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Brake Force Simulation of a High Speed Train Using a Dynamic Model

ol g 7,
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(Nam-Jin Lee and Chul-Goo Kang)

Abstract : The brake system of a high speed train has a crucial role for the safety of the train. To develop a safe brake system of the
high speed train, it is necessary to understand the braking principle and phenomena of the total brake system and its subsystems. In this
paper, we have suggested a mathematical model which includes car dynamics, interactions between cars, adhesive forces, brake blend-
ing algorithm, and the dynamics of each brake devices. Also, we have proposed a ready-time compensation algorithm of eddy-current
brake system and a brake control logic on electric-pneumatic blending. A simulation study has shown the proposed models and

algorithms are effective on the braking of the train.

Keywords : adhesive force, brake system, train dynamic model, BBCU(brake blending control unit), BCU(brake control unit), skid
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Fig. 1. Schematics of the train model.
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Fig. 2. (a) Wheel rolling on the rail, (b) Free body diagram
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Fig. 4. Schematics of electric brake systems.
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Table 1. The specification of brake systems.
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3 2. @k AV
Table 2. The specification of train.
Np 6 Axle number of motor car
N, 8 Axle number of trailer car
M, 17X10° [kg]
M 152x10° [Kg]
Ke 7.0x10° [N/m]
Ce 2.03%10° [Ns/m]
Ks 3.5%10° [Nim]
G 20x10° [Ns/m]
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2 2
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Fig. 11. Brake distance and brake velocity.
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Fig. 12. Brake force and resistance force.
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Fig. 13. A skid simulation of wheels.

A olg] ¥t vl 12e{ F-S WA S Aol & Anti-skid A o] 2}
&haL, 18 132 o) RS FHT Aol A
HolF a1 gl
a9 1300 A upF o) A FE el sl XA A= ERNEES
3, 32 QS FE2 F3F0] Al &850 Mo
wPaP ZgsteE HaEe A " g dA Ha, vk
A el o] HAStE e B 4k A B o) AtakA
Fo vjaze] o] AbgfA i thA] FE o] 2] 458 uhat
A& g ik
Fog doA AdF e KHSTY AA A AF5As
o}5}7] $)8lte] oh&-9) %_}C’ 7} Bt A ELHE 9} xﬂ%
AsY Bof, 2R e, A FX o g3 13|
Asd's 58 59 A]tﬂa}gil:} 27)&EE 385km/h
2Le] A F A B 90%e}aL 3 aL, B Al Fo] AdH e 7
T EF 7hA 9] FE 7t Aol a A s, 3 A8
glo] e daslE 98 ulge] gl zw He H2a 7}

& 3
Asl,
o ¢

A

AT 23 ABAZL F 3027} HE e bR AS
TN EE Qo2 wAstel, el ol AEA S S )
3=
AEH oA A} AT A 7HE 98% 0 L Al F A 8= 5960
1200 T 2 4 ' T T ™ T
Total brake force
........ A
o 1000 = g et
z == == Disk
x =~ =* Tread brake
) 800
o [T
o /
L; 600 | ,/~~\\ /,...._
X ”~ ~
g -
m oo ,// .............
’
1 .-
T 1 “y
bl TSN T Y
. D - ;
A -~ \
0 i . . -
o 10 20 ao 40 50 80 70 80 o0 100
Time (sec)

a9 14, 34 digk AFY AJggold

Fig. 14. Brake system simulation for fault condition.
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