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1 Details of the task 

The details of the task can be found in the master document [1] of the reports. 

This report contains the rig tests for the flow characteristics of the DAC valves. 
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2  Introduction 

2.1 Background 

DACs can1 have pneumatic valves that can be used to open and close the brake pipe (BP) of the 
wagons. Depending on the specific design, the valves are mechanically coupled to the coupler lock 
of the DACs. If the DAC is uncoupled (ready for coupling), the valve and therefore also the BP are 
closed. With a coupled DAC, the valve and BP are open. 

The pneumatic valve is located on top of the coupler head of the DAC and is connected to the BP. 
The following components, among others, are currently used for the connection in the DAC4EU train: 

- Conventional end cock on the wagon 
- Conventional brake hose with pneumatic half couplings 
- Short brake hose with pneumatic half couplings 
- Connection pipe on the valve 

Both the design and the arrangement of the above-mentioned components can influence the air flow 
in the BP. This results in the initial situation that the DAC air valves or their integration into the BP can 
influence the braking performance of a train. 

Basically, two aspects must be taken into account for the pneumatic signal transmission of the railway 
air brake: 

1. Propagation time: Time from the initiation of (emergency) braking in the traction unit to the 
start of pressure drop at the last vehicle. This corresponds to the transmission speed of the 
signal. 

2. Time from the start of the pressure drop until the brakes are fully applied. 

The sum of both times is also referred to as the pressure drop time. Figure 1 shows a schematic 
representation of these relationships. 

 

Figure 1: Schematic representation of the pressure drop time in the BP of a train 

A method for determining the braking power of trains is defined in EN 16834:2019. For freight trains, 
this envisages tests with a 500 metre long train made of uniform wagon material. At present, the 
DAC4EU train is neither 500 metres long nor does it consist of uniform wagon material. In addition, 

 

1 During the tests described in this report, all DACs in the DAC4EU train were equipped with valves. These were later 
removed. 
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the investigation of different systems in this case would involve the conversion of all coupling points 
on this train. 

2.2 Task description 

Based on the initial situation described in the previous section, the first step is to carry out rig tests to 
quantify the influence of the various components on the flow properties of the air in the BP. The pri-
mary objective is the quantifiable relative comparison between individual components and combina-
tions of components. Among other things, this comparison is intended to contribute to answering the 
following questions: 

- How do DAC valves behave in relation to standard screw coupler components? 
- How do differently designed DAC valves behave towards each other? 
- Which components of the coupling point are particularly influential? 
- Which components could have potential for optimisation? 

The analysis should be based exclusively on relative differences. The recording or derivation of abso-
lute (limit) values is expressly not the subject of the investigation carried out. The largest observation 
unit on the test rig should be a single coupling point with all components of the BP. 

Section 2.1 shows that the ultimate effects on the pressure drop time of a train are to be analysed 
(see also the following section). This is not part of this report. However, in order to be able to carry out 
comparisons between tests on the test rig and tests with (500 m) trains in the future, the first exemplary 
measurements with a part of the DAC train are to be carried out as part of this study. These tests will 
be dealt with in a future report. 

2.3 Perspective 

As already described in section 2.1, it is not the behaviour of an individual coupling point that is rele-
vant for the evaluation of the pressure drop time, but the behaviour of all BP components in the con-
voy. However, tests at the level of several wagons or an entire train are considerably more complex 
than tests of individual coupling points on the test rig, especially if parameters are to be varied or 
different components tested. 

One possible procedure for combining the results of individual coupling points from rig tests and the 
estimation of the effects on the pressure drop time of a train consists of (numerical) modelling and the 
subsequent simulation of the behaviour of entire trains. Although such an investigation would probably 
not lead to the complete dispensation of real tests, it would enable more targeted development and 
possibly also a reduced need for testing. The tests carried out should therefore also enable the crea-
tion of (simulation) models. 
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3 Test description 

3.1 Basic structure of the test rig 

The test rig consists of a 400 litre pressure tank to which the components to be tested are connected 
via a 90 cm long hose with a minimum internal diameter of 43 mm. This hose is used to equalise 
differences in position between the tank and the test object(s). The test objects are mounted on a 
fastening system. The end of the test objects opposite the connection hose vents to the outside. The 
V2 valve is located between the connection hose and the tank. It has a length of 160 mm and a clear 
width of 50 mm. The smallest diameter is 49.4 mm at the transition to the tank. The valve is a ball 
valve whose position is monitored by a string potentiometer. 

The tank is fed via a compressed air supply. The pressure regulator in the supply is set to approx. 
10 bar. The pressure in the tank is recorded by a pressure sensor. This and the position of valve V2 
are scanned at a frequency of 100 Hz. Figure 2 shows the set-up of the test rig. 

 

 

Figure 2: Set-up of the test rig 

3.2 Arrangement of the test objects 

The test rig is used to test three classes of test configurations. The first class consists of the individual 
components. These are the smallest units that can be used for air ducting. 

The second class are half coupling points. These are all the individual components of the BP that are 
located at the end of a wagon before the pipework of the BP begins. 

Finally, the third class consists of entire coupling points. These are all the individual components that 
are located between the two BPs of two wagons. Table 1 shows the three classes. 

 

 

 

 







70992-TT.TVP21-PR03-192843-V1.0 Page 15 of 25 
 

  
DB Systemtechnik GmbH 

 
 

 Project management tests/TVP11  D01692-40_V2 
 Pionierstraße 10, 32423 Minden Germany   

 

 

configuration, which contains both the measured time series and the above-mentioned statistical val-
ues of the venting times. Figure 3 shows this using the example of case "B with standard hose". In 
this case, the five underlying measurements are numbers 043 to 047.  

 

Figure 3: Representation of the evaluation using the example "B with standard hose" with the individual measurements 
043 to 047 

The average values of the venting times are used below for the relative comparison of the different 
configurations. The venting times from 5 bar to 3.5 bar were included in the evaluation because the 
pressure values correspond to the standard operating pressure and the full braking threshold of the 
brake system. However, the evaluation shows that the relative comparison of both venting times leads 
to the same order of the configurations. Due to the smaller influence of the measurement uncertainty 
when determining the venting time from 9 bar to 1 bar, this variable is used in for the relative compar-
ison below. 
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4 Results 

4.1 Explanation of the presentation 

The mean values of the venting times from 9 bar to 1 bar are shown below, differentiated according 
to the three classes of test configurations. The individual components can be found in section 4.2, the 
half coupling points in section 4.3, and the entire coupling points in section 4.4. The results are shown 
as horizontal bar charts, which are sorted so that the configuration with the shortest time is at the top. 
The labelling of the bars is preceded by the application of the configuration (SC = screw coupler; 
DAC). 

4.2 Individual components 

Figure 4 shows the average values of the venting times of the individual components. The test rig 
without test object has the shortest venting time of 2.5 s. DAC VALVES 1 and 3 follow, followed by 
the pneumatic half couplings, starting with the one with the short hose. This is followed by an end cock 
and the DAC VALVES 4 and 2, followed by the hoses for direct connection of the DAC to the BP and 
the variants of the end cocks. At the end is the DAC VALVE 5 with a 1'' cross-section. 

Both DAC valves and end cocks are directional. This is particularly pronounced with DAC VALVE 2. 
The comparison between "B with short hose" and "B with standard hose" as well as the difference 
between the two connecting hoses BP→ DAC valve show an influence of the design of the hose. 

The following gradation results between the individual DAC valves: 

DAC VALVE 1 < DAC VALVE 3 < DAC VALVE 4 < DAC VALVE 2 < DAC VALVE 5 
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Figure 4: Venting time of the individual components from 9 bar to 1 bar 
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4.3 Half coupling points 

Figure 5 shows the average values of the venting times of the half coupling points. The shortest time 
is achieved with a half conventional standard coupling point "LB". The extension of this time is notice-
able if this configuration is extended by a single pneumatic half coupling without a hose to "LBB". 

The "LD" configuration results in the following gradation of the DAC valves: 

DAC VALVE 3 < DAC VALVE 1 < DAC VALVE 4 < DAC VALVE 2 < DAC VALVE 5 

In the "LBBD" configuration, however: 

DAC VALVE 3 < DAC VALVE 1 < DAC VALVE 2 < DAC VALVE 4 < DAC VALVE 5 
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Figure 5: Venting time of the half coupling points from 9 bar to 1 bar 

 
 



70992-TT.TVP21-PR03-192843-V1.0 Page 22 of 25 
 

  
DB Systemtechnik GmbH 

 
 

 Project management tests/TVP11  D01692-40_V2 
 Pionierstraße 10, 32423 Minden Germany   

 

 

4.4 Entire coupling points 

Figure 6 shows the average values of the venting times of the entire coupling points. The shortest 
time is achieved in the "DD without hose" configuration with DAC VALVE 1, which does not represent 
a complete coupling point. The comparison with the complete "DD" configuration with DAC VALVE 1 
again shows the influence of the hoses. This configuration and the analogue configuration with DAC 
VALVE 3 have shorter venting times than the conventional standard coupling point "LBBL". The longer 
time for the variant of the latter configuration (11.4 s vs. 9,8 s) is striking. The "LDDL" configuration 
with DAC VALVE 3 is the fastest with end cocks and DAC valve. However, it is slower than "LBBL". 
The "LBBBBL" bridging is significantly slower than "LBBL". All "LBBDDBBL" variants are even slower. 

For "DD" (with hoses) the ranking is as follows: 

DAC VALVE 1 < DAC VALVE 3 < DAC VALVE 4 < DAC VALVE 5 

The following applies to "LDDL" and "LBBDDBBL": 

DAC VALVE 3 < DAC VALVE 1 < DAC VALVE 4 < DAC VALVE 5 
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Figure 6: Venting time of the entire coupling points from 9 bar to 1 bar 
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4.5 Summary 

The various DAC valves analysed have different effects on the venting time. The two DAC VALVES 
1 and 3 offer shorter times than the other DAC valves tested in all three classes of configurations 
(single components, half coupling points and entire coupling points). With these two valves, the "DD" 
configuration is faster than the conventional "LBBL" coupling point. In conjunction with additional end 
cocks (LDDL), however, the venting times with these valves are longer than with "LBBL". 

The insertion of an additional pair of pneumatic half couplings (LBBBBL) leads to an increase in the 
times compared to "LBBL". The times for the LBBDDBBL configurations are also higher than the LDDL 
configurations with the same DAC valves in each case. 

Variants of the standard parts L and B and their combinations also provide different results. Variations 
of configurations with/without hoses or with different hose designs show an influence of the design of 
the hoses. 
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