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Analysis of pneumatic braking component effects and characteristics of
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Abstract This paper deals with the braking dynamic behavior of diesel electric locomotive pulling domestic cargo
and passenger vehicles. Friction coefficient, pneumatic pressure, and running resistance affecting the braking system
were tested. For the friction coefficient, the Dynamo test was performed with reference to UIC 541-4. The results
are analyzed by multivariate regression and the relationship between braking force and ititial velocity is presented.
The pneumatic pressure were classified into service braking and emergency braking. In order to reflect the
characteristics of the brake valve and piping, the pressure rising over time was measured in the vehicle. In order to
reflect the external force acting on the vehicle, we carried out the test of EN 14067-4 and presented the second order
polynomial formula on a running resistance. The running resistance test results were compared with other countries.
The dynamic behavior of a diesel electric locomotive running on a straight flat track based on vehicle resources,
friction coefficient, braking pressure, and running resistance is simulated using the time integration presented in EN
14531-1. The simulation results were compared and verified with the vehicle braking test results. The results of this
study can be used to analyze the dynamic braking behavior of a train. Also, it is expected that various parameters
affecting braking in vehicle design can be analyzed and used as basic data for braking performance improvement.
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Fig. 1. Train formulaiton of (a) single power unit train
and (b) multiple power train
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Table 1. Disel-electro locomotive specification

Length 22 [m]
Width 2.87 [m]
Height 4.15 [m]
Weight 132000 [kg]
Power 3,688 [hp]
Max. velocity 165 [km/h]

B Tread Brake
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Fig. 2. Locomotive pneumatic brake system
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Table 2. Tread brake system

Brake Cylinder Diameter [m] 0.254
Brake Cylinder Area [m2] 0.051
Cylinder Quantity, N 10
Rigging ratio, r 2
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Table 3. Dynamo test program

Initial velocity Braking force brake pad
[km/h] [kN] temperature [C]
50
180% 15
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Fig. 4. UIC 541-4 test schematic diagram
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Fig. 7. Dynamo test results (mean friction coefficient)
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Table 4. Analysis of variance results

Sum of Mean F Prob>F
squares square
Regression 1.721 0.287 1180.468 | 9.99E-16
Residual 0.003 2.43E-4
Total 1.724

Braking Force [kN]

100 120
Velocity [km/h]

Fig. 8. Multivariate regression analysis results
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Fig. 10. Brake pressure with emergency braking

Table 5. Characteristics of service and emergency

braking
Characteristic value Ere:kvllrjz E[]?:;liity
Delay time, tl() [s] 0.72 0.34
Equivalent time, te [s] 2.64 2.25
Response time, tg() [s] 6.00 4.84
Full brake time, tl()() [s] 6.78 5.44
Max. Press.[bar] 4.38 4.38
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Fig. 12. Running resistance speed history result
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Fig. 13. Running resistance force with curve fitting results

Table 6. Locomotive running resistances

Country Running resistance (N)

Korea Fp = (14.89+0.294 v+0.0018 v* ) M
USA Fp = (18:33+0.0509 v+0.002390° ) M
Russia Fp =(23.52+0.0883v+0.00340* )M
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