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Abstract This paper presents a braking model that can be used to design the safety distance of a train control system
and a train braking system to increase the volume of traffic. For the braking model, a train set (electric multiple unit
composed 6 cars) was tested. The factors that can affect the braking characteristics include the friction coefficient,
braking pressure, and regenerative braking. The braking pressure was classified into service and emergency braking
and reflected the characteristics of the vehicle. The external force acting on the running railway car was tested in
accordance with KS R 9217, and the running resistance of the train is presented in the form of a polynomial. The
dynamic behavior of the train running on a straight flat line was simulated using UM 8.3. The results were validated
with experimental data, and the results were reasonable. With the validated model, a stopping distance was determined
according to the initial braking speed and compared with the deceleration braking model. In addition, a safety distance
for the train control system could be changed according to the frictional coefficient limits. These results are expected
to be useful for analyzing the dynamic behavior of trains, and for analyzing various railway environments and
improving the braking performance.

Keywords : brake equipment, dynamic behavior, electric multiple unit, railway vehicle, running resistance
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Table 1. Properties of Train

N N

Fhraking: Z (F'b +E)”,

i=1 i=

Fy=nup AT 4

of71A n& Apgel AXE AEEA ] 7 ,u," AE 3
wrtEAlE, pe 3] Ay 4, 4,5 AlsAd
o @i, = SENEE 47 1/}5}“44_‘:}
AT el HE AEates AdEs B3sE F

B XK (Motor car)’} 3%, H-T2KTrailer car)’} 3HoZ
TAGM3T)E =How Tk Feje] F7F 230.2 tonne
o] dxte] Fa AU} ASFAE Table 1] LR
Ak

2

o

Train Formation
Train Motor Motor Trailer Motor Train
control car 1 car 1 car 2 car car 3 control car 2
Weight, empt
eh il 38.1 40.8 40.8 31.6 40.8 38.1
[tonne]
Length
20.3 20 20 20 20 20.3
[m]
Regenerative
No Yes Yes No Yes No
Brake
Pneumatic
Disk Tread Tread Disk Tread Disk
Brake
Brake
Cylinder 0.03237 0.02493 0.02493 0.03237 0.02493 0.03237
Area [m2]
Total Amplification
. 2.196 3.87 3.87 2.196 3.87 2.196
Ratio
Q'ty. of brake equip. 8 8 8 8 8 8
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Table 2. Stopping distance with sim

Initial Step Sim. .
Velocity, v, Deceleration Model Differences
[m]
[km/h] Model [m] [m]
10 10.0 8.5 1.5
25 36.6 344 22
40 77.2 76.2 1.0
60 152.8 132.1 20.7
75 225.7 203.2 22.5
90 3125 290.9 21.6
Table 3. Brake Friction Coefficients
Lower Upper
Limit Mean Limit
Disk Braking 0.30 0.35 0.40
Tread Braking 0.21 0.25 0.29
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Fig. 12. Stopping distance differences with upper and
lower limit friction coefficients
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