure 5-6 ). The complete setup weighs approx. 74 kg. Even during assembly, it was 
noticed that the Dellner electric coupler installed can collide with the main beam when pressure is 
exerted on the DAC; the 110 mm spring travel was not adhered to here. It was also determined that 
the dimensions of the lever were not compatible with the wagon types. The operating lever on the left-
hand side could not be operated due to the wagon type plates mounted on the tank wagon. Accord-
ingly, the lever was bent by 45° at a length of 625 mm. After this modification, the test programme 
could be started.  

 
Figure 5-5: Drawing of the prototypes of the uncoupling mechanism (Dellner) & mechanical connection to the DAC 

 

Figure 5-6 shows the two end positions of the operating levers. If the DAC is in the ready-to-couple or 
coupled position, the 1 metre long lever is at an angle of about 45° upwards. If a coupled coupling 
point is to be uncoupled, this lever must be pressed down. After uncoupling, the lever returns to its 
original position. The coupler can also be set to a buffer position by pulling the lever downwards and 
towards the body in the end position. The lever remains at a 45° angle to the floor. A lateral push 

Source: Dellner GmbH 
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against the operating lever should cause the lever to spring back and thus return the couplers to the 
ready-to-couple position. 

 
Figure 5-6: Uncoupling mechanism in ready-to-couple position (left) and in buffer position (right) 

 

In order to test these described functions, various test scenarios were tested. An overview of the test 
scenarios can be found in Figure 5-7. 

Part 1 of the tests included coupling and uncoupling tests in the plane. The general functionality was 
tested here. For this purpose, the coupling point between "Z375-5" and "E131-5" was repeatedly cou-
pled and uncoupled. An actuating force of around 340 kN was determined for uncoupling using the 
uncoupling lever (coupling point de-energised). This corresponds approximately to the same force 
required to disengage the Dellner coupler with the regular lever. However, from an ergonomic point 
of view, the application of actuating force on the prototypes is much more comfortable for the operator. 
In addition, the operator does not have to step into the coupling area of the wagons. This test was 
also repeated with a coupling point under tensile stress. During the test, the Bowden cable tore; the 
reason for this was the increased tensile force in the Bowden cable as well as a guide bush that had 
not been deburred. In the test series from 20 to 24 November 2023, this error no longer occurred after 
deburring the guide bush. In all cases, however, uncoupling under tensile force was not feasible. 

Part 2 of the test series included uncoupling tests in motion. The two wagons "Z375-5" and "E131-5" 
were pushed as shown in Figure 5-7 and uncoupled manually at about 4 km/h. It was found that this 
could be done more safely by the staff. The lever is no longer in the space between the wagons and 
can therefore also be operated while moving, unlike the previous manual lever solutions. 

In Part 3 , the automatic retraction of the buffer position was simulated, with a firmly anchored wooden 
plank acting as a trigger for the retraction. The wooden plank was positioned so that the operating 
lever was actuated when the tank wagon passed. Specifically, the tank wagon "Z375-5" was pushed 
against the Eanos. The contact between the operating lever and the wooden plank caused the coupler 
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In the following Figure 7-5 - Figure 7-8, the forces from Figure 7-4 were considered individually for 
each type of DAC, taking into account the buffing wagon masses. In this case, a clear difference in 
the forces acting on all DACs can be observed between coupling impacts with an incident mass of 
approximately 33 tonnes and 80 tonnes. 

 

 
Figure 7-5: Scatterplot - Correlation between coupling impact force and incident mass - wagon H687-9 

 
Figure 7-6: Scatterplot - Correlation between coupling impact force and incident mass - wagon H520-2 
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Figure 7-7: Scatterplot - Correlation between coupling impact force and incident mass - wagon H787-7 

 

 
Figure 7-8: Scatterplot - Correlation between coupling impact force and incident mass - wagon H443-7 
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8 Conclusion - Shunting tests and other tests 

The field test of the DAC on various shunting facilities and marshalling yards shows that some of the 
current shunting processes can already be largely implemented with the functionalities of the DAC 
prototypes. This includes in particular the transfer of wagons by locomotive and fly shunting. However, 
discharge operation on flat stations with humps and on gravity shunting yards has so far only been 
partially feasible. An improvement in realisability was achieved by introducing automatic deactivation 
of the buffer position, which enables automatic coupling in the sorting sidings. 
However, the current DAC prototypes show low reliability when uncoupling. Depending on the coupler 
manufacturer, the rate of incomplete decoupling is between 10% and 25%. One of the two DACs 
remains in the coupled state. The coupling itself is extremely reliable, analogue to Phase II, where the 
DACs are always brought into the mechanically coupled state. When coupling in the sorting siding, 
this usually occurs on the first contact, only in rare exceptional cases on subsequent contact. 

During field test, the mechanical coupling heads were not damaged despite some heavy impacts. 
However, there was damage to operating equipment, electric couplers and, in some cases, spring 
assemblies. 

In the course of field test, the manufacturers implemented several improvements to the prototypes. 
For example, the function of uncoupling on the move was further developed by enabling operation 
from the side of the wagon, which significantly expanded the range of applications, especially in gravity 
shunting. The latest prototypes of the new generations of manual uncoupling mechanisms also show 
initial approaches for integrating a manual or mechanical buffer position into the shunting process. 

During the operational tests on large systems, results were also confirmed that had already been 
achieved during the basic tests in Phases I and II of the project. 
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